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CHAPTER 4

Langmuir-Blodgett flms of amylose-acetate / dye
m*lures.
Langmuir-Blodgettmultilayersof mixtures of amylose-acetate
and a chiral p-nitro-azobenzene dye.

SUMMARY

The structure of multilayers of a mixture of amylose-acetate and a chiral M.0dye, a mono-ester of palmitic acid and 4-nitro-4'-[(3R)-hydroxypyrrolidine-1azobenzene (KMES16) has been studied. The monolayers of the mixed systems,
consisting of domains of the dye in a matrix of amylose-acetate, were
transferred by the Langmuir-Blodgett technique onto solid substrates in the Ztype transfer mode. The structure of the multilayers was investigated by
Fourier Transfrm Infrared spectroscopy, UV-spectroscopy and small angle
X-ray dzaction. The aliphatic chain of the dye molecule exhibits a
remarkable orientation as revealed by infrared spectroscopy. These all trans
CH2 chains are tightly packed and they have a specijic orientation around the
chain director.
The dye fragment of the molecule appeared to be oriented at about 30" with
the su@ace normal, whereas the molecules are packed antiparallel in the
lamellar crystals. From UV spectroscopy it was deduced that these crystals
can be considered as H-aggregates.
After heating the multilayers and cooling down the IR-spectra reveal a more
well-defined structure with lamellar crystals, which also behave like Haggregates.
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INTRODUCTION
In Chapter 3

' we described the monolayer behaviour of the ester of palmitic-acid and 4-

nitro-4' -[(3R)-hydroxypyrrolidine-1-azobenzeneand mixtures of this potentially important dye
for NLO-applications with amylose-acetate. It appeared that the dye alone forms stable
monolayers at temperatures below 11 "Cand surface pressures below 7 mN1m. Upon mixing
with amylose-acetate a two dimensional heterogenous system was formed, consisting of
domains of dye molecules in a matrix of amylose-acetate. UVIVIS measurements indicated
that the domains can be considered as H-aggregates. These H-aggregates appeared to have

a narrow absorption band in the UVIVIS spectrum which was blue shifted compared to the
spectrum of the dye in chloroform.
Electron diffraction of the domains revealed a pg plane group implying that the dye
molecules are packed anti parallel in the unit cell.
It was not possible to transfer monolayers of the dye alone by the Langmuir-Blodgett
technique under any condition tried. However, the mixtures with amylose-acetate could be
transferred by the normal dipping procedures which are also suitable for amylose-acetate as
found before (Chapter 212.
It is obvious that the characterization of the structure is an important aspect of the study of
LB-multilayer systems. Techniques like X-ray diffraction, ellipsometry and IR-spectroscopy
are available for studying LB-rnultilayers

3>495.

The IR absorption spectra in the transmission mode and in tlie reflection mode yield accurate
information concerning the orientation of the molecules in the multilayer. Since the optics
of the reflection spectra have been investigated extensively 6>7many authors have applied
this technique to ultra-thin layers

8~9~10911~12~13714915.

Here the structure of multilayers, formed from the monolayers studied before (Chapter 3)
is reported.

EXPERTMENTAL
Materials
The synthesis of the ester of palmitic acid ancl 4-nitro-4'-[(3R)-hydroxypyrrolidine-1azobenzene, code KMES16, with a chiral center will be reported separately16. The
structure is given in the previous chapter1
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LB-measurements

A computer controlled Lauda filmbalance FW2 was used. Transfer experiments were carried
out by a vertical dipping method after stabilization of the monolayer on the water surface
(unless mentioned otherwise) at constant temperature (23"C) and pressure (7mNlm). A
dipping speed of 5 mmlmin was used for the up and down stroke transfer. The monolayers
were transferred onto glass slides, hydrophobized by treating with 1,1,1,3,3,3
hexamethyldisilazane in chloroform 1:3 vlv at 50 "C. Substrates for IR-measurements (GIR)
were prepared by argon plasma sputtering of gold (thickness 500

A) onto glass slides with

a Biorad Turbo-coater E6700. For transmission experiments ZnS substrates (2mm thick
Cleartran) were used.
Infrared Measurements

Infrared measurements were performed with a Bruker IFS88 FTIR spectrophotometer
equipped with a MCT-A D313 detector. A germanium Brewster angle IR polarizator was
used for both grazing angle reflection (GIR) and transmission experiments. GIR- spectra were
recorded in 80" specular set-up with light polarized parallel to the plane of incidence and
referenced against the reflection of a clean gold layer. Transmission spectra were recorded
from samples on ZnS using 4 cycles of 250 scans each according to the method of Arndt 14.
All spectra were recorded at 4 cm-' and baseline corrected.
UVIvisible light spectra.

UVIvisible light spectra were taken from multilayers deposited at both sides of glass slides.
A Pye-Unicam SP8-200 UVIVis spectrophotometer was used.

X-ray diffraction

X-ray measurements were performed with a PW 1830 generator and PW 1820 diffractometer
with a monochromator in the diffracted beam. Chrome was used as radiation source. The
multilayers were deposited on glass.

RESULTS AND DISCUSSIONS
LB-multilayers

Multilayers on different substrates were prepared from monolayers of 70 (mol%) AAC and
30 (mol%) KMES16. Multilayers were built up by a Z-type transfer (transfer ratio t 1.0,
.1 0.1) The transfer properties are dominated by the amylose-acetate (Chapter 2) 2.
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Figure 4.1 Polarized infrared transmission spectra of a LB-multilayer of

mixed monolayers of KMESl6/AAC 30/70, 20 layers. A; polarized light
perpendicular to the transfer direction. B; polarized light parallel to the
transfer direction. C; diference spectrum A-B.
FT-IR spectroscopy
IR-spectroscopy has the capability to reveal various conformational features and can also be
used to determine the orientation of parts of the molecules directly. In this study we used
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grazing incidence reflection (GIR) spectroscopy and polarized transmission spectroscopy.
Samples studied by GIR are deposited on a goldlayer on glass. For GIR spectra it is known
that individual group vibrations, inducing dipole moment changes of this group, absorb
strongly when these dipole moment changes are oriented perpendicular to the reflecting metal
mirror. Corresondingly, they will not absorb in the transmission spectra of the same
structure, where the electric field vector of the light is parallel to the substrate. Polarized
transmission spectroscopy was used to detect orientation effects due to flow induced
orientation during the dipping process parallel to the substrate surface. In this experiment
ZnS was used as the substrate. Details about the used techniques can be found in the
literature '-I5.
Figure 4.1 shows the polarized infrared transmission spectra of 20 layers of a mixed layer
(AACIKMES16 70130) on ZnS. Spectrum A was measured with polarization perpendicular
to the transfer direction, spectrum B with polarization parallel to the transfer direction. Mode
assignments are presented in Table 4.1. The difference of these spectra (A - B) is given in
Figure 4.1, curve C. This difference spectrum, representing the orientation in the transfer
direction of the multilayers is very similar to the difference spectrum observed in LBmultilayers of pure amylose-acetate

2.

AAC forms helices on the water surface which

orientate in the transfer direction. The marked absorption bands in Figure 4.1 are due to
vibrations of KMES16 only. The disappearance of these bands demonstrates that the dye
molecules are not oriented in the transfer direction. It is important to note that the AAC
phase behaves independently of the KMES16 phase.
Figure 4.2 shows the transmission spectrum of 20 layers of AAClKMES16 70130 (mol%)
on ZnS (spectrum A) and a GIR spectrum of 9 layers of the same mixture, deposited on a
gold substrate is shown in spectrum B. A bulk spectrum of a mixture is given for comparison
(spectrum C).
Comparison of the experimental GIR-spectra with transmission spectra should be done with
care. GIR-spectra might be distorted compared to transmission ~ ~ e c t rdue
a ~to~ dispersion
'~
effects. In order to avoid misinterpretations of spectra, a reflection spectrum of an amorphous
film can be calculated in order to have a reference spectrum to compare with the
experimental spectrum. This procedure has been described in the literature15. In the case of
a mixture of a low and high molecular weight compounds the optical constants cannot be
derived very accurately. In general, the distortion will be observed mainly at lower
frequencies ( I1200 cm-l) and with strong absorption bands. A reference GIR-spectrum of
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amylose-acetate has been calculated before and it turned out that only the C-0-C vibrations
around 1030 cm-I were distorted significantly. Bands below the 1200 cm-I were not taken
into consideration here, so changes in intensity in the GIR- spectrum due to dispersion effects
can be neglected.

Wavenumbers

Figure 4.2 Infrared spectra of mixed multilayers of KMES16/AAC 30/70. A;

transmission spectrum of 20 layers on ZnS. B; grazing angle reflection
spectrum (GIR) of 9 layers on gold. C; bulk spectrum of a mixture, powdered
in KBr.

Table 4.1 Band assignments
VIBRATIONS
(cm-')

MODE

Transitionmoment M

2922

CH2

1 C-C-C

2851

(332

11 C-C-C
bisecting the HCH angle

1749

Y C=O
(amylose-ester)
V C=C
(ester KMES16)

v C=C,
va NO2

11 C = O
11 c=o
11 molecular axis
I molcular axis

6 CH2
Y,
YS

C,-N
NO2

1 molecular axis
11 molecular axis

C-0-C
(coupled motion)
C-0-C
(ester KMES16)
C-0-C
(ester KMES16)
V s Caliph-N

C-0-C
(coupled motion)

6 1,4 benzene
subst.
A very striking difference between the transmission and GIR-spectra in Figure 4.2 is

observed in the area of the CH2 stretching vibrations (3000 cm-I - 2800 cm-I). Only
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KMES 16 contributes significantly to the absorption bands of the CH2 vibrations. The relative
intensities of the bands at 2922 cm-' (vJ CH2 and 2851 cm-' (vJ CH2 vary remarkably
comparing the transmission spectrum to the GIR-spectrum in Figure 4.2.
The intensity of the absorbance of any particular band is given by:

= Mi2 * cos2a!
I = 1 Mi * E 1
M, = dipole transition moment

(1)

E = electrical field
a!

= angle between M and E

-

If M, is randomly distributed, the intensity is given by:
I

c M~~

c

=

(2)

constant

Usually, when the all-trans CH2 chain is oriented at an angle a! with the surface normal, cr
can be deduced from observed changes in intensities of the v, and v, absorption bands in the
transmission mode compared to the GIR m ~ d e ' ~ From
~ ' ~ . the literature

it is evident that

the ratios of the intensities of u, (CHZ) and v, (CH2) do not change significantly. The
transition moment of v, (CH2) is oriented perpendicular to the transition moment of us (CH2),
both in the plane of the H-C-H bond. For the all trans alkyl chain the C-C-C plane can adapt
any orientation around the chain director for one particular

a! of

the chain director with the

surface normal. In that case, the intensity for v, (CH2) and v, (CH2) depends only on M~ (v,)
and M~ (vJ.
Figure 4.2 shows a significant change in the relative intensities of v, and v, (CH2). Table 4.11
lists the relative values of v, and us in the different spectra.

Table 4.11 Relative ZR-intensities of the v, (CHd and v, (CH,)vibrations of
LB-layers of mixtures of KMES16 and AAC (30/70).l%e vs (CH2) band is
taken as unity.

Spectrum
-

Transmission

1.0

1 .O

GIR

5.0

1.0

Bulk

1.4

1 .O
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Some spectra in the literature

showing comparable changes in intensities

17718,19920

of v, (CH2) and v, (CH2) have been reported. Nuzzo et al. l9 and Evans et aL20 explain their
results in terms of a close packing of the CH2 chain in a triclinic packing instead of a
orthorombic packing. The packing found by Nuzzo and Evans was induced by strong dipoles
of a sulfone group incorporated in the alkyl chain. Here we have a special packed alkyl
chain without the incorporation of strong dipole groups in the alkyl chain which can be
compared to the model given by Nuzzo l9 and Evans 20. We suggest that the C-C-C plane
does not adapt all possible orientations around the chain director but has a preferred
orientation such that this plane is perpendicular to the plane defined by the surface normal
and the chain director. This explains the different ratio between v, (CH2) and v, (CH2) bands
comparing the transmission spectra to the GIR spectra.
L

3r

chain director

chain director

Y
Figure 4.3 Schematic representation of the two extreme orientmanons
of an all
trans aliphatic chain. A represents the suggested structure.
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From the spectra in Figure 4.2 it can be deduced that the us has a preferred orientation
parallel to the film surface because it appears strong in the transmission spectrum and
relatively weak in the GIR spectrum. The v, (CH2) is relative strong in the GIR spectrum
compared to the transmission spectra, indicating a large angle (cr) of the chain director with
the surface normal. A schematic representation of the two possible extreme orientations of
the alkyl chain is presented in Figure 4.3. Figure 4.3(A) represents the suggested situation.

Wavenumbers

Figure 4.4 Transmission infrared spectra of LB-multilayers of KMESl6/AAC
30/70. (20 layers) A; as deposited B; after heating to 135 "C and cooling
down to room temperature. C; difSerence spectrum, B-A.
The region of 1800 cm-"- 1300 cm-' gives information about the orientation of the azo-unit
of the dye molecule. The intensity of the vibration bands of 1604 cm-' and 1518 cm-' are
inverted comparing the GIR-spectrum with the transmission spectrum. This reveals a
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preferred orientation of the NO2 and azo-benzene groups perpendicular to the surface. Also
the increase of intensity of the v, C,-N

(1387 cm-') and v, NO2 (1344 cm") in the GIR-

spectrum compared to the transmission spectrum supports this suggested orientation. The
carbonyl region can not be used to obtain specific orientations for one of the components in
an accurate way because of the strongly overlapping absorptions of different carbonyls in the
mixture.
After heating the LB-multilayer above the melting temperature of the dye (129°C) and
cooling down to room temperature the orientation in the multilayers was checked by FT-IR
spectroscopy. The result of this experiment is shown in Figure 4.4. Spectrum A corresponds
to the LB-film before heating, whereas 4B corresponds to the film after heating. The
difference spectrum of these spectra is given in Figure 4.4, spectrum C. All the changes in
the spectra after this heating cycle can be explained by a reorganization in the film towards
a structure which is even more oriented than before heating. Apparently the sample organizes

'

itself upon cooling again. From the monolayer study of this mixture we know that the dye
molecules are packed in crystalline domains. The heating and cooling process of the
multikiyer probably induces an enhanced orientation due to the re-crystallization of the dye
domains in the multilayer.

UVlVisible light spectroscopy.
UVIvisible light absorption measurements were carried out in order to obtain more
information about the nature of the chromophore unit of the dye molecule. Figure 4.5 shows
the UVIvisible light absorption spectra with unpolarized light of the dye KMES16 in
chloroform (spectrum A). Spectrum B is the absorption spectrum of a LB-layer
(KMES16lAAC 70130) on one side of a glass slide. The absorption maximum of the dye in
solution of chloroform is at 470 nm. The absorption maximum of the dye incorporated in the
LB-multilayer shifts to 393 nm. A shift to lower wavelengths and the observed change in the
shape of the absorption band suggests the formation of ~-aggregates~'.
In a number of i n ~ e s t i ~ a t i o n s ~the
~ ?formation
~ ~ , ~ ~ , of aggregates has been observed.
In molecular aggregates exciton effects may be observed when sufficiently strong electronic
interaction exist in the molecules 25. According to this exciton theory strong spectral shifts
might appear in the absorption spectra. When only a blue shift is observed it can be argued
that the transition moments must be aligned parallel in the aggregates 25.
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Figure 4.5

460
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UV/Visible light absorption spectra.

700

Wavelength

(nm)

A; dilute solution of

KMESl6 in chloroform. B; LB-multilayer (71) of KMESl6/AAC 30/70, as
deposited.

Figure 4.6 Polarized UV/Visible absorption spectra of a multilayer (71) of
KMES16/AAC 301'70. A; angle of incidence 0" to the surface normal,
polarized light. B; angle of incidence 30" to the su face normal, p polarized
light. C; angle of incidence 60" to the sullface normal, p polarized light. D;
angle of incidence 60" to the sufhce normal, s polarized light.
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Figure 4.6 shows the absorption spectra taken with polarized UVIvisible light irradiated at
different angles. From these spectra it can be deduced that the chrornophore unit of the dye
is oriented towards the surface normal at an angle of about 30".The same qualitative
orientation was already found by infrared spectroscopy as described before. The UVIvisible
light spectra also reveals that a high percentage of the dye is in the aggregated state because
the absorbance of the band from non aggregated dye molecules at 470 nm is relatively small
at all angles. The nonaggregated dye fraction is also oriented, but in the opposite direction.

Small angle X-ray diffraction.
The LB-films of mixtures containing 30 mol%, 50 mol% and 70 mol % KMES16 give broad
X-ray reflections which become sharper when the amount of KMES16 increases. The mean
corresponding spacing of these samples is 32

A (+2 A). When the LB-layers are heated

above 129°C and cooled down again, the reflections become much sharper indicating a more
regular layer structure. The results are shown in Figure 4.7.

0
2
Figure 4.7 Small angle

4

6

X-ray di$roction pattern.

8
10 20
A; Mixed multilayer,

AAC/KMESl6 30/70, 20 layers. B; Mixed multilayer, AAC/KMESl6 70/30,
20 layers. C; Mixed multilayer, same as B, @er heating to 135°C and
cooling down.
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Because the intensity of the X-ray reflectic~nhas ~ncrmsetlafter hratlng ant1 cuoling the layer.
the spacing ir tlinlnght t o r ~ r i ~froill
e
crystnlline domains of the dye. Apparently.

recryslallization enhances the layer structure. Mrrltilayers of pure nmylore-acetate do not
e x h i h ~ tany snial I angle X-ray reflection peak.

Combining the results o f the experimental tlata learis to thc modcl given In 1:tgure 4.8 tor the
mixed LB-layers.

Monolayer of KMES16 and AAC.

Multilayer of KMESIG and AAC

Multilayer after heating.

Chapter 4
The KMES16 is situated in domains and the molecules form H-aggregates. The most
convenient orientation of the molecules in the aggregates is an anti-parallel arrangement

'.

The all trans CH2 chains are packed tightly and they have a specific orientation around the
chain director. Combining the layer spacing ( =32A) with the length of the KMES16
molecule in the extended conformation (34.1A) and the orientation for the molecular sub
units as revealed by IR-spectroscopy leads to a model with a tilt angle of = 30" to the
surface normal for the chromophore unit and a tilt angle of 60" to the surface normal for the
CH2 chain. A schematic model of a multilayer is given in Figure 4.8 where the dye
molecules are situated in domains. After heating the multilayer reorganizes, resulting in
larger dye domains.

Cast films
FT-IR spectroscopy.
The orientation of the dye molecule is not a unique feature in the LB-layer of a mixed
system. The dye is oriented also in a cast film from a chloroform solution (lmglml) onto
ZnS or gold. Figure 4.9 shows the results. Spectrum A represents a transmission spectrum
of a cast film on ZnS. Spectrum B shows the GIR spectrum of a cast film onto gold. For
comparison the bulk spectrum of KMES16 is given (Fig.4.9, spectrum C).
The ratio between the

u,

(CH2) absorption band at 2922 cm-I and v, (CH2) at 2855 cm" in

the KBr spectrum of KMES16 is v, : v, = 1.4 : 1.0. The layer of the cast film of pure
KMES16 has the values of

u,

: v, = 0.7 : 1.0. For the GIR-spectra the following ratio is

found: u, : us = 5.1 : 1.0 . The variation in the observed ratio varies about 5 % comparing
duplos. The tendency of the observed changes in relative intensities of v, and v, in spectra
of cast films of KMES16 coincides with that found in the LB-multilayer of KMES16lAAC
(30170).
A preferred orientation for the CH2-chain as is proposed for the KMES16 domains in a LBmultilayer is also argued for the cast film of pure KMES16. The carbonyl band at 1737 cm-'
shows a preferred orientation towards the surface substrate. Comparing to the bulk spectrum
of KMES16, the v, (C=C) at 1608 cm-', the v, (C,, -N) at 1344 cm-' and the v, (NO2) have
a preferred orientation towards the surface normal. This preferred orientation of the transition
dipole moments originate from an orientation of the chromophore unit perpendicular to the
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substrate surface.
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Figure 4.9 IR-spectra of KMES16. A; cast film on ZnS, transmission mode.
B; castjilm on gold, GIR mode. C; bulk spectrum of KMES16, powdered in

KBr.

Small angle X-ray diffraction.
X-ray diffraction measurements of a cast film of KMES16 show a sharp reflection
corresponding with a spacing of 32.5 A. This supports the idea mentioned above that the Xray reflections arise from the KMES16 domains.
This phenomenon will be studied further in Chapter 5.

Chapter 4
CONCLUSIONS
The mixed monolayers of KMES16 and AAC can be transferred onto solid substrates . The
transfer process is dominated by the properties of the AAC, resulting in Z-type transfer.
I

The jnfrared measurements reveal a specific orientation of the aliphatic chains of the
&16

molecules. The aliphatic chains probably have an all trans conformation with the

C~C-cchain director at about 60" to the surface normal. A different ratio between v, (CH2)

and v, (CH2) bands comparing the transmission spectrum to the GIR spectrum was found.
We suggest that the C-C-C plane does not adapt all possible orientations around the chain
director but has a preferred orientation such that this plane is perpendicular to the plane
defined by the surface normal and the chain director.
The azobenzene chromophsre shows a preferred tilt angle of about 30" to the surface normal
as revealed by infrared measurements and polarized UV/visible light spectroscopy.
Heating the LB-multilayers above the melting temperature of the dye (Tm=129"C) and
cooling down to room temperature results in an enhanced layer structure in the mixed
multilayers. The dye is almost completely in the aggregated state (H-aggregates).
The orientation of the dye molecule is not a unique feature for the LB-multilayers but is also
found in cast films of pure KMES16.
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