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Molecular orientation and structure in one-layer Langmuir—Blodgett (LB) films of octadecyldimeth-
ylamine oxide (C1sDAO) and dioctadecyldimethylammonium chloride (2C1sDAC) were investigated by use
of infrared (IR) transmission, reflection—absorption (RA), and attenuated total reflectance (ATR)
spectroscopy. The IR measurements suggest that the alkyl chains of the one-layer LB film of 2C1sDAC
on a gold-evaporated glass slide are highly ordered, whereas those of the C1sDAO LB film have some
gauche conformers. The molecular orientation and structure in both LB films show significant substrate
dependence. Probably, the headgroup—substrate interaction controls them. Aging effects on the LB and
Langmuir (L) films on an air—substrate interface were studied for the two kinds of amphiphiles. The alkyl
chains of C1sDAO in the LB film on the gold-evaporated glass slide become more ordered with time whereas
the reverse trend is observed for those of 2C1sDAC in the film. The effects on the L films were investigated
by measuring IR spectra of the LB films prepared from the L films at various stages. The alkyl chains are
less ordered in the LB films of C1sDAO and 2C1gsDAC prepared from the aged L films. It is also noted that
the molecular orientation and structure in the films of both compounds show strong pH dependence,

presumably because of the strong interaction between the headgroups and substrates.

Introduction

In recent years Langmuir—Blodgett (LB) films have
been a matter of keen interest because of their funda-
mental importance in surface science as well as their
potential applications in optoelectronics.!~3 Because the
elucidation of the relationship between the structure and
function of the films is essential for both basic studies and
applications, structural characterization has been made
for LB films of various compounds from simple fatty acids
to complicated organic dyes by use of IR,*"6 UV—vis, and
Raman spectroscopies*® and atomic force microscopy
(AFM).” Structural changes in the films induced by aging,®
doping,®>*®and variations in pH and temperature!' 2! have
also been explored extensively. In the line with this, herein
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we present an IR study of structure and aging behavior
of one-layer LB films of octadecyldimethylamine oxide
(C1sDAO) and dioctadecyldimethylammonium chloride
(2C13DAC), shown in Figure 1.

The two compounds, C;sDAO and 2C,;3DAC, were
selected because one of the authors (T.l.) has been
investigating effects of organic additives or counterions
on the LB films and other supramolecular assembly
structures constructed by C;3DAO and 2C,3DAC.1%721 The
structures and morphology of the LB films of C;sDAO and
2C1sDAC were investigated in some detail by use of AFM
and surface force measurements. However, there has been
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Figure 1. Structures of 2C;sDAC and C;5DAO.

no IR study of them, and molecular orientation and
thermal behavior of the LB films of these two compounds
have never been well-elucidated. The purpose of the
present study was to investigate the molecular orientation
and structure in the LB films of C;sDAO and 2C3sDAC by
means of IR spectroscopy, and to explore their dependence
upon substrate, aging, and pH of aqueous subphase.

The most important point of the present study is the
interaction between the headgroups and substrates in the
first monolayers. Several papers reported significant
effects of substrates on distribution/orientation of mol-
ecules near the substrate interface.® However, the sub-
strate dependence reported in this paper is particularly
interesting because both C;sDAO and 2C,3DAC have
unique headgroups that interact strongly with the sub-
strates. The headgroup of C;sDAO, amine oxide, has a
large dipole moment due to three electron-donating alkyl
groups and one strong electron-withdrawing oxygen atom
around the nitrogen atom. This large dipole moment brings
about strong hydration around the headgroup of C;gDAQO.8
In contrast, the positively charged headgroup of 2C;sDAC
is neutralized by a counteranion, Cl-. The number of
the alkyl chain is also different between C;3sDAO and
2C1sDAC; one for C13DAO and two for 2C,;sDAC. There-
fore, the nature of the interaction may be quite dif-
ferent between the LB films of C;3sDAO and 2C,gsDAC.

It was expected that the interaction between the
headgroups and the substrates would change not only
with the substrates but also with the pH. IR transmission,
reflection—absorption (RA), and attenuated total reflection
(ATR) spectroscopy have proved to be powerful in inves-
tigating the interaction. The different chemical structures
of C1sDAO and 2C;3sDAC also induce different aging at
the LB films and Langmuir (L) films on the air—substrate
interface. We investigated the aging effect on the L films
by measuring IR spectra of LB films of two kinds of
amphiphiles prepared from the L films at various stages
of aging.

Experimental Section

C1sDAO and 2C1sDAC employed in the present study were
the same as those previously described.?2-25 The LB films were
fabricated by use of a Kyowa Kaimen Kagaku model HBM-AP
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Langmuir trough with a Wilhelmy balance. A 1.0 x 102 M
chloroform (spectroscopic grade) solution of C1sDAO or 2C1sDAC
was spread onto the aqueous subphase. After evaporation of the
solvent (30 min), the monolayer was compressed at a constant
rate of 20 cm? min~* up to the surface pressure of 35 mNm.
After the films were allowed to equilibrate for 0.5—30 h range
at the above surface pressure, the condensed films were
transferred onto gold-evaporated glass slides, CaF, windows,
and germanium ATR crystals (Pier Optics Co.) by raising the
immersed substrates at a rate of 0.5 cm min=1.

The gold-evaporated glass plates were prepared by Shinyo
Co. (Osaka, Japan) as follows: a 150 nm thick chromium film
was first deposited by evaporation onto the glass slides, fol-
lowed by a 300 nm thick gold film. From the cross-section pro-
file of AFM images of the gold-evaporated glass slides, their
average height of protrusion on the surface was estimated to be
about 2 nm.

The germanium ATR crystals have 45° end faces and 52 x 20
mm horizontal sampling surfaces. The number of internal
reflections in the crystal were 26. The ATR plates were cleaned
by rinsing them in deionized water, chloroform, and ethyl alcohol,
followed by ultraviolet-ozone cleaning of both sides of the plates
for at least 5 min. The crystals were then rinsed again and
sterilized in ozone for at least 3 min. The gold-evaporated glass
slides and CaF; plates were cleaned by a similar procedure, with
additional ultrasonic cleaning in chloroform, water, and acetone.

The temperature of the subphase water was keptat 20.0 + 0.5
°C by awater circulator. Distilled and deionized water (Advantec
Ultrapure Water Apparatus GRS-200 and CPW-101), the re-
sistivity of which was greater than 18.2 MQ cm, was used for the
aqueous subphase. The pH of the water subphase was kept at
3.0 or 5.8. The transfer ratio was found to be higher than 0.95
throughout the present experiments.

IR spectrawere measured ata4 cm~* resolution with a Nicolet
Magna 550 spectrometer equipped with a nitrogen cooled
mercury—cadmium—telluride (MCT) detector. A minimum of
1000 scans were co-added. To record IR reflection—absorption
(RA) spectra of LB monolayers on the gold-evaporated glass slides,
a reflection attachment (Spectra-Tech Inc.) was used at the
incidentangle of 80°, together with a JEOL IR—OPTO02 wire grid
polarizer. The IR spectra of C1sDAO and 2C;3sDAC in crystal
states were measured witha JEOL JIR-6500 FTIR spectrometer
equipped with an MCT detector and micro IR attachment (JEOL
IR-MAU 110).

FT-Raman spectra were measured with a JEOL JRS—FT
6500N FT-Raman spectrometer equipped with an InGaAs
detector. An excitation wavelength at 1064 nm was provided by
a continuous wave Nd:YAG laser (Spectron SL 301 1355), and
the laser power at the sample position was 500 mW. The Raman
data were collected at a spectral resolution of 4 cm~! and a few
hundred scans were accumulated.

Results and Discussion

Band Assignments of IR Spectra of C;sDAO and
2CsDAC in Solid States. Before RA, transmission, and
ATR spectra of one-layer LB films of C;sDAO and 2Cys-
DAC can be interpreted, IR bands of these compounds in
solid states must be assigned. To do that, transmission IR
spectra of C;sDAO and 2C;3sDAC were recorded in KBr
matrixes. Figure 2(a) and (b) show these spectra, respec-
tively. Bands due to the CH, antisymmetric and symmetric
stretching modes of the alkyl chains are identified at 2917
and 2850 cm™?, respectively. It is well-known that the
frequencies of CH, antisymmetric and symmetric stretch-
ing bands are very sensitive to the degree of conformational
order of ahydrocarbon chain.?6-22When the chain is highly
ordered (trans-zigzag conformation), the bands appear
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Figure 2. IR transmission spectra of C;sDAO (a) and
2C1sDAC (b) dispersed in KBr matrixes.
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near 2918 and 2848 cm™, respectively, whereas if the
conformational disorder is included in the chain, the bands
appear at higher frequencies, i.e., 2927 and 2856 cm™!
depending upon the content of gauche conformers. There-
fore, the observations in Figure 2 suggest that the
hydrocarbon chains of C;sDAO and 2C3sDAC in the KBr
disk are nearly ordered. In the 1700—900 cm™! region a
band due to the scissoring mode of CH, groups appears
at 1469 cmt in the spectrum of C;gDAO, but splits into
two bands at 1492 and 1471 cm™! in the spectrum
2C1sDAC. It was reported that the upward shift of the
scissoring band results from the interaction of the CH,
group with N* of ammonium chloride, which causes a
change in the charge distribution on the carbon atoms.?%30

As recently indicated by Wong et.al.,3! the band as-
signments of headgroup vibrational modes of the alkyl-
ammonium salts were neglected in most of the previous
studies.®? In the present study we compare the IR spectra
of C;sDAO and 2C;3DAC with the corresponding Raman
spectra (not shown) to investigate the assignments. An
IRband at 1673 cmtin the spectrum of C;3sDAO and that
at 1622 cm! in the spectrum of 2C;3DAC (Figure 2) may
be due to vibrational modes of the headgroups because it
is very unlikely that the alkyl chains give a band near
1650 cm™! and because these two bands show pH
dependence, as will be described later. We assign these
bands to antisymmetric CH3;—N—CHy; stretching modes
of the headgroups. Probably, the CH;—N—-CH; bonds
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Table 1. Band Assignments for Infrared Spectra of
C1sDAO and 2C13DAC in Solid States

C1sDAO, cm™t  2C13DAC, cm™t band assignments?
2953 2956 CHj3 asym str
2917 2916 CH; antisym str
2875 2877 CHgz sym str
2850 2850 CH5 sym str
1673 CH3—N-—CHj3 antisym str
1622 CH3—N*—CHjs antisym str
1469 1492, 1471 CHy; scissoring
1383 CHj3 sym def
1300—-1100 CH; wagging + twisting
990—-960 N—O str
919 NC; asym str

a Abbreviations: asym: asymmetric, sym: symmetric, antisym:
antisymmetric, str: stretching, def: deformation.
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Figure 3. (a) An IR RA spectrum of one-layer LB film of
C1sDAO on agold-evaporated glass slide. (b) An IR transmission
spectrum of a one-layer LB film of C;3DAO on a CaF plate. (c)
An IR/ATR spectrum of a one-layer LB film of C;sDAO on a Ge
prism.

have double bond character because of effects of the two
methyl groups.

According to a reference book,2 tertiary amine oxides
show a N—O stretching band in the 970—950 cm™! region
of the IR spectra. Thus, IR bands in the 990—960 cm™?
region of C;sDAO and Raman bands in the same region
may be assigned to the N—O stretching mode. Two or
three bands appear in this region of both IR and Raman
spectra, suggesting that some N—O groups are involved
in the formation of dimers. The band assignments of the
IR spectra of C;sDAO and 2C,;3DAC are summarized in
Table 1.

IR Spectraof One-Layer LB Films of 2C;3sDAC and
C1sDAO. Figures 3 and 4 show IR RA, transmission, and
ATR spectra of one-layer LB films of C;3sDAO and
2C13sDAC on gold-evaporated glass slides (a), CaF, plates
(b), and Ge prisms (c), respectively. In Figures 3 and 4,
note that the IR spectra of the one-layer LB films change
with the substrates in terms of both frequencies and
intensities. To the best of our knowledge, it is rather rare
that one can observe such marked spectral differences
between the substrates. These observations suggest that
the interaction between the headgroups and the substrates
is significantly strong. One of the reasons why the
structure of the LB films of C;3DAO shows the substrate

(33) Bellamy, L. J. The Infrared Spectra of Complex Molecules;
Wiley: New York, 1975.
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Figure 4. (a) An IR RA spectrum of one-layer LB film of
2C1sDAC on a gold-evaporated glass slide. (b) An IR transmis-
sion spectrum of a one-layer LB film of 2C1sDAC on a CaF;
plate. (c) An IR/ATR spectrum of a one-layer LB film of
2C1sDAC on a Ge prism.

dependence is that the N—O group of C;sDAO has a large
dipole moment and thus is largely hydrated. Probably,
these characteristic properties of the headgroup produce
a different interaction with the different substrates. For
the LB films of 2C13sDAC, it seems that the positive charge
of its headgroup plays an important role in the interaction
with the substrates.

The CH,antisymmetric and symmetric stretching bands
of C1gDAOQ appear at 2924 and 2854 cm™1, respectively,
in the spectrum of the one-layer LB film on the gold-
evaporated glass substrate (Figure 3(a)), whereas they
are identified at 2921 and 2852 cm™1, respectively, in those
of the one-layer films on the CaF, (Figure 3(b)) and Ge
prism (Figure 3(c)). Therefore, it seems that the alkyl
chains of C1gDAO are disordered in the LB film on the
gold-evaporated glass slide, but they become more ordered
in the films on the CaF, plate and Ge crystal.

In the 1800—1100 cm~! region, bands at 1670 and 1622
cm~! appearing in the RA spectrum may be ascribed to
the antisymmetric CH3;—N—CHp3 stretching modes. The
corresponding band is located at 1673 cm~t in the spectrum
of C1sDAO in the KBr pellet (Figure 2(b)). The appearance
of the band at 1622 cm~! suggests that the CH;—N—CHj3
groups interact strongly with the gold-evaporated glass
substrate. A band at 1278 cm~! may be due to a CH3
symmetric bending mode of the headgroup of C;3DAO.

In contrast to the LB film of C;3sDAO on the gold-
evaporated glass slide, the one-layer LB film of 2C;sDAC
on the gold-evaporated glass slide shows the CH, anti-
symmetric and symmetric stretching bands at 2918 and
2850 cm™1, respectively (Figure 4(a)). Therefore, it seems
that the alkyl chains are ordered in the film of 2C;3sDAC.
The same conclusion can be reached for the LB film of
2C,sDAC on the CaF; plate because the two CH, stretching
bands are observed at 2919 and 2850 cm™! (Figure 4(b)).
According to an X-ray analysis of crystalline dioctade-
cyldimethylammonium bromide (2C13sDAB),%* one of its
two hydrocarbon chains is bent at almost right angle in
the third carbon atom, but after the third carbon atom
both chains have a trans-zigzag conformation with their
molecular planes parallel to each other. It has also been

(34) Okuyama, K.; Soboi, Y.; lijima, N.; Hirabayashi, K.; Kunitake,
T.; Kajiyama, T. Bull. Chem. Soc. Jpn. 1988, 61, 1485.
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stated that molecules with a large headgroup and two
hydrocarbon chains adopt this sort of very simple and
compact folding pattern.3* Probably, 2C;sDAC in the LB
films on the gold-evaporated glass slide and CaF, plate
has very similar conformation to that of 2C,3sDAB described
above (Figure 1). In the LB films it seems that the strong
interaction of the positively charged headgroup with the
substrate supports the ordered structure of the alkyl
chains.

In the 1650—1570 cm~! region, one can observe a broad
band, which shows pH dependence as will be described
later. This band may be due to the antisymmetric
CH3—N*—CHgantisymmetric stretching mode. The band
appears as two distinct and separate peaks at 1683 and
1585 cm™1 in the ATR spectrum (Figure 4(c)). The CH,
scissoring band is observed as a singlet near 1468 cm™?
in the RA and transmission spectra of the 2C,;sDAC LB
films, but it splits into two at 1485 and 1468 cm™1 in the
ATR spectrum. According to Cameron et. al.,?”3% if the
band appears as a singlet, it means that the hydrocarbon
chains exhibit so-called “rotator” phase with relatively
small interaction in the hexagonal subcell packing. The
remarkable rise in the frequency for the split band may
result from the interaction of the CH, groups with N,
which causes the change in the charge distribution on the
o carbon atoms of 2C,sDAC, as described above.

According to the surface selection rule in RA spectros-
copy,3%~38 vibrational modes with their transition mo-
ments perpendicular to the surface are enhanced in an
RA spectrum. The intensities of the two CH, stretching
bands are not weak in the RA spectrum of the film of
2C13sDAC, indicating that the hydrocarbon chains are
tilted with respect to the surface normal. The hydrocarbon
chains may be randomly orientated in the film of C;sDAO
because a number of gauche conformers are involved in
the chains.

A comparison between Figures 3 and 4 indicates that
the molecular orientation and structure in the one-layer
LB films of C;sDAO and 2C;3sDAC are largely different
from each other. The two compounds have different
headgroups, and thus the nature of the interaction
between the headgroups and the substrates may be quite
specific. The number of the alkyl tails is also different;
one for C1gDAO and two for 2C,gsDAC. There is little doubt
that the interaction between the first layer and the metal
surface controls the molecular orientation and structure
in the LB films.

Aging Effect on Langmuir Films of C;sDAO and
2C13sDAC. One of the authors (T.I1.) et al.%3 found that
Langmuir films of both C;3sDAO and 2C,;3sDAC showed
interesting aging phenomena; in the trough the area per
molecule of the films compressed until the surface pressure
of 35 mMNm™! started to decrease approximately 30 min
after the compression (the surface pressure was kept at
35 mN m™1). The decrease in the surface area was
dramatic; for example, 47% after 30 h for the 2C,;sDAC
film and more than 75% after the same period for
C1sDAO. To investigate the aging effect spectroscopically,
we transferred the films onto gold-evaporated substrates
at the different stages of aging and measured their RA
spectra.

(35) Cameron, D. G.; Umemura, J.; Wong, P. T. T.; Mantsch, H. H.
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1042.

(38) Chollet, P.-A. Thin Solid Films 1978, 52, 343.
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Figure 5. Frequencies of the CH; antisymmetric and sym-
metric stretching bands of C;sDAO (A) and 2CsDAC (B) LB
monolayers on the gold-evaporated glass slides prepared from
L monolayers at various times.

In Figure 5A and B, the frequencies of the CH,
antisymmetric and symmetric stretching bands are plotted
for the LB films of C;sDAO and 2C,3DAC, respectively,
prepared by transferring the Langmuir films kept under
the surface pressure of 35 MmN m~* for 30 min to 30 h. In
both cases their frequencies shift upward with time,
indicating that the hydrocarbon chains become disordered
with aging.

One of the authors (T.l.) investigated the aging process
of a C1sDAO monolayer on water subphase by observing
AFM images of LB films prepared from the aged L films.®
The characteristic properties of the C;sDAO monolayer
on the water subphase result from the hydration on the
amine oxide group. Reportedly, one C;sDAO molecule is
surrounded by eight water molecules in the initial stage
of the monolayer preparation, allowing C;3sDAO molecule
and hydrated water molecules to occupy a rather large
surface area. It was considered that as time passes, the
hydrated water molecules are pulled into bulk water,
decreasing the occupied area per C;gsDAO molecule.? It is
likely that C;3sDAO molecules are lying in the monolayer
with disordered alkyl chains in the initial stage (because
each molecule is enveloped by water molecules), but that
they are rearranged with time, the tails becoming or-
dered tails. Thus, we expected that the freshly prepared
C1sDAO monolayer would give an LB film with less ordered
alkyl chains while the aged one would provide the film
with ordered chains. However, the results in Figure 5A
suggest that the alkyl chains in the LB film prepared
from the fresh L film of C;sDAO are disordered and those
in the films from the aged L films are even more disordered.

Myrzakozha et al.
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Figure 6. (a) An IR RA spectrum of an aged one-layer LB film
of C1sDAO on a gold-evaporated glass slide. (b) An IR trans-
mission spectrum of an aged one-layer LB film of C;sDAO on
a CaF; plate. (c) An IR/ATR spectrum of an aged one-layer LB
film of C13sDAO on a Ge prism. All of the spectra in this figure
were measured after the films were kept in a desiccator for
24 h.

Probably, the conformation of the alkyl chains observed
by IR spectra is not exactly the same as the conformation
formed in the L films. We tried both 25 and 35 mN m™!
surface pressures. No significant difference was observed
in the molecular conformation in the LB films, although
there was a large difference between the L films at the
surface pressures of 5 and 25 mN m~1.8

Aging Effect on Langmuir—Blodgett Films of
CisDAO and 2C,;sDAC. One-layer LB films of
C1sDAO and 2C;3DAC on the gold-evaporated glass slides,
CaF; plates, and Ge prism were stored in a desiccator for
24 and 72 h, and then their IR spectra were measured to
explore aging effects on the LB films. Dramatic changes
were observed for both compounds between the fresh LB
films and those stored in the desiccator for 24 and 72 h.
Figure 6 (a), (b), and (c) show the IR spectra of the one-
layer LB films of C;3sDAO on the gold-evaporated glass
slide, CaF; plate, and Ge prism, respectively, stored in
the desiccator for 24 h.

The striking feature in Figure 6 is the surprisingly low
peak positions of the CH, antisymmetric and symmetric
stretching bands of C;3sDAO in the aged LB monolayer on
the gold-evaporated glass slide. The lower frequencies are
characteristic of highly ordered, trans-zigzag conforma-
tions of methylene chains.?6~28 Note that even a band due
to the Fermi resonance is seen at 2933 cm~! as a shoulder
of the CH, antisymmetric band. These observations lead
us to conclude that the alkyl chains in the LB film of
C1sDAO in the gold-evaporated glass slide become highly
ordered (trans-zigzag) with time. An appearance of CH,
wagging progression in the 1300—1150 cm™! region also
supports this. A similar trend for the aging effect on the
molecular conformation of the alkyl chains is observed for
the CaF, and Ge plates, although the changes are smaller
for them.

Another noteworthy age-dependent change is the ap-
pearance of a broad, strong band around 1652 cm™!
assignable to the CH3;—N—CH; antisymmetric stretching
band in Figure 6(a). This indicates that the orientation
of the headgroup changes with time. The change in the
conformation of the alkyl chain might be linked with the
reorientation of the headgroup.
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Figure 7. (a) An IR RA spectrum of an aged one-layer LB
film of 2C1sDAC on a gold-evaporated glass slide. (b) An
IR transmission spectrum of an aged one-layer LB film of
2C1sDAC on a CaF; plate. (c) An IR/ATR spectrum of an aged
one-layer LB film of 2C;3sDAC on a Ge prism. All of the spectra
in this figure were measured after the films were kept in a
desiccator for 24 h.

The age-dependent changes for the LB films of
2C1sDAC are quite different from those for the LB films
of C;sDAO. In Figure 7(a), (b), and (c) are shown the IR
spectra of the one-layer LB film of 2C,;3sDAC on gold-
evaporated glass slide, CaF, plate, and Ge prism, respec-
tively, stored in the desiccator for 24 h. In contrast to the
two CH,; stretching bands of the LB films of C;sDAO on
the gold-evaporated glass slide and CaF, plate, those of
the corresponding films of 2C,3sDAC show an upward shift
by 2—6 cm~1. Thus, the hydrocarbon chains become less
ordered as time passes in the LB films of 2CsDAC.

The age-dependent changes are small for the LB films
of both C,;3DAO and 2C;3sDAC on the Ge prisms. Accord-
ingly, the aging effects also depend on the substrates.

Dependence of the Molecular Orientation and
Structure in the LB Films on the pH of the Water
Subphase. To investigate the headgroup—substrate
interaction and the headgroup—headgroup interaction
further, the effect of the pH of the water subphase on the
molecular orientation and structure in one-layer LB films
of C1sDAO and 2C;3DAC was examined by IR spectroscopy.
Figures8 and 9 present IR RA and transmission spectra
of the LB films of C;sDAO and 2CsDAC transferred from
the water subphase at pH 3.0 onto gold-evaporated glass
slides and CaF, plates, respectively. Comparison of the
IR spectra of the LB films of C;sDAO transferred from the
water subphase at pH 5.8 (Figure 3) with those transferred
from the subphase at pH 3.0 (Figure 8) enables us to
discuss the effect of pH on the above-mentioned interac-
tions.

When we compare Figure 3(a) with Figure 8(a), we notice
several major spectral changes. First, the intensities of
the bands in the 1680—1620 cm~* region assignable to the
CH3;—N—-CHjzantisymmetric stretching modes vary upon
going from pH 5.8 to 3.0. This may result from the
molecular orientational change of the headgroup with
decreasing pH. It is likely that the change in pH of the
subphase water induces a change in the headgroup—
substrate interaction, leading to the reorientation of the
headgroup. The CH stretching band region undergoes a
marked spectral variation with pH; the two CH, stretching
bands show a downward shift by 2—4 cm~1 and the relative
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Figure 8. (a) An IR RA spectrum of a one-layer LB film of
C1sDAO on a gold-evaporated glass slide prepared from the
aqueous subphase at pH 3.0. (b) An IR transmission spectrum
of aone-layer LB film of C;sDAO on a CaF; plate prepared from
the agueous subphase at pH 3.0.
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Figure 9. (a) An IR RA spectrum of a one-layer LB film of
2C13DAC on a gold-evaporated glass slide prepared from the
aqueous subphase at pH 3.0. (b) An IR transmission spectrum
of a one-layer LB film of 2C;sDAC on a CaF; plate prepared
from the aqueous subphase at pH 3.0.

intensity of the CH, symmetric band becomes very weak.
The downward shifts suggest that the alkyl chains become
more ordered with decreasing pH. In Figure 8(a) the CH,
antisymmetric stretching band is much stronger than the
CH;, symmetric stretching band. The transition moments
of the CH, antisymmetric and symmetric stretching modes
are parallel and perpendicular to the plane of alkyl chain.
Thus, the observed intensity pattern for the two CH,
stretching bands indicates that the molecular plane is
tilted somewhat from the surface normal, whereas the
planes are considered to have an ordered packing. The
band progression peaks in the 1465—1350 cm™! region
support the ordered packing. Therefore, it seems that the
alkyl chains are crystallized with highly packed alkyl
planes in the LB film of C;sDAO on the gold-evaporated
glass slide prepared from the aqueous subphase at pH
3.0.

As in the case of the gold-evaporated glass plate, the
decreased pH induces a downward shift for the two CH,
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stretching bands of the LB film on the CaF, plate. Thus,
the hydrocarbon chains of C;sDAO become more ordered
in the LB films on both the gold-evaporated glass slide
and CaF; plate upon going from pH 5.8 t0 3.0. The reverse
trend is observed for the alkyl chains of 2C;3DAC in the
LB film on the gold-evaporated glass slide; both the CH,
antisymmetric and symmetric stretching bands shift
upward with decreasing pH.

Another notable pH-dependent change for the LB films
of 2C,3sDAC is the intensity enhancement of the band at
1651 cm~tin Figure 9(b). It seems likely that the molecular
orientation of the headgroup changes considerably on
lowering the pH.

We may be able to interpret the pH-dependent struc-
tural changes of C;sDAO and 2C,3DAC in the LB films as
follows. C1sDAO has a hydrophilic N—O group. The
repulsive interaction among the dipole moments of the
N—O groups is strong in the LB films formed at a neutral
pH, and thus, C;3sDAO does not have highly ordered (trans-
zigzag) structure. On the other hand, in the low pH region
the repulsive interaction of the dipole moments of the
N—O groups becomes weak, so that the alkyl tails of
C1sDAO can take trans-zigzag conformation more easily.
The additional positive charge from proton may be
stabilized by the negative charge of the metal surface,
resulting in the solid structure on the LB films.

In contrast to C,;sDAO, 2C1sDAC does not have a strong
dipole moment in the neutral pH. However, repulsive
interaction may occur among the headgroups of 2C;sDAC
molecules in the low pH because of the protonation.
Therefore, the L films of 2C;sDAC become unstable
because of charge repulsion, resulting in the less ordered
structure of the alkyl tails.

Conclusion

This paper reported the IR study of the molecular
orientation and structure in the one-layer LB films of two
kinds of amphiphilic molecules with the unique head-
groups, dimethylammonium chloride and dimethylamine
oxide. Particular emphasis was put on the aging effects
on the LB and L films of C;sDAO and 2CsDAC and on the
effect of pH of the aqueous subphase on the LB films.
Even one-layer films gave high-quality IR spectra with a
high signal-to-noise ratio, so that we could explore the
molecular orientation and structure in the LB films and
the interaction between the headgroups and the substrates
in detail.

The conclusions reached from the present study are
summarized as follows.

(1) The molecular orientation and structure of the one-
layer LB films of both C;sDAO and 2C;sDAC show
significant substrate dependence. The interaction between
the headgroups and the substrates plays an important
role in determining the molecular orientation and struc-
ture.

(2) The alkyl chains contain some gauche conformers
in the LB film of C;3sDAO on the gold-evaporated glass
slide, whereas they assume nearly trans-zigzag confor-
mation in that of 2C;sDAC on the gold-evaporated glass
slide (see models for pH 5.8 in Figure 10).

(3) The molecular orientation and structure in the LB
films of C;sDAO and 2C;3DAC change with pH of the
subphase water. Probably, decreasing the pH induces the
changes in the substrate—headgroup interaction, leading
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Figure 10. Schematic models for the molecular assembly of
C1sDAO (A) and 2C,sDAC (B) on gold-evaporated glass slides
transferred from water subphase at pH 5.8 and 3.0.
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Figure 11. Schematic models for the molecular assembly of
LB films prepared from aged L films and of aged LB films of
C1sDAO (A) and 2C,3DAC (B) on gold-evaporated glass slides.

to a reorientation of the alkyl chains. As shown in Figure
10, the alkyl chains become less ordered on decreasing
pH in the LB film of 2C;sDAC on the gold-evaporated
glass slide, whereas they become more ordered in the film
of C1sDAO on the gold-evaporated glass slide.

(4) The aging effects on the structure of the L films
were investigated by transferring the aged L films onto
the gold-evaporated glass slides. The alkyl chains are less
ordered in the LB films prepared from the aged L films
(Figure 11).

(5) The LB films of C;sDAO and 2C;3sDAC on the gold-
evaporated glass slides show the reverse changes for
aging effect (Figure 11). The alkyl chains become more
ordered in the LB film of C;3sDAO, whereas they be-
come less ordered in that of 2C,;3sDAC (Figures 10 and
11).

In summary, the differences in the number of the alkyl
chainand inthe chemical structure of the headgroup cause
a number of significant changes in the molecular orienta-
tion and structure of the one-layer LB films of C;3sDAO
and 2C;3sDAC. Investigations on multilayer LB films of
the two kinds of amphiphilic compounds by IR and AFM
are now under way in our research groups.
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