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An azobenzene derivative having a urea head group [N -(1 0-{ 4-[ ( 4-hexylphenyl) 
azo ]phenoxy} )-decylurea] was synthesized. The material formed a stable monolayer at the 
air-water interface. This monolayer exhibited some unusual properties regarding the 
packing state and photoreactivity of the azobenzene unit, which is attributable to the 
formation of bifurcated hydrogen bonds between the head group (Seki et al., Bull. Chem. Soc. 
Jpn., 71, 2807 (1998)). Only single layered deposition was possible by ordinary Langmuir­
Blodgett (vertical dipping) method. The multilayer deposition was found to be achievable by 
the so-called Langmuir-Schaefer (horizontal lifting) method. Successful multilayer 
deposition can lead to precise structural characterization on the molecular packing state which 
is indispensable to understanding of peculiar properties of this two dimensional assembly. 
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1. INTRODUCTION 
Langmuir monolayers and Langmuir-Blodgett 

(LB) films of azobenzene (Az) contammg 
amphiphiles have attracted extensive attraction in 
recent years 1

.
11

) We have newly synthesized an Az 
containing urea derivative, N-(10-{4-[(4-hexyl­
phenyl)azo ]phenoxy} )-decylurea (6Az 1 0-Urea, Fig. 
1) for elucidation of the role of the hydrogen bonds 
formed among urea units in the packing state and 
photoreactivity in the Az unit positioned at the center 
of the molecule. The peculiarity in the packing state 
of urea containing simple long chain alkyl derivative 
is already known. 

Adam12
•
13

) first reported in 1933 that Langmuir 
monolayers of long chain urea derivatives show a 
unique polymorphism exhibiting two forms of 
packing states, depending on the temperature. 

According to Glazer and Alexander, 14
) in the a fom1 

(high temperature form, 0.20 - 0.12 nm2 per 
molecule) the urea head groups align vertical with no 
hydrogen bonding between them, and the alkyl 
chains are fully extended close-packed and vertical. 
On the other hand, in the (3 form (low temperature 
form, 0.25 - 0.27 nm2

) the urea groups are more 
horizontal forming two hydrogen bonds between the 
oxygen atom of one molecule and the two nitrogen 
atoms of a neighbor (see Fig. 2); also the alkyl chains 
are tilted at an angle of 45, 14

) or 35, 15
) to the vertical. 

This type of bridging may be called formation of 
"bifurcated" hydrogen bonds. More recently Kato 
and coworkers 16

'
1
7) reported precise evaluations of tl1e 

isobar (temperature variant) measurements of 
monolayers of octadecylurea and related compounds. 

Fig. 1 The structure of6Azl0-Urea 
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Fig. 2. Schematic illustration of formation of 
bifurcated C=O · · · HN hydrogen bonds in long chain 
alkylurea monolayers. 

Since the photofunctionality of Az strongly depends 
on the packing structure in the Langmuir monolayer 
and LB multilayers, it seemed of great interest to 
combine the packing function of urea and 
photofunction of Az in a single molecule. The 
peculiar properties of 6Az10-Urea Langmuir 
monolayers in the 6Azl0-Urea monolayer have quite 
recently reported by us. 18

) Unfortunately, structural 
infonnation and methodologies of evaluation of 
Langmuir monolayers floating on a water surface are 
largely limited. In this context, deposition onto a 
solid substrate is highly desirable. Our first attempt 
of deposition by the ordinary Langmuir-Blodgett 
(vertical dipping) method was successful only for the 
first layer. For multilayer deposition, we 
successively adopted a Langmuir-Schaefer (horizontal 
lifting) method. It was found that the latter method 
allows satisfactory multilayer deposition. This paper 
presents details of preparative method of single and 
multilayers of 6Azl 0-Urea layer on solid substrates. 

2. EXPERIMENTAL 
The synthetic procedures of 6Azl0-Urea was 

already described in the previous paper. 18
) 

The spreading behavior of 6Azl0-Urea monolayer 
was evaluated with a Lauda FWl film balance in 
subdued red ligl1t. Pure water (Milli-Q grade, 18 
MQ cm·1

, pH= 5.8) was filled in the trough. The 
6Az10-Urea was spread form a chlorofonn solution 
(1.0 x 10'3 mol dm'\ After evaporation of 
chloroform, the monolayer was compressed at a speed 

of 20 cm min'1, and the surface pressure was recorded 
versus the molecular area. The temperature of the 
subphase was maintained constant by water 
circulation. 

The monolayers on the water surface was 
transferred onto a quartz substrate by vertical lifting or 
horizontal lifting method. In the horizontal lifting 
procedure, a hand made frame made of Teflon sheets 
(1 mm thickness) were prepared for 
compartmentalization. In the latter procedure, 
hydrophobilized quartz plates which was treated with 
the vapor ofhexamethyldisilazane were used. 

UV -visible absorption spectra of deposited films 
were taken with a JASCO MAC-I (for a single 
layered film) or a HP8452A (for multilayers) at room 
temperature. 

3. RESULTS AND DISCUSSION 
The surface pressure-area (:rt-A) isotherm of 

6Azl0-Urea monolayer in the trans form at 20 ° C is 
indicated in Fig. 3. The limiting area per Az unit, 
which was estimated by extrapolation of the steepest 
slope to zero pressure, was 0.33 nm2 This value is 
significantly larger than that of a homologous 
carboxylic acid derivative (0.25 m11\ implying that 
the urea head group forms the hydrogen network (Fig. 
2) to give a considerable tilt in the chain orientation. 
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Fig. 3. Surface pressure-area isotherm of 6Az 10-
Urea monolayer on water at 20 ° C. 

Transfer of the 6Az10-Urea monolayer onto solid 
substrate is a matter of keen demand to perform 
detailed structural characterization. Attempts were 
therefore made to deposit this 6Az10-Urea monolayer 
onto a quartz plate. 
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Fig. 4. Langmuir-Schaefer (horizontal lifting) method 
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Fig. 5. UV -visible absorption spectra of multilayers 
of 6Az 1 0-Urea at various deposition numbers. 

The ordinary vertical dipping method was first 
carried out. It turned out that the deposition was 
successful for the first layer onto a hydrophilic quarts 
substrate, whereas accumulated deposition to 
multilayers was difficult. We next applied the 
horizontal lifting procedure (Langmuir-Schaefer 
method, Fig. 4/9

l. The 6Azl0-Urea monolayer was 
compressed to a surface pressure of 20 mN m·1 (Fig. 
4a), the tilm was compartmentalized by a Teflon 
frame (b), then a hydrophobilized quartz substrate 
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Fig. 6. Absorbance at band peaks a function of 
deposition number. 

was attached to the monolayer (c) and lifted (d). 
Successful multilayer ·transfer was found to be 
perfom1ed in this method at least up to 30 layers. 

The UV -visible absorption spectra of the 
transferred films at various deposition numbers were 
indicated in Fig. 5. The absorption peak of the :rt-:rt* 

band (long axis) was observed at 320- 350 nm. The 
aggregation state of Az was somewhat complicated, 
the peak being shifted with the increase in deposition 
number. Such changes in the spectral shape should 
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Fig. 7. UV -visible absorption spectra of two 
monolayers prepared by horizontal lifting (solid) and 
vertical dipping (dotted) methods. 

be the subject of future investigations. The increase 
in the absorbance at the band peak was proportional to 
the deposition number (Fig. 6), indicative of 
successful deposition at good transfer ratios and 
proper multilayer fommtion. 

The justification of the successful deposition could 
be further justified by a comparison of spectra for two­
layered films prepared by the horizontal lifting and 
vertical dipping (Fig. 7). In the latter case, the single 
layer was transferred onto both sides of the quartz 
plate, and the transfer ratios were guaranteed to be 
unity from a separate experiment. 

4. CONCLUSION 
As shown in this study, we succeeded in 

preparation of multilayered films of 6Azl0-Urea by 
Langmuir-Schaefer method. Structural 
characterizations including contact angle of water, X­
ray diffractometry, Fourier transfonn infrared 
spectrometry for the multilayers are now in progress. 
These analyses are anticipated to provide detailed 
infonnation on the layer stmcture, molecular tilt, 
fom1ation of hydrogen bonds conformations of the 
alkyl chains etc. These data are anticipated to be of 

great help in understanding the peculiar properties in 
6Azl0-Urea monolayer at the air water interface. 
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