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Poly[bis-(p-toluene sulphonate) of 2,4-Hexadiyne-
1,6-diol] Langmuir-Blodgett Thin Film Formation
and Characterization

XIAOYU WANG, DANIEL J. SANDMAN,
FERDINANDO BRUNO, AND RAMASWAMY NAGARAJAN

Center for Advanced Materials, Department of Chemistry, University of
Massachusetts Lowell, Lowell, MA, USA

Coherent thin films of bis-(p-toluene sulphonate) of 2,4-hexadiyne-1,6-diol (TS) and
its polymer, PTS, were prepared by the Langmuir-Blodgett method. Even though TS
has no amphiphilic groups at each end, it has an isotherm curve similar to stearic
acid and can be transferred to a flat solid substrate under a certain pressure.
Polarized UV-Vis spectroscopy, atomic force microscopy (AFM) and scanning
electron microscopy (SEM) were used to characterize this kind of LB thin film’s aniso-
tropy, surface morphology, and topography.

Keywords bis-(p-toluene sulphonate) of 2,4-hexadiyne-1,6-diol, polydiacetylene,
Langmuir-Blodgett, pressure-area isotherm, surface topography, optical anisotropy

Introduction

Polydiacetylenes (PDAs) are a class of polymers with quasi-one-dimensional 7-electron
conjugated backbones. They have attractive optical and electronic properties, such
as large third-order nonlinear optical susceptibility and high electron mobility (1-3).
All of these properties depend on PDAs’ highly ordered supramolecular structures.
The precursor monomer diacetylenes (DAs) are relatively easy to deposit as a highly
oriented monolayer or multiplayer, on flat substrates (mica, [TO-coated glass substrate,
etc.) by using the Langmuir-Blodgett (LB) technique. Topochemical monolayer or multi-
layer polymerization of suitable monomers can be performed at the air-water interface
either directly or after transfer to a flat solid substrate (4, 5). This method can form a
highly ordered thin film of conjugated polymer.

Suitable diacetylenes that can form stable and ordered LB thin films normally contain
separate hydrophilic and hydrophobic end groups (6). Under compression on the air-water
interface, these diacetylene monomers gradually orient themselves with hydrophilic
groups remaining in the water and hydrophobic groups protruding from the water to
the air.
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In this paper, bis-(p-toluene sulphonate) of 2,4-hexadiyne-1,6-diol (TS) was used to
form LB thin film because it shows a similar isotherm curve to stearic acid (7).
McCaffrey et al. measured the pressure-area isotherms of PTS LB thin films and used
infrared spectroscopy and Raman spectroscopy to characterize such thin films (8). He
et al. also studied the PTS LB thin films on a simplified trough. They used X-ray diffrac-
tion to analyze TS and PTS LB thin films’ molecular structure (7). In this research, we
used AFM and SEM to observe and analyze PTS LB thin films’ surface topography and
image directly, and applied polarized UV-Vis spectroscopy to evaluate the optical aniso-
tropy of such LB thin films.

After polymerization, this kind of LB thin film will be useful for building up thin film
crystals and for use as templates to grow films from solution and the melt.

Experimental

Bis-(p-toluene sulphonate) of 2,4-hexadiyne-1,6-diol was synthesized and recrystallized
by the method reported by Patel (9). The TS used to deposit LB thin film was in a
chloroform solution (1.04 x 107* M) and the solution was stored in refrigerator in
the dark until used. A TS chloroform solution was spread in different amount on the
trough of Langmuir Filmwaage (MGW Lauda) (1000cm?) filled with Milli-Q water.
The purified water subphase was kept at a temperature of 20 + 0.5°C. All thin films
were incubated for 20 ~ 25min at 1 atm pressure to ensure that the solvent has
evaporated. The compression rate for isotherm and LB thin film preparation was
50 cm?/min. The LB thin film was compressed to a surface pressure of 3 ~ 28 mN/m
and equilibrated at the specific pressure for about 30min. UV light (254nm) was
shined on the compressed films, after 3 ~ 5 sec following the onset of UV irradiation,
the films began to contract and became light blue in 20 ~ 30 sec. After UV lamps were
turned off, the LB thin film stayed on the surface of water for several minutes, and then
the water was slowly drained by aspiration. The LB thin film was laid down on the flat
surface of substrates, which were submerged horizontally in the subphase prior to thin
film spreading. The substrates were removed by forceps and allowed to dry for 24 h at
room temperature with a porous cover, and then the LB thin films on these substrates
were analyzed.

AFM was accomplished using an Autoprobe CP (Park Scientific Instruments) to
obtain topographic images of LB thin films in the contact mode with a silicon nitride can-
tilever. Scan rate is 1Hz. Measurements with AFM were under ambient conditions.
Scanning Electron Microscope (Amray 1400 SEM with EDXS analysis) was used to
image the morphology of LB thin films, polarized UV /Vis/NIR spectrometer (Perkin-
Elmer Corporation) was used to characterize the anisotropic optical property of LB thin
films. Thin film thickness was measured by Dektak ITA

Results and Discussion

The pressure-area isotherm was used to find the optimum ranges in which to transfer LB
thin films to solid substrates. Figure 1 showed isotherm curve for TS (200 I TS solution in
chloroform). We can see that the uniform compression of TS on water surface begins at
12dyn-cm ™" with a uniform compressibility range between 12 ~ 25 dyn-cm™ ', which
is slightly different from the result McCaffrey mentioned (8). Beyond 25 dyn-cm ™', a
relatively thick collapsed film appeared obviously on the air-water interface. In the
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Figure 1. Isotherm curve of TS monomer.

experiment, 12 dyn-cm™' was set as critical pressure, which was used as a reference.
Because TS molecular structure is symmetric without hydrophilic and hydrophobic
groups at each end, TS monomers should float horizontally on the air-water interface.
Based on the TS unit-cell data obtained by Bloor (10), who estimated the length of the
TS monomeric unit should be about 5 A (c axis) and the unit-cell width about 15 A
(b axis), thus the unit-cell area is approximately 75 A2, we can concluded that the
formed TS LB thin film were multilayers. Thin film thickness obtained by Dektak ITA
was in the range 150 ~ 180 A, which also confirmed that the film was multilayers.

Figure 2 showed the optical absorption spectra of PTS LB thin film at two different
orientations of the polarized incident UV-Vis light, which illustrated the optical aniso-
tropy. In other words, there was orientational effect of TS LB thin film on substrate,
which meant this thin film had anisotropic property. In these spectra, exciton absorption
range is roughly between 500nm and 700 nm. The wave number between peaks at
616nm and 566 nm is about 1435cm™ ' and the wave number between peaks 616 nm
and 550nm is about 1949 cm ™', which corresponds carbon-carbon double and triple
bond vibronic bands in excitonic state, respectively. In the experiment, it was found
that anisotropic effects depended on local area because the absorption ratio varied from
one location to another location with the same LB thin film.
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Figure 2. Absorption spectra of PTS LB thin film on Milli-Q water surface ITO-coated glass sub-
strate (A). Polarized light parallel and perpendicular (B) to the polymer main chain.
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Figure 3. Topographic AFM image of PTS image polymer LB thin film (20 pm x 20 pum).

Figures 3 and 4 showed AFM topography of PTS LB thin film. From Figure 3, it was
found that the crystal domain structure sizes were about several square microns, they were
discrete thin films on micron scale. Figure 4 showed higher resolution view of PTS LB thin
film, which revealed highly regular structure and orientation. The striated patterns
observed in Figure 4 should run parallel to the polydiacetylene main chain (11, 12), and
their atomic scale image will be explored by AFM equipped with an ultra-thin tip. PTS
LB thin films have also been observed by SEM (Figures 5 and 6). These thin films
were smooth and their domain sizes were around several square microns.

Conclusions

Multilayers TS LB thin film can be obtained by Langmuir-Blodgett transfer method.
Under UV light, TS LB thin film was polymerized to PTS LB thin film in solid state

Figure 4. High resolution topographic AFM of PTS polymer LB thin film (1 pm x 1 pm).
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Figure 5. SEM image of PTS polymer LB thin film.
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Figure 6. SEM image of PTS polymer LB thin film of higher magnification.

and its color became light blue. This kind of thin film had an anisotropic orientation and
their crystal domain sizes were found to be roughly several square microns by AFM and
SEM. Further research should be performed to increase the crystal thin film domain size
and degree of orientation.

Acknowledgements

We gratefully acknowledgement Dr. Christopher Drew, who assisted with PTS LB thin
film coating for SEM characterization and provided useful help and discussion. This
work was supported in part by Petroleum Research Fund Grant 40263-AC7.



11: 05 24 January 2011

Downl oaded At:

1560 X. Wang et al.

References

1.

10.

11.

12.

Bloor, D. and Chance, R.R. (1985) “Polydiacetylenes—Synthesis, Structure and Electronic
Properties”, NATO ASI Series E, Martinus Nijhoff Publishers, Vol. 102.

. Nalwa, H.S. (1993) Organic Materials for Third-Order Nonlinear Optics. Advanced Materials,

5: 341.

. Madec, P.J., Marechal, E., Mark, J.E., Otsu, T., Richards, R.-W., Queslel, J.P., Sato, T., and

Tieke, B. (1985) “Analysis/Reactions/Morphology”. Advances in Polymer Science. Springer,
71, 1-261.

. Ackermann, R., Naegele, D., and Ringsdorf, H. (1974) Polyreactions in Oriented Media. 4.

Photoreactions of Fumaric and Maleic Acid Derivatives in Multilayers, Makromolekulare
Chemie, 175 (2): 699.

. Cemel, A., Fort, T., and Lando, J.B. (1972) Polymerization of Vinyl Stearate Multilayers.

Journal of Polymer Science Al, 10 (7): 2061.

. Day, D. and Lando, J.B. (1981) Conduction in Polydiacetylene Bilayers. Journal of Applied

Polymer Science, 26 (5): 1605.

. He, Pingsheng, Bai, Jianmin, Yao, Gang, Zhou, Guien, and Wang, Changsui. (1989) Preparation

of Thin Films of 2,4-Hexadiyne-1,6-diol bis(p-toluenesulfonate) (TS) Monomer and Polymer
(PTS) by Langmuir-Blodgett Techniques. Journal of Material Science, 24 (6): 1901.

. McCaftrey, Robert, R., Prasad, Paras, N., Fornalik, M., and Baier, R. (1985) Study of

Poly[bis(p-toluene sulfonate)diacetylene] Films Prepared by a Modification of the Langmuir-
Blodgett Technique. Journal of Polymer Science: Polymer Physics Edition, 23 (8): 1523.

. Patel, G.N. (1979) Studies on Partially Polymerized 2,4-Hexadiyne-1,6-bis(p-toluenesulfonate).

Journal of Polymer Science: Polymer Physics Edition, 17 (9): 1591.

Bloor, D., Koski, L., Stevens, G.C., Preston, F.H., and Ando, D.J.J. (1975) Solid State Polymer-
ization of Bis (p-toluenesulfonate) of 2,4-Hexadiyne-1,6-diol. 1. X-ray Diffraction and Spectro-
scopic Observations. Journal of Material Science, 10 (10): 1678.

Sasaki, Darryl, Y., Carpick, Robert, W., and Burns, Alan R. (2000) High Molecular Orientation
in Mono- and Trilayer Polydiacetylene Films Imaged by Atomic Force Microscopy. Journal of
Colloid and Interface Science, 229 (2): 490.

Carpick, R.W., Sasaki, D.Y., and Burns, A.R. (2000) First Observation of Mechanochromism at
the Nanometer Scale, Langmuir, 16 (3): 1270.



