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Temperature-Dependent Phase Behavior of Langmuir Films of 
10,12-Pentacosadiynoic Acid at the Air/Water Interface and Its Effects 
on Chromatic Stability of the Polymerized Langmuir-Schaefer Films

Abstract: The effect of temperature on the two-dimensional phase of 10,12-penta-cosadiynoic acid (PCDA) Langmuir films at the air/water interface was investigated.The temperature of the Langmuir films was precisely controlled from 5 to 50 °C andtheir surface isotherms and in-situ visible absorption spectra were acquired. Depend-ing on the temperature, the PCDA Langmuir films were found to be classified into aliquid-condensed (low temperatures, 5 and 25 °C) and a liquid-expanded phase (hightemperatures, 40 and 50 °C). After polymerizing the PCDA Langmuir films with254 nm UV light at the specific temperatures, the films were transferred to hydro-phobic glass using the Langumir-Schaefer (LS) method. Upon thermal and pH stim-uli, their chromatic transition characteristics were analyzed by visible spectroscopy.The liquid-condensed films were found to be more susceptible to thermal stimulusthan the liquid-expanded films. The latter also showed remarkable chromatic stabil-ity against the pH in the region from 2 to 11, compared to the former. Thus, whensturdy films are required, the multilayered PCDA LS films prepared at the liquid-expanded phase are more suitable than the liquid-condensed films, and vice versa.This result is expected to be very useful for controlling the sensitivity and stability ofpolydiacetylene-based sensory systems simply by changing the polymerizationtemperature, even without synthesizing new monomers.
Keywords: polydiacetylene, polymerization temperature, chromatic stability, Langmuir films, Langmuir-Schaefer.
1. IntroductionThe recent development of sensors based on polymerized molec-ular assemblies of diacetylene derivatives has drawn much atten-tion due to their potential applications to inexpensive quick assays.1-4Polydiacetylene-based sensors need no separate transducers,and the signals are amplified within the polymer backbone con-taining consecutive ene-yne moieties. The apparent chromatictransition in polydiacetylenes from blue to red can be inducedby a variety of external stimuli such as pH,5-8 temperature,9-12 sol-vent,13-15 ligand-receptor interaction,1,16-22 ammonia gas,23 and crys-tal deposition.24,25 This chromatic transition is attributed to changesin the conjugation length of -electrons along the backbone.14,26,27In order to apply the polydicetylenes to sensors, it is very import-ant to easily modulate their chromic characteristics. Previouslyreported methods include mainly the syntheses of new molec-ular structures and the compositional changes of diacetylene-rich mixtures. The molecular structural properties of the dia-

cetylene polymer such as the distance from the backbone to theterminal head groups and the total length of the alkyl chain canmodulate the chromatic susceptibility against temperature andUV light exposure.28-32 The physical incorporation of a secondcomponent such as a ligand molecule into the diacetylene matrixdestabilizes the blue phase state and thus increases the sensi-tivity both in the thermochromic and biochromic responses.28,33The biochromic response can be tuned by adjusting the com-positional ratio of the incorporated ligand molecules to diacet-ylene molecules. It would be more plausible to discover a simplerway to modulate the chromatic characteristics without alteringmolecular structures or compositions. In this work, we report anew way of chromatic modulation by changing a simple pro-cessing condition such as the polymerization temperature. Thetemperature influences the Langmuir films of 10,12-pentaco-sadiynoic acid at the air/water interface to be in the liquid-con-densed or in the liquid-expanded states, which in turn affectsthe chromatic characteristics of the subsequent Langmuir-Schae-fer (LS) films deposited on solid substrates against thermal andpH stimuli. The results offer a simpler way for controlling thesensitivity and stability of polydiacetylene-based sensory sys-tems.
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