Fast motion of the surface molecules deduced from the sum-frequency vibrational spectra of the homolog series of alcohols
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Sum-frequency generation (SFG) vibrational spectroscopy was used to investigate the surface molecular structure of the homolog series of alcohol molecules at the alcohol-air interface. It was found that some of the SFG signal strengths from the terminal methyl group of short chain alcohols (like methanol and ethanol) cannot be explained by assuming fixed molecular orientation in time. Introduction of the molecular orientational motion having time scale similar to- or smaller than the dephasing time of the vibrational mode of the terminal methyl group (~0.7 picosecond) was able to explain the reduction of the SFG signal by motional averaging effect [1]. The timescale m the increased molecular size and bulk viscosity.
 

Introduction
 
The molecules in liquids are constantly moving very fast. This molecular motion has been studied using various techniques including Rayleigh scattering and molecular dynamic 
simulation [2-7].
 For librational motion, it is well known that rapid motion induces the reduction(?) of inhomogeneous linewidth of a vibrational resonance [8]. Pump-probe experiments with femtosecond pulses found out the timescale of orientational motion of the molecule in water, methanol, and ethanol was a few picoseconds [2-7]. 

Most of the studies up to now (above) have been about the molecules in bulk liquid. As surface molecules are in a very difference environment from those of the bulk, it would be interesting to study the motion of the surface molecules as compared to the bulk molecules. Even with this motivation there has been hardly any report regarding the motion of the surface molecules. Proper experimental tool to probe the molecules at the liquid surface exclusively has been main challenge. 
Using the surface specificity of the second-order nonlinear optical process, orientational motion of dye molecules (malachite green) at air-water interface was studied by orientational hole-burning followed by surface second-harmonic generation [9]. Interestingly, the timescale of the motion was slower than that for the same dye molecule immersed in bulk water. As malachite green was quite large in size, the timescale of the motion was ~500 ps. For common and more relevant molecules such as water and alcohol, the motion is expected to be much faster. However the experimental difficulty hasn’t allowed the study of the surface motion of these molecules.


In this report, we investigated the surface of alcohols using surface sum-frequency generation (SFG)
 vibrational spectroscopy. For smaller molecules (methanol and ethanol), the sum-frequency signal of CH3 anti-symmetric stretch mode (r-) for certain polarization combinations was nearly zero, and it grew as the molecules become bigger. Analysis of the data indicated that the motional averaging effect must be considered in the SFG spectra of small molecules. The timescale of the molecular motion deduced from the detailed analysis of the SFG peak strength showed the small surface molecules move very fast while the motion becomes slower as the molecular size increases.


Experimental
 

The SFG experiment employed a home-built optical parametric generator/amplifier (OPG/OPA) system pumped with a picosecond Nd:YAG laser (Continuum PY61-10, 10-Hz repetition rate). The OPG/OPA based on a LiNbO3 crystal generated a tunable IR pulse from 2.5 to 4 m
, and the second harmonic of Nd:YAG laser fundamental beam was used as the visible input beam. Typical input energies were 1 
mJ/pulse and ~200 J/pulse, and incident angles were vis=49o and IR=60o for the visible and the tunable infrared beams, respectively. The pulsewidths of the input beams were about 30 ps.
Theoretical Background
In this section, we give a brief description about the effect of fast molecular motion on SFG spectra as discussed in ref. [1] for convenience of later discussion. Second-order nonlinear polarization P(2)(SF) induced at the surface by two input fields E1(vis) and E2(IR) can be expressed as
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where,
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In Eq.(2)
, 
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 are the amplitude, resonance frequency, surface density of molecules and line-width of the q-th molecular vibrational mode, respectively. 
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 is a time-dependent direction cosine between the laboratory coordinates 
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. We neglected the inhomogeneous broadening assuming that the visible input is far from resonance. Figure 2 is different from Fig. 1 in…
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Table 1. The impurity contents and pH values in ionic liquids of [BMIM]PF6 and [BMIM]BF4.

	
	[BMIM]PF6
	[BMIM]BF4

	Grade*
	Ultrahigh
	Lower
	Ultrahigh
	Lower

	pH
	7.58
	7.63
	7.46
	7.81

	Water content
	60ppm
	<0.11%
	60ppm
	1200ppm

	Chloride content
	6ppm
	50ppm
	6ppm
	70ppm


* Grade as suggested by the company.

Figure captions 

Figure 1. molecular coordinates of the methyl group. 

 

Figure 2. SFG spectra of various alcohols with different polarization combinations: (a): SSP, (b): PPP, and (c): SPS. 

Figure 3. Ratio values extracted from fitted results.:(a) A(CH3ss, PPP)/A(CH3ss, SSP) (b) A(CH3as, PPP)/A(CH3ss, SSP (c) A(CH3as, SPS)/A(CH3ss, SSP) 
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Figure 1. 
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