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Mask pattern transferred transient grating technique
for molecular-dynamics study in solutions
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We have developed a mask pattern transferred transient g(MP@-TG) technique by using metal

grating films. Transient thermal grating is generated by an ultraviolet light pattern transfer to
nitrobenzene in 2-propanol solution, and the subsequent effect is detected through its diffraction to

a probe beam. The thermal diffusion coefficient is obtained by the relationship between the grating
periods and the signal decay lifetime, and is well in agreement with the calculated value. This
technique has many advantages, such as a simple setting, an easy alignment, accurate phase control,
and high stability for molecular-dynamics study in solutions2@4 American Institute of Physics
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The transient gratingTG) techniquel,‘2 which is one of incident at the grating in solution. Thus, the grating pattern is
the third-order nonlinear spectroscopy, has been a powerfutansferred from the metal film to the sample solution under
tool to monitor several photonics and photochemical pronear-field condition(Fresnel diffractiopn This is similar to
cesses in solutions since its onset. For a brief history, soluthe traditional photolithography but, in this case, the sample
tions were photoexcited by an optical interference patterimaterial is a liquid solution. The solute molecules were ex-
generated by two crossing pump beams. As parameters, sesited by this special TG structure. A part of the probe beam
eral properties of a solution were spatially modulated accord| ) irradiated on the grating in the solution is diffracted un-
ing to the interference pattern and were detected through thger the far-field conditiorfFraunhoffer diffraction and was
diffraction of the probe beam. The time varying profiles of getected by the photodetector.
the r(]jiffractled signal indficate trl‘e mlan)(/jprocessesh in sc(Jqution, The experimental set up of the MGT-TG is schematically
such as electron transfer, molecular dynamics, heat dynal o Ei ; .
ics, ultrasonic, volume/structure change, clusteringn/ig%vénnrl:,|;I%_;}n?/gﬁg;?vgcsyugge:s :(:,JQS bIZ:\snv%eThe
aggregation, and chemical reaction, %T?:_.‘I;Qe optical het- s width and repetition rate are 10 ns and 3 Hz, respec-
erodyne detected-T@HD-TG) techmqu@ had also been tively. A cw-He-Ne lase(\,=633 nm,|,=0.05 mWj is used

developeq later to improve .the _sensitivit_y. 'I_'he referenceas a probe beam. Both beams are focused by a lens on the
beam, which has the same direction, polarization, and wav ':f\mple solution in a quartz céll0-mm spacing Diffraction

length as the signal beam, was superimposed to the sign eam is limited and passes through a pinhole and a glass

beam to amplify the signal intensity. The experimental set. : . ;
ups of the OHD-TG were very difficult, because the probet'lter’ ar]ld S r<a|g|sa§frfed wghban InGaAs photod<|atector. Two
ypes of signals, diffracted by permanent meta gratihg

and reference beams need to be aligned and tuned withi . . :
submicrometer scale to meet the phase-matching conditioﬁ.nd transient gratingy), are simultaneously detectable. The

Very recently, Katayamaet al. developed a lens-free permanent grating signal plays the. r_ole of the ref(_arence bgam
OHD-TG techniqu¥’® by using a transmission grating Of the OHD-TG set up and amplifies the transient grating
structure in a 3-mm glass. This technique was easier than trdgnal. Both diffracted signals pass the color filter and pin-
traditional OHD-TG technique. In this Letter, we describe ahole to be separated from the pump beam and detected onto
more convenient and easy, well-aligned technique, the magike photodetector.

pattern transferred-TGMPT-TG) technique, by using a

metal film grating fabricated in our laboratory. (a) (b)

Figure Xa) shows the scanning electron microscope Quartz substrate Permanent grating
(SEM) image of the smallest metal grating fil@00-nm ' il UV Light
metal width and Ium period. Chromium layer(100 nm
was created by the vacuum evaporation on the quartz suhb
strate. A fine grade resist was deposited on a Cr layer by spir ji
coating. Nano- or micrometer-scaled patterns are written by i
the lithography of an electron beam or a direct writing laser. i
Finally, metal grating structures are engraved by chemical l§
etching. The principle of the MPT-TG is depicted in Fig. & Samplesomon/ Transiant graiting
1(b). A finished metal grating film is suspended into the Quartz cell
sample solution and the excitation UV pump bedr) is

222222

FIG. 1. (a8 Scanning electron microscog&EM) image of the smallest
fabricated nanometal gratingh) Schematic diagram of the pattern transfer
¥Electronic mail: kokamoto@caltech.edu from the metal grating film to the solution.
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FIG. 2. Experimental set up of the MPT-TG technique with metal grating
and the optical configurations of irradiated pufihp and probel,) beams,

and diffracted referencd,) and signally) beams. FIG. 4. Relationship between the square of the grating constghtand

the decay ratelky,) of the TG signals. This slope indicates the thermal
diffusion coefficient.

The sample solution was nitrobenzene in 2-propdbol

vol %). The excited energy of nitrobenzene is immediatelyperimental set up. However, in our set upg is decided
converted to the molecular vibration, translation, and finaIIy,Omy by the structure and thickness of the metal grating.
heat energy. Such nonradiative relaxation processes of Nirherefore, the phase stability is excellent without the tuning
trobenzene are completed within a very short time s¢@le of heam lines in this set up. Thus, i in Eq. (1) should
few hundred picosecof}u&i9 Therefore, nitrobenzene has pe g constant, ankd should be proportional tén(t).

been used often as the standard solution of the typical heat ¢ spatial modulation of the optical intensit§l,) in-
source(molecular heatgrfor photothermal measurement.  j,ced the spatial modulation of the population of the mo-

Figure 3 shows the semilog plot of the time-dependenioc oy excited stateP), temperaturdsT), and density of

diffraction signals with (@ micrometer-scaled andb) solvent(dp). Namely,én should be attributed t6T and dp in
nanometer-scaled etch width metal grating, respectively. W is time scale Ter,nperature rising increage which de-

found the exponential decay componéhy superimposed creasedn. Therefore, the spatial distribution of temperature

on the large nondecayed offset compon@t The former is (thermal gratinggwas created, and the signal decay shows the

due to the transient grating, while the latter is due t0 th&nermg diffusion processes in solution. By solving the Fou-
permanent grating, respectively. According to the theary, desiers giffusion equation, the time profile ain(t) is given
tected total signal intensitgl,,;;) can be described b by?°

Lowi(®) = I, + 28] 37 (H)cosA ¢ + ¥ (H)sinA B 1 ol P R an\ (dp an Q 5
+ |X(3)(t)|2|§|p, (1) éh(t) = |:<‘9_p>T(&_T> + (&_-r)p]p_Cp&e[C]exq_ Dthq t)n

where y®'(t) and x@”(t) are the real and imaginary parts, (2)
respectively, of the third-order nonlinear electrical susceptiyhere,Q, C,, and[C] are the heat energy released from unit
bility X(s)(_t)’ anda s a real constant. The third term indicates g|ecyles, specific heat capacity, and solute molecular con-
the TG signal with usual(g?qmodyqe detection and is neglizentration, respectivelys(t) is the spatial Fourier compo-
gible because it involveg'® in solution and. sh.ould be very nent of an(t). q is the grating constant described by the grat-
small. Th”i’ only the 3second term of H®) |nd|cate.sls.' In ing period (A) as q=2w/A. Dy, is the thermal diffusion
tr;:s casex'®" (1) dar;]d)(( gl(t) ta)lre equr;l to the iefractlve index coefficient of the solution. Therefore, the signal decay rate
changesn(t) and the absorbance chang&t)=0 at 633 nm  (\ =17 obtained by the exponential fitting was described
induced .by the transient grating, respectivelg is the by ks=Dy, % Figure 4 shows the relationship betwelgn
phase difference betwedp and I, In.the_ QHD'TG tech-  and ¢? at each grating period, where a good linear relation-
nigues, unstabld ¢ has been the main difficulty of the ex- ship and theD,, value are shown by the slope. The obtained

value (Dy,=7.0£0.7x 10° m?s7%) is very close to the calcu-
(a) (b) lated value(Dy,=6.8x 10° m?s™1) (Ref. 18 by the thermal

3 ) 12 pm : ’g 3 3 conductivity (k) of 2-propanol asDy,=«/pC,. This agree-
g 3 E ; L i ment demonstrates the validity of this method according to
2 :_\m 3 sF 3 the signal analysis above. By the same token, several diffu-
&L opm 4 £ L ] sion processes, such as the molecular diffusion in solution,
Z 18F 3 energy migration in materials, or the carrier diffusion in
gE 6 um 3 7L . . ] semiconductors, should be measurable.
Tk 4 0 05 10 15 The MPT-TG technique should have many merits for
i Sum . Time (us) photonic and photochemical application. The experimental
0 100 200 set up and the beam alignment of the MPT-TG are simpler
Time (us) and easier than those of the usual OHD-TG technique, while

FIG. 3. Time profile of the diffracted signals with metal grating(af 12-, it h_as very hlgh S|gnal sensitivities and s_lgnal-to-n((Sﬂ\l)
9-, 6-, and 3sm periods andb) 1-um period. The dashed lines were fitted 'atios for the optical heterodyne detection. The pump and

by the exponential functions. probe beam should be incident at the same spot on the metal
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