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Abstract. Nanoparticles made from metals such as Vanadium and Niobium, on the order of
10 nm, are deposited on a quartz surface acoustic wave resonator (SAWR) using a Nd:YAG
pulsed laser deposition system. Utilizing the high Q and resonant frequency of the SAWR,
mass changes due to adsorption on the order of 0.1 nanogram can be measured. Thus, this
technique enables the controlled collection of isolated nanoparticles with total mass at the
10s of nanogram level and subsequent sorption of hydrogen in them. At room temperature
and 4.9 bar of hydrogen pressure, we find 1.75 wt% H absorption ratio in V nanoparticles of
10 nm nominal size.
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INTRODUCTION

Hydrogen adsorption studies in nanoparticles are both of fundamental and
practical interest[1-4]. While many techniques exist to measure hydrogen
adsorption[5,6] in bulk samples, there are few techniques to measure isolated
nanoparticles and novel nanostructures rapidly being invented and assembled
today[7]. Surface acoustic wave resonators, with high Q and resonant frequency,
allow for such measurements to be made[8,9]. Furthermore, with isolated
nanoparticles it is possible to form novel material compositions that do not exist
in the bulk[10]. Hydrogen adsorption studies in such ‘“compositionally
challenged” alloys should also be of interest.

EXPERIMENT
Surface Acoustic Wave Resonators

A surface acoustic wave resonator (SAWR) is a piezoelectric crystal with a set
of interdigital transducers (IDT), which excite the crystal to form standing waves
confined to the surface and an additional IDT to sample the excited wave.
Perturbations of the velocity v and amplitude o of the surface waves occur under
several conditions. Mass loading by film or nanoparticles deposition is one such
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FIGURE 1. A rfsignal is frequency modulated with a low frequency signal before exciting
the sample. The response is then demodulated and measured using a lock-in amplifier.

mechanism.  Additionally, when the number of nanoparticles deposited is
relatively small or when the film is acoustically thin a readily measurable change
in v can occur without a significant enhancement in o. By incorporating the
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SAWR in an oscillatory circuit, the fractional frequency change, — (equal to
0

the fractional velocity change), can be related to the mass loading of the
resonator through the equation:
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Here the mass sensitivity factor ¢y, is a substrate dependant parameter (for quartz
cm=1.3 cm?/g'MHz) and A is the resonant cavity area[7].
In our experiments we use an rf frequency SAWR made by RF Monolithics, RP
1239, which resonates at 315 MHz. A frequency modulation technique where
the rf signal is modulated at audio low frequencies is employed. The modulated
rf excitation signal connects to one port of the SAWR and the sampling port of
the SAWR connects to a wideband amplifier and a demodulator. Figure 1 shows
a diagram of the measurement setup. To determine the resonant frequency, the rf
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FIGURE 2. The bare SAWR response as frequency is scanned is shown. The resonant
frequency is where the signal crosses zero, in this case 314.969 MHz.



signal is varied and the amplitude of the SAWR response recorded. A typical
response is shown in Fig. 2.

Nanoparticle Deposition

Nanoparticles of the requisite metal are deposited directly onto the SAWR by
pulsed laser deposition. A Nd:YAG laser with 8 ns pulse and repetition rate of
10 Hz is used to ablate material from the target. A frequency doubled beam
obtained by passing the fundamental of the Nd:YAG laser through a harmonic
generator and separator with wavelength of 532 nm is employed in the ablation
process. Using a Molectron PowerMAX 500D, the power of the beam was
measured to be 200 mW. The chamber is backfilled with Ar to 500 mTorr so the
particles form in flight and deposit on the room temperature SAWR substrate.
The deposited mass of nanoparticles is continuously monitored by tracking the
resonant frequency of the SAWR. Due to the rapidity of the deposition process,
in practice we found that it is simpler to hold the excitation frequency of the
SAWR constant and measure the response. As the mass increases, the
previously measured response shifts to a lower frequency, as indicated by the
negative sign in Equation (1).

Hydrogen Loading

Upon completion of deposition, the SAWR with the nanoparticles and a
reference SAWR with no deposited material are moved to a high-pressure
hydrogen loading cell. During the hydrogen loading experiments a zero tracking
method is employed to measure the resonant frequency. In this method the zero
crossing of the SAWR response is first measured by sweeping the rf frequency
about the original resonance. When the response changes sign, the zero crossing
frequency, and thus the resonant frequencys, is recalculated in real time and a new
excitation frequency is set on the rf generator. The resonant frequencies of the
SAWR with the sample and the reference SAWR are measured as a function of
pressure as hydrogen gas is continuously leaked into the chamber until the final
pressure of 23.4 bar is reached. The same measurements are repeated as the
hydrogen is removed from the cell back to the original pressure of 0.83 bar.

RESULTS

We estimate the total V deposited on the SAWR as 50.4 ng. We also measure
the size and distribution of the particles using a transmission electron microscope
(TEM). For consistent deposition parameters, the TEM grid used to collect the
nanoparticles is mounted on the same SAWR holder prior to ablation. Figure 3
is a picture of the particles as observed through TEM. The average particle size
under the conditions listed above is 10 nm.



FIGURE 3. The TEM is used to investigate the size and distribution of V nanoparticles, which
formed in flight while under 500 mTorr Ar pressure. The average size of the particles is 10 nm.

The high-pressure measurements of the sample show the saturation point for
the V samples in terms of both pressure and mass loading. Figure 4 shows the
hydrogen percentage mass loading of the V nanoparticles as well as the pressure.
The total mass of the hydrogen adsorbed by the vanadium is 0.880 ng, or 1.75 wt
%. The saturation of the vanadium samples occurs at 4.9 bar. The sample also
releases all of the adsorbed hydrogen upon returning to the original pressure.

- - 300
< 2.0 -
P 1.5 « w
© - 2002
2 1.0- =
= - 150 P
S o~
£ 057 L1008
< =

0.0+ - 50

I|- | | 1 | I_I

50 100 150 . 200 250
time (min)

FIGURE 4. The mass loading of the SAWR and the pressure are measured as a function of time.
At saturation hydrogen is 1.75 wt % of the vanadium particles. The saturation occurs at a pressure
of 4.9 bar.



SUMMARY

We have shown that pulsed laser deposition can be used to create freestanding
nanoparticles of Nb and V of controlled size. Additionally, by using a SAWR as
the substrate, we can measure the mass of the particles deposited. We have also
shown that a SAWR is sensitive enough to measure hydrogen sorption onto
nanoparticles on the order of picograms.
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