














sive surface contamination could also lead to current decrease
in successive potential pulses. In the case of hydrazine oxidation,
we found that the current decay is more severe at Pt UMEs
than at Au UMEs. The surface contamination at MNPs may be
worse than that at macroelectrodes because of their high relative
surface area and the higher mass-transfer rates of trace impurities
to nanometer-size centers. This would be especially important
for the hydrogen evolution reaction that depends upon adsorption
of hydrogen atoms on Pt. Another mode that could cause current
decay is the adsorption of hydrogen atoms into the lattice of

the Pt MNPs. Pletcher29 noted deactivation of a Pt UME and
proposed this as a possible cause.

We have observed a similar current decrease at the Pt UME
when the concentration of phosphate was increased to 200 mM,
indicating that the current decay was not due to the low
concentration of supporting electrolyte (used to favor the
stability of MNPs). However, the current decay was smaller at
Au UMEs, which suggests that the current decay is probably
related to the catalytic properties of Pt surface.

Figure 8. (A) Cyclic voltammograms at Pt and C UMEs in 50 and 100 mM sodium dihydrogencitrate electrolytes (green and blue) and 10 mM perchloric
acid electrolyte (red), 100 mV/s. (B) Current transients recorded before (black) and after injection of C (red) and Pt (blue) nanoparticle solutions. (C,D)
Zoom of individual current profiles. 50 mM sodium dihydrogen citrate; electrode potential, -0.5 V; Pt nanoparticle size, ∼3.6 nm; C nanoparticle size, ∼25
nm; detection electrode, C UME of 10 µm diameter.

Figure 9. Current transients and cyclic voltammograms at Pt UMEs in (A) ∼3 mM ferrocene-methanol + 0.1 M sodium perchlorate, (B) 12 mM hydrazine
+ 50 mM PBS buffer, and (C) 2 mM perchloric acid + 20 mM sodium perchorate. The black arrows indicate the pulse potentials. (A,B) Pt, 10 µm diameter;
(C) Pt, 25 µm (black) and Pt deposited at carbon fiber, 8 µm in diameter (blue).
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Application of Single Nanoparticle Collisions To Determine
Particle Size Distributions. The above results indicate that each
current profile is a signature of single MNP collisions at the
electrode. We have proved this further by varying the size of
Pt NPs. The particle sizes and size distribution could be also
determined from the corresponding current profiles. Figure 10
shows representative current transients recorded for several Pt
colloidal solutions with different particle sizes. Since the Pt NPs
were stabilized by similar capping molecules, citrate or oxalate,
we assume that they have similar catalytic properties. When
these NP solutions were injected into the hydrazine test
electrolyte, the recorded current transients showed discrete
current steps of very different current amplitudes. For ∼3.6 nm
Pt NPs, the current steps had almost uniform amplitude which
was mainly distributed around 45 pA (Figure 10A). In the case
of star-like Pt NPs (Figure 10B), the peak currents were mainly
distributed around 240 pA, corresponding to a particle size of
about 20 nm. A small fraction of current peaks had peak currents
smaller than ∼120 pA or larger than ∼300 pA, probably due
to the existence of some small particles and aggregates of two
to three units. Figure 10C shows the current transient recorded
for polydisperse Pt NPs. The peak currents were distributed over
a wide range between 60 and 200 pA, corresponding to particle
sizes ranging from 5 to 16 nm. The amplitudes of the peak
currents for the cases studied seem to correlate well with the

particle size distribution found by TEM. This suggests that any
sticking probability is essentially independent of particle size.

Conclusions

Electrocatalytic amplification allows the observation of single
MNP collisions, characterized by individual current steps
generated when the Pt NPs collide and stick to the detector
electrode. The current flows when the MNPs switch on an
electrocatalytic reaction at their surfaces at a potential where
the detector electrode shows negligibly small electrochemical
activity. The observed current profiles during each collision are
similar to current transients recorded at UMEs and are a function
of the NP radius. The kinetics of the electrocatalytic reactions
play an important role in the observed current and the usefulness
of this technique for studying the kinetics of electrocatalysis at
the nanometer scale.

At mass-transport-controlled conditions, the amplitude of each
current step is correlated to the particle size. A plot of the current
amplitudes versus the frequency of peak occurrence correlates
well with the particle size distribution as found with TEM, thus
providing an electrochemical approach to the rapid screening
of NP dispersions. Since the collision frequency is also
correlated to the effective surface area of the detector electrode,
this technique may be useful in evaluating the porosity of
insulating films at electrode surfaces.

Acknowledgment. We appreciate valuable discussions with Drs.
S. Feldberg, R. M. Crooks, and C. Zoski. We also acknowledge
support from the National Science Foundation (CHE 0451494 and
CHE 0808927).

JA8051393

(29) Pletcher, D. In Microelectrodes: Theory and Application; Montenegro,
M. I., Queirós, M. A., Daschbach, J. L., Eds.; Kluwer Academic:
Dordrecht, 1991; p 472.

Figure 10. Current transients recorded for individual Pt nanoparticles of different particle sizes. The TEM images of the correspondent Pt NPs are shown
underneath, respectively. The concentration based on Pt atoms is about (A) 50, (B) 500, and (C) 250 nM. Ten micrometer Au UME; 12 mM hydrazine +
50 mM PBS buffer, pH ∼7.5.
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