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Abstract. Phenylhydrazone formation from isatin
is used to examine the effects on the reaction rate
of (i) electrospray emitter distance from the mass
spectrometer (MS) inlet, (ii) emitter tip diameter,
and (iii) presence of surfactant. Reaction rates
are characterized through measurement of con-
version ratios. It is found that there is an increase
in the conversion ratio as (i) the electrospray
source is moved further from the inlet of the mass
spectrometer, (ii) smaller sprayer diameters are

used, and (iii) when surfactants are present. Each of these experimental operations is associated with an
increase in reaction rate and with a decrease in average droplet sizes. The size measurements are made using
super resolution microscopy from the “splash” on a collector surface produced by a fluorescent marker sprayed
using conditions similar to those used for the reaction mixture. This measurement showed that droplets undergo
significant evaporation as a function of distance of flight, thereby increasing their surface to volume ratios.
Similarly, the effect of nanoelectrospray emitter size on conversion ratio is also found to be associated with
changes in droplet size for which a 4 to 10 times increase in reaction rate is seen using tip diameters ranging from
20 μm down to 1 μm. Finally, the effects of surfactants in producing smaller droplets with corresponding large
increases in reaction rate are demonstrated by splash microscopy. These findings point to reaction acceleration
being strongly associated with reactions at the surfaces of microdroplets.
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Introduction

Control of reaction rates is a shared goal of all branches of
chemistry. While catalysts and heat [1] have been studied

in great detail, recent studies of reactants in microdroplets and
thin films suggest that confined reaction volumes too can
greatly enhance reaction rates compared with those in bulk

solution [2–5]. A growing body of literature exists which
shows that many common organic reactions [6–11] and some
inorganic particle formation processes [12] are accelerated in
charged microdroplets generated in the course of electrospray
and nanoelectrospray ionization (nESI). Despite the growing
number of accelerated reactions that have been studied, open
questions remain about the origin of the observed acceleration.

In charged microdroplets, reaction rates increase with de-
creasing droplet size (increasing surface area to volume ratio)
[4, 5, 7, 10, 11] implying that the surface of the droplet is
intimately involved with the increase in reaction rates observed
in these systems. Fluorescence anisotropy measurements of a
rhodamine dye in an oil-water emulsion show interfacial en-
hancement of molecules in droplets, directly implicating a
surface-mediated process [13]. The interface of a solution,
either with air as in aerosols [14] or levitated droplets [15,
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16], or with a non-miscible solvent as in so-called on-water
reactions [17, 18], has a different solvation environment than
does bulk solution, in part due to alignment of molecules at the
interface [19]. This results in changes in the potential energy
surface for reaction [2]. In fact, one suggested explanation of
the increased surface reactivity is partial solvation of reactants
at the interface [5].

In this work, a series of systematic experiments was per-
formed to elucidate the influence of experimental factors and
the underlying causes of reaction acceleration in charged
microdroplets produced by nESI. Hydrazone formation from
isatin (Scheme 1) [20] was chosen as a model reaction to
measure the influence of distance, tip size, and surfactant
concentration on reaction acceleration. Super resolution mi-
croscopy was used to measure the diameters of droplets of
different types [21]; this measurement was made on the drop-
lets after impact on a collector surface. It provides information
on the effects of spray tip diameter and evaporation on the size
of nESI droplets. Another set of experiments measured the
influence of surfactant concentration on the droplet size distri-
bution. Correlation of the distance, tip diameter, and surfactant
effects on droplet size, as measured by splash microscopy,
provided a picture of microdroplet size effects on reaction
acceleration. Initial data on the use of ambient ion focusing
on acceleration were taken also, in view of the potential value
of such focusing in increasing the scale on which organic
synthesis might be performed using nESI sprays [22].

Experimental
Microscopy

3D structured illumination microscopy (SIM) experiments
were performed using a super resolution Nikon Ti-E micro-
scope. The experimental details of this process have been
discussed previously [21]. Briefly, a laser light source of
561 nm was used, and the total magnification was × 250. nESI
emitters were used as the spray source and a 100 μM Rhoda-
mine B solution in methanol:glycerol 9:1 was used as the spray
solution. Previous studies [23] have shown that glycerol-
containing droplets measured using the microscopy method

match reasonably well to PDA studies of droplets containing
1:1 water: methanol. This suggests that surface wetting does
not change the sizes of the droplets significantly from corre-
sponding air-based measurements. nESI emitters were pulled
from borosilicate glass capillaries (0.86 mm I.D., 1.5 mmO.D.)
using a micropipette puller to achieve an O.D. of 20 ± 0.5 μm
(I.D. estimated at 11 μm from initial capillary dimensions). The
tip diameters were confirmed by visual observation using a
Kronos light microscope equipped with a scale bar. All nESI
experiments were performed using a platinum-iridium wire as
the electrode. An external voltage of 4 kV was supplied to the
emitter from an external high-voltage power supply. The ex-
ternal power supply was connected to a waveform generator to
allow pulsed voltages to be applied. Pulsing was performed to
avoid the formation of droplet aggregates, which is common
with a continuous spray. The pulse duration used for this
experiment was 20 ms. Droplets were collected on a grounded
indium-tin-oxide (ITO) coverslip (Nano CS, NY, USA) that
was approximately 0.16 mm thick and placed in contact with
the objective. Two sets of experiments were performed, the
first of which measured the effect of distance on droplet size.
Distances of 3 mm and 9 mm were used to study the effect of
this variable. Note that the distance refers to the distance
between the tip of the nanospray emitter and the surface of
the coverslip. The second set of experiments measured the
effect of the concentration of the surfactant on the droplet size.
For both experiments, ten frames were acquired for each set-
ting. For the distance experiments, ten image frames were
acquired for each distance and then normalized prior to analy-
sis. A modified circular Hough transformation function in
Matlab was used to detect and measure droplet size. An overlap
removal algorithm was used to identify incorrectly assigned
droplets and remove any overlaps associated with them.

Nanospray Measurements of Reaction Acceleration

Mass spectrometric measurements were performed using an
Agilent Ultivo Triple Quadrupole instrument. Briefly, a nESI
emitter was connected to an external high-voltage power sup-
ply while the inlet capillary of the mass spectrometer was held
at 100 V. The DC voltage used for all nESI experiments was

Scheme 1. Formation of 3-(2-phenylhydrazono)indolin-2-one (4) from the reaction of indoline-2,3-dioone (1, isatin) with
phenylhydrazine (2) in methanol proceeding via reaction intermediate (3)
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2 kV. The nESI emitter was positioned at the appropriate
distance from the mass spectrometer and the mass spectrum
was recorded for 1 min. For the tip size experiments, pulled
borosilicate glass emitters with O.D.’s of 1 μm, 5 μm, and
20 μm (estimated I.D.’s of 0.6 μm, 3 μm, 11 μm, respectively)
were used, while 5-μmdiameter emitters were used for all other
mass spectrometry measurements. Reaction mixtures were pre-
pared by mixing 1 mL of 3 mM isatin (1) in methanol with
10 μL phenylhydrazine (neat) (2). An aliquot (1 μL) of 1 M
methanolic HCl was then added to the reaction mixture.

Results and Discussion
Microscopy—Distance Experiments

Previously [21], it was shown that super resolution microscopy
can be adapted to measure the sizes of droplets produced via
paper spray and nESI. These results indicated that the size of
nESI droplets depends on, among other factors, the size of the
nESI emitter. As the emitter diameter decreased so did the
mean droplet diameter produced during spraying. Measure-
ments at 3-mm distance, with 20-μm O.D. emitters, gave a
mean droplet diameter of 1.5 μm and a 5-μm emitter gave a
mean droplet diameter around 500 nm. In this work, the influ-
ence of spray distance, and by extension droplet flight time, on
droplet size was considered. The spray distance refers to the
distance between the tip of the nESI emitter and the collection
surface and/or the inlet of the mass spectrometer. Figure 1

shows super resolution images of droplets produced by the
nESI emitter at 3-mm and 9-mm distances and the correspond-
ing droplet size distributions. The distance from the nESI tip to
the surface of the conductive coverslip used as the collector
surface was measured using Vernier calipers. Methods used to
capture and generate images for the experiments have been
described previously [21].

The effect of distance on droplet size can be clearly seen
from Figure 1. It should be noted that the frame shown above is
one of several and is not representative of the entire droplet
plume. Closer distances generate larger droplets while the
droplet size decreases as the emitter is moved away from the
surface. Larger distances allow greater flight times for the
droplets, which in turn provide more time for droplet evapora-
tion. The droplets evaporate until they undergo Coulomb fis-
sion, as described by the Rayleigh relation, given as follows:

Qcrit
2 ¼ 64πε0γr3

where Qcrit is the critical charge for fission, γ is the surface
tension of the droplet solvent, and r is the droplet radius.
Coulomb fission serves to further decrease the size of nESI
droplets. These results are consistent with observations of
droplet evaporation in paper spray and standard ESI [23–25].

Microscopy—Surfactant Experiments

Microscopy experiments were also performed to assess the
effect of a typical surfactant, cetyltrimethylammonium chloride

Figure 1. Super resolution microscopy images of 100 μM Rhodamine B in 9:1 methanol:glycerol droplets produced by nESI at
distances of (a) 9 mm and (b) 3 mm. Corresponding diameter distributions for (c) 9 mm and (d) 3 mm are also shown
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(CTAC), on droplet behavior. A solution of 100 μM Rhoda-
mine B in 9:1 methanol:glycerol containing varying amounts
of surfactant (0 mM, 0.1 mM, 1 mM, and 10 mM) was used in
all experiments as the spray solution. As shown in Figure 2, as
the concentration of the surfactant was increased, the droplet
size decreased. While no comparisons could be drawn between
this system and known experimental data due to the high
phenylhydrazine and glycerol content of the solution, there is
significant evidence that, while methanolic solutions are less
influenced by surfactants than aqueous solutions, they do ex-
perience changes in surface tension [26–28]. Therefore, the
decrease in droplet size observed in these experiments is attrib-
uted to a change in surface tension, resulting in faster fission of
the nESI droplets and lower average droplet diameters.

Effect of Tip Size, Concentration, and Surfactants
on Reaction Acceleration

While the previously discussed microscopy experiments pro-
vided insight into nESI droplets produced under different con-
ditions, the influence of these conditions on reaction accelera-
tion has not been systematically explored. To investigate these
effects, a series of experiments was performed which probe
how these factors changed the observed acceleration in a model

hydrazone formation reaction (see Scheme 1) (representative
mass spectrum shown in Figure 3a). The reaction solution was
mixed and immediately loaded into nESI capillaries with outer
diameters of 1, 5, or 20 μm. The solutions were sprayed at
various distances from the mass spectrometer inlet to observe
reaction progress, as in several previous studies [5, 6, 10, 20].
The extent of reaction progress is given by the conversion ratio,
defined as I238

I109þI238
� 100%, where I238 is the intensity of the

peak corresponding to the hydrazone product (4) and I109 is the
intensity of the peak corresponding to phenylhydrazine (2).

The resulting measurements (Figure 3B) showed two
trends. First, for measurements recorded at the same distance,
the conversion ratio fell as the nESI emitter diameter increased.
Second, all emitters showed increased conversion at longer
distances, with the 1-μm emitter having 73% conversion at
10 cm from the mass spectrometer inlet, while the 20-μm
emitter showed only 42% conversion. These results indicated
that, all else held equal, smaller initial droplets resulted in
greater conversion of reactants to products. It should be noted
that droplet size effects have previously been observed in
experiments comparing reactive desorption electrospray ioni-
zation (DESI) with nESI ionization [4]. Representative error
bars have been added to Figure 3B for the 5-μm tip case. These
error bars represent the standard error obtained from three

Figure 2. Effect of surfactant on droplet size distribution of a solution containing 100 uMRhodamine B in 9:1methanol:glycerol and
(a) no surfactant, (b) 0.1 mM surfactant, (c) 1 mM surfactant, and (d) 10 mM surfactant. All experiments were performed using a 20-
ms pulse duration and 20-μm nESI tip placed at a distance of 5 mm from the ITO coverslip
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separate measurements on different days. Note that, while error
does increase with distance, the errors are much smaller than
the size of the effects observed here.

Next, the influence of reagent concentration on the conver-
sion ratio was investigated to examine the effect on reaction
acceleration. The concentration of isatin was held constant at
3 mM in each measurement while the phenylhydrazine concen-
tration was varied. The data (Figure 3C), recorded using a 5-μm
O.D. nESI emitter, showed an inverse relationship between the
conversion ratio and phenylhydrazine concentration. Asmuch as
92% conversion was observed for the 10 mM phenylhydrazine
solution, and 85% in the 50 mM phenylhydrazine solution,
although the maximum conversion observed in the 100-mM
case is only around 60% for the 5-μm emitter. Data for other
emitter sizes are given in the Supplemental Information. Similar
to the tip size study, the conversion ratio was found to increase
with distance, although as concentration decreased, the conver-
sion increased for the same distance.

Given that phenylhydrazine is present in excess of the isatin
in the above experiment, the effect of increasing both
phenylhydrazine and isatin concentrations while maintaining
a 1:1 ratio was studied. The data (shown in SI) indicate that for
10 mM phenylhydrazine/10 mM isatin, the rate is increased
significantly relative to the 20 mM phenylhydrazine/20 mM
isatin case, at both the distances used. Thus, it is apparent that,
in this case, the effect of added concentration is, counterintui-
tively, to lower the observed rate.

Finally, the influence of surfactant content in the nESI
solution was studied. Here, the solutions were made with
0.1 mM, 1 mM, and 10 mM concentrations of CTAC as was
done in the corresponding microscopy experiments. The ex-
perimental data, taken with a 5-μm O.D. nESI emitter, are
shown in Figure 3D. As surfactant concentration was in-
creased, the conversion ratio also increased for an emitter
positioned the same distance from the mass spectrometer inlet.
Comparison of the 0.1 mM surfactant concentration data with
the 0 M surfactant concentration data shows that, while the
conversion for the two cases is similar with the nESI emitter
close to the mass spectrometer inlet, the curves diverge at long
distances, with the 0.1-mM sample showing nearly 100%
conversion at 10 cm. In all cases, much higher conversion
was observed than in the surfactant-free case.

To investigate the effect of surfactant charge on the reac-
tion, the same experiments were performed using sodium
lauryl sulfate, putatively a negatively charged surfactant. While
the surfactant is likely protonated in the acidic environment of
the droplets here, it still stands in contrast to the positive charge
of the CTAC surfactant above. It was observed that, for 1 mM
and 10mM concentrations (SI), the reaction was accelerated by
a greater degree than in the CTAC case. While the main effect
of surfactant is, we believe, to increase the droplet fission rate,
this data indicates that electrostatic effects (which have been
shown to be significant in small droplets) [29] from the surfac-
tant molecules may also play a role in the effects observed here.

Figure 3. (a) Representative mass spectrum of phenylhydrazine+isatin reaction mixture shown at distances of 1 cm and 5 cm.
Effect of (b) tip size (see legend) (c) 10, 50, and 100 mM phenylhydrazine concentrations (shown in legend) with constant isatin
concentration and (d) different surfactant concentration (shown in legend) on conversion ratio as a function of emitter toMSdistance.
Note that the data in panels (b) and (c) were recorded with a 5-μm emitter. Isatin concentration was 3 mM in all measurements here.
Methanol was the solvent
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The reactivity of bulk solutions with and without SLS (SI)
shows that the reaction proceeds slightly slower with surfactant
compared with the no surfactant case.

To understand why these factors (droplet size,
phenylhydrazine concentration, and surfactant concentration)
influenced the observed reaction rate, their effects on the
electrospray process and droplet dynamics must be understood.
While open questions remain about the mechanism of reaction
acceleration in microdroplets, it is now clear that the increased
reaction rates observed in confined volumes are due, in part, to
accelerated reactions that occur at the surface of the droplet [2, 5,
13]. Reagent species located in this region have significantly
different solvation environments than those in bulk,meaning that
certain species may be stabilized or destabilized at the interface
[19, 30], leading to changes in the reaction potential energy
surface compared with the bulk case. Thus, the rate constant at
the surfacemay be significantly different than the rate constant in
bulk solution. Since the rate constants at the bulk and surface are
weighted by the concentrations of molecules in those regions,
any increase in surface concentration to bulk concentration ratio
can have an outsized effect on the observed reaction rate.

First, the effect of tip size (and by extension the initial
droplet size) is considered. For a spherical droplet, the ratio
of surface area to droplet volume increases by 3

r, where r is the
radius of the droplet. Thus, as the droplet size is decreased, the
“bulk-like” portion of the droplet decreases relative to the
volume of the surface. To understand how this influences the
relative concentrations of bulk and surface molecules, a model
has been developed. Briefly, the model calculates the surface
coverage of molecules using an equilibrium surface excess
parameter, Γ [31], which represents the propensity of mole-
cules to cover the surface, and to determine which portion of
the molecules are adsorbed at the interface vs. being bulk
solvated. Details of the calculations are given in the Supple-
mental Information. It should be noted that this model assumes
that the surface will be completely covered bymolecules before
bulk solvation becomes significant. The volume of the surface
layer is determined by multiplying the surface area by a fixed
thickness parameter Δr, chosen here to be 0.5 nm, which is on
the order of the size of a methanol molecule. A schematic view
of the parameters considered is shown in Figure 4a. Note that
this model does not consider diffusion to and from the interface.

The surface concentration/bulk concentration ratio for a
droplet is plotted as function of droplet radius in Figure 4b. In
this case, the solute concentration is taken to be 100 mM,
equivalent to the concentration of phenylhydrazine in the tip
size experiments. Although the surface excess parameter for
this system (phenylhydrazine in methanol) is not known, this
model still provides a qualitative picture of molecular
partitioning in droplets for surface active species. Here, the Γ
value (3 × 10−7 mol/m2) was chosen to represent a case where
molecules are preferentially adsorbed at the surface but have a
significantly lower surface affinity than surfactant molecules,
which typically have a surface excess on the order of 10−6 mol/
m2 [32].

In Figure 4c, the droplet diameter is shown as a function of
flight time, using Kebarle and Tang’s model which assumes
evaporation in the surface limit [33]. As the droplet radius
shrinks, the droplet undergoes fission events, as dictated by
the Rayleigh limit. The surface to volume ratio, taking into
account evaporation and fission events, as a function of time is
shown in Figure 4d, as calculated using the method of Kebarle
and Tang [33]. In this model, a parent droplet undergoes fission
into 20 smaller offspring droplets containing 15% of the total
charge of the parent droplet and having 2% of the total mass of
the parent when the droplet reaches 80% of its critical radius, as
given by the Rayleigh relation. Here, the surface to volume
ratio is evaluated at each droplet fission event as the sum of
areas and volumes for the parent droplet and immediate off-
spring droplets. The droplets have an initial charge equal to
60% of the critical charge for the initial droplet size and have a
surface tension equal to that for bulk methanol (22 mN/m).

Comparison of the experimental data with the calculated sur-
face to bulk concentration ratios shows two effects. First, the
smaller initial droplets have a slightly higher surface to bulk
concentration ratio when they are created, implying that the initial
rate ismore reflective of the surface reaction rate for such droplets.
Second, the calculated evaporation and fission dynamics show
that as the droplets undergo evaporation after creation, the surface
to volume ratio increases rapidly. This effect is particularly pro-
nounced for the smallest droplets, which see a large increase in
surface to volume ratio at earlier times than the large droplets.
This observation, taken with the experimental data, suggests that
the surface area and surface concentration are key contributors to
the observed acceleration with decreasing droplet size.

The same surface concentration model, with a surface ex-
cess value of 3 × 10−7 mol/m2, is used to evaluate how changes
in the initial solution concentration influence the surface to
bulk concentration ratio in droplets. The resulting curve, shown
in Figure 4e for a 500-nm diameter droplet, indicates that as
concentration is decreased, the surface to bulk concentration
ratio undergoes a steep increase. This result is reflective of the
nature of surface coverage by solute molecules before bulk
solvation occurs. The observed rate constant of the reaction
depends upon the rate constant of the reaction in the bulk of the
droplet and that at the surface of the droplet, as well as the
concentrations in these regions. Reduction of the total concen-
tration lowers the bulk concentration while keeping the surface
concentration approximately constant, resulting in an increase
of the observed (total) rate constant. Again, these results are
qualitatively consistent with the experimental data, and further
suggest the surface of the droplet is fundamentally important to
the high observed reaction rates. This is consistent with the
picture promoted by Zare through several recent studies [2, 12,
13, 34] and also with partial solvation as the underlying cause
of acceleration, as we have proposed [5, 35].

Finally, the effect of surfactant on the reaction is considered in
Figure 5. The influence of surface tension on droplet fission was
evaluated using the droplet evaporation model described above.
The calculations here use the surface tension of bulk methanol
(22 mN/m) as the baseline and a surface tension of 19 mN/m as a
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representative case where surfactant is present. Note that the
actual surface tension of this solution is unknown. All calculations
are for an initial droplet size of 750 nmwith a total charge equal to
60% of the critical charge for the 22mN/m case (15,239 charges).
In the relative surface area graph (Figure 5b), it is assumed that the
smaller droplets formed during fission have evaporated between
fission events, so the surface area is calculated only considering
the parent and immediate offspring droplets.

The surfactant molecules can influence the reaction in two
ways. First, the surfactant molecules lower the surface tension of
the droplets, which results in droplets undergoing Coulomb

fission earlier than when no surfactant is present, creating more
surface area (Figure 5). This effect is clearly observed in the
surfactant microscopy data. The second effect is displacement of
reagent molecules from the surface by surfactant molecules
which would have the opposite effect. At first glance, it is
unclear which effect should dominate in a nESI spray. However,
each Coulomb fission event results in the creation of multiple
droplets which increase the total surface area, lessening the effect
of the surfactant coverage. It is clear from examining Figure 5,
along with the microscopy data, that the effect of surfactant is
primarily to decrease the flight time needed for a droplet to

Figure 4. (a) Model of droplet with surface (dark blue) and bulk (light blue) volumes and differing surface and bulk concentrations
(molecules represented by orange circles). (b) Relationship between droplet diameter and surface to bulk concentration ratio for a
constant concentration of 100 mM solute. Droplet drawings show how volume and concentrations change with diameter. (c)
Calculated droplet diameter as a function of droplet flight time. (d) Surface to volume ratio as a function of droplet flight time for
different droplet sizes. (e) Surface to bulk concentration ratio for different solute concentrations in a 500-nmdiameter droplet. Droplet
drawings show the effect of solute concentrations schematically
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undergo fission, which then results in a higher total surface area
at a given time compared with the surfactant-free case. Thus, the
dynamic nature of nESI droplets serves to overcome the surface
excluding effects of surfactants, further enhancing the reaction
rate compared with the no surfactant case. This result stands in
contrast with studies of reaction acceleration in Leidenfrost
levitated droplets where it has been shown that addition of
surfactant to the droplet results in a reduction of the acceleration,
implying that exclusion of molecules from the surface of the
droplet reduces the rate [36]. Note, however, the Leidenfrost
droplets do not fission so the data are entirely consistent.

Applications of Ambient Focusing in Reaction
Acceleration

With the establishment of the main facts concerning reaction
acceleration, attention can turn towards accelerating reactions
on a preparative scale. Several examples already exist in the

literature which demonstrate synthesis on the 10’s of milligram
scale [37, 38]. One strategy, posited here, is to deposit
electrosprayed material onto a collection surface as done in
some of the earliest experiments that used acceleration for
synthesis [39] but now using a focusing electrode or aperture
to increase ion currents. Note that well focused beams (~ 5mm)
of ions can be generated in the open air by the use of DC
potentials in ellipsoidally shaped electrodes [40]. An evenmore
straightforward method for producing focused ion beams is to
direct the nESI plume through an aperture either floated or held
at ground to give a spot up to 10× smaller than the aperture the
beam was passed through [41].

We observed the effect of focusing on reaction accel-
eration at a distance of 5 cm from the nESI emitter to the
mass spectrometer inlet using both an ellipsoidal elec-
trode, similar to that discussed in ref. [35], and a 15-
mm diameter aperture. In both cases, the electrodes were
held at 3 kV, while the sprayer was held at 5 kV to allow
sufficient signal for MS analysis. In the case of the
ellipsoidal electrode, the emitter was positioned perpen-
dicular to the MS capillary, thus preventing neutral spe-
cies from being transported. The observed enhancement
was similar to that observed by spraying at a 5 kV po-
tential from 5 cm without the use of the electrode. This
suggests that focusing itself does not influence the ob-
served degree of reaction acceleration, meaning that the
ellipsoidal electrode setup could be employed for surface
patterning. Similarly, the aperture experiment showed
similar conversion ratios to the case where no aperture
was used. Position of the aperture between the MS inlet
and nESI emitter did not influence the observed conver-
sion ratio.

Conclusions
In this study, the influence of droplet size, reagent concentra-
tion, and surfactant concentration is considered. The evapora-
tive dynamics of microdroplets produced by nESI were follow-
ed by super resolution splash microscopy. It was found that
over a distance of 6 mm, droplets of methanol undergo signif-
icant shrinkage due to evaporation and that the addition of
surfactant results in droplet size distributions weighted towards
smaller droplets than without surfactants. The influence of
these effects, in addition to that of reagent concentration and
initial droplet size, was tested on the hydrazone formation
reaction. Experiments show that smaller droplets lead to in-
creases in reaction rate, and that a lower concentration of
reagent molecules similarly increases the rate. These effects
are indicative of a surface reaction occurring in the nESI
droplets. Experiments with varying concentrations of surfac-
tant molecules further indicate that smaller droplets enhance
reaction rates. The role of diffusion to and from the interface in
changing local concentration remains to be determined. No
significant changes in acceleration were observed to be associ-
ated with ambient ion focusing.

Figure 5. (a) Evolution of surface area with droplet fission
event. The surface area at droplet creation is 1. (b) Fission event
as a function of droplet flight time for 19 mN/m and 22 mN/m
surface tensions
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