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Tailored silicon nanopost arrays (NAPA) enable controlled and resonant ion production in

laser desorption ionization experiments and have been termed nanophotonic ion sources

(Walker et al., J. Phys. Chem. C, 2010, 114, 4835-4840). As the post dimensions are comparable
to or smaller than the laser wavelength, near-field effects and localized electromagnetic fields are
present in their vicinity. In this contribution, we explore the desorption and ionization mechanism
by studying how surface derivatization affects ion yields and fragmentation. We demonstrate that
by increasing the laser fluence on derivatized NAPA with less polar surfaces that have decreased
interaction energy between the structured silicon substrate and the adsorbate, the spectrum
changes from exhibiting primarily molecular ions to showing a growing variety and abundance of
fragments. The polarization angle of the laser beam had been shown to dramatically affect the ion
yields of adsorbates. For the first time, we report that by rotating the plane of polarization

of the desorption laser, the internal energy of the adsorbate can also be modulated resulting

in polarization dependent fragmentation. This polarization effect also resulted in selective
fragmentation of vitamin Bj,. To explore the internal energy of NAPA generated ions, the

effect of the post aspect ratios on the laser desorption thresholds and on the internal energy of a
preformed ion was studied. Elevated surface temperatures and enhanced near fields in the vicinity
of high aspect ratio posts are thought to contribute to desorption and ionization from NAPA.

Comparison of the fluence dependence of the internal energies of ions produced from nanoporous
silicon and NAPA substrates indicates that surface restructuring or transient melting by the
desorption laser is a prerequisite for the former but not for the latter.

Introduction

Nanophotonics is a vigorously developing discipline because
the nanostructures commensurate with the wavelength of the
radiation confer unique capabilities for a wide range of
applications such as telecommunications and biosensing.'*
A new approach is to make use of nanophotonic interactions
to produce ions for mass spectrometric analysis.>* When
an electromagnetic field is coupled with nanostructures,
strong light confinement and near-fields enhance the
light-matter interactions® and can cause material desorption,
ionization and ablation.® When biomolecules are adsorbed
on nanostructures, such as laser-induced silicon micro-
column arrays (LISMA)’ or nanopost arrays (NAPA)?
similar effects are thought to contribute to the desorption
and ionization of these molecules. At this time, LISMA
and NAPA are the only ion sources shown to exhibit nano-
photonic ion production.

Department of Chemistry, The George Washington University,
Washington, D.C. 20052, USA. E-mail: vertes@gwu.edu;
Fax: +1 202-994-5873; Tel: + 1 202-994-2717

Matrix-assisted laser desorption ionization (MALDI) is an
established ionization technique for the mass analysis of
intact large biomolecules.” Due to the spectral interferences
introduced by matrix-related ions in the low mass range,
a multitude of matrix-free ionization platforms have
emerged.'*'* Desorption ionization on silicon (DIOS), which
utilizes a nanoporous silicon substrate, has received the most
attention due to its excellent sensitivity, simplicity, and high
throughput.'® The surface morphology of DIOS substrates,
mainly the pore size and porosity, has been shown to play a
large role in the efficiency of desorption and ionization of
adsorbates.'®!”

Nanophotonic ion production provides new opportunities
compared to traditional ionization sources. For example,
NAPA dimensions can be tailored to optimize ion production.
Ion yield resonances were observed for nanoposts with specific
high aspect ratios that exhibit strong local fields and elevated
surface temperatures.®

Molecular ion yields from LISMA and NAPA also exhibit
maxima as a function of polarization, analogous to the optical
properties of nanoantennas.>'® 2! This can be attributed to
strong axial absorption of the electromagnetic field in the case
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of p-polarized beams, resulting in high ion yields, and insuffi-
cient excitation of the axial modes in the case of s-polarized
radiation, producing little to no molecular ions. In contrast,
polarization had no effect on the ion yields from MALDI.?

A third feature of nanophotonic ion sources is that the
degree of fragmentation can be modulated by the laser fluence.
At low laser intensities exclusively the molecular ion is
observed, whereas at increased laser intensities structure
specific fragmentation takes place.**> Enhanced electro-
magnetic fields around the nanostructures, surface activation
due to ion-surface collisions, and new reactive fragmentation
channels are all thought to influence ionization and fragmenta-
tion from LISMA and NAPA. These mechanisms are funda-
mentally different from MALDI that produces low internal
energy ions®*?* and commonly relies on an additional activa-
tion step to induce fragmentation.?® Similarly, DIOS produces
molecular ions with some fragmentation and the ion internal
energy is not affected by the desorption laser fluence.!>2°

Control over molecular fragmentation is advantageous for
elucidating the structure of biomolecules and for peptide
sequencing. A crucial parameter governing the extent of
fragmentation is the internal energy of the primary ions.?’
The ion internal energy can be gauged by applying the survival
yield (SY) method to thermometer ions (TI).>”*® These
preformed ions allow the desorption step to be probed
separately from the ionization step. The SY of the molecular
ion is derived from the mass spectrum and corresponds to the
ratio of the molecular ion intensity to the total ion intensity
(the sum of the molecular and fragment ion intensities). This
method has been used to investigate ion internal energies
from a variety of ionization sources including electrospray
ionization,” MALDIL>***** % DIOS,'"** and LISMA.*

Fragmentation studies are not limited to thermometer ions,
and the ion activation mechanisms and fragmentation of
vitamin Bj, have also been studied by MALDIL**3% DIOS,*
plasma desorption,®” and laser desorption ionization.*® In
these experiments, vitamin Bj, acquires sufficient internal
energy to readily fragment. Studying the propensity of vitamin
B, fragmentation and comparing this with other methods can
also give insight into the internal energy transfer from NAPA.
A better understanding of the desorption and ionization
mechanism from nanophotonic ion sources might enable us
to adjust the transfer of laser energy for controlled ion yields
and fragmentation.

In this contribution we use a threefold approach to study
the desorption and fragmentation of adsorbates from NAPA.
First, we investigate the use of derivatized NAPA for reduced
fragmentation at low to moderate laser powers to gain an
understanding of the influence of surface chemistry on ion
disintegration. Second, we explore the effect of polarization on
the ion yields and survival yields of thermometer ions. This
gives insight into the polarization dependence of energy
deposition and fragmentation on NAPA surfaces. The
applicability of polarization dependent fragmentation to hetero-
cyclic macrocycles is shown by studying the fragmentation
pathways of vitamin Bj,. Thirdly, we systematically vary the
NAPA post aspect ratios to study their effect on the laser
threshold and fragmentation during the desorption process.
Our results show that fragmentation can not only be adjusted

by varying the laser fluence and changing the NAPA post
aspect ratios, but also by rotating the plane of polarization of
the desorption laser.

Experimental
Materials

Aqueous stock solutions of Proj4-Arg (P14R) from Protea
Biosciences, Inc. (Morgantown, WV) and vitamin Bj,
(cyanocobalamine) purchased from Sigma Chemical Co.
(St Louis, MO) were prepared in 50% methanol at 1 mg mL ™'
concentration and were diluted as necessary. The chloride salt
of the 4-methyl-benzylpyridinium (4M) thermometer ion (TI)
was custom synthesized by Celestial Specialty Chemicals
(Nepean, Ontario, Canada). Stock solutions were prepared
in 50% methanol and diluted to 0.7 pM. All solutions were
made using deionized water (18.2 M Q cm) produced with an
E-pure system (Barnstead, Dubuque, IA) and reagent grade
methanol purchased from Sigma Chemical Co. (St Louis, MO).
For the derivatization of the NAPA, (perfluorophenyl)-propyl-
dimethylchlorosilane was purchased from Gelest, Inc.
(Morrisville, PA).

Nanofabrication of NAPA

A detailed description of NAPA fabrication can be found
elsewhere.? Briefly, silicon wafers with a range of resistivities
(0.005-100 Q cm) were spin-coated with Zep520A resist.
Patterns designating the top view of NAPA, with diameters,
D, between 100 nm and 250 nm and periodicities, P, of 337 nm
and 674 nm, were rendered on the wafers by e-beam litho-
graphy (JBX-9300, JEOL, Peabody, MA). The exposed resist
was then removed and the wafers were coated with 10 nm of
chromium using vacuum deposition. Following the removal of
the unexposed resist that was coated with chromium, posts
of ~1000 nm heights were produced with an Oxford
PlasmalLab100 RIE reactive ion etching system. For surface
characterization of the structures a dual beam scanning
electron microscope (SEM) (Nova Nanolab 600, FEI,
Hillsboro, OR) was used.

Optionally, perfluorophenyl (PFP)-derivatized NAPA were
produced by oxidizing the surfaces by exposure to ozone,
covering the oxidized NAPA with ~ 15 pL of (perfluorophenyl)-
propyldimethylchlorosilane, and baking the surfaces in an
oven for 30 min. The derivatized NAPA were thoroughly
rinsed with methanol and deionized water and air-dried.

Mass spectrometry

A 0.5 pL drop of the sample solution was deposited on the
NAPA surface and air-dried prior to mass spectrometry
experiments. Laser desorption and ionization was performed
using a high-resolution curved field reflectron time-of-
flight mass spectrometer (Axima CFR, Shimadzu-Kratos,
Manchester, UK). Averaged spectra were acquired from
100 laser shots in reflectron mode using delayed ion extraction
with 2.5 kV extraction voltage, 20 kV accelerating voltage, and
a 100 ns delay.

Experiments using plane polarized laser beams were conducted
using a home-built linear time-of-flight mass spectrometer.
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Radiation from a 4 ns pulse length nitrogen laser (4 = 337 nm)
(VSL-337ND, Laser Science Inc., Newton, MA) was polarized
by a Glan—Taylor calcite polarizer. A variable neutral density
filter was used to maintain a constant pulse energy while the
plane of polarization was rotated. The areas of sample specific
peaks were integrated from averaged spectra to obtain the ion
yields.

Results and discussion

Fig. 1 shows a representative SEM image of a NAPA segment
with post diameter, D, periodicity, P, and height, H, of
100 nm, 337 nm, and 1000 nm respectively. The dimensions
of NAPA are precisely controlled in the nanofabrication
process and the resulting high aspect ratio structures have
vertical walls with no noticeable taper. SEM images also
verified that the NAPA remained intact after laser desorption
experiments, although for posts with diameters smaller than
the thermal diffusion length transient melting is still possible.*

Fragmentation from surface derivatized NAPA

It has been shown that both low- and high-energy fragmenta-
tion channels are active in NAPA.® To further explore this
finding, we introduce chemical derivatization to change the
interaction energy between the adsorbate and the surface.
Silylation is a reliable method for the chemical modification
of silicon surfaces and the diversity of available reagents
provides a means to control the polarity of the substrate.
Perfluorophenyl (PFP)-derivatization creates less polar and
more hydrophobic surfaces and results in decreased inter-
action energy between the structured silicon substrate and the
adsorbate. As a consequence, for other silicon-based platforms
lower laser desorption thresholds have been observed.'>2
Similarly, NAPA derivatized with PFP results in up to ten
times higher peptide molecular ion yields than native NAPA
(data not shown). Although the mechanism is unclear, native
NAPA is also capable of producing structure specific peptide
fragmentation. To characterize fragmentation from derivatized

Fig. 1 After reactive ion etching, SEM imaging confirms the uniform
distribution and negligible tapering of high aspect ratio posts in a
NAPA with D = 100 nm, P = 337 nm, and H = 1000 nm.
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Fig. 2 (a) Mass spectrum of P14R from PFP-NAPA at a laser power
of 75 (arbitrary units) shows minimal fragmentation. (b) As the power
is increased to 80 fragments begin to emerge. (c) At a laser power of
130, structure specific fragmentation, corresponding to the sodiated
N-terminal fragment ions (a- and c-type), is observed.

NAPA, the labile synthetic peptide Proj4-Arg (P14R m/z of
1533.86) was used. P14R has a basic arginine at the
C-terminus and in MALDI experiments it is known to undergo
post-source fragmentation at the proline residues.*® The
nomenclature of peptide fragmentation is described in ref. 41.

Fig. 2a shows the mass spectrum of P14R from PFP-NAPA
at relatively low laser power (75 in arbitrary units). The most
abundant peak is the sodiated P14R molecule. Additionally,
Cy4 ions are present due to the loss of the arginine residue.
This indicates that the low-energy fragmentation channels
may already be activated at this power. As the laser power is
increased to 80, high mass P14R fragments begin to appear
(Fig. 2b). A significantly increased overall abundance of
fragment ions can be observed if the laser power is further
increased to a high value of 130 (Fig. 2c), whereas the
molecular and quasimolecular ions decrease in intensity. These
fragments correspond to sodiated a-type ions, a result of
proline residue cleavage from the N-terminus, and b-type ions
that appear with lower intensity (not labeled).

This latter fragmentation pattern dramatically differs from
that of MALDI, in which the intensity of the y-type ions
precipitously diminishes as subsequent prolines are lost. In the
case of PFP-NAPA, the fragment ion intensities increase with
sequential proline losses. This suggests that at this laser power,
high-energy fragmentation channels are activated.

Polarization dependent fragmentation

The polarization of the desorption laser has a profound effect
on the ionization processes in nanophotonic ion sources. For
peptides and small organic molecules, p-polarized radiation
generates high molecular ion yields, whereas s-polarized laser
pulses result in little or no ion production.>® To investigate the
effect of polarization on the internal energy transfer on NAPA
during the desorption step, the survival yield method was
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Fig. 3 As the polarization angle, ¢, of the desorption laser is rotated
from s-polarized (at 90°) to p-polarized (180°) the degree of frag-
mentation of the 4M TI, represented by the survival yield, reaches a
minimum. The inset shows that the ion yield of the 4M TI rises sharply
for p-polarized radiation.

applied using the 4M thermometer ion. As 4M is a preformed
ion, it enables us to separate the desorption and the ionization
steps and focus only on the former. The mass spectra of 4M
exhibit a single fragmentation channel and the only peaks that
are present are the molecular ion and a fragment ion, which is
the result of a pyridine loss.

First, the total ion yield of the 4M thermometer ion was
measured as the polarization angle, ¢, was rotated from s- to
p-polarized. The inset in Fig. 3 shows that the total ion yield of
4M exhibits a maximum for the p-polarized ray and the
ion yield decreases significantly as the beam is rotated to
s-polarized. At 180° there is a sharp maximum with an order
of magnitude increase compared to the s-polarized signal. This
implies that the angle of polarization affects the ability
of NAPA to absorb the laser energy resulting in efficient
desorption of the adsorbate.

In the laser desorption process, the energy transfer from
NAPA to the adsorbate can be assessed by monitoring the SY
as a function of the angle of polarization. Fig. 3 shows a
pronounced minimum in the SY when the desorption laser is
p-polarized. As the plane of polarization is rotated from s- to
p- polarized, the SY starts from 1, indicating no fragmentation,
and decreases to 0.4, indicating significant fragmentation. This
drastic fall in the SY indicates a significant rise in the internal
energy that is a strong function of the polarization. As a
consequence, the polarization can be adjusted to vary the
degree of fragmentation while still maintaining sufficient ion
yields.

The polarization dependence of ion yields from NAPA
reveals that the axial currents induced in the posts play a large
role in the desorption process. As the 337 nm radiation
corresponds to 889 THz, the DC conductivity of the silicon
wafers should be irrelevant in the energy deposition. Indeed,
desorption experiments on NAPA with a range of DC resistivities

Fig. 4 Vitamin B, molecular structure showing the losses associated
with four of the fragment ions detected in NAPA experiments.
Fragment ion (1) corresponds to [(M + K)-CN-DMBI-pentose-
PO,-CH,CONHCH,CHCH;]" at m/z 913, (2) is [M-CN-DMBI-
pentose-PO4-C3Hg] ™ at mjz 931, (3) is [M-CN-DMBI-pentose-
PO,]"at mjz 972 and (4) is [M-CN-DMBI-pentose-PO;] " at m/z
989, where DMBI is dimethylbenzimidazole.

between 0.005 Q cm and 100 Q cm revealed minimal change in
the SYs (results not shown).

To test the application of adjusting fragmentation via
polarization, a neutral molecule, vitamin B, (see Fig. 4),
was chosen as a model compound. Vitamin B, was selected
because it fragments readily in laser desorption experiments
and comparisons can be made with other methods that have
studied its fragmentation. Direct laser desorption ionization of
vitamin By, from polished silicon produced no molecular ions
from the adsorbate. With PFP-NAPA, positive mode mass
spectrometric experiments at high laser power resulted in 9
fragments along with the molecular ion. These previously
observed species include two of the three fragment ions
detected with DIOS, four of the five ions observed with
traditional MALDI, and eight of the thirteen ions produced
in a postionization experiment.**** At lower laser fluences the
four most abundant peaks observed are at m/z 913, m/z 931,
m/z 972, and m/z 989 that correspond to fragments (1), (2), (3)
and (4), respectively, in Fig. 4. The molecular structure of
vitamin B, along with these four losses is shown in Fig. 4 and
a mass spectrum of these peaks is shown in the inset of Fig. 5.

The ion yields of two fragment peaks from PFP-NAPA
were studied as a function of the polarization angle (see
Fig. 5). While most of the fragment intensities only exhibit a
weak maximum for the p-polarized beam, the peak at m/z 972
shows a strong resonance. This fragment is formed by the loss
of the 5,6-dimethylbenzimidazolyl nucleotide, which is the
main fragmentation channel in these experiments indicating
that the corresponding C-O bond is the weakest in the
structure. Therefore it exhibits the strongest fragmentation
response to increasing the internal energy of the molecule. This
species is also a characteristic vitamin B, fragment in DIOS
experiments, and its formation has been explained by the
absorption maximum of the molecule at 361 nm and the
dissociation of the photoactivated molecule.*® In the case of
NAPA, however, the fragmentation likely follows different
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Fig. 5 Ion yields for two of the most prominent vitamin Bj,
fragments from PFP-NAPA as a function of polarization angle, ¢,
at a constant fluence. The mass spectrum in the inset shows the peaks
of four vitamin B, fragments and the ion yields of the two peaks with
symbols are shown. The numbers above the peaks correspond to the
losses shown in Fig. 4.

pathways. As we have shown in the case of 4M TI, the
enhanced energy deposition into the posts for p-polarized
beams results in higher internal energy. This mechanism is
also expected to be active for the vitamin Bj, molecule. In
addition, the field enhancement around the posts is also
accentuated for the p-polarized case, potentially resulting in
stronger field ionization.*’ Thus, in addition to changing the
laser power, the polarization of the laser can also be utilized
for the adjustable fragmentation of a molecule.

Other mechanisms of vitamin B, ion excitation have been
proposed. In UV-MALDI, the internal energy transfer
was found to primarily depend on the matrix used, and
photodissociation was found not to play a role in the
fragmentation.* Likewise, photodissociation does not explain
the polarization dependent fragmentation from NAPA.
Instead, the interaction of the electromagnetic field with the
posts clearly plays a large role in the ionization and frag-
mentation of the molecules desorbed from NAPA.

Optical antennas show strong resonances when the electro-
magnetic field is polarized along the axis of the antenna
structures whereas no such resonances are observed when
the light is perpendicular to the antenna’s long axis.”>** In
NAPA, the polarization dependence has been explained in
terms of strong axial absorption of p-polarized laser radiation.
Results from both the thermometer ion and vitamin B,
studies show that the internal energy of the adsorbate is
preferentially increased for p-polarized radiation, as shown
by the increased fragmentation. The fragmentation and ion
yield resonances from NAPA can both be explained by
the energy deposition into the posts and the electric field
intensity enhancements around them. The polarization
dependence of fragmentation shows the importance of the
electric field enhancements on fragmentation, insight
that cannot be derived from the fluence dependence of
fragmentation alone.

Post aspect ratio and surface polarity effects

To further our understanding of the desorption mechanism,
SYs from native and derivatized NAPA with post aspect
ratios (H/D) ranging from 10 and 4 with periodicities of
337 nm and 674 nm were investigated. The points with the
lowest fluence for the SY curves in Fig. 6 also represent the
desorption threshold for the corresponding post geometry.
For both native and PFP-derivatized NAPA, the minimum
laser fluence required to desorb the 4M TI shifts to higher
values as the post diameter increases, i.e., as H/D decreases
(see Fig. 6). For example, in the case of the thinnest posts with
diameters of 100 nm (H/D = 10), 4M is desorbed with a
fluence of less than 5 mJ cm 2, whereas almost 60 mJ cm >
is required to desorb 4M from 250 nm posts (H/D = 4).
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Fig. 6 Survival yields of 0.35 pmol of 4M TI from (a) native NAPA
and (b) PFP-derivatized NAPA with P = 337 nm for H/D = 10 (@),
8 (A),and 6.7 (¥),and P = 674 nm for H/D = 5.7(0O), 5 (), 4.4 (L)
and 4 (M), and a resistivity of 10-100 Q cm. In panel (a) the SYs from
native NAPA show a steep decline, from values close to 1 to between
0.5 and 0.6, as the laser fluence is increased. In (b) the SYs from
PFP-NAPA with P = 337 nm remain close to 1 whereas SYs from
NAPA with P = 674 nm decrease from 1 to 0.8. In contrast, the SY of
35 pmol of 4M TI desorbed from PFP-derivatized DIOS substrates
is significantly lower, SY = ~0.4, and it shows no change with
increasing fluence (data from ref. 26).
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This 12-fold change in the desorption threshold fluence can
be attributed to enhanced near fields in the vicinity of the high
aspect ratio posts and to the higher surface temperatures
observed for posts with diameters below the thermal diffusion
length.5%

For the range of post diameters studied, SYs from native
NAPA decrease as the laser fluence is increased, Fig. 6a. This
decline correlates to higher internal energy transfer due to
elevated post surface temperatures at higher laser fluences. In
addition, when the post diameters are smaller than the thermal
diffusion length, dissipation of the deposited laser energy in
the posts is obstructed by radial confinement. From Fig. 6a it
can be observed that the SY drops at a faster rate as the post
diameters are decreased (see the slopes of the fitted lines in
Fig. 6a). The thinner posts have lower conductive thermal loss,
reach higher maximum surface temperatures and heat
more uniformly than the thicker ones. These high surface
temperatures provide a stronger driving force for the energy
transfer to the adsorbate.

The effect of surface derivatization on the internal energy
of the 4M TI is shown in Fig. 6b. It is evident that
PFP-derivatization of NAPA reduces the internal energy
transfer to the adsorbate, as indicated by the generally higher
SYs. The SY values either remain close to one for thinner
posts or decrease only moderately to around 0.8 for the thicker
ones. In addition, the threshold laser fluence shifts to slightly
lower values for derivatized NAPA. These effects are due to
the reduced interaction energy between the polar TI and the
derivatized NAPA surface that is apolar.

The SY wvalues and their fluence dependence for 4M
desorbed from PFP-NAPA are in stark contrast to observa-
tions on PFP-DIOS, for which a constant SY of around
0.4 has been observed independent of the laser fluence.?® In
DIOS experiments the lack of fluence dependence on the
internal energy of the ions was attributed to the limited
interaction time between the DIOS surface and the adsorbates
due to rapid heating. Energy deposition in NAPA will also
cause the post temperatures to increase rapidly resulting in the
fast desorption of the TI. Therefore, this does not explain
the differences in the magnitude and fluence dependence of the
SYs between the two methods. This drastic disparity might be
attributed to differences in the morphology of the DIOS and
NAPA structures. While DIOS exhibits 20 to 100 nm pores*®
separated by pore walls of similar thickness, the studied
NAPA structures have 100 to 250 nm posts separated by
approximately twice as wide troughs. The thin pore walls of
the DIOS structure reach temperatures above the melting
point in the fluence range of interest.***” These high tempera-
tures result in the reduced SYs observed for DIOS. For the
significantly thicker posts of NAPA, however, the surface
temperatures remain lower at similar fluences explaining the
higher SYs.

These observations and Fig. 6b point to the fundamental
difference between the ion production from DIOS and NAPA
substrates. Whereas for DIOS surface restructuring or
transient melting by the desorption laser seems to be a
prerequisite for ion production, for NAPA there is no such
requirement. These differences are reflected in the absolute
values and the fluence dependence of the SYs.

Conclusions

Nanophotonic ion sources such as LISMA and NAPA offer
new means of coupling laser radiation to nanostructures for
ion production. The interaction between the electromagnetic
radiation and the nanoposts can be manipulated to induce
desorption, ionization, and fragmentation. We demonstrate
that NAPA enables adjustable structure specific fragmentation
as a function of the laser fluence. This allows enhanced
structure identification in the mass spectrometry of organic
molecules and for peptide sequencing without using an
additional ion activation step to induce fragmentation.

We have found that the desorption yield of preformed ions
and neutral molecules strongly depends on the polarization
of the laser beam and for the first time we have also
demonstrated that the internal energy transfer, and conse-
quently the degree of fragmentation, are also affected by
polarization. It was shown that certain fragment ions are more
sensitive to polarization, and this may lead to a method that
can preferentially fragment a molecule. This enhanced control
over fragmentation opens new possibilities in structure
elucidation of organic compounds using mass spectrometry.
In particular the ability to adjust fragmentation via the
polarization angle might obviate the need for collisional
activation in tandem mass spectrometry. Conversely, simple
single stage mass spectrometers can be used to explore the
structure of simple organic compounds.

Investigating the impact of the NAPA dimensions on the
internal energy of adsorbates gave insight into the mechanism
of desorption from NAPA. Thermal confinement in thin posts
leads to more efficient desorption and fragmentation. Findings
show that the internal energy of the adsorbate increases as the
fluence is raised. This is consistent with biomolecule frag-
mentation at high laser fluences. High surface temperatures
and enhanced near fields around the posts can contribute to
the desorption and ionization. By modifying the surface
polarity, the interaction energy between the adsorbate and
NAPA is affected, and less internal energy is transferred to the
thermometer ions.

Comparison of the ion yields and SYs from NAPA and
DIOS substrates reveals fundamental differences. Whereas
restructuring and transient melting are a prerequisite for ion
production from DIOS, they do not seem to play a role in the
case of NAPA.

We have demonstrated that nanophotonic interactions offer
new means for the production of ions from organic molecules
and biopolymers with enhanced control over their internal
energy. The NAPA substrates in this study are an example of
such nanophotonic ion sources. Better understanding of
desorption and ionization from these ion sources will enable
even greater control of the ion yields.
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