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(57) A sample support body for ionization of a sam-
ple, including: a substrate having a first surface, a second
surface on a side opposite to the first surface, and a plu-
rality of through-holes opening on each of the first surface
and the second surface; a conductive layer provided on

the first surface; and a matrix crystal layer provided on
at least one of the conductive layer and the second sur-
face, in which the matrix crystal layer is formed of a plu-
rality of matrix crystal grains so as to include a gap com-
municating the plurality of through-holes with an outside.
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Description

Technical Field

[0001] The present disclosure relates to a sample sup-
port body, a method for manufacturing a sample support
body, an ionization method, and a mass spectrometry
method.

Background Art

[0002] In the related art, as a method of ionizing a sam-
ple such as a biological sample for performing mass
spectrometry or the like, there is known a matrix-assisted
laser desorption/ionization method (MALDI). The MALDI
is a method of ionizing a sample by adding an organic
compound having a low molecular weight called a matrix
that absorbs a laser beam to the sample and irradiating
the sample with the laser beam. According to the method,
it is possible to nondestructively ionize substances being
thermally unstable and high-molecular-weight substanc-
es (so-called soft ionization).

Citation List

Patent Literature

[0003] Patent Literature 1: US Patent No. 7695978

Summary of Invention

Technical Problem

[0004] However, when the MALDI as described above
is used for the imaging mass spectrometry that forms an
image from the two-dimensional distribution of the mol-
ecules constituting the sample, there is a limit in increas-
ing resolution of the image.
[0005] Therefore, an object of the present disclosure
is to provide a sample support body, a method for man-
ufacturing a sample support body, an ionization method,
and a mass spectrometry method that make it possible
to improve resolution of an image in ionization and im-
aging mass spectrometry for components of a sample
having a high molecular weight.

Solution to Problem

[0006] A sample support body of one aspect of the
present disclosure is a sample support body for ionization
of a sample, including: a substrate having a first surface,
a second surface on a side opposite to the first surface,
and a plurality of through-holes opening on each of the
first surface and the second surface; a conductive layer
provided on the first surface; and a matrix crystal layer
provided on at least one of the conductive layer and the
second surface, in which the matrix crystal layer is formed
of a plurality of matrix crystal grains so as to include a

gap communicating the plurality of through-holes with an
outside.
[0007] In the sample support body, for example, when
the sample support body is arranged on a water-contain-
ing sample so that the second surface of the substrate
is in contact with the water-containing sample, since the
matrix crystal layer includes a gap communicating the
plurality of through-holes with an outside, the compo-
nents of the sample move from the second surface side
to the first surface side via the plurality of through-holes
due to a capillary phenomenon and are mixed with the
matrix. In this state, for example, when the first surface
is irradiated with an energy beam while a voltage is ap-
plied to the conductive layer, the energy is transferred to
the components of the sample and the matrix that have
moved to the first surface side, and the components of
the sample are ionized together with the matrix. Accord-
ingly, it is possible to surely ionize the components of the
sample having a high molecular weight. At this time, since
the components of the sample move from the second
surface side to the first surface side via the plurality of
through-holes, the position information (two-dimensional
distribution information of the molecules constituting the
sample) of the sample is maintained in the components
of the sample that have moved to the first surface side
of the substrate. In this state, for example, since the first
surface is irradiated with the energy beams while the volt-
age is applied to the conductive layer, the components
of the sample are ionized while the position information
of the sample is maintained. Accordingly, it is possible
to improve the resolution of the image in the imaging
mass spectrometry. Thus, the sample support body
makes it possible to improve the resolution of the image
in the ionization and the imaging mass spectrometry for
the sample having a high molecular weight.
[0008] In the sample support body of one aspect of the
present disclosure, a width of each of the plurality of
through-holes may be 1 to 700 nm, and a thickness of
the substrate may be 1 to 50 mm. Accordingly, it is pos-
sible to allow the components of the sample to smoothly
move from the second surface side to the first surface
side via the plurality of through-holes, and it is possible
to allow the components of the sample to stay on the first
surface side in an appropriate state.
[0009] In the sample support body of one aspect of the
present disclosure, the substrate may be formed by an-
odizing a valve metal or silicon. Accordingly, it is possible
to easily and surely obtain a substrate having a plurality
of through-holes.
[0010] A sample support body of one aspect of the
present disclosure is a sample support body for ionization
of a sample, including: a conductive substrate having a
first surface, a second surface on a side opposite to the
first surface, and a plurality of through-holes opening on
each of the first surface and the second surface; and a
matrix crystal layer provided on at least one of the first
surface and the second surface, in which the matrix crys-
tal layer is formed with a plurality of matrix crystal grains
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so as to include a gap communicating the plurality of
through-holes with an outside.
[0011] According to the sample support body, the con-
ductive layer can be omitted, and the same effect as that
of the sample support body provided with the conductive
layer described above can be obtained.
[0012] A method for manufacturing a sample support
body according to one aspect of the present disclosure
is a method for manufacturing a sample support body for
ionization of a sample, including: a process of preparing
a substrate having a first surface, a second surface on a
side opposite to the first surface, and a plurality of
through-holes opening on each of the first surface and
the second surface and being provided with a conductive
layer on the first surface; and a process of providing a
matrix crystal layer on at least one of the conductive layer
and the second surface by evaporation of a matrix ma-
terial, in which, in the process of providing the matrix
crystal layer, the matrix crystal layer is formed with a plu-
rality of matrix crystal grains so as to include a gap com-
municating the plurality of through-holes with an outside.
[0013] A method for manufacturing a sample support
body according to one aspect of the present disclosure
is a method for manufacturing a sample support body for
ionization of a sample, including: a process of preparing
a conductive substrate having a first surface, a second
surface on a side opposite to the first surface, and a plu-
rality of through-holes opening on each of the first surface
and the second surface; and a process of providing a
matrix crystal layer on at least one of the first surface and
the second surface by evaporation of a matrix material,
in which, in the process of providing the matrix crystal
layer, the matrix crystal layer is formed with a plurality of
matrix crystal grains so as to include a gap communicat-
ing the plurality of through-holes with an outside.
[0014] According to these methods for manufacturing
the sample support body, it is possible to easily and surely
obtain the matrix crystal layer as described above by per-
forming the evaporation of a matrix material.
[0015] An ionization method of one aspect of the
present disclosure includes: a process of preparing a
substrate having a first surface, a second surface on a
side opposite to the first surface, and a plurality of
through-holes opening on each of the first surface and
the second surface and being provided with a conductive
layer on the first surface; a process of arranging a sample
on a mount portion and arranging the substrate on the
sample so that the second surface is in contact with the
sample; a process of providing a matrix crystal layer on
the conductive layer by evaporation of a matrix material;
and a process of ionizing components of the sample hav-
ing moved from the second surface side to the first sur-
face side via the plurality of through-holes together with
the matrix by irradiating the first surface with an energy
beam while applying a voltage to the conductive layer in
a state where the sample is arranged between the mount
portion and the substrate, in which, in the process of pro-
viding the matrix crystal layer, the matrix crystal layer is

formed with a plurality of matrix crystal grains so as to
include a gap communicating the plurality of through-
holes with an outside.
[0016] An ionization method of one aspect of the
present disclosure includes: a process of preparing a
conductive substrate having a first surface, a second sur-
face on a side opposite to the first surface, and a plurality
of through-holes opening on each of the first surface and
the second surface; a process of arranging a sample on
a mount portion and arranging the substrate on the sam-
ple so that the second surface is in contact with the sam-
ple; a process of providing a matrix crystal layer on the
first surface by evaporation of a matrix material; and a
process of ionizing components of the sample having
moved from the second surface side to the first surface
side via the plurality of through-holes together with the
matrix by irradiating the first surface with an energy beam
while applying a voltage to the substrate in a state where
the sample is arranged between the mount portion and
the substrate, in which, in the process of providing the
matrix crystal layer, the matrix crystal layer is formed with
a plurality of matrix crystal grains so as to include a gap
communicating the plurality of through-holes with an out-
side.
[0017] According to these ionization methods, the ma-
trix crystal layer as described above can be easily and
surely obtained by performing the evaporation of a matrix
material. Thus, these ionization methods make it possible
to improve the resolution of the image in the ionization
and the imaging mass spectrometry for the components
of the sample having a high molecular weight.
[0018] A mass spectrometry method of one aspect of
the present disclosure includes the processes provided
by the above ionization method and a process of detect-
ing the ionized components.
[0019] As described above, the mass spectrometry
method makes it possible to improve the resolution of
the image in the ionization and the imaging mass spec-
trometry for the components of the sample having a high
molecular weight.

Advantageous Effects of Invention

[0020] According to the present disclosure, it is possi-
ble to provide a sample support body, a method for man-
ufacturing a sample support body, an ionization method,
and a mass spectrometry method, that make it possible
to improve resolution of an image in ionization and im-
aging mass spectrometry for components of a sample
having a high molecular weight.

Brief Description of Drawings

[0021]

FIG. 1 is a plan view of a sample support body of
one embodiment.
FIG. 2 is a cross-sectional view taken along line II-
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II illustrated in FIG. 1.
FIG. 3 is a view illustrating an example of an SEM
image of a portion of a first surface of a substrate
illustrated in FIG. 1.
FIG. 4 is a view illustrating an example of an SEM
image of a portion of a surface of a matrix crystal
layer illustrated in FIG. 1 and an example of an SEM
image of a portion of a cross section of the matrix
crystal layer.
FIG. 5 is a view illustrating a process of a method
for manufacturing the sample support body illustrat-
ed in FIG. 1.
FIG. 6 is a view illustrating a process of a mass spec-
trometry method using the sample support body il-
lustrated in FIG. 1.
FIG. 7 is a view illustrating a process of the mass
spectrometry method using the sample support body
illustrated in FIG. 1.
FIG. 8 is a view illustrating a process of the mass
spectrometry method using the sample support body
illustrated in FIG. 1.
FIG. 9 is a cross-sectional view of a portion of a sam-
ple support body of Modified Example.
FIG. 10 is a view illustrating a process of a mass
spectrometry method using the sample support body
of Modified Example.

Description of Embodiments

[0022] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the draw-
ings. It is noted that the same or equivalent portions are
denoted by the same reference signs in each of the draw-
ings, and duplicate descriptions thereof will be omitted.
[0023] As illustrated in FIGS. 1 and 2, a sample support
body 1 for ionization of a sample includes a substrate 2,
a frame 3, a conductive layer 4, and a matrix crystal layer
8. The substrate 2 has a first surface 2a, a second surface
2b, and a plurality of through-holes 2c. The second sur-
face 2b is a surface on a side opposite to the first surface
2a. The plurality of through-holes 2c extend along a thick-
ness direction (direction perpendicular to the first surface
2a and the second surface 2b) of the substrate 2 and
open on each of the first surface 2a and the second sur-
face 2b. In the present embodiment, the plurality of
through-holes 2c are formed uniformly (in a uniform dis-
tribution) on the substrate 2.
[0024] The substrate 2 is formed in a rectangular plate
shape with, for example, an insulating material. The
length of one side of the substrate 2 when viewed from
the thickness direction of the substrate 2 is, for example,
about several cm, and the thickness of the substrate 2
is, for example, 1 to 50 mm. The shape of the through-
hole 2c when viewed from the thickness direction of the
substrate 2 is, for example, a substantially circular shape.
The width of the through-hole 2c is, for example, 1 to 700
nm.
[0025] The width of the through-hole 2c is a value ob-

tained as follows. First, the images of the first surface 2a
and the second surface 2b of the substrate 2 are ac-
quired. FIG. 3 illustrates an example of an SEM image
of a portion of the first surface 2a of the substrate 2. In
the SEM image, the black portion is the through-hole 2c,
and the white portion is a partition wall portion between
the through-holes 2c. Subsequently, by performing, for
example, binarization processing on the acquired image
of the first surface 2a, a plurality of pixel groups corre-
sponding to the plurality of first openings (openings on
the first surface 2a side of the through-hole 2c) in a meas-
urement region R are extracted, and the diameter of a
circle having an average area of the first opening is ob-
tained based on the size per pixel. Similarly, by perform-
ing, for example, binarization processing on the acquired
image of the second surface 2b, a plurality of pixel groups
corresponding to the plurality of second openings (open-
ings on the second surface 2b side of the through-hole
2c) in the measurement region R are extracted, and the
diameter of a circle having an average area of the second
opening is obtained based on the size per pixel. Then,
the average value of the diameter of the circle acquired
for the first surface 2a and the diameter of the circle ac-
quired for the second surface 2b is acquired as the width
of the through-hole 2c.
[0026] As illustrated in FIG. 3, the plurality of through-
holes 2c having a substantially constant width are uni-
formly formed on the substrate 2. The aperture ratio (the
ratio of all the through-holes 2c to the measurement re-
gion R when viewed from the thickness direction of the
substrate 2) of the through-holes 2c in the measurement
region R is practically 10 to 80%, and in particular, is
preferably 60 to 80%. The sizes of the plurality of through-
holes 2c may be irregular to each other, or the plurality
of through-holes 2c may be partially connected to each
other.
[0027] The substrate 2 illustrated in FIG. 3 is an alu-
mina porous film formed by anodizing aluminum (Al).
Specifically, the substrate 2 can be obtained by perform-
ing anodizing treatment on the Al substrate and peeling
the oxidized surface portion from the Al substrate. It is
noted that the substrate 2 may be formed by anodizing
a valve metal other than Al such as tantalum (Ta), nio-
bium (Nb), titanium (Ti), hafnium (Hf), zirconium (Zr), zinc
(Zn), tungsten (W), bismuth (Bi), or antimony (Sb) or may
be formed by anodizing silicon (Si).
[0028] As illustrated in FIGS. 1 and 2, the frame 3 is
provided on the first surface 2a of the substrate 2. Spe-
cifically, the frame 3 is fixed to the first surface 2a of the
substrate 2 by an adhesive layer 5. As the material of the
adhesive layer 5, it is preferable to use an adhesive ma-
terial (for example, low melting point glass, vacuum ad-
hesive, or the like) having little discharge gas. The frame
3 has substantially the same outer shape as, for example,
the substrate 2 when viewed from the thickness direction
of the substrate 2. An opening 3a is formed in the frame
3. The portion of the substrate 2 corresponding to the
opening 3a functions as the measurement region R for
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moving the components of the sample from the second
surface 2b side to the first surface 2a side via the plurality
of through-holes 2c.
[0029] The frame 3 is formed in a rectangular plate
shape with, for example, an insulating material. The
length of one side of the frame 3 when viewed from the
thickness direction of the substrate 2 is, for example,
about several cm, and the thickness of the frame 3 is, for
example, 1 mm or less. The shape of the opening 3a
when viewed from the thickness direction of the substrate
2 is, for example, a circular shape, and the diameter of
the opening 3a in this case is, for example, about several
mm to several tens of mm. Such a frame 3 facilitates the
handling of the sample support body 1 and suppresses
the deformation of the substrate 2 caused by a temper-
ature change or the like.
[0030] The conductive layer 4 is provided on the first
surface 2a of the substrate 2. Specifically, the conductive
layer 4 is formed continuously (integrally) on a region of
the first surface 2a of the substrate 2 corresponding to
the opening 3a of the frame 3 (that is, a region corre-
sponding to the measurement region R), on the inner
surface of the opening 3a, and on a surface 3b on the
side opposite to the substrate 2 in the frame 3. The con-
ductive layer 4 covers the portion of the first surface 2a
of the substrate 2 in which the through-hole 2c is not
formed in the measurement region R. That is, in the
measurement region R, each through-hole 2c is exposed
to the opening 3a.
[0031] The conductive layer 4 is formed of a conductive
material. However, as the material of the conductive layer
4, it is preferable to use a metal having a low affinity
(reactivity) with the sample and a high conductivity for
the reasons described below.
[0032] For example, if the conductive layer 4 is formed
of a metal such as copper (Cu), which has a high affinity
with a sample such as a protein, there is a concern that
the sample is ionized in a state where Cu atoms are at-
tached to the sample molecules in the process of ionizing
the sample, and thus, the detection result in the mass
analysis method shifts by the amount of the Cu atoms
attached. Therefore, as the material of the conductive
layer 4, it is preferable to use a metal having a low affinity
with the sample.
[0033] On the other hand, a constant voltage is easily
applied to a metal having higher conductivity in an easy
and stable way. For this reason, when the conductive
layer 4 is formed of a metal having a high conductivity,
it is possible to uniformly apply a voltage to the first sur-
face 2a of the substrate 2 in the measurement region R.
Further, a metal having higher conductivity also shows
a tendency to have higher thermal conductivity. For this
reason, when the conductive layer 4 is formed of a metal
having a high conductivity, the energy of the laser beam
with which the substrate 2 is irradiated can be efficiently
transferred to the sample via the conductive layer 4.
Therefore, as the material of the conductive layer 4, it is
preferable to use a metal having a high conductivity.

[0034] From the above viewpoint, as the material of
the conductive layer 4, for example, gold (Au), platinum
(Pt), or the like is preferably used. The conductive layer
4 is formed to have a thickness of about 1 nm to 350 nm
by, for example, a plating method, an atomic layer dep-
osition method (ALD), an evaporation method, a sputter-
ing method, or the like. It is noted that, as the material of
the conductive layer 4, for example, chromium (Cr), nick-
el (Ni), titanium (Ti) and the like may be used.
[0035] The matrix crystal layer 8 is provided on the
conductive layer 4. Specifically, the matrix crystal layer
8 is formed on the conductive layer 4 provided on the
first surface 2a of the substrate 2 in the opening 3a of
the frame 3. (a) of FIG. 4 is an example of an SEM image
of a portion of the surface of the matrix crystal layer 8,
and (b) of FIG. 4 is a view illustrating an example of an
SEM image of a portion of the cross section of the matrix
crystal layer 8. As illustrated in (a) and (b) of FIG. 4, the
matrix crystal layer 8 is formed with a plurality of matrix
crystal grains so as to include a gap communicating the
plurality of through-holes 2c with an outside (outside of
the matrix crystal layer 8 on a side opposite to the plurality
of through-holes 2c). The plurality of matrix crystal grains
are uniformly distributed and stay in the vicinity of the
opening on the first surface 2a side in each through-hole
2c (in the vicinity of the opening formed in the conductive
layer 4 so as to correspond to the through-hole 2c) and
do not completely close the opening. The matrix crystal
grains are crystal grains formed of a matrix material, and
the size of the crystal grain is, for example, 200 to 1000
nm. The matrix material is an organic compound that
absorbs a laser beam, and for example, α-cyano-4-hy-
droxycinnamic acid (CHCA), 2,5-dihydroxybenzoic acid
(DHB), 3,5-dimethoxy-4-hydroxycinnamic acid (sinapin-
ic acid), trans-4-hydroxy-3-methoxycinnamic acid (feru-
lic acid), 3-hydroxypicolinic acid (HPA), 1,8-dihydroxy-
9,10-dihydroanthracene-9-one (dislanol), and the like
are exemplified.
[0036] Next, a method for manufacturing the sample
support body 1 will be described. In FIG 5, the adhesive
layer 5 is omitted in illustration from the sample support
body 1. Further, the sample support body 1 illustrated in
FIGS. 1 and 2 and the sample support body 1 illustrated
in FIG. 4 have different dimensional ratios and the like
for the convenience of illustration.
[0037] First, as illustrated in (a) of FIG. 5, the substrate
2 having the frame 3 and the conductive layer 4 provided
on the first surface 2a is prepared. Subsequently, as il-
lustrated in (b) of FIG. 5, the matrix crystal layer 8 is
provided on the conductive layer 4 by evaporation of a
matrix material. Specifically, for example, by exposing
only the conductive layer 4 in the opening 3a of the frame
3 from a mask (not illustrated) and evaporating a matrix
material on the exposed conductive layer 4, the matrix
crystal layer 8 is formed on the conductive layer 4 pro-
vided on the first surface 2a of the substrate 2 in the
opening 3a of the frame 3. In the process illustrated in
(b) of FIG 5, the matrix crystal layer is formed with a
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plurality of matrix crystal grains so as to include a gap
communicating the plurality of through-holes 2c with an
outside. As the above, the sample support body 1 is ob-
tained. It is noted that the evaporation of a matrix material
is performed by, for example, a resistance heating type
vacuum evaporation apparatus.
[0038] Next, an ionization method and a mass spec-
trometry method using the sample support body 1 will be
described. In FIGS. 6, 7 and 8, in the sample support
body 1, the adhesive layer 5 is omitted in illustration. Fur-
ther, the sample support body 1 illustrated in FIGS. 1 and
2 and the sample support body 1 illustrated in FIGS. 6,
7 and 8 have different dimensional ratios and the like for
the convenience of illustration.
[0039] First, as illustrated in (a) of FIG. 6, the sample
support body 1 is prepared. Subsequently, as illustrated
in (b) of FIG. 6, a sample S is arranged on a mount surface
6a of a slide glass (mount portion) 6. The slide glass 6
is a glass substrate on which a transparent conductive
film such as an indium tin oxide (ITO) film is formed, and
the mount surface 6a is a surface of the transparent con-
ductive film. The sample S is a water-containing sample
(for example, a frozen section or the like of a living body).
It is noted that, instead of the slide glass 6, a member
(for example, a substrate made of a metal material such
as stainless steel) capable of ensuring conductivity may
be used as the mount portion. Subsequently, as illustrat-
ed in (a) of FIG. 7, the sample support body 1 is arranged
on the sample S so that the second surface 2b of the
substrate 2 is in contact with the sample S. At this time,
the sample support body 1 is arranged on the sample S
so that the sample S is located in the measurement region
R when viewed from the thickness direction of the sub-
strate 2. Subsequently, as illustrated in (b) of FIG. 7, the
sample support body 1 is fixed to the slide glass 6 by
using a conductive tape 7 (for example, carbon tape or
the like).
[0040] When the sample support body 1 is arranged
on the sample S as described above, as illustrated in (a)
of FIG. 8, components S1 of the sample S move to the
first surface 2a side via the plurality of through-holes 2c
from the second surface 2b side due to the capillary phe-
nomenon and are mixed with the matrix of the matrix
crystal layer 8, and the components S 1 mixed with the
matrix stay on the first surface 2a side of the substrate 2
due to surface tension. At this time, since the matrix crys-
tal layer 8 includes a gap communicating the plurality of
through-holes 2c with the outside, the movement of the
components S1 of the sample S to the first surface 2a
side is not hindered. Subsequently, as illustrated in (b)
of FIG. 8, the slide glass 6 on which the sample S and
the sample support body 1 are arranged is arranged on
a support portion 12 (for example, the stage) of a mass
spectrometer 10. Subsequently, a voltage application
unit 14 of the mass spectrometer 10 is operated to apply
a voltage to the conductive layer 4 of the sample support
body 1 via the mount surface 6a of the slide glass 6 and
the tape 7, and a laser beam irradiation unit 13 of the

mass spectrometer 10 is operated to irradiate the region
corresponding to the measurement region R of the first
surface 2a of the substrate 2 with a laser beam (energy
beam) L. At this time, by operating at least one of the
support portion 12 and the laser beam irradiation unit 13,
the region corresponding to the measurement region R
is scanned with the laser beam L.
[0041] When the first surface 2a of the substrate 2 is
irradiated with the laser beam L while the voltage is ap-
plied to the conductive layer 4 as described above, en-
ergy is transferred to the components S1 of the sample
S and the matrix that have moved to the first surface 2a
side, so that the components S1 of the sample S are
ionized together with the matrix, and sample ions S2 (ion-
ized components S1) are discharged. Specifically, when
energy is transferred to the components S1 of the sample
S and the matrix that have moved to the first surface 2a
side, the matrix is vaporized together with the compo-
nents S1 of the sample S, and protons or cations are
added to the molecules of the vaporized components S1,
so that the sample ions S2 are generated. The above
processes correspond to the ionization method (in this
embodiment, a laser desorption/ionization method) using
the sample support body 1.
[0042] Subsequently, the discharged sample ions S2
are detected by an ion detection unit 15 of the mass spec-
trometer 10. Specifically, the discharged sample ions S2
move toward a ground electrode (not illustrated) provided
between the sample support body 1 and the ion detection
unit 15 while accelerating due to a potential difference
generated between the conductive layer 4 to which the
voltage is applied and the ground electrode and is de-
tected by the ion detection unit 15. Then, the ion detection
unit 15 detects the sample ions S2 so as to correspond
to the scanning position of the laser beam L, so that the
two-dimensional distribution of the molecules constitut-
ing the sample S is imaged. The mass spectrometer 10
is a scanning mass spectrometer using time-of-flight
mass spectrometry (TOF-MS). The above processes
correspond to the mass spectrometry method using the
sample support body 1.
[0043] It is noted that, in the ionization method and the
mass spectrometry method using the sample support
body 1, after the process illustrated in (a) of FIG. 8 and
before the process illustrated in (b) of FIG. 8, the matrix
may be recrystallized by applying a vapor of an organic
solvent such as methanol from the first surface 2a side
to the measurement region R. Alternatively, after the
process illustrated in (a) of FIG. 8 and before the process
illustrated in (b) of FIG. 8, a solution containing the matrix
material may be applied to the measurement region R
using an airbrush, a sprayer, or the like. In either case,
the detection sensitivity for the sample ions S2 in the
mass spectrometer 10 can be improved.
[0044] As described above, in the sample support body
1, when the sample support body 1 is arranged on the
sample S so that the second surface 2b of the substrate
2 is in contact with the sample S, since the matrix crystal
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layers 8 includes a gap communicating the plurality of
through-holes 2c with the outside, the components S1 of
the sample S move from the second surface 2b side to
the first surface 2a side via the plurality of through-holes
2c due to a capillary phenomenon and are mixed with
the matrix. In this state, when the first surface 2a is irra-
diated with the laser beam L while a voltage is applied
to the conductive layer 4, the energy is transferred to the
components S1 of the sample S and the matrix that have
moved to the first surface 2a side, and the components
S1 of the sample S are ionized together with the matrix.
Accordingly, it is possible to surely ionize the components
S1 of the sample S having a high molecular weight. At
this time, since the components S1 of the sample S move
from the second surface 2b side to the first surface 2a
side via the plurality of through-holes 2c, the position in-
formation (two-dimensional distribution information of the
molecules constituting the sample S) of the sample S is
maintained in the components S1 of the sample S that
have moved to the first surface 2a side of the substrate
2. In this state, since the first surface 2a is irradiated with
the laser beam L while the voltage is applied to the con-
ductive layer 4, the components S1 of the sample S are
ionized while the position information of the sample S is
maintained. Accordingly, it is possible to improve the res-
olution of the image in the imaging mass spectrometry.
Therefore, the sample support body 1 makes it possible
to improve the resolution of the image in the ionization
and the imaging mass spectrometry for the components
S1 of the sample S having a high molecular weight.
[0045] Further, in the sample support body 1, the width
of each through-hole 2c is 1 to 700 nm, and the thickness
of the substrate 2 is 1 to 50 mm. Accordingly, it is possible
to allow the components S1 of the sample S to smoothly
move from the second surface 2b side to the first surface
2a side via the plurality of through-holes 2c, and it is pos-
sible to allow the components S1 of the sample S to stay
on the first surface 2a in an appropriate state.
[0046] Further, in the sample support body 1, the sub-
strate 2 is formed by anodizing a valve metal or silicon.
Accordingly, it is possible to easily and surely obtain the
substrate 2 having the plurality of through-holes 2c.
[0047] Further, according to the method for manufac-
turing the sample support body 1, it is possible to easily
and surely obtain the matrix crystal layer 8 as described
above by performing the evaporation of a matrix material.
[0048] The present disclosure is not limited to the
above embodiments. For example, the conductive layer
4 may be provided at least on the first surface 2a of the
substrate 2. That is, as long as the conductive layer 4 is
provided on the first surface 2a of the substrate 2, the
conductive layer 4 may or may not be provided on the
second surface 2b of the substrate 2 and on the inner
surface of each through-hole 2c. Further, as illustrated
in FIG. 9, the matrix crystal layer 8 may be provided on
the second surface 2b of the substrate 2 (on the region
corresponding to at least the measurement region R of
the second surface 2b of the substrate 2). That is, the

matrix crystal layer 8 may be provided on at least one of
the conductive layer 4 and the second surface 2b of the
substrate 2. Further, the tape 7 may be a portion of the
sample support body 1. When the tape 7 is a portion of
the sample support body 1 (that is, when the sample sup-
port body 1 includes the tape 7), for example, the tape 7
may be preliminarily fixed to the first surface 2a side at
the peripheral edge of the substrate 2.
[0049] Further, in the sample support body 1, the sub-
strate 2 has conductivity, so that the conductive layer 4
may not be provided on the substrate 2, and the matrix
crystal layer 8 may be provided on at least one of the first
surface 2a and the second surface 2b of the substrate
2. In such a method for manufacturing the sample support
body 1, the conductive substrate 2 may be prepared, and
the matrix crystal layer 8 may be provided on at least one
of the first surface 2a and the second surface 2b of the
substrate 2 by evaporation of a matrix material. Further,
in the ionization method and the mass spectrometry
method using such a sample support body 1, a voltage
may be applied to the substrate 2. According to such a
sample support body 1, the conductive layer 4 can be
omitted in the sample support body 1, and the same effect
as that of the sample support body 1 provided with the
conductive layer 4 described above can be obtained.
[0050] In addition, the following ionization method and
mass spectrometry method may be performed. First, as
illustrated in (a) of FIG. 10, the substrate 2 having the
frame 3 and the conductive layer 4 provided on the first
surface 2a is prepared. Subsequently, the sample S is
arranged on the slide glass 6, and the substrate 2 is ar-
ranged on the sample S so that the second surface 2b
of the substrate 2 is allowed to be contact with the sample
S. Subsequently, the matrix crystal layer 8 is provided
on the conductive layer 4 by evaporation of a matrix ma-
terial. At this time, the matrix crystal layer 8 is formed
with a plurality of matrix crystal grains so as to include a
gap communicating the plurality of through-holes 2c with
an outside. Subsequently, as illustrated in (b) of FIG. 10,
in a state where the sample S is arranged between the
slide glass 6 and the substrate 2, the first surface 2a is
irradiated with the laser beam L while a voltage is applied
to the conductive layer 4, the components S1 of the sam-
ple S that have moved from the second surface 2b side
to the first surface 2a side via the plurality of through-
holes 2c are ionized together with the matrix, and the
sample ions S2 are detected.
[0051] According to the ionization method and mass
spectrometry method, the matrix crystal layer 8 as de-
scribed above can be easily and surely obtained by per-
forming the evaporation of a matrix material. Therefore,
the ionization method and mass spectrometry method
make it possible to improve the resolution of the image
in the ionization and the imaging mass spectrometry for
the components S1 of the sample S having a high mo-
lecular weight. It is noted that, also in the ionization meth-
od and the mass spectrometry method, the substrate 2
which has conductivity and in which the conductive layer
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4 is not provided on the first surface 2a may be used. In
this case, the matrix crystal layer 8 may be provided on
the first surface 2a of the substrate 2 by evaporation of
a matrix material.
[0052] Further, in the above-described ionization
method and mass spectrometry method, the sample sup-
port body 1 may be fixed to the slide glass 6 by means
(for example, means using an adhesive, a fixture, or the
like) other than the tape 7. Further, in the above-de-
scribed ionization method and mass spectrometry meth-
od, a voltage may be applied to the conductive layer 4
or the conductive substrate 2 without passing through
the mount surface 6a of the slide glass 6 and the tape 7.
In this case, the slide glass 6 and the tape 7 may not
have conductivity. Further, the sample S may be directly
arranged on the support portion 12 of the mass spec-
trometer 10. In this case, the support portion 12 of the
mass spectrometer 10 corresponds to the mount portion.
[0053] Further, in the mass spectrometer 10, the laser
beam irradiation unit 13 may collectively irradiate the re-
gion corresponding to the measurement region R with
the laser beam L, and the ion detection unit 15 may detect
the sample ions S2 while maintaining the two-dimension-
al information of the region. That is, the mass spectrom-
eter 10 may be a projection type mass spectrometer.
Further, the above-described ionization method can be
used not only for the imaging mass spectrometry that
forms an image from the two-dimensional distribution of
molecules constituting the sample S but also for other
measurements and experiments such as ion mobility
measurement.
[0054] Further, the use of the sample support body 1
is not limited to the ionization of the sample S by irradi-
ation with the laser beam L. The sample support body 1
can be used for ionizing the sample S by irradiation with
an energy beam such as a laser beam, an ion beam, or
an electron beam. In the above-described ionization
method and mass spectrometry method, the sample S
can be ionized by irradiation with an energy beam. It is
noted that, in that case, an organic compound that ab-
sorbs the energy beam used is used as a matrix material.
[0055] Further, in the above-described ionization
method and mass spectrometry method, the sample S
is a water-containing sample (for example, a frozen sec-
tion or the like of a living body), but the sample S may be
a dry sample. That is, the sample support body 1 can be
used not only for a water-containing sample but also for
a dry sample. When the sample S is a dry sample, an
organic solvent may be applied to the measurement re-
gion R by using an airbrush, a sprayer, or the like, fol-
lowing the process illustrated in (b) of FIG. 7. Accordingly,
the organic solvent reaches the sample S via the gap in
the matrix crystal layer 8 and the plurality of through-
holes 2c in the substrate 2, and thus, the components
S1 of the sample S are moved to the first surface 2a side
of the substrate 2, and the components S1 mixed with
the matrix can be allowed to stay on the first surface 2a
side of the substrate 2. It is noted that, after applying the

organic solvent and before the process illustrated in (b)
of FIG. 8, a solution containing a matrix material may be
applied to the measurement region R using an airbrush,
a sprayer, or the like. Accordingly, it is possible to improve
the detection sensitivity for the sample ions S2 in the
mass spectrometer 10.
[0056] Various materials and shapes can be applied
to each configuration in the above-described embodi-
ment without being limited to the above-described mate-
rials and shapes. In addition, each configuration in one
embodiment or Modified Example described above can
be arbitrarily applied to each configuration in another em-
bodiment or Modified Example.

Reference Signs List

[0057] 1: sample support body, 2: substrate, 2a: first
surface, 2b: second surface, 2c: through-hole, 4: con-
ductive layer, 6: slide glass (mount portion), 8: matrix
crystal layer, L: laser beam (energy beam), S: sample,
S1: component.

Claims

1. A sample support body for ionization of a sample,
comprising:

a substrate having a first surface, a second sur-
face on a side opposite to the first surface, and
a plurality of through-holes opening on each of
the first surface and the second surface;
a conductive layer provided on the first surface;
and
a matrix crystal layer provided on at least one
of the conductive layer and the second surface,
wherein the matrix crystal layer is formed of a
plurality of matrix crystal grains so as to include
a gap communicating the plurality of through-
holes with an outside.

2. The sample support body according to claim 1,

wherein a width of each of the plurality of
through-holes is 1 to 700 nm, and
wherein a thickness of the substrate is 1 to 50
mm.

3. The sample support body according to claim 1 or 2,
wherein the substrate is formed by anodizing a valve
metal or silicon.

4. A sample support body for ionization of a sample,
comprising:

a conductive substrate having a first surface, a
second surface on a side opposite to the first
surface, and a plurality of through-holes opening
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on each of the first surface and the second sur-
face; and
a matrix crystal layer provided on at least one
of the first surface and the second surface,
wherein the matrix crystal layer is formed with a
plurality of matrix crystal grains so as to include
a gap communicating the plurality of through-
holes with an outside.

5. A method for manufacturing a sample support body
for ionization of a sample, comprising:

a process of preparing a substrate having a first
surface, a second surface on a side opposite to
the first surface, and a plurality of through-holes
opening on each of the first surface and the sec-
ond surface and being provided with a conduc-
tive layer on the first surface; and
a process of providing a matrix crystal layer on
at least one of the conductive layer and the sec-
ond surface by evaporation of a matrix material,
wherein, in the process of providing the matrix
crystal layer, the matrix crystal layer is formed
with a plurality of matrix crystal grains so as to
include a gap communicating the plurality of
through-holes with an outside.

6. A method for manufacturing a sample support body
for ionization of a sample, comprising:

a process of preparing a conductive substrate
having a first surface, a second surface on a
side opposite to the first surface, and a plurality
of through-holes opening on each of the first sur-
face and the second surface; and
a process of providing a matrix crystal layer on
at least one of the first surface and the second
surface by evaporation of a matrix material,
wherein, in the process of providing the matrix
crystal layer, the matrix crystal layer is formed
with a plurality of matrix crystal grains so as to
include a gap communicating the plurality of
through-holes with an outside.

7. An ionization method, comprising:

a process of preparing a substrate having a first
surface, a second surface on a side opposite to
the first surface, and a plurality of through-holes
opening on each of the first surface and the sec-
ond surface and being provided with a conduc-
tive layer on the first surface;
a process of arranging a sample on a mount
portion and arranging the substrate on the sam-
ple so that the second surface is in contact with
the sample;
a process of providing a matrix crystal layer on
the conductive layer by evaporation of a matrix

material; and
a process of ionizing components of the sample
having moved from the second surface side to
the first surface side via the plurality of through-
holes together with the matrix by irradiating the
first surface with an energy beam while applying
a voltage to the conductive layer in a state where
the sample is arranged between the mount por-
tion and the substrate,
wherein, in the process of providing the matrix
crystal layer, the matrix crystal layer is formed
with a plurality of matrix crystal grains so as to
include a gap communicating the plurality of
through-holes with an outside.

8. An ionization method, comprising:

a process of preparing a conductive substrate
having a first surface, a second surface on a
side opposite to the first surface, and a plurality
of through-holes opening on each of the first sur-
face and the second surface;
a process of arranging a sample on a mount
portion and arranging the substrate on the sam-
ple so that the second surface is in contact with
the sample;
a process of providing a matrix crystal layer on
the first surface by evaporation of a matrix ma-
terial; and
a process of ionizing components of the sample
having moved from the second surface side to
the first surface side via the plurality of through-
holes together with the matrix by irradiating the
first surface with an energy beam while applying
a voltage to the substrate in a state where the
sample is arranged between the mount portion
and the substrate,
wherein, in the process of providing the matrix
crystal layer, the matrix crystal layer is formed
with a plurality of matrix crystal grains so as to
include a gap communicating the plurality of
through-holes with an outside.

9. A mass spectrometry method comprising:

the processes provided by the ionization method
according to claim 7 or 8; and
a process of detecting the ionized components.
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