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Abstract. This study compared Sh,Se; material in the form of commercial
polycrystalline bulk, sputtered thin film and homemade polycrystalline material using
laser desorption ionisation (LDI) time of flight mass spectrometry with quadrupole
ion trap mass spectrometry. It also analysed the stoichiometry of the SbmSen clusters
formed. The results showed that homemade Sh.Ses bulk was more stable compared to
thin film; its mass spectra showed the expected cluster formation. The use of materials
for surface-assisted LDI (SALDI), i.e.,, graphene, graphene oxide and Ceo,
significantly increased the mass spectra intensity. In total, nineteen SbmSen clusters
were observed. Six novel, high-mass clusters—ShaSes*, SbsSes.s" and Sh7Ses™—were

observed for the first time when using paraffin as a protective agent.

Keywords: antimony selenide; clusters; laser desorption ionisation; paraffin;

chalcogenides

Introduction

Sh>Ses, which is known in nature as the mineral antimonselite. The crystal and
electronic structure of antimony selenide as well as its vibrational properties were
previously determined [1-4]. Generally, the SbmSen System is an important member of
chalcogenide materials. Under typical experimental conditions of chalcogenide glass
synthesis, the glass-forming region in the SbnSen system is limited to rather low
antimony content (up to 30%), and smaller glass batches often face phase separation

problems [5-7]. On the other hand, it is possible to fabricate amorphous,
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stoichiometric and thin SboSes films by physical vapour deposition techniques such as
radio-frequency magnetron sputtering [8] or thermal evaporation [9]. Moreover,
Sh,Ses forms stable glasses and amorphous thin films with other glass-forming
selenides like GeSe, [10-13]. Today, SbmSen materials, especially in the form of thin
films, have been widely studied as amorphous thin films of ShSes for memory
switching application [14-15], as glass-ceramic or antimony selenide thin films for
solar cells [16-20], as Sb2Ses anode for lithium, and sodium batteries [21-22].

In a previous article [23], we examined the formation of clusters produced by
laser ablation from mixtures of Sh and Se elements in different ratios. We observed 24
SbmSen clusters that were generated from metal surface of common target. In this
study, we would like to compare the stoichiometry of clusters formed by laser
desorption ionisation (LDI) from Sb.Ses materials in the form of commercial
polycrystalline bulk, thin film, and homemade polycrystalline material to the clusters
generated by laser ablation synthesis (LAS) from the mixtures of elements (antimony
and selenium). Additionally, in order to evaluate the influence of various surfaces on
cluster formation, some other materials that act as surface-assisted LDI (SALDI)
matrices (graphene [G], graphene oxide [GO] and fullerene [Ceo]) were used. Since
paraffin (as a protective agent) was found to increase the intensity of chalcogenide

high mass clusters [24], we also studied the assistance of paraffin in detail.

Experimental

Chemicals
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Polycrystalline ShoSes was purchased from Sigma-Aldrich (St. Louis, MO, USA).
Homemade polycrystalline Sb>Ses was synthesised using high-purity elements (Sh
and Se of 99.999% purity). Acetonitrile, G, GO and Ceo Were purchased from
Sigma-Aldrich (Steinheim, Germany). Parafilm was purchased from Bemis NA
(Neenah, Wis., USA). Red phosphorus was obtained from Riedel de Haén (Hannover,
Germany) and was purified via sublimation in a nitrogen atmosphere. Water was
double distilled using a quartz apparatus from Heraeus Quarzschmelze (Hanau,
Germany). All other reagents were of analytical-grade purity. Amorphous Sbh,Ses thin
films were fabricated by radio-frequency magnetron sputtering using an MPE600S
(Plassys-Bestek, France) multichamber physical vapour deposition system. For the
depositions, single crystalline silicon <100> substrates and a polycrystalline SbhoSes
sputtering target (99.999%, ALB Materials, USA) were employed. The experimental
details of thin film deposition are provided elsewhere [8]. No Bragg peaks were
detected in the X-ray diffraction patterns of deposited thin films, data that confirm

their amorphous state.

Mass spectrometry

AXIMA Resonance and AXIMA CFR mass spectrometers, both from Kratos
Analytical Ltd. (Manchester, UK), coupled with a quadrupole ion trap and
time-of-flight detection, were used to record mass spectra in both positive and
negative ion modes. Both instruments were equipped with a nitrogen laser (337 nm),

and the laser repetition rate was set to 5 Hz with a pulse time width of 3 ns.
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Software and computation
Launchpad software (Kompact version 2.9.3, 2011) from Kratos Analytical Ltd.
(Manchester, UK) was used to determine SbmSen cluster stoichiometry via comparison

of isotopic envelopes.

Sample preparation for mass spectrometry
1. Commercial Sh>Ses polycrystalline bulk, homemade polycrystalline material and
amorphous Sh2Ses thin film

An agate mortar was used to pulverise the polycrystalline Sh,Ses; the powder was
then suspended in acetonitrile (1 mg/ml). From the prepared suspensions, 10 uL was
deposited on a MALDI target and dried in open air. The amorphous ShzSes thin film

was fixed on the target with a narrow piece of parafilm.

2. SALDI using GO, G and Ceg surfaces

Ten uL of GO, G, or Ceo suspensions in acetonitrile were separately deposited on
individual spots of a MALDI target, and then 10 pL of the commercial polycrystalline
bulk Sh>Ses powder suspension (described above) was separately added on the

surface of the GO, G or Cep Suspension.

3. ShoSes covered with paraffin
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Ten pL of the ShoSes powder suspension (described above) was deposited on a
target and then covered with paraffin solution in xylene (1 cm? of parafilm dissolved
in 1 ml xylene).

Results and Discussion

LDI of different materials was used to generate clusters while mass spectra were
recorded in both positive and negative ionisation modes by using a reflectron mass
analyser. This analysis revealed that a low number of clusters and low-intensity
spectra were produced in the negative ion mode. Therefore, the results obtained in the

positive ion mode are presented.

Effect of laser energy on homemade Sh.Ses polycrystalline material mass spectra

The effect of laser energy on intensity of clusters formed is shown in Figure 1. The
high-intensity clusters were observed in the 300-450 m/z range; the intensities
heightened as the laser energy increased. However, some low-intensity clusters were
also observed in the 450-650 mass range (spectra not shown). This data indicates that
the homemade Sh.Ses polycrystalline material was rather easy to decompose even at
relatively low laser energy (140 a.u.). Detailed analysis of the homemade Sh,Ses
polycrystalline material spectra is shown in Fig. S1A. In addition to SbSe,*, Sh.Sen"
(n =1, 2) and ShsSen* (n = 1-3) clusters, Sbm* (m = 2-4) clusters were also detected.
Comparison of experimental and theoretical isotopic patterns concerning ShsSe™ are

provided in Fig. S1B. Overall, they showed good agreement.
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Effect of laser energy on thin film mass spectra

The effect of laser energy on thin film mass spectra (Fig. S2A) was different from
that of homemade Sh.Se3 polycrystalline material. At 140 a.u. laser energy, the cluster
intensities reached their maxima. The mass spectra showed that the thin film was less
stable against pulsed laser irradiation than the homemade Sb;Ses polycrystalline
material. Further, the thin films were easier to ablate. An example of a thin film mass
spectrum is shown in Figure 2. The thin film mass spectra showed similar clusters to
those formed from the homemade Sb»Ses polycrystalline material. However, the
SbsSes*, SbSe.*, Sbm* (m = 2-4), ShoSen* (n = 1, 2) and SbsSen* (n = 1, 2) clusters
were not observed. There was good agreement between the theoretical and

experimental isotopic patterns concerning Sh,Se*cluster (Fig. S2B).

Effect of laser energy on commercial Sh2Ses polycrystalline material mass spectra
Comparison of mass spectra generated from commercial Sh,Ses polycrystalline
bulk at different laser energies is shown in Figure 3. Even at low laser energy (120
a.u.), we observed several low-intensity clusters in the m/z range over 450. Fig. S3A
shows the result of detailed mass spectra analysis concerning commercial Sb,Ses
polycrystalline bulk material. Besides ShbSe,", Sh.Sen* (n = 1-4) and SbsSen* (n = 1-5),
Sbm* (m = 3, 4) clusters were also noted. Comparison of experimental and theoretical
isotopic patterns for the Sh,Se>* cluster is provided in Fig. S3B; there was good

agreement between the experiment with the theoretical model.



©CO~NOOOTA~AWNPE

Comparison of amorphous Sh,Ses thin film, commercial and homemade
polycrystalline Sb,Ses material mass spectra

Figure 4 shows thin film, commercial and home-made polycrystalline Sbh.Ses
material mass spectra that were measured using the same laser energy (120 a.u.). At
this laser energy, the order of intensity was thin film, followed by homemade and
finally commercial Sb>Ses polycrystalline material, data that indicate the stability of
the three materials with respect to the increasing laser pulse. In the homemade
polycrystalline Sb,Ses material and commercial ShzSes polycrystalline bulk material
mass spectra, the most intensive cluster was ShzSe*. Comparatively, in the thin film
mass spectra, the Sb,Se* cluster was the strongest. The most intense cluster, observed
in the thin film mass spectrum at 140-180 a.u. laser energy, was ShsSe*. Additionally,

the commercial Sb2Ses polycrystalline bulk produced more clusters.

Special methods to enhance mass spectra intensity and produce higher-mass clusters
Enhancement of cluster intensity

GO, G or Ceo were previously used as a matrix for SALDI mass spectrometry
[25-27]. We examined whether these materials can increase the intensity of Sh,Ses
mass spectra. Comparison of mass spectra for commercial Sh,Ses polycrystalline bulk
and the same material deposited on the surface of GO, Ceo or G at the same laser
energy (120 a.u.) is shown in Figure 6. GO, G and Ceo enhanced the intensity of the

most of the signals present in mass spectra. GO was the most effective material for
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enhancing the mass spectra intensity (9-times greater intensity compared to simple
LDI), followed by Ceo and then G.
Effect of paraffin

Comparison of commercial Sh,Ses polycrystalline bulk mass spectra with and
without a paraffin cover at 160 a.u. laser energy is shown in Figure 7A, B and C. At
the m/z range below 510, the cluster intensities produced solely by Sb.Sez was higher
than when Sbh»Ses was covered with paraffin. On the contrary, in the m/z range over
510, the intensity of the clusters originating in Sb.Ses covered with paraffin was
higher than that one produced by Sb»Ses alone. Furthermore, we detected the
formation of new clusters beyond m/z 800 (ShaSes*, ShsSes.s* and SbrSes™) from
Sh>Ses covered with paraffin. Comparison of experimental and theoretical isotopic
patterns for one newly identified ShsSes* cluster is given in Fig. S4; the data showed
good agreement between the experimental results and theoretical model. The results
obtained indicate that paraffin acts as a protective agent to diminish fragmentation. It
is not easy to explain the effect of paraffines, as it can be very complex. First, because
particles of materials are covered with paraffin layer which is absorbing part of the
laser energy, the fragmentation is diminished. In addition, similarly to those of Ag*
adducts with paraffines [28], we observed here the formation of ShnSen™ cations
adducts with paraffin (CsH1o-Sh>Ses* shown in Figure S5 A and Ci1gHzs-SbsSe* shown
in Figure S5 B). Such formation of charged adducts can also decrease the
fragmentation. An overview of the Sbm, Sen and SbmSen clusters generated from all

Sh»Ses forms and Sb:Se mixtures (1:1 or 1:10) [23] is provided in Figure 5.
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Conclusions

LDI with quadrupole ion trap time-of-flight mass spectrometry was used to
characterise different Sh.Sez forms (commercial or home-made polycrystalline
material or amorphous thin films). We showed that this technique is a powerful
method to study the formation of binary SbmSen clusters. Homemade Sh.Ses
polycrystalline material produced the lowest number of clusters during LDI.
Commercial Sbh»Ses polycrystalline bulk generated a higher number of detected
SbmSen species. The amorphous Sb2Ses thin film was easily ablated. We demonstrated
that GO, C60 or G are suitable materials for SALDI in order to enhance the mass
spectra intensity of the clusters produced from Sh,Ses polycrystalline material. With
the use of paraffin, some new clusters were detected in the high-mass part of the

spectra.
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Figure captions

Figure 1. The effect of laser energy on the mass spectra from LDI of homemade
Sh>Ses polycrystalline material in the 300-500 m/z range in the positive ion mode.
Figure 2. Mass spectra from LDI of amorphous Sh>Ses thin film in the 200-800 m/z
range. The inset shows the magnification of spectra in 500-650 m/z range. Conditions:
positive ion mode; 120 a.u. laser energy; * refers to unidentified clusters.

Figure 3. The effect of laser energy on the mass spectra from LDI of commercial
Sh>Ses polycrystalline bulk in the 300-500 m/z range in positive ion mode.

Figure 4. Mass spectra from LDI of commercial and homemade Sh>Ses
polycrystalline material as well as amorphous Sbh»Ses thin film in the 300-500m/z
range. Conditions: positive ion mode; 120 a.u. laser energy.

Figure 5. Overview of clusters observed by using paraffin and SbmSen cluster
stoichiometry generated from commercial/homemade Sbh;Ses polycrystalline material,
amorphous Sh.Sez thin film, and mixtures of antimony with selenium (Sh:Se = 1:1 or
1:10). *New clusters by using paraffin; OSb:Se = 1:10;OSb:Se = 1:1;-l'hin
film; + Commercial polycrystalline Sh,Ses; O Home-made polycrystalline
ShaSes.

Figure 6. Mass spectra from LDI of commercial polycrystalline Sb2Sesz on the surface
of GO, Ceo, G and on a common metal target in the 300-700 m/z range. Conditions:
positive ion mode; 120 a.u. laser energy.

Figure 7A. Mass spectra from LDI of commercial polycrystalline Sh,Ses, and the

same sample covered with paraffin, in the 310-510 m/z range. Conditions: positive ion
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mode; 160 a.u. laser energy.
Figure 7B. Mass spectra from LDI of commercial polycrystalline Sh.Sez, and the
same sample covered with paraffin, in the 510-790 m/z range. Conditions: positive ion
mode; 160 a.u. laser energy.
Figure 7C. Mass spectra from LDI of commercial polycrystalline Sh>Ses, and the
same sample covered with paraffin, in the 790-1300 m/z range. Conditions: positive

ion mode; 160 a.u. laser energy.
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Abstract. This study compared Sh,Se; material in the form of commercial
polycrystalline bulk, sputtered thin film and homemade polycrystalline material using
laser desorption ionisation (LDI) time of flight mass spectrometry with quadrupole
ion trap mass spectrometry. It also analysed the stoichiometry of the SbmSen clusters
formed. The results showed that homemade Sh.Ses bulk was more stable compared to
thin film; its mass spectra showed the expected cluster formation. The use of materials
for surface-assisted LDI (SALDI), i.e.,, graphene, graphene oxide and Ceo,
significantly increased the mass spectra intensity. In total, nineteen SbmSen clusters
were observed. Six novel, high-mass clusters—ShaSes*, SbsSes.s" and Sh7Ses™—were

observed for the first time when using paraffin as a protective agent.

Keywords: antimony selenide; clusters; laser desorption ionisation; paraffin;

chalcogenides

Introduction

Sh>Ses, which is known in nature as the mineral antimonselite. The crystal and
electronic structure of antimony selenide as well as its vibrational properties were
previously determined [1-4]. Generally, the SbmSen System is an important member of
chalcogenide materials. Under typical experimental conditions of chalcogenide glass
synthesis, the glass-forming region in the SbnSen system is limited to rather low
antimony content (up to 30%), and smaller glass batches often face phase separation

problems [5-7]. On the other hand, it is possible to fabricate amorphous,

2
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stoichiometric and thin SboSes films by physical vapour deposition techniques such as
radio-frequency magnetron sputtering [8] or thermal evaporation [9]. Moreover,
Sh,Ses forms stable glasses and amorphous thin films with other glass-forming
selenides like GeSe, [10-13]. Today, SbmSen materials, especially in the form of thin
films, have been widely studied as amorphous thin films of Sh,Ses for memory
switching application [14-15], as glass-ceramic or antimony selenide thin films for
solar cells [16-20], as Sh2Ses anode for lithium, and sodium batteries [21-22].

In a previous article [23], we examined the formation of clusters produced by
laser ablation from mixtures of Sh and Se elements in different ratios. We observed 24
SbmSen clusters that were generated from metal surface of common target. In this
study, we would like to compare the stoichiometry of clusters formed by laser
desorption ionisation (LDI) from Sb2Ses materials in the form of commercial
polycrystalline bulk, thin film, and homemade polycrystalline material to the clusters
generated by laser ablation synthesis (LAS) from the mixtures of elements (antimony
and selenium). Additionally, in order to evaluate the influence of various surfaces on
cluster formation, some other materials that act as surface-assisted LDI (SALDI)
matrices (graphene [G], graphene oxide [GO] and fullerene [Ceo]) were used. Since
paraffin (as a protective agent) was found to increase the intensity of chalcogenide

high mass clusters [24], we also studied the assistance of paraffin in detail.

Experimental

Chemicals
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Polycrystalline ShoSes was purchased from Sigma-Aldrich (St. Louis, MO, USA).
Homemade polycrystalline Sb>Ses was synthesised using high-purity elements (Sh
and Se of 99.999% purity). Acetonitrile, G, GO and Ceo Were purchased from
Sigma-Aldrich (Steinheim, Germany). Parafilm was purchased from Bemis NA
(Neenah, Wis., USA). Red phosphorus was obtained from Riedel de Haén (Hannover,
Germany) and was purified via sublimation in a nitrogen atmosphere. Water was
double distilled using a quartz apparatus from Heraeus Quarzschmelze (Hanau,
Germany). All other reagents were of analytical-grade purity. Amorphous Sbh,Ses thin
films were fabricated by radio-frequency magnetron sputtering using an MPE600S
(Plassys-Bestek, France) multichamber physical vapour deposition system. For the
depositions, single crystalline silicon <100> substrates and a polycrystalline SbhoSes
sputtering target (99.999%, ALB Materials, USA) were employed. The experimental
details of thin film deposition are provided elsewhere [8]. No Bragg peaks were
detected in the X-ray diffraction patterns of deposited thin films, data that confirm

their amorphous state.

Mass spectrometry

AXIMA Resonance and AXIMA CFR mass spectrometers, both from Kratos
Analytical Ltd. (Manchester, UK), coupled with a quadrupole ion trap and
time-of-flight detection, were used to record mass spectra in both positive and
negative ion modes. Both instruments were equipped with a nitrogen laser (337 nm),

and the laser repetition rate was set to 5 Hz with a pulse time width of 3 ns.
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Software and computation
Launchpad software (Kompact version 2.9.3, 2011) from Kratos Analytical Ltd.
(Manchester, UK) was used to determine SbmSen cluster stoichiometry via comparison

of isotopic envelopes.

Sample preparation for mass spectrometry
1. Commercial Sh>Ses polycrystalline bulk, homemade polycrystalline material and
amorphous Sh2Ses thin film

An agate mortar was used to pulverise the polycrystalline Sh,Ses; the powder was
then suspended in acetonitrile (1 mg/ml). From the prepared suspensions, 10 uL was
deposited on a MALDI target and dried in open air. The amorphous ShzSes thin film

was fixed on the target with a narrow piece of parafilm.

2. SALDI using GO, G and Ceg surfaces

Ten uL of GO, G, or Ceo suspensions in acetonitrile were separately deposited on
individual spots of a MALDI target, and then 10 pL of the commercial polycrystalline
bulk Sh>Ses powder suspension (described above) was separately added on the

surface of the GO, G or Cep Suspension.

3. ShoSes covered with paraffin
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Ten pL of the ShoSes powder suspension (described above) was deposited on a
target and then covered with paraffin solution in xylene (1 cm? of parafilm dissolved
in 1 ml xylene).

Results and Discussion

LDI of different materials was used to generate clusters while mass spectra were
recorded in both positive and negative ionisation modes by using a reflectron mass
analyser. This analysis revealed that a low number of clusters and low-intensity
spectra were produced in the negative ion mode. Therefore, the results obtained in the

positive ion mode are presented.

Effect of laser energy on homemade Sh.Ses polycrystalline material mass spectra

The effect of laser energy on intensity of clusters formed is shown in Figure 1. The
high-intensity clusters were observed in the 300-450 m/z range; the intensities
heightened as the laser energy increased. However, some low-intensity clusters were
also observed in the 450-650 mass range (spectra not shown). This data indicates that
the homemade Sh»Ses polycrystalline material was rather easy to decompose even at
relatively low laser energy (140 a.u.). Detailed analysis of the homemade Sh,Ses
polycrystalline material spectra is shown in Fig. S1A. In addition to SbSe,*, Sh.Sen"
(n =1, 2) and ShsSen* (n = 1-3) clusters, Sbm* (m = 2-4) clusters were also detected.
Comparison of experimental and theoretical isotopic patterns concerning ShsSe™ are

provided in Fig. S1B. Overall, they showed good agreement.
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Effect of laser energy on thin film mass spectra

The effect of laser energy on thin film mass spectra (Fig. S2A) was different from
that of homemade Sh.Se3 polycrystalline material. At 140 a.u. laser energy, the cluster
intensities reached their maxima. The mass spectra showed that the thin film was less
stable against pulsed laser irradiation than the homemade Sb;Ses polycrystalline
material. Further, the thin films were easier to ablate. An example of a thin film mass
spectrum is shown in Figure 2. The thin film mass spectra showed similar clusters to
those formed from the homemade Sb»Ses polycrystalline material. However, the
SbsSes*, SbSe.*, Sbm* (m = 2-4), ShoSen* (n = 1, 2) and SbsSen* (n = 1, 2) clusters
were not observed. There was good agreement between the theoretical and

experimental isotopic patterns concerning ShoSe*cluster (Fig. S2B).

Effect of laser energy on commercial Sh2Ses polycrystalline material mass spectra
Comparison of mass spectra generated from commercial Sh,Ses polycrystalline
bulk at different laser energies is shown in Figure 3. Even at low laser energy (120
a.u.), we observed several low-intensity clusters in the m/z range over 450. Fig. S3A
shows the result of detailed mass spectra analysis concerning commercial Sb,Ses
polycrystalline bulk material. Besides ShbSe,", Sh.Sen* (n = 1-4) and SbsSen* (n = 1-5),
Sbm* (m = 3, 4) clusters were also noted. Comparison of experimental and theoretical
isotopic patterns for the Sh,Se>* cluster is provided in Fig. S3B; there was good

agreement between the experiment with the theoretical model.
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Comparison of amorphous Sh,Ses thin film, commercial and homemade
polycrystalline Sb,Ses material mass spectra

Figure 4 shows thin film, commercial and home-made polycrystalline Sbh.Ses
material mass spectra that were measured using the same laser energy (120 a.u.). At
this laser energy, the order of intensity was thin film, followed by homemade and
finally commercial Sb>Ses polycrystalline material, data that indicate the stability of
the three materials with respect to the increasing laser pulse. In the homemade
polycrystalline Sb,Ses material and commercial ShzSes polycrystalline bulk material
mass spectra, the most intensive cluster was ShzSe*. Comparatively, in the thin film
mass spectra, the Sb,Se* cluster was the strongest. The most intense cluster, observed
in the thin film mass spectrum at 140-180 a.u. laser energy, was ShsSe*. Additionally,

the commercial Sb2Ses polycrystalline bulk produced more clusters.

Special methods to enhance mass spectra intensity and produce higher-mass clusters
Enhancement of cluster intensity

GO, G or Ceo were previously used as a matrix for SALDI mass spectrometry
[25-27]. We examined whether these materials can increase the intensity of Sh,Ses
mass spectra. Comparison of mass spectra for commercial Sh,Ses polycrystalline bulk
and the same material deposited on the surface of GO, Ceo or G at the same laser
energy (120 a.u.) is shown in Figure 6. GO, G and Ceo enhanced the intensity of the

most of the signals present in mass spectra. GO was the most effective material for
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enhancing the mass spectra intensity (9-times greater intensity compared to simple
LDI), followed by Ceo and then G.
Effect of paraffin

Comparison of commercial Sh,Ses polycrystalline bulk mass spectra with and
without a paraffin cover at 160 a.u. laser energy is shown in Figure 7A, B and C. At
the m/z range below 510, the cluster intensities produced solely by Sb.Sez was higher
than when Sbh»Ses was covered with paraffin. On the contrary, in the m/z range over
510, the intensity of the clusters originating in Sb.Ses covered with paraffin was
higher than that one produced by Sb»Ses alone. Furthermore, we detected the
formation of new clusters beyond m/z 800 (ShaSes*, ShsSes.s* and SbrSes™) from
Sh>Ses covered with paraffin. Comparison of experimental and theoretical isotopic
patterns for one newly identified SbsSes* cluster is given in Fig. S4; the data showed
good agreement between the experimental results and theoretical model. The results
obtained indicate that paraffin acts as a protective agent to diminish fragmentation. It
IS not easy to explain the effect of paraffines, as it can be very complex. First, because
particles of materials are covered with paraffin layer which is absorbing part of the
laser energy, the fragmentation is diminished. In addition, similarly to those of Ag*
adducts with paraffines [28], we observed here the formation of SbmSen" cations
adducts with paraffin (CsH1o-Sh2Ses™ shown in Figure S5 A and C1gHzs-ShaSe™ shown
in Figure S5 B). Such formation of charged adducts can also decrease the
fragmentation. An overview of the Sbm, Sen and SbmSen clusters generated from all

Sh>Ses forms and Sb:Se mixtures (1:1 or 1:10) [23] is provided in Figure 5.
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Conclusions

LDI with quadrupole ion trap time-of-flight mass spectrometry was used to
characterise different Sh.Sez forms (commercial or home-made polycrystalline
material or amorphous thin films). We showed that this technique is a powerful
method to study the formation of binary SbmSen clusters. Homemade Sh.Ses
polycrystalline material produced the lowest number of clusters during LDI.
Commercial Sbh»Ses polycrystalline bulk generated a higher number of detected
SbmSen species. The amorphous Sb2Ses thin film was easily ablated. We demonstrated
that GO, C60 or G are suitable materials for SALDI in order to enhance the mass
spectra intensity of the clusters produced from Sh,Ses polycrystalline material. With
the use of paraffin, some new clusters were detected in the high-mass part of the

spectra.
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Figure captions

Figure 1. The effect of laser energy on the mass spectra from LDI of homemade
Sh>Ses polycrystalline material in the 300-500 m/z range in the positive ion mode.
Figure 2. Mass spectra from LDI of amorphous Sh,Ses thin film in the 200-800 m/z
range. The inset shows the magnification of spectra in 500-650 m/z range. Conditions:
positive ion mode; 120 a.u. laser energy; * refers to unidentified clusters.

Figure 3. The effect of laser energy on the mass spectra from LDI of commercial
Sh>Ses polycrystalline bulk in the 300-500 m/z range in positive ion mode.

Figure 4. Mass spectra from LDI of commercial and homemade Sh>Ses
polycrystalline material as well as amorphous Sbh»Ses thin film in the 300-500m/z
range. Conditions: positive ion mode; 120 a.u. laser energy.

Figure 5. Overview of clusters observed by using paraffin and SbmSen cluster
stoichiometry generated from commercial/homemade Sh»Ses polycrystalline material,
amorphous Sh,Ses thin film, and mixtures of antimony with selenium (Sh:Se = 1:1 or
1:10). *New clusters by using paraffin; OSb:Se = 1:10;OSb:Se = 1:1;-Thin
film; <¢> Commercial polycrystalline SbSes; O Home-made polycrystalline
Sh2Ses.

Figure 6. Mass spectra from LDI of commercial polycrystalline Sb2Sesz on the surface
of GO, Ceo, G and on a common metal target in the 300-700 m/z range. Conditions:
positive ion mode; 120 a.u. laser energy.

Figure 7A. Mass spectra from LDI of commercial polycrystalline Sh,Ses, and the

same sample covered with paraffin, in the 310-510 m/z range. Conditions: positive ion
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mode; 160 a.u. laser energy.
Figure 7B. Mass spectra from LDI of commercial polycrystalline Sh.Sez, and the
same sample covered with paraffin, in the 510-790 m/z range. Conditions: positive ion
mode; 160 a.u. laser energy.
Figure 7C. Mass spectra from LDI of commercial polycrystalline Sh>Ses, and the
same sample covered with paraffin, in the 790-1300 m/z range. Conditions: positive

ion mode; 160 a.u. laser energy.

16



Figure 1

Intensity [mV]

Click here to access/download;Figures;Figure 1.jpg %

660
“ 180
570 0 Ilil. L I_h; uld L .]LJL _
) Sb;Se” )
Sb,Se ~
=
J| Sb3+ SbESE:; | 160 a
270, Al L. Al il 5
W
)
<
| 140 [/~
0! ni Lo I I .
400 ks 500

300


https://www.editorialmanager.com/asms/download.aspx?id=204833&guid=03fbf608-a310-4bee-b404-55443add690a&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204833&guid=03fbf608-a310-4bee-b404-55443add690a&scheme=1

Figure 2 Click here to access/download;Figures;Figure 2.jpg

100-
Sb,Se”
100, )
E E Sb,Se,’
= S
X z
Sb.* 2
E, 3 E 50
2 =
% 50 =
= | Z
= =
=¥
Y | sb, g oL Il .,
= 510 525 540
-~ SbSe,” Sb;Se” m/z
~ l '
0- L kL - JJL J‘h
200 400 600 800


https://www.editorialmanager.com/asms/download.aspx?id=204834&guid=3b9206a7-49ea-4893-adb8-99a239411bb5&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204834&guid=3b9206a7-49ea-4893-adb8-99a239411bb5&scheme=1

Figure 3 Click here to access/download;Figures;Figure 3.jpg %

1160,

| - N

—
LS
e
=

Intensity [mV]
e
=
g
o
2
-



https://www.editorialmanager.com/asms/download.aspx?id=204835&guid=56c75d1c-5fb2-41ef-86da-f6c00fd056e1&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204835&guid=56c75d1c-5fb2-41ef-86da-f6c00fd056e1&scheme=1

Figure 4

40-
> 1990,
g
£
)
o
= 230,
[
{}.
200

o — el e

Click here to access/download;Figures;Figure 4.jpg %

SngEJr Commercial pnlycrystﬂ“iﬂﬂ Sbgsea

SbjSE+ szsez—p Sb3SEE+ Sb3853+ Sb3SE4+ Sb3865+
Home-made polycrystalline Sb,Se,

|

Thin film

SICI}U 300


https://www.editorialmanager.com/asms/download.aspx?id=204836&guid=b033b5ba-c63e-41be-b135-f211e726ba56&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204836&guid=b033b5ba-c63e-41be-b135-f211e726ba56&scheme=1

m (Sb)

x

O O *x kx Xk X

@ @ @ %

@@®o o

@@® ® © ©

Click here to access/download;Figures;Figure 5.jpg %

O
@

—©@—©)—©)—© ©
9

1 2 3 4 5 6 17
n (Se)

8


https://www.editorialmanager.com/asms/download.aspx?id=204837&guid=8995e173-12f7-44da-a777-73073943ef9c&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204837&guid=8995e173-12f7-44da-a777-73073943ef9c&scheme=1

Figure 6

60 ;

23071

460 -

Intensity [mV]

5207

300

Sb,Se”*

Click here to access/download;Figures;Figure 6.jpg %

. SbsSe”
Sb,Se;’ Commercial polycrystalline Sb,Se;

from metal target

SALDI of
commercial polycrystalline Sb,Se;
from G-surface

~ SALDI of
| commercial polycrystalline Sb,Se;
‘I from Cgy-surface

i |
| !

| i | E

: = - ad il = 11! N ES—_————.T | | - )

SALDI o

commercial polycrystalline Sb,Se;
‘ from GO-surface

500". il bk
m/z


https://www.editorialmanager.com/asms/download.aspx?id=204838&guid=b7cf26e5-9a2f-4fd4-afaa-73e037985995&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204838&guid=b7cf26e5-9a2f-4fd4-afaa-73e037985995&scheme=1

Figure 7A Click here to access/download;Figures;Figure 7A.jpg %

620 Commercial polycrystalline Sb->Se;
— covered with paraffin | l
E 0 .'.-E.l'..'n - ke . u.la.l-ﬁlll.—_-.L-----I"|:'|1 iTHi'I'L'.ll'.",lw.l_u_mm.u:mw,_, e
— 1330
& | Sb,Se*
@
=
L; Commercial polycrystalline Sb-Se;
- szSE+ 4 SbESE:; |
' | ||
0 |.!I!| ! . ,I,||‘| : | :.H';ltl. | N |
310 410 510


https://www.editorialmanager.com/asms/download.aspx?id=204839&guid=e874886d-c35b-4e41-9cf5-e6d595459802&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204839&guid=e874886d-c35b-4e41-9cf5-e6d595459802&scheme=1

Figure 7B Click here to access/download;Figures;Figure 7B.jpg %

Commercial polycrystalline Sh,Se;

130 Sb3Ses™ covered with paraffin
Sb.Se,* Sh,Se,"

>
E
:E; \ . l g\l Sb;Ses”
- .
= [ ‘ h |
E ‘LII'IJMLL{LLMJW‘|JJIM_ l J.h-‘ !'ﬂl‘ Mkduh TV wd“‘ 1'.!“.}.[.‘]'.'&_ j’ﬁ.“k* J“I;ku‘hh e
=
- 0 Commercial polycrystalline Sh,Se;

o IR T

51 650 790

m/7


https://www.editorialmanager.com/asms/download.aspx?id=204840&guid=4d231c4a-8701-4e99-8ab1-55d3750aa031&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204840&guid=4d231c4a-8701-4e99-8ab1-55d3750aa031&scheme=1

Figure 7C Click here to access/download;Figures;Figure 7C.jpg *

Commercial polycrystalline Sh,Se;

10- Sb,Se,”
covered with paraffin SbsSes”
| SbsSe,”
SbsSeg”
E SbsSe,* e
g \ | Sb.Se,’
‘@
S 0
e
-
. Commercial polycrystalline Sb,Se;
0.2
0+ . |
790 1050 1300


https://www.editorialmanager.com/asms/download.aspx?id=204841&guid=20c50569-34e8-46b2-85f8-9d0972349980&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204841&guid=20c50569-34e8-46b2-85f8-9d0972349980&scheme=1

Figure S1A Click here to access/download;Figures;Figure S1 A.jpg =

— 100
100 sb;se’| 3| | sbe
E
E E 50 1
2 : ‘ SbSe,*
X : |l |
— > 0 H Ly N | |
270 300
E] SblSE+ — ]ﬂ[}24ﬂ H'Ifz
E 201 = Sb,Se,*
o .- = +
k= i 50 Sb;Se,
< z
: = 0L ]
> R Ml S a—r : . 660
~ [ 7] lsb,se,t o+
0 lt I J| %4*'“'_;# Sh4 - ,
200 400 600 300


https://www.editorialmanager.com/asms/download.aspx?id=204842&guid=86549983-f3ae-4e01-8f46-81faf3c6883b&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204842&guid=86549983-f3ae-4e01-8f46-81faf3c6883b&scheme=1

Figure S1B

Click here to access/download;Figures;Figure S1 B.jpg 2

EXPERIMENT

MODEL

Sb,Se”

100-
¥ 50
S
£ 0
z
S 100
=
P
-
£ 50
2
a4
0
438

445

452


https://www.editorialmanager.com/asms/download.aspx?id=204843&guid=f3d0b1b8-8248-4942-8ada-98584a810bfd&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204843&guid=f3d0b1b8-8248-4942-8ada-98584a810bfd&scheme=1

Click here to access/download;Figures;Figure S2 A.jpg %

4970
- 180
> 5000," il ‘ | i .ML
E’ SbISE-E- % Sh38e+ "~
z Sb, S
|z | 160 ||<
E ‘ Sb,Se, " l &
= 4990, ullid| | bl JMEREALL e
et ¥
3
<
h 140 |
0 pH | I .Iu‘JL‘j I .Iul.
300 400 500


https://www.editorialmanager.com/asms/download.aspx?id=204844&guid=32f2d72b-6037-493d-84bc-c9c29c8d576e&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204844&guid=32f2d72b-6037-493d-84bc-c9c29c8d576e&scheme=1

Figure S2B

Click here to access/download;Figures;Figure S2 B.jpg %

100- | | EXPERIMENT
i) |
é 50-
|

EE | |
b 0 | i
|-
& 100; MODEL
A=
E | ‘ Sb,Se*
- 50" )
2
a2

0 A A J A ;

317 323 329


https://www.editorialmanager.com/asms/download.aspx?id=204845&guid=fb944cd8-fca9-4210-b9e7-dc24557746ea&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204845&guid=fb944cd8-fca9-4210-b9e7-dc24557746ea&scheme=1

Figure S3A Click here to access/download;Figures;Figure S3 A.jpg &

1007 100, Sb;Se a

SbSe,” = | SbaSes:

_ =
— 3 S
e e =
R~ :

= 50
s % 50 g
X |5 5
Z |z -
5 501{Z ] 2 g
o o | | ‘ 960
) oLl LA L L JH) a)
= 275 280z 285 Sb,Ses”
o —
W
g Sb,Se * |
- Y
= Sb,Se,
O g
& Sb, *

| s

O ] k
200 400


https://www.editorialmanager.com/asms/download.aspx?id=204846&guid=4f072a0a-ad1e-481b-9b52-725b81631dc0&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204846&guid=4f072a0a-ad1e-481b-9b52-725b81631dc0&scheme=1

Figure S3B Click here to access/download;Figures;Figure S3 B.jpg =

100- | EXPERIMENT

|

&) |

&z 50 | |

“‘E H I | |

-

£ 0 | :

=

E 100, MODEL

9 | Sb,Se,*

& pni

- 50 ﬂ |

2

a4

395 403 410


https://www.editorialmanager.com/asms/download.aspx?id=204847&guid=ac026658-c162-4c53-8d08-562d922cb4a2&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204847&guid=ac026658-c162-4c53-8d08-562d922cb4a2&scheme=1

Figure S4

Relative intensity [% Rel.]

100

—_—
S
)

=

1070

Click here to access/download;Figures;Figure S4.jpg %

EXPERIMENT

o



https://www.editorialmanager.com/asms/download.aspx?id=204848&guid=84406cb0-e795-4c6c-a280-aa86317c930b&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204848&guid=84406cb0-e795-4c6c-a280-aa86317c930b&scheme=1

Figure S5A

Click here to access/download;Figures;Figure S5 A.jpg %

100 ,
A I EXPERIMENT
o 50 |
Z
-l; []
=
2100, [\ MODEL
=
.g C4Hio"Sb,Se;s”
£ 50
)
=2
gr= . A .
530 540 550


https://www.editorialmanager.com/asms/download.aspx?id=204849&guid=b105c7ee-cb1f-43bf-bae1-5fa57e2e4b9a&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204849&guid=b105c7ee-cb1f-43bf-bae1-5fa57e2e4b9a&scheme=1

Figure S5B Click here to access/download;Figures;Figure S5 B.jpg %

100 , ._ | EXPERIMENT
)
W
& 501"
=)
S
E 100
= MODEL
g
. CieH:o-Sb.Se™
E 50 184438 3
)
=
0 . |
690 700 710


https://www.editorialmanager.com/asms/download.aspx?id=204850&guid=0cf53e10-d60e-490b-bebb-eb4db8fc2020&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204850&guid=0cf53e10-d60e-490b-bebb-eb4db8fc2020&scheme=1

Graphical Abstract Click here to access/download;Graphical Abstract;Graphical abstract.jpg 2

-11hé&3.':3.-1::,,. _““h -
!m H_"::"ih i Im . :

od gy B s
Eﬂﬂ . ,‘i,]“l--fm_-

TARGET



https://www.editorialmanager.com/asms/download.aspx?id=204851&guid=2d96c73d-6de5-4323-97c1-dd42d3650299&scheme=1
https://www.editorialmanager.com/asms/download.aspx?id=204851&guid=2d96c73d-6de5-4323-97c1-dd42d3650299&scheme=1

Supplemental Information

Click here to access/download
Supplemental Information
Supplement.docx


https://www.editorialmanager.com/asms/download.aspx?id=204852&guid=dd7d7b0f-243d-4127-9ca8-9c2376660c42&scheme=1

