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Introduction
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Plasmas can be utilized to initialize chemical and physical The RF plasma primarily generated electronically excited H H, - H*
processes  through  the interaction between plasma species and H* ions. The latter react with molecular hydrogen sn0x _-=="" ;
constituents and solid/gaseous matter, resulting in a multitude to form H,*. In contrast to H,, the adsorption of reactive H """ .Q’II

of subsequent reaction pathways. species on tin surfaces leads to subsequent formation of SnOx+ H° _)SQTHZO f %,’

The reactivity of excited H-atoms towards tin and in general volatile stannane (SnH,), which either decomposes on the ,;.*x‘ 4

towards elements of the 14t group of the periodic table is surface or desorbs into the gas phase [3,4]. Sn+ H” _:S,"H4 1
known in the literature for decades, as well as the thermo- Tin oxide is reduced by atomic hydrogen to tin metal and Smf’“fe,/'
dynamic instability of the resulting metal hydride species. The water. In the gas phase, a reaction cascade leads to a e

catalytic effect of metal surfaces on the homolytic covalent multitude of various tin hydrides. In this scheme (Eley-Rideal SnH, + surface —» Sn+ H, 1
bond cleavage is also known since long. The nature of the mechanism), more H is consumed than expected by a simple _ , , .

: : : : : Fig. 2: Schematic representation of the different
involved heterogeneous chemistry and the deeper understan- recombination of adsorbed and newly penetrating H atoms. coupled reaction channels.

ding of the corresponding processes gained substantial
interest regarding high-energy hydrogen plasmas in the
presence of metals.

Stannane tends to spontaneously decompose into the
elements, a process, which is accelerated by reactive surfaces
(1%t order kinetics [2]) upon forming tin islands via layer

o L . . . SnH;*
The initial interaction in the formation of metal hydrides is a growth. +24 543 eV
heterogeneous gas/surface reaction of excited atomic H and Fig. 2 shows schematically the reaction channels of these tin '
metal atoms, whereby successively H-M bonds are formed. compounds [3].

The volatile metal hydrides thus formed subsequently desorb
and may adsorb on other (metal) surfaces and decompose
again, which may represent a contamination.

The thermodynamic instability of the various neutral and

+ +
ionic tin hydrides and their spontaneous dissociation into the SnH SN
. . C . : +56.125 eV +72.480 eV
elements is experimentally well known. Ab initio calculations

. support this hypothesis. The species are shown in Fig. 3. Ab
Expe"mentql Serp initio calculations for SnH,* and SnH,* did not lead to any Fig. 3: Optimized structures of tin hydrides labeled

stable structures — this is also experimentally verified. with the Mullikan charges. The energies are
relative to neutral stannane.

Experimental results

m % In the mass spectra, natively ionic and
0.01-0.5mbar | H, — H,* 2 00 1873 post-ionized “neutral” tin hydrides as
0.1-10 sccm | L5 iAot 100 — e | well as oxygenated tin compounds
pedictas 150 ] ke bt tsn %0- were detected. The comparison of the
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recorded mass spectrum  with
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Fig. 1: Schematic and simplified mechanism of metal hydride §0-75_ | é T 40- the distinct patterns of various ionic
formation. lonic species are identified directly by the TOF-MS. 0.50 i 20: l | tin hydrides of the type SnH?
Neutral products are detected using post-ionization via El with 025 ] ! '_ : + + +
. 25" ‘\ ’! ! \ : . especially SnH* and SnH;*. SnH,* and
the sector field MS. 000 ] \ \J/ LJLAJ;_,_,__ L LIV UU IIIIII l._lL_\_L
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110.0 1125 1150 1175 120.0 1225 125.0 1275 130.0 110.0 1125 115.0 117.5 120.0 122.5 125.0 127.5 130.05nH4 were not detected due to the
" e thermodynamic instability (cf. Fig. 4).

Fig. 4: Mass spectrum of plasma generated Fig. 5: Superimposed mass spectra of ionic C : :
A custom low-pressure RF discharge generates the reagent tin hydrides and calculated isotopic and post-ionized “neutral”  tin The rich isotopic pattern of Sn is fully
ions H,* within a hydrogen plasma fed by an adjustable patterns. hydrides. reproduced and thus used for
continuous gas flow (1). The RF generator (2) provides the compound identification.
energy to sustain the discharge, which is classified as a high- 5 le=6 | de3 The zi]ccordance of both mass spectra
density plasma [1]. Typical operation pressures range between _. Eﬁﬁ?;i:lf;‘fﬁ's‘iif"’ | T el patierm oS (ct. Fig. 5) suggest a common neutral
0.01 and 0.5 mbar, which is compatible with the conditions in . calc pattern HSny' 03 wlc.patentose | stannane  (SnH,)  molecule  as
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the different stages of the coupled mass spectrometers.
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The continuously generated ions interact in the plasma area g2 'l | 504 ‘ ion source of the sector field MS.
with the metal samples (3) and the neutral/ionic reaction } LI C . To a lesser extent, oxygenated tin
. . o ! I 1 |
products enter the MS via viscous transport (4). . ) f'.\),’i i :':U : 0-2° :U‘LAJI hydrogen compounds of the type
; LR bl T I | I 1 I .
o S gty P . ViV: WiV OSnH,* are present in the plasma
230.0 2325 235.0 237.5 240.0 2425 2450 247.5 250.0 132 134 136 138 140 142 144 146 .
m/z iz effluent as well (cf. Fig. 7). The oxygen
Fig. 6: Mass spectrum of plasma generated Fig. 7: Mass spectra Of plasma.generated source is either an oxide layer present
dimeric tin hydrides and calculated oxygenated  tin  hydrides and  J +bo metal surface or residual gas
isotopic patterns. calculated isotopic patterns. H
Mass e C-TOF time of flight mass spectrometer with phase oxygen.

spectrometer: custom ion transfer stage (Tofwerk AG, Thun,
Switzerland)
e MAT95XP double-focusing sector field mass

Conclusion / Outlook

ith El Th Fish i :
Ziieecrftri?‘ir:e\f\fglt::m MZOE;C:) (Thermo Fisher . . Conclusion _  The very good agreement of the mass spectra obtained
’ S * ltis Fonflrmed that plz?sma generated exated. throge” with the two different instruments strongly suggest an
e REG-13-100 13.56 MHz RF eenerator with >PeCies generatg voIatllg mejcal compounds via hydride initial neutral stannane molecule as precursor, which is
RF-power ' 5 formation upon interaction with the metal surface . L -
. 100 W output power (Barthel HF Technik . . . . to some extent ionized through the plasma species.
supplies: Aachen. G | ‘  Ab initio calculations show the decreasing stability of the
. 43c68enl\,/|Herlr\n/la?yh.n Cube .300 with 300 W ionic tin hydrides as compared to the initial SnH,. Outlook
' ¢ Vid C,I 5LUDE W * Jonic SnH,* and SnH,* appear to be extremely unstable * Images of metal surfaces with SEM before and after
(Barthel HF-Technik, Aachen, Deutschland) o2 - _ . . .
* Experiments with other metals such as nickel and treatment with H-plasma and their generated species
Gases: + Hydrogen 5.0 and Argon 5.0 (Messer Group tantalum reveal no signals of the corresponding ions, and layer gr.oyvtch mechan.lsm of tin |s-Iands. N
GmbH, Krefeld, Germany) most probably due a strong protective oxide layer, very *° Further ab-.InItIO calcu!atlons. regarding the stab{llty of
low stability of the ionic hydrides or insufficient metal hydrides and simulations of the formation of
Software:  Gaussian 16. [2] and GaussView 6.0.16 sensitivity of the employed set-up. hydrides on metal surfaces with MD simulations.
Literature Acknowledgement
[1] H. Kersten, T. Kutsch, K. Kroll, K. Haberer, T. Benter; H, plasma for the generation of protonation reagents with a standard APPI power supply, 64" ASMS Generous support from ipaMS
Conference on Mass spectrometry and Allied Topics, Indianapolis, IN, USA, 2017. (institute for pure and applied mass
2 Frisch et al., Gaussian16, Revision A.03, Ga.ussian, InF., Wallingford CT. 2016 spectrometry), University of
:3: D. J. Aaserud, F. W. Lampe, Journal of Physical Chemistry, 100, 10215-10222, 1996. Wuppertal, Germany, is gratefully
4] N. Faradzhey, V. Sidorkin, Journal of Vacuum Science & Technology A: Vacuum Surfaces and Films, 27, 306-314, 2009. acknowledged
5] M. Berglund, M. E. Wieser, Pure Appl. Chem., 83, 2, 397-410, 2011.




