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Abstract

Mass spectrometric determination of absolute pressures of the positivk N&s" and the negative NadFs~, AlF,~, Al,F;~, NaAlsF;; ™,
NaAlsF12~ ions in the saturated vapor over thes&F14—AlF3; system was carried out at the temperature near 850 K. The measurements
were made in a clean nickel effusion cell and in the same cell with the inner surface covered by cerium trifluoride. An increase of negative ion
pressures at least three order of magnitude has been observed afi¢re@gRent as compared with a clean cell. At that time the pressure of
positive ions decreased slightly. The result is explained bguperionic conductivity of Cef
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ments. The methods of generating intense Refeams for
SIMS applications were studied by Delmd&-10]. Usu-

At now complex negative ions including multiply charged ally, high emitter temperature and high concentration of
negative ions of organic materials are obtained mainly by ESI thermal electrons are necessary for obtaining thermal neg-
and MALDI methodd1,2]. In inorganic chemistry there are  ative ions, active metal (Ba, Ln) compounds being used to
also some new examples of complex negative ions applica-decrease the emitter work function. 7], the formation
tions. of OsG;~ was supposed to proceed through the resonance

The negative MgO,~ (Me=Mn, Re) clusters were capture of thermal electrons by the Qs@olecules near
detected upon vaporization of manganese and rhenium inemitter. It was established [8,9] that the EuO3 matrix cat-

a Smalley type laser vaporization cluster source coupledalyzed oxidation of rhenium metal to form RgQ More
with an ultrasonic devicg3,4]. The negative Mg  clus- intense ion beams were obtained, when BaS@s used
ters “cooled” in the gas-carrier pulse flow (He, 12 atm) were as an oxidizing ageritL0]. The Fek~ ions were obtained
oxidized with molecular oxygen and further analyzed using with the matrix containing Baf however, emission was low
a TOF-MS technique. The composition of M&,~ was and tended to decajl 1]. It should be noted that earlier,
dependent on the operating conditions of a source of metaldifferent oxygen- and fluorine-containing ions were gener-
clusters, partial pressure of oxygen, and the time period dur-ated in the Knudsen cell at relatively low temperature (for
ing which these clusters stayed in the reaction zone. example[12]). The cited works were discussed in detail

The negative BQ™ [5], ReQy~ [6], OsG~ [7] and some in [13].
other clusters have long been in use in the N-TIMS method ~ The aim of this work was to elucidate the conditions for
for determination of isotope ratio of the corresponding ele- the predominant formation of negative ions below 1000 K.

The NaAlzF14—AlF3 system was used in the experiments,
* Corresponding author. Tel.: +7 095 9395463; fax: +7 095 9391240,  Since reliable data on the composition of its saturated vapor
E-mail address: s.abramov@thermo.chem.msu.ru (S.V. Abramov). are available in the literature: the formation of negative ions
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NaAl;Fg~, AlF4~, AloF7~ has been established in this sys-
tem[14].

2. Experimental
2.1. Instrumentation

Mass spectrometric experiments were carried out using a
MI-1201 magnetic sector mass spectrometer (single focus-
ing, 90¢°, 200 mm) equipped by a combined ion source with
an effusion cell. Such an ion source allowed for the study
of positive, negative and neutral species in vapor within a = : :
single experiment. The mass resolution of this instrument opm SRR Bateuesih  SHSAURC dpliiean
was about 300 at the accelerating voltaget8fkV and the i :
mass range was 2—-1200 amu. The width of the outlet slit of
the ion source was 0.3 mm. The pressures of the molecular
components were determined by the standard procedure of
Knudsen cell mass Spectromet%]_ The electron impact few microns and in the case of less thin films the compo-
mass Spectra were measured at the ionizing Voitage of 65 VSition of the substrate should be taken into account. As can
and at an emission current of 0.3 mA. The procedure of ther- be seen from the table, the area 1 is practically £&ke

mal ion measurements and their partial pressure calculationgPresence of Ce, F and O is detected in area 2. Most likely, the
has been described in detail[it6]. presence of oxygen is due to hydrolysis of the sample. The

A nickel Knudsen cell =16 mm,d=12mm) covered  composition of areas 3 and 4 is determined as Ni, however,
with a fitted lid was used in the experiments. The effusion the presence of thin layer of Cels not excluded. Itis obvi-
orifice had a diameter of 0.5 mm. The temperature was mea-0usly, the average thickness of Geayer is less than a few
sured to withind=2 K using a Pt—Pt/Rh(10%) thermocouple. MIcrons.

The junction was welded to the bottom of a cell.

Fig. 1. The nickel surface after CgEvaporation (SEM).

2.2. Samples 3. Results

NaF (>99.9% purity) and AlE(>98% purity) were usedas ~ 3.1. Clean cell, NasAl3F14-AlF3 system
initial materials. The NgAl3F14—AlF3 system was prepared
by heating the NaF—AHK-(60 mol.%) mixture. 3.1.1. Molecular composition of vapor

Two series of experiments were carried out. In one series  The El mass spectrum of the gaseous phase at 886K is
the cell was washed with distilled water before experiment (in presented iifable 2 The partial pressures of the main compo-
what follows, this cell is denoted asclean cell). In another ~ nents of the saturated vapor, namely, NaAdiRd NaAl 2Fs,
series the inner surface of the cell was preliminarily covered Were calculated to be 257 10-° and 4.8x 10-° atm, respec-
with a layer of Ceg using the following procedure: a sample tively.
of CeFs (>98% purity) was placed into the clean cell, which
was further kept under vacuum at 1200 K for several hours (it 3.1.2. Thermal positive ions
is denoted asghe cell covered by CeF3). The nickel surface The mass spectrum of positive thermal ions and their par-
after Celz evaporation have been analyzed using scanning tial pressures in the effusion cell at 842 and 873 K are given
electron microscopy (SEM) (a LEO 1450 VP, Carl Zeiss, in Table 3 The data on the N&"™ and NaAIF4* ions are not
Germany) coupled with energy dispersive X-ray microanal- presented because their intensities were close to the sensitiv-
ysis (EDS). The image is shown Fig. 1 For areas picked ity limit of the instrument.
out (1-4) the composition is presentedTiable 1 It should
be noted, that deep resolution in EDS analysis is about aTaple 2

Mass spectrum (El) of the gas phase over theMlgF14—AlF3 system at

Table 1 886 K
The results of EDS analysis (wt.%)

lon 1(%)
Area (0] F Na K Ni Cs Ce Total Na* 100
1 - 32 - - 17 — 51 100 AIF* 10
2 20 25 — - 7 — 48 100 AlF* 38
3 - 3 — — 97 — - 100 NaAlF;* 18
4 - 1 — — 99 — - 100 NapAlF 4+ 20
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Table 3 3.2.3. Thermal negative ions
Measured currents of positive thermal ions and estimation of pressures in - The mass spectrum of the negative thermal ions and their
the effusi Il at 842 and 873K (cl I . . . .

e efiusion cef @ an (clean cell partial pressuresin the effusion cell at 856 and 887 K are given

T (K) lon in Table 5 It is evident that after the cell was treated with
Na' K* Cs' Cekg, intensities of negative ions increased by at least 440
842 times. In addition to NaAlFg—, AlF,—, AloF7~, which were
1(fA)2 1 9 31 earlier detected in the system under study, the NBAl and
p (atm) 1x 107 1x 1076 7x 1076 NapAl 3F15~ ions were detected for the first time in our exper-
873 iments. The intensities of negative ions remained unchanged
[17 ((f:t)m) sz 10-17 ix 1017 3X 1017 as long as the partial pressure of Naflfras constant. When

the pressure of NaAlfFdecreased at the end of the experi-
ment, the negative ions intensities also decreased. The residue
in the cell was found to be AFwith an admixture of Cek

3 f=10"%.

3.1.3. Thermal negative ions

Negative ions were not detected within the 2—1200 amu
mass range at 720-920 K. After NaAl#was evaporated, the
residue of Aliz was found in the cell.

The same results were obtained with addition of £&F
the initial mixture of NaF and Algor to the NgAl 3F14—AlF3
system in the clean cell.

4. Discussion

NasAl3F14 salt is known to ensure a high partial pressure
of NaAlF, molecules, which readily undergoes heterolytic
dissociation by the following equation:

3.2. Cell covered by CeF3, NasAl3F 14—AlF3 system NaAlF,(g) = Na™ (@) + AlIF4 (g) 1)
3.2.1. Molecular composition of vapor The ion pressure produp{Na") x p(AlF4~) calculated for
The data obtained for this system are similar to those pre- equilibrium (1) at 873K is 3.6« 103! atn?.
sented inTable 2 Let us consider the experiment with clean cell. The
Na" pressure at 873K was measured to be 2017 atm
3.2.2. Thermal positive ions (Table 3; therefore, the pressure of AJF should have been

The mass spectrum of the positive thermal ions and their 1.5 x 10-14atm. If this had been the case, then the AlF
partial pressures in the effusion cell at 856 and 887 K are ion current must necessarily have been measurable. How-
given inTable 4 As can be seen, positive ions registered in ever, negative ions were not really detected in the experi-
this system are similar to the ions formed in the clean cell, ments with the clean cell over the temperature range studied

but their partial pressures are several times lower. (720-920K). Since in the experiment the inner surface of
effusion cell is covered by adsorption layer of volatile sub-
Table 4 stance NaAlk, that the absence of AIF signal can be

Measured currents of positive thermal ions and estimation of pressures in ra|ated to absence of sufficient ionic (electronic) Conductivity
the effusion cell at 856 and 887 K (cell covered by geF of this Iayer. The circuit is broken.

T(K) lon In the case ofhe cell covered by CeF3 we have the high
Na* K* cs concentration of negative ions Naf&g—, AlF4—, AloF—,
856 NaAlsF11~, NapAlsF12~. Atthe same time, as in the case of
1 (fA) 0.1 0.2 0.3 a clean cell, the inner surface ahe cell covered by CeF3 is
p (atm) 1x 107 3x 107 8x 10°Y covered by adsorption layer of NaAjFhowever, the circuit
887 is closed that points at the presence of sufficient conductivity
; ((f;)m) Oéi 10-17 ;X 10-16 gflo—lﬁ of the surface layer. The question about so abrupt differ-

ence in conductivity in both cases is open. It is known, that

Table 5
Measured currents of negative thermal ions and estimation of pressures in the effusion cell at 856 and 887 K (cell coveggd by CeF

T (K) lon

AlF 4~ AloF7~ NaAly,Fg~ NaAlzF11~ NapAl3F12~
856
1(iA) 14 5 24 <0.5 <0.5
p (atm) 4x 10715 2x 10715 9x 10715 - -
887
1(fA) 83 46 220 2 1

p (atm) 3x 1071 2x 10714 1x10°13 1x 10715 6x 10716
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CeRis fluoride anion superionic conductor already at ambi- (Faraday cup) to cathode is provided by electrons. The cur-
ent temperaturest~ ~ 106 Q~1ecm=1[17]). Also CeR is rent from cathode to the CefNaAlF, surface is provided by
not stoichiometric compound and has a wide homogeneousfluorine anions. The current from the C#RaAlF, surface
range: Cek_,, wherex can take on both positive and negative to anode (in vacuum) is provided by beam of negative ions
values. Besides that CgHoes not lose the conductivitywhen  NaAlxFg—, AlF4~, AloF77, NaAlsF11~, NapAlsFio™.

doped by aluminuni18]. Experiment shows, that sputtering

of NaAlF4 layer on the surface of Cgloes not lead to loss

of conductivity of surface layer. So, most likely, in particu- 5. Conclusion

lar the F~ conductivity and high concentration of chemically

active F~ on the surface provides the working of effusion Superionic conductor CgFeovering the inner surface of
cell as the source of negative ions. As a matter of fact, we effusion cell provides sufficient ionic conductivity and sur-
have two electrolytes: one is solid (CgRvith F~ conduc- face concentration of fluorine anions and allows to obtain
tivity and the second one is gaseous (saturated vapor over théigh intense beam of cluster negative ions.

heterogeneous field Nal3F14—AlF3) with anion conductiv-

ity (NaAloFs™, AlF4~—, AloF77, NaAlgF11~, NapAlsFio7).
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3. Aniongddetector (Faraday cup).
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