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Abstract

This work is devoted to the study of the ionisation process gfrfautral cluster producing At. First we characterize the experimental
set-up working at low pressure and we show that in these experiments th@Aris mainly produced by the direct ionisation of,Aather
than associative ionisation processes, neutral clusters dissociative ionisation processes or ion clusters decay processes. Using an alterna
approach to the microscopic Deutsch—Méark formalism, we have measured the absolute value of the electron impact ionisation cross-section
of Ar, producing Ag* ion at low electron energy ranges from 0 to 32 eV. These results are compared with values proposed in the literature.
Finally, using these ionisation cross-section values, it is possible to measure the partial pressure of Adamthsgtream the expansion
jetand to compare these pressure values to the total pressure value of argon. The relative dimer argon pressure is about 0.5% the total pressur
in the expansion chamber when the stagnation pressure in the chamber before the expansion is 1100 Pa.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental details

When a gas expands out of a nozzle into the vacuum its  The experimental set-up is schematically shown in the
random thermal energy is converted into directed kinetic en- Fig. 1. It consists of a stainless steel tube used as a first
ergy in a supers_onic flow. The expansion is adiabatic and vacuum chamber at the stagnation pressBreand the
subsequent cooling to a supersaturated state undergoes praemperatureT. It is connected at right angle to a valve
ducing clusters where the atoms or molecules are held to-and a first vacuum pump group which is used to clean
gether by the van der waals forciis-4]. Clusters offer a  the chamber or to keep a constant pressure while exper-
means by which to bridge the gap between the gaseous andments are performed. This group is composed with two
condensed phase so that the details of condensation and nuinits: first a turbo molecular pump (2101/s ip)Nwith a
cleation phenomena can bg probed at the molecular Ie\{elprimary pump Alcatel (10 /1h) used to clean the reactor
[3]. Moreover, due to their high saturation energy and their tube before experiments and second a Roots blower pump
rather simple excitation mechanisms excimers are the idealAlcatel (70 n¥/h) with a primary pump (60 /ih) Alcatel
media for high power lasers in the UV. The shortest wave- used when experiments are performed. The Roots pump is
length at which gain may be achieved is emitted by the Ar used in order to keep the pressure constant from 0 to 530 Pa
dimer 5]. _ _ _ at an adjustable constant drift velocity ranging between 0
~ The purpose of this work is to study the electron impact and 30 m/s. The low flow can be achieved closing the valve
ionisation of Ap producing Ap* and to measure the abso- placed between the vacuum chamber and the pump.
lute ionisation cross-section value of this process. A nozzle (named B on th&ig. 1) with an aperture of

100pm diameter is centred on the axis of the first vacuum
- chamber. It produces a supersonic expansion jet within a
* Corresponding author. Tel+33 555 45 75 03;
fax: 133 555 45 72 11. second vacuum char_nber kept at a lower pres@gmnd at
E-mail address: jauberteau-ijl@unilim.fr (J.L. Jauberteau). the temperaturé&;. This second vacuum chamber is pumped
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Hornbeck—Molnar process. This process is corresponding to
| Quadrupole mass spectrometer a bimolecular collision involving an excited rare-gas atom
R* first produced by electron impact in the ionisation cham-

SEM_QI } — Pump 3 ber. It can be written as:

H ~ R+e— R"+e

Cross beam ionizer
R*+R— R} +e
Pump 2 = H: %
i}~ In this case, the dimer ion is produced by a three body colli-

B P = Pump 1 sion process which can occur only if the pressure in the ion-
B H | isation chamber is large enough. Helm ef@).have shown

Valve that for this process the signal intensity measured for the
] dimer ion is proportional to the square of the pressure in the

quadrupole. This process is only efficient if the pressure in
the first vacuum cell is low and if the pumping speed is throt-
Fig. 1. Experimental set-up. tling in the ion source. In our case, the pressure in the ion-
isation chamber is too low (18 Pa), the mean free path is

by means of a dry MD4 Balzers pump (3.6/m and a  too large (0.5—1 m) and a three body collision process cannot
Drag turbomolecular pump Balzers 260 (2101/s ig) N'he occur. Consequently, only the first ionisation process (direct
mass spectrometer is placed on the axis of the two chambeifionisation of neutral dimer) can be observed in our case.
and a hole 50Qum diameter (A) is drilled between the sec-  For the sake of clarity, the characterization of the expan-
ond vacuum chamber and the quadrupole chamber. In thesjon jet in the vacuum cell after the nozzle (B) is presented
quadrupole, the pressure is maintained at*I®a by means  in the Appendix Aplaced at the end of this paper.
of a third vacuum pump group, composed with a small turbo
molecular pump Tmu 065 Balzers (56 I/s ip)Nand a dry 3.1. Qualitative results
primary pump M22 Balzers (2.4%h).

The distance between A and B ranges between4and5¢cm The Fig. 2 shows the spectrum of mass spectrometer
and is of the order of the mean free path length in the sec-intensity versus thenz ratio ranges between 0 and 150.
ond vacuum chamber maintained at a pressure of 0.1 Pa. Therhis figure shows qualitative results and the signal inten-
ionisation chamber contains an electron cross beam apparasity value reported on the graph is not a corrected signal of
tus placed 5mm above the 5Qfn diameter hole and just mass-dependent detection sensitivity of the mass spectrom-
before the mass spectrometer quadrupole (QMA 400 Balz- eter apparatus. The electron energy is equal to 18 eV and the
ers). The emission electron current is stabilized and rangespressure in the first cell is 1200 Pa. The spectrum shows peak
from 0 to 2mA and the electron energy ranges from 0 to |ocated atm/z = 17, 18, 40 and 80 which can be ascribed
125eV. The experimental error performed on the electron to OHt, H,Ot, Art and Ant, respectively. The peak ob-
energy value is about 0.2 eV. Before experiments, the fila- served at/z = 80 is vanished at argon pressure lower than
ments of the electron beam apparatus are heated for 1 h withg00 Pa. The peak atVz = 120, corresponding to At is
a current intensity ranges between 0 and 3 A, in order to not observed.
clean an evaporate all species previously deposited on the
filaments. The ion signal is detected by means of a Faraday3.2. Threshold ionisation and ionisation cross-section of
cup in the axis of the quadrupole or using a secondary elec-Ar, producing Aro* ion
tron multiplier (SEM) perpendicular to the axis. Each point
presented in the different figures of this paper is the mean TheFig. 3 shows the change in the signal intensity mea-
value calculated over 50 cycles data acquisitions. The es-sured form/z = 40 and 80 for At and Ar™, respectively,
timated relative error performed on the mass spectrometeryersus the electron energy used in the ionisation chamber.
intensity values ranges between 5 and 10% according to theThe curves are obtained using a polynomial interpolation.
experimental conditions. Results show that the threshold ionisation opAiis lower

than the threshold ionisation of Ar It is equal to 15.3eV.

This value is determined using the threshold ionisation of
3. Results and discussions Art (15.75eV[9,14]) as the reference to calibrate the elec-

tron energy scale. On tHeg. 3 data points and the thresh-

According to Helm et al[6], the molecular rare-gas ions old ionisation values proposed in the literature are reported.
observed by means of mass spectrometer may be producedhe appearance potential of Ar determined in the case of
either by the direct ionisation of the van der Waals (vdw) the Hornbeck—Molnar procesB (M), ranges between 14.4
neutral dimer of the rare gas present in the beam after theand 14.8 e\f6]. This value agree with the value determined
nozzle B or by an associative ionisation process named theby Hornbeck and Molnar (15.06H) 0.2 eV[6]) or Ng et al.

Gas inlet
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Fig. 2. Mass spectrometer spectrum intensity vs.ni¥eratio ranges between 0 and 150. The electron energy in the ionisation chamber is equal to 18 eV

and the pressure in the first cell is 1200 Pa.

(14.54 &) 0.02eV). In our case the threshold ionisation
value is 15.3eV+£) 0.2 eV and corresponds to the value de-
termined by Helm et a[6] (15.2 &) 0.2 eV), in the case of

ionisation cross-section at the electron enesgyly, is the
electron current intensity in the cross beam ands thei
species concentratioff; is the transmission factdr, = Al

the electron impact ionisation process of the neutral dimer for thei species.

Ar; (0.6 eV above the threshold ionisation determined for the
Hornbeck—Molnar process). This result confirms our previ-
ous assumption that in our case,Arproceed via the direct
ionisation of Ap.The mass spectrometer signal intensijty
measured for species in the case of a direct ionisation is
given by[15,16]

I; = Ao(ee)Ipn; = Tio(ee)n; (6)

whereA is a factor depending on the sensitivity of the QMS
and of the vacuum conductivity (transmission probability
of particle) of the sample hole in the extractefge) is the

At a constant pressure in the vacuum cell and at a con-
stant electron current intensity in the cross beam, the relative
signal intensity measured foispecies is given by:
11_1 _ oi(&e) )

i 0 (&e0)
This equation shows that the relative electron impact ion-
isation cross-section afspecies can be deduced from the
relative mass spectrometer signal intensity measured for the
same species. In this relatidmp is the signal intensity mea-
sured at an electron energy equalktg. In order to check
the accuracy of our measurements, we have measured the
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Fig. 3. Threshold ionisation: change in the signal intensity measurevioe= 40 and 80 for At and Ar™, respectively, vs. the electron energy used
in the ionisation chamber. Curves are polynomial interpolations with a correlation coefficient equal to 0.950.
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Fig. 4. The ionisation cross-section values determined fpr(lWz = 28) vs. the electron energy. Measurements are performed at different pressures
range between & 10-2 and 55 Pa (the full diamond is correspondingPte= 10 Pa, the empty diamond to 55 Pa and the empty squarexd -3 Pa).
Comparison is made with the values given in the literature (Rapp and Englander-Gbid€empty circle)).

electron impact ionisation cross-section of Nroducing by electron impact also has been applied to the calculation
N,* at different pressures ranges between 63lhd 55 Pa, of the ionisation cross-section of small clustgrg,18]
then we compare these values to values given in the literature In recents papers, authdis7,18] report an alternate ap-
[14]. Results are shown on tikég. 4, values are normalised  proach to the microscopic D—M formalism. They use a mod-
with the reference value at 32 eV. Polynomial interpolation ified additive rule including a “defect concept” to account
curves corresponding to a correlation coefficight= 0.981 for the fact that a cluster consisting mfitoms is not a sim-
are reported on th&ig. 4 Assuming that the error on the ple collection ofn atoms. This “defect concept” is explained
mass spectrometer signal intensity value is equal to 10%,and developed in the referendd] and in references therein.
the error performed on the cross-section value is equal to The ionisation cross-sectian(X,,) of a clustersX, is ex-
20%. A good agreement is observed between our measurepressed in terms of the ionisation cross-sectiQX) of the
ments and the values given in the literature. The absoluteconstituent atonX using the relation:
value of the cross-section can be deduced if we know the =4

. . (Xn)=n o(X) (8)
cross-section value at a given electron energy. In the case o
clusters reliable values are particularly scarce for electron The quantityA is called the “defect” and is nuclear charge
impact ionisation processes. The collision interaction of an (Z) depending. In the case of Ar, the “defeet’= 0.1. Con-
electron with a comparatively weakly bounded cluster can sequently, the ionisation cross-section for the dimerdsm
result in the break of the cluster rather than in the ionisa- be deduced from the ionisation cross-section of the monomer
tion. This is certainly true for van der Waals clusters at high Ar using the relation:

electron energy. Ary* Art
Helm et al.[6] suggest that in a first approximation the o (—) = 1.8660 <—> 9
ionisation cross-section for a diatomic molecule can be con- r2 Ar
sidered as the sum of the ionisation cross-section of theGood correlations have been obtained by Deutsch et al.
individual partners. In the case of the direct ionisation of [17,18] between experimental results and theoretical calcu-
homonuclear dimer, the potential energy diagram shows thatlations using this new formalism (“defect concept”) in the
the ionisation can proceed via six different mechanisms. cases of the ionisation cross-section of,Bp, C;, C3 and
Four of them are corresponding to the direct ionisation of the Ag, (h = 2-7).
dimer and two are corresponding to dissociative ionisation The electron impact ionisation values ofAdetermined
process from intermediate repulsive states. Consequentlyusing the method proposed by Helm et f] are 40%
the ionisation cross-section must be weighted with the factor lower than the values calculated using the “defect concept”
4/6. Thus, the ionisation cross-section for the dimes i&r of Deutsch et al[17,18] At 32eV the direct ionisation
equal to 4/3 time the ionisation cross-section of the monomer cross-section given for Ar is 1.967 10-2°m? [14] and us-
Ar. ing (9) it can be estimated equal to 3.67.0-20m? for Ar».

The Deutsch—-Mark formalism (D-M formalism) deter- TheFig. 5shows the ionisation cross-section obAaro-
mined in the case of the simple ionisation of the ground state ducing Ar™ and of Ar producing At versus the electron
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Fig. 5. Electron impact ionisation cross-section of Aroducing Ap™ and of Ar producing At vs. the electron energy. The values are compared with
values given in the literature. Rapp et Hl4] for Ar and Helm et al[6] for Ar, (dashed curves)n this figure, the empty squares correspond to results
obtained using the method proposed by Helm eftdland the full squares correspond to results obtained using the method proposed by Deutgtf]et al.

energy value. In the case of Aresults obtained using the k32

two methods (Helm et a[6] (empty square) and Deutsch Argt=Arz" +Ar
et al. [17] (full square)) are compared. The figure shows
also the cross-section values given in the literature Rapp an
Englander-Goldefil4] for Ar and, Mark[8] and Helm et al. They show that the At decay in Ap™ ion is less efficient

[6] for Arz (dashed curves). The cross-section values deter-than the Ap* decay in A ion: kg 2 = 455! andkp, 1 =
mined using (7) for As or Ar are given with an estimated 680s! that corresponds to the following time constant
error equal to 20%. 732 = 0.02s andrp 1 = 0.0015s.

A polynomial interpolation corresponding to a correlation  In a first approximation, the metastable decay from the
coefficient equal to 0.923 is reported both in the case of ionisation chamber to the detector can be described using
Ar and Ar. Our results are close to the values given in an exponential layj19]:
the literature. For the ionisation of Athe curve shows a _¢
maximum at about 28 eV. This maximum is also observed by Ar, " = Afno+exp(f> (10)
Mark [8] and Helm et al[6]. It can be ascribed to the effect i
of the dissociation of Arwhen it is ionised producing Ar. where A" is the density of Aft ion at the ionisation
This dissociative ionisation process is very efficient at large chamber and Ar™ is the density after a transit tintecross
electron energy values (>28 eV). In his reviews article Mark the quadrupole.

[8] gives the ionisation fragmentation ratio of small van der ~ Assuming that the velocity of the species into the
Waals clusters at 100 eV. In the case of Aaxperimental quadrupole is at least equal to the velocity before the ex-
results shows that the fragmentation ratio gives 40% of Ar  pansion, i.ev = 398 m/s at 300K, the time corresponding
and 60% of Ap* and theoretical calculations based on the to the travel of the species from the ionisation chamber to
potential energy curves predict 33% of Aland 67% of the detector (0.4 m) is lower than 19s. Because of the ex-
Aryt. We have limited our measurement to low electron pansion effect, this velocity after the nozzle (B) is expected
energy values (until 32eV) in order to measure only the to be larger and, consequently, the transit of the species
direct ionisation cross-section of the dimer and to prevent trough the quadrupole is probably lower thar 8.

from the dissociative ionisation of Ar So the density of Art at the detector is at least equal to

As it was previously discussed the Aion can be pro- 51% of the density in the ionisation chamber and the density
duced by the direct ionisation process of argon atoms or by of Arg™ at the detector is at least 95% the density in the
the dissociative ionisation process ofAdimer. Also the ionisation chamber. Consequently, the contribution ofAr
metastable decay processes of,Alion clusters can pro-  decay to the formation of Aris expected to be efficient but
duce Ar". Scheier et al[19] have studied the metastable that of Az* is too low and not efficient to produce Ar
decay of Ag™ ion into Art ion they have shown that this ion. The metastable decay is probably less efficient in the
phenomena proceed predominantly via a sequential decaycase of larger ion clusters A because each successive
series involving a multiple monomer fragmentation patterns. fragmentation is produced simultaneously to the additional

k
db\rz’LifArJr + Ar



184 J.L. Jauberteau et al./International Journal of Mass Spectrometry 235 (2004) 179-186

cooling of the remaining complexes that leads to a lowering tribution of the former processes. Thus, the consideration on

of the rate for further evaporations. the various reactive processes shows that most gf Aans
In our case, the mass spectrometer measurements showsesult probably of the direct ionisation of Aneutral dimer
none peak corresponding toArion atnvz = 120. Accord- clusters.

ing to the literaturd18], the fact that the trimer ions peak is

extremely low does not means that no neutral trimer species

are within the expanding beam because the neutral trimer4. Conclusion

can be largely dissociated in the ionisation chamber produc-

ing Arp*. According to Mark[8], the electron ionisation This work is devoted to the study of the Adimer clus-
fragmentation ratios of Araccording to the reaction: ters produced in a pure argon after an adiabatic expansion
through a 10Qum diameter hole. Study is performed using a
mass spectrometer. We have measured the threshold ionisa-
And given by the relatiorf(n/m) = (X, ")/ Zq=1, (X T), tion of Ar, and show that Art formation proceed mainly via
(where K,T) is the density of theX,* ions and the direct ionisation of the neutral dimer. The contribution of
Za=1.m(X™) is the sum of the density of all the different other processes to the ionisation like the dissociative ionisa-

X,+e— X, +2e+(n—mX

cluster ions) are at an electron energy equal to 106eV= tion process of larger clusters or the Hornbeck—Molnar pro-
0,3,f32=0,7,f3 3 < 1074 These values are expected to cess are low in comparison to the contribution of the direct
be lower at a lower electron energy. ionisation of Ap and can be neglected. We have measured
Moreover, according to Golomb and Goj@d] the contri- the absolute total ionisation cross-section value of @md
bution of large neutral clusters is relatively small compared Ar at low electron energy (lower than 32 eV) in order to limit
to the contribution of monomer and dimer to produce Ar the effect of the dissociation ionisation of the dimer. The ab-

Arot. These authors found that at a pressure equalt®40  solute value of the electron impact ionisation cross-section

and a temperature equal to 300 K, the signal intensity valuesof Ar, has been determined using an alternate approach of

measured fom/z = 400, 120, 80 and 40 are ranges between the D—M formalism including the “defect concept”. Results

0.5and lau, 1 and 10au, 10 and 100 au, 10 and 100 au, reare compared to the values given in the literature.

spectively, when the nozzle diameter is equal to 0.117cm  The curve of the ionisation cross-section opAroducing

and between 0.1 and 1 au, 1 and 10au, 100 and 1000 au foAr,™ shows a maximum at about 28 eV. For larger electron

m/z = 120, 80 and 40, respectively, when the nozzle diam- energy values, the decrease of the ionisation cross-section

eter is equal to 0.034cm. In our case, the nozzle diametercan be ascribed to the fragmentation of, Aduster when

is smaller = 0.01cm) as well as the pressure in the first they are ionised.

cell is lower,P = 100 Pa. The conditions of constant clus- We have characterized the dimer source &ggendix B

ter size for supersonic nozzles show that the cluster size isand shown that the dimer concentration in the expansion

depending on the scaling laRd®>® = constan{8]. So, to strongly increases at a total pressure in the first cell larger

obtain the same cluster size distribution, the pressure shouldthan 700 Pa. At a lower pressure, the dimer concentration

increase with decreasing nozzle diameter. Consequently, inis vanishing and remains nearly unchanged. The percentage

our case the cluster size distribution is expected to be smallerof Ar, produced is equal to 0.5% at a stagnation pressure

than the distribution obtained by Golomb and G§2t] and equal to 1100 Pa.

the contribution of large neutral clusters to the formation of ~ Such a source can be used in order to study the reactivity

Art or Ar,™ can be neglected in comparison to the con- of the dimer neutral argon with other atoms, molecules or

tribution of Ar and Ap. The fragmentation of large neutral radicals.

cluster and specifically of Arin Ar,* are probably not ef-

ficient and thus does not affect the value measured for the

ionisation of Ap in Ar,*. These conclusions are confirmed Appendix A. Characterization of the expansion jet

by the results given by Dehmer and Pi@2]. With a free after the nozzle

supersonic molecular beam in pure argon at room temper-

ature expanded through a 10— diameter orifice, they Molecular beam sources are characterized by the Knudsen

have shown that the dimer can be prepared in the beam ovenumber, defined as the ratio of the mean free pathn

a wide range of pressure (lower than 4 atm) where the pres-the first vacuum cell to the sample hole diameter (nozzle

ence of larger clusters is not detectable. The beam is onlydiameter)D [7], K, = Ao/D.

composed with Ar and Arspecies. In our case aP; = 133 Pa, the mean free path is about
To conclude, these different remarks show that the con- 5 x 10~>m and the Knudsen number is equal to 0.5 so the

tribution of Ars and of larger clusters to produce Ar can flow through the nozzl§7] is not effusive and consequently

be neglected and the most important contribution to pro- the particles undergoes many collisions passing through the

duce Art after the direct ionisation of Ar is probably the sample hole. These collisions during the hydrodynamic ex-

dissociative ionisation process of ArThe contribution of pansion[8] give rise to a cooling of the jet producing the

metastable decay processes are probably lower than the coneondensation of species via a super saturation process. This
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method of adiabatic expansion is commonly employed in At a pressure ranges from 1 to 2 Pa in the first cell, the
order to produce rare-gas clusters. It involves the expan-Knudsen number ranges from 20 to 50. It is larger than 10
sion of the gas from a pressurized source through a nar-and must be considered as an effusive f[@y8]. The argon
row opening into an expansion chamber of lower pressure flux through the orifice can be written as:
[1,2,3,8,10-14] 1

The expansion is characterized by the Mach nurftéi, ¢ = anSe (A.11)
defined as the ratio of the flow speed {o the sound speed  wherev is the thermal velocityn the argon density anfl,
(c) as: the orifice area.
Ml A1) In a first approximation neglecting, the effect of the adi-

c ' abatic expansion by considerifig = T, so that the gas

velocity in the second cell is equal to the gas velocity in
the first cell. Assuming that after the nozzle the gas expands
quickly in the total volume of the second vacuum cell with
an internal diameteD = 50 mm and a surface ar& The

wherec = (yRT2)Y2, y = Cp/C, = 5/3 for a perfect gas.
In an adiabatic expansion, the energy conservation is writ-
ten using the balance equation:
2

u total pressure back to the expansion is given by the relation:
CpiT1 = — + Cp2l2 (A.2) P p g y

2 _ 1 S A.13
T1, T2, Cp1, Cp2 are the temperature and the heat capacity Pr= 4P S (A.13)

before and after the expansion, respectively. Assuming that

Cp1 = Cp2 = Cp, the Mach number can also be written as: Pro is the total pressure in the first cell

Under these conditions the total pressure after the expan-

2Cp AT 12 A3 sion can be roughly estimated using the relafign= 10-°
_(yRT2> (A-3) X Pro.
. . . . Assuming in a first approximation that at a low pressure

Using the relation for adiabatic systems: Pt = Par, itis possible to deducBar from the mass spec-

P\’ 1t 2\" trometer measurements using:
&) -() =

P Ty Par = al(Ar™T) (A.14)
the Mach number becomes: wherea = 1/(3 x 10~ ") Pa/A, determined from the experi-

2 P\ 12 mental results obtained at low pressure (at a Knudsen num-

M = 1 (Fz) -1 (A.5) ber larger than 10).

The Ar, partial pressure in the expansion can be deduced
After the nozzle B the pressure in the second vacuum from mass spectrometer measurements assuming that the
cell ranges from 1 to 0.1Pa. If the pressure in the first Art and Ar* ions results mainly from direct ionisation
cell is 100 Pa, the Mach number ranges between 4 andprocesses. So itis necessary to work at a low electron energy
7. Consequently this is a supersonic adiabatic expansion.(18eV in our case).
Theoretically the adiabatic expansions are efficient cooling Because of the low pressure in the ionisation chamber, we
processes. Using the relation (A.4) for adiabatic systems suppose that the transmission factor for both ion$ And
and assuming the temperature in the first cell equal to 300 K Ara* remains unchanged all over the pressure range under
and thatP; = 100 Pa and®; = 0.1 Pa, the temperature af- investigation and that they are equal. This last assumption is
ter the expansion in the second cell is theoretically equal true only for largemyz ratio (m/z > 10) [20]. UsingEqg. (9)
to 19K. In reality this temperature is larger because the the partial Ap pressure in the ionisation chamber is given
pressure in the expanding jet is probably larger than it is by:
theoretically predicted. I(Aro™)
Because of the sudden cooling an atomic or molecular P(Arp) = 0.53< 1A+ Ar)
beam containing clusters is produced when the gas expands
after the nozzle. The gas through the nozzle converts theTheFig. 6 shows the Ar and Arpartial pressure in the ioni-
thermal energy in the high pressure source into a directedsation chamber versus the total pressure in the first cell. The
beam velocityu, producing a cooling which promotes con- relative error realised on the pressure values is determined
densation. from error calculations on (A.15) and assuming a relative er-
ror on the mass spectrometer intensity values equal to 10%.
It can be seen that the Ar partial pressure increases with the
Appendix B. Characterization of the dimer source total pressure in the first cell increasing. However, the Ar
partial pressure remains constant until 700 Pa and strongly
Itis now possible to determine the efficiency of this “mass increases for larger pressure values. This behaviour can be
spectrometer” dimer source, using the former results con- explained by the cooling effect due to the expansion, more
cerning the ionisation cross-section values of.Ar efficient at large pressure.

(A.15)
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Fig. 6. The partial pressures of Ar and,Avs. the total stagnation pressure in the first cell.

The Ar, partial pressure is about 0.5% of the total pressure [9] C. Nordling, J. Osterman, Physics Handbook, Studenlitteratur und

in the expansion chamber at a stagnation pressure equal to

1100 Pa.
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