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ABSTRACT

The inductively coupled plasma ion source for mass spectrometry
is very sensitive for multielement analysis with detection limits down to
sub part per trillion (ppt). Polyatomic ions which could be formed in
the mass spectra may interfere in the analysis of some element.
Experimental conditions have great influences on the formation of
polyatomic ions. The present work demonstrates that the skimmer
materials (Au, Ag, Ni, and Cu) are participating in the formation of
polyatomic ions, meanwhile the sampler materials have no real effect.
The mechanism of formation of polyatomic ions is explained.
Heats of formation of polyatomic species formed from the skimmer
materials such as: AuX, AgX, NiX and CuX; where X= Ar, O, N, C
and H are calculated by Gaussian program (G94W).
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INTRODUCTION

When the first commercial inductively coupled plasma mass spectrometry
were launched in the early 1980s, great hopes existed for interference free analysis.
However, even in the first publications on plasma mass spectrometry [1], a number of
interferences were identified. Since then, many studies have been carried out to

identify and characterize them [2-5], and in some cases to attenuate them [6]° .The

present work concentrate on the formation of polyaions from the material of the
skimmer, stability of these polyion species is calculated as heats of formation and
their ionic stability are observed by time.

THEORETICAL CONSIDERATIONS

The calculation of the thermodynamic quantities in the Gaussian program is
based on the simplest molecular models [7]. The equation for the formation reaction
of diatomic molecule is given as:x'+y+ — • [xy] + . The enthalpy AH change for this
reaction is calculated by subtracting the sum of the heats of formation AHf values for
the reactants from the sum of the heats of formation values of the products.

AH = sum of AHf(products) - sum of AHf (reactants) (1)

In the present calculations the Gaussian program with Hartree-Fock calculations and

the LANL2MB [7] basis set are used to calculate AH298, where:
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cii
AE298 = AEC° + A(AEe)

298 + AEV° + A(AEV)298 + AE,298 + AEt

298
(3)

where the terms are defied as follows: AEe is the energy difference between products
and reactants at 0° K, A(AEe)

2 is the change in the electronic energy difference
between 0° K and 298° K, AEV° is the difference between the zero-point energies of
the products and reactants (0° K), A(AEV)298 is the change in the vibrational energy
difference between 0° and 298° K, AEr

298 is the difference in the rotational energies of
the products and reactants, and AEt is translational energy change between the
products and reactants. By using the calculated values of energy changes of products
and reactants and the values of the heats of formation of the reactants, it is possible to
calculate the heats of formation of the products.

EXPERIMENTAL

All measurements are performed using the high resolution inductively coupled
plasma mass spectrometer (JMS-PLASMAX2). The resolving power of the machine
is 12000. With this resolution, masses of the interference and element ions can easily
be separated from each other if the required resolution is less than 12000. The
operating conditions are shown in Table (1).

Table (1): Experimental conditions used in the measurements

Forward RF power
Reflected RF power
Coolant gas flow rate
Auxiliary gas flow rate
Nebulizer gas flow rate

Mass resolution (m/Am)
Detector mode
Optimization

Blank solution

1200 W
< 8 W
14 L/min
0.3 L/min
0.77 L/min
300 10000
analogue
Maximum ion intensity
of 100ppbof89Y+

1 % nitric acid

RESULTS AND DISSCUSION

Extracting ions from the plasma into the vacuum system is critical in ICP-MS,
because it depends mainly on the experimental conditions and the surrounding
environment. A schematic diagram of plasma extraction interface of PLASMAX2
mass spectrometer is shown in Fig. (1). Ions flow through a sampling orifice (0.9 mm
diameter in a cooled cone) into a mechanically pumped vacuum system, where a
supersonic jet forms. The central section of the jet flows through the skimmer orifice
(diameter = 1.1 mm). The extracted gas containing the ions attains supersonic
velocities as it expands into the vacuum chamber and reaches the skimmer orifice in
only a few microseconds. The material of the sampler is changed beside Cu sampler
to be from Au, Ag and Ni. Changing of the sampler material does not give any
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remarkable changes in the mass spectra. On the other hand, careful investigation
of the effect of the skimmer cone shows that the skimmer materials are greatly
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Fig. (1): Schematic diagram of ICP ion source of PLASMAX2 mass spectrometer.

participate in the formation of polyatomic ions. The experimental process is
proceeded in the way that the Cu sampler (which has no real effect on the formation
of polyatomic ions) is used in all conditions while the material of the skimmer is
changed to be, beside Cu, the coated Cu . Cu skimmer is coated by Au by a coating
unit, by Ag and Ni-Cr by chemical coating in solutions. The initial degree of coating
is determined from electron energy disperisive X-ray measurements by Jeol machine
(SEM5600LV). Coated Cu by Silver, Gold and Nickel are used as skimmers. Table
(2) shows the concentration percentage of the coated Cu which are used as skimmers.

Figure (2): SEM micrographes of copper skimmer cone coated by gold before
working in the plasma (left) and after working in the plasma (right).
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Figure (2): SEM micrographes of copper skimmer cone coated by gold before
working in the plasma (left) and after working in the plasma (right).

Table (2). Different coated materials concentrations before and after working in the
plasma of the ICP-MS for a period of one hour.

"^-^Material
Element~^~->^
Au%
Cu%
Ag%
Ni%
Cr%

Skimmer Au
Before
83.61
16.39

-
-
-

After
0.09

99.91
-
-
-

Skimmer Ag
Before

-
46.46
53.54

- - •

After
-

99.99
• 0.1 .

• • " • . - . ,

Skimmer Ni
Before

-
-

•

85
15

After
-

31.55
-

68.44
0.01

The mechanism of formation of polyatomic ions is explained as the supersonic
jet consists of a freely expanding region often called the zone of silence surrounded
by shock waves caused by collisions between fast atoms from the jet, the background
gas and the tip of the skimmer cone, which reheat the tip of the skimmer material and
induce emission of atoms. Recombination between the ejected atoms and background
gas atoms are possible in the region between skimmer and pullout cone.

Tables (3) shows the heats of formation of polyatomic species (AuX, AgX,
NiX, CrX and CuX; where X = Ar, O, N, C and H) using sampler from copper and
skimmers from gold, nickel-chromium, silver and copper. In general, it found that the
heat of formation of polyatomic species YAr+, YH+, YO+ and YC+ , where Y = Au,
Cu, Ag and Ni, are arranged in the manner as AHf (YAr+) < AHf (YH*) < AHf (YO+)
< AHf (YC+), as shown in Fig. (3).

Table (3): Heats of formation of argides, oxides, hydrides, nitrides and carbides
polyatomic ions by using Au, Cu, Ag and Ni-Cr skimmer materials.

Species

AuAr+

CuAr+

AgAr+

NiAr+

CrAr
AuO+

CuO+

AgO+

NiO+

CrO+

AuC+

CiiC+

AgC+

AHf(KJ/mol)
This work

1251
942
877
186
948
1407
1364
1386

1022, 1340*
861,1178*

1531
1966
1926

Lit. [81
--
—
~
--
—
—
—
—

1234
1000

--
—

Species

AuH+

CuH*
AgH*
NiH+

CrBT
AuN+
CuN+

AgN+
NiN+

CrN*
NiC+

CrC+

AHf (KJ/mol)
This work

1369
: 1222

1161
701
1331
1709
1569
1524
1243
1386
1213
1483

Lit. [8]
—

1170
—
—

—
—
—
«
—
«

* using the value AHf (O)= 437.9 kJ/mol
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Considering that modern scholars estimate that surviving
classical works do not exceed one tenth of the original legacy,
it is inconceivable that one can form even a vague idea of the
contents of the ancient library in its entirety . Yet with the
help of surviving literary tradition as well as with
papyrological finds, one may tentatively suggest the following
brief list as a possible indication of the contents of the ancient
Alexandria Library:

A. Greek:

I Poetry : Homer, Hesiod, Sappho, Anakreon, Simonides,
Pindar, Bacchylides, Callymachus, Apollonius, Theocritus,
Aratos.

II Drama Aeschylus, Sophocles, Euripides, Aristophanes,
Menander, Straton (com.).

HI Criticism Zenodotus, Aristophanes (ofByz.), Aristarchus
(ofSamothr.), Aristonicus.

IV Philosophy Pre-Socratics (e.g. Anaxmander, Parmenides,
Xenophanes, Heraclitus), Plato, Aristotle, Theophrastus,
Zeno, Epicurus, Pyrrhon, Panaetius, Philon (Alex.),
Apollonius (ofTyana), Plotinus.

V History Hecataeus, Herodotus, Thucydides, Xenophon,
Ephorus, Hecataeus (Abdera)...

VI Science Original exploration reports, Eudoxus (Cnid.),
Euclid, Aristarchus (Samos), Straton (Lampsacus),
Eratosthenes, Megasthenes, Patroclus, Archimedes,
Apollonius (Perga), Hipparchus (Nicaea), Cl. Ptolemy,
Theon, Hypatia.

VII Medicine Corpus of Hippocrates, Herophilus (anatomy),
Erasistratus (veins), Callimachus (med.), Sarapion,
Heracleides (Tarentus), Rufus, Apollonius Mys, Galen.

B. Non-Greek :

Egyptian sacred records, Manethon, Egyptian manuals on
astronomy, instruments, medicine; Berossos (Babylonia),
Persian religion, Hebraic scriptures, Buddhist writings....
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