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Introduction

Challenges
While the ICP-MS can be a powerful analytical tool,
the intricacy of the instrument as well as the techniques
needed to operate it are difficult to learn. Because of the
steep learning curve, the transfer of knowledge from
advance analytical technicians onto unskilled students has
been a challenge. Although manuals exist for the ICP-MS,
technicalities associated with preparing, collecting and
analyzing data are not readily available. Correcting
interferences is another challenge. Although the ICP-MS
is known to remove a majority of background and spectral
interferences, the inclusion of an Argon Plasma introduces
matrix ions that can cause interferences.

Sample Introduction à Extraction à Focusing and Shaping à Detection

Mass spectrometry (MS) is an analytical technique
that ionizes chemical substances and, depending on mass
to charge ratios, sorts those ions into a mass spectrum.
This spectrum is then used to identify the
inorganic/isotopic nature of the chemical substance. In
Geochemistry, mass spectrometry can be used to identify
trace elements in terrestrial and meteoritic rock digests,
fresh/sea waters, or marine biological samples.
An Inductively Coupled Plasma Mass Spectrometer
(ICP-MS) adds a high temperature Ar plasma to a MS,
resulting in complete fragmentation of a sample molecule,
leaving only the detectable atomic constituents.1 The Ar
plasma provides enough energy to excite most elements
within the periodic table into ions, which are then
measured by the MS. Advantages of ICP-MS include
multi-element analysis, wide dynamic range, can make
isotopic measurements, and can provide detection limits
within the ppt range. However, the ICP-MS instrument
does have some challenges that make it a less ”userfriendly” than other MS analytical techniques.

Instrument
Sample introduction system- A
magnetic field, created by a RF
(radio freq.) coil around the torch,
produces a current within the
flow of Ar gas and is ignited to
initiate a plasma. The aerosol
produced by nebulization enters
the Ar plasma, where it is
atomized. These atoms will
continue to travel through the
plasma, absorbing energy until
they
release
an
electron,
becoming ionized. The sample
ions travel out of the torch and
come to the cone interface.
Ion transfer optics- Accelerates
sample ions while focusing and
shaping the ion beam into computer
controlled fixed slits. The fixed slits
control resolution settings, ranging
between Low, Medium and High
resolution.

Interferences
Isobaric interferences are ions with similar mass to
charge ratios that overlap with the analyte of the interest.
Common isobaric interferences are poly-atomic in nature.
Poly-atomic interferences are caused by the recombination
of sample and matrix ions. Abundance of Argon within the
system makes this a common interference. Doubly-Charged
interferences are due to doubly charged element isotopes
with twice the mass of the analyte isotope. Certain elemental
isotopes, like calcium 43, have such high levels of
interferences that make the analysis of data difficult.

Fixes
Some isobaric interferences, as well as doubly charged
interferences, can be corrected by applying elemental
correction equations or monitoring an alternative isotope.
Poly-atomic interferences, primarily molecular oxide polyatomic formations, can be corrected through reduction of
sample argon gas flow rate. A desolvator can further boost
sensitivity and decrease oxide forming polyatomic
interferences. An increase in resolution can also assist in
distinguishing an analyte from interference by difference in
mass.

Magnetic Sector Field- Beam passes
through magnetic sector for mass
separation. After passing through the
magnetic field, the ions enter an
electrostatic analyzer for energy
focusing.

Optimization
An ICP-MS can be optimized by changing how a
sample aerosol is introduced to the torch. The MCN 6000 is
a sample introduction system that uses a micro-centric
nebulizer (reduces flow rate), a heated spray chamber, and a
microporous membrane desolvator to remove the amount of
water vapor that enters an ICP-MS system.
The ICP-MS has many parameters that can be adjusted
to produce higher and stable intensity signals. System
software can be used to tune instrument parameters like
torch position, sample gas flow rate, and focus lens into
optimal conditions to collect data.

Future Work
In an effort to bridge the knowledge gap between “unskilled
and skilled” users, a ICP-MS user guide is being developed
to aide future students to operate the instrument effectively.
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