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ICP Features for Analyzing Difficult Sample Types
ICP Features for Analyzing Difficult Sample Types
ANALYZING COMPLEX SAMPLE TYPES BY ICP-OES

Tungsten powder, stainless steel, high-purity cobalt and nickel alloys are all known “complex” sample matrices that
present challenges when performing elemental determination using ICP-OES. These difficult sample types have very
complicated spectra, meaning they contain many emission lines. To obtain accurate results, the ICP must be able to
resolve the closely spaced emission lines, as well as handle the large difference in their intensities. ICPs with small, solid-
state detectors may not be capable of separating the emission lines as well as a detector with a larger photoactive area.
Unresolved lines make performing the analysis more difficult, requiring correction techniques that reduce accuracy. To
overcome these analytical challenges, Teledyne Leeman Labs designed the Prodigy Plus High-Dispersion ICP
spectrometer with a superior optical design and state-of-the-art, solid-state detector. The combination of these
attributes makes determinations in difficult, complex matrices routine. 

Figure 1 Prodigy Plus High-Dispersion ICP Spectrometer

LONG FOCAL LENGTH ECHELLE SPECTROMETER

The Prodigy Plus 800 mm focal path was designed to reduce stray light and provide superior performance in complex
sample matrices. Because stray light is inversely proportional to the square of the focal length, the focal length of the
Prodigy Plus spectrometer is two times greater than competing systems. This length results in four times lower stray
light, which is crucial for the analysis of complex sample matrices and prevents inaccurate results and degraded
detection limits.

Figure 2 Prodigy Plus Optical System

At 800 mm, the Prodigy Plus Optical System is the 
Longest Offered in the ICP Market. The Low Stray 
Light Design Yields Improved Detection Limits and 
More Accurate Results.
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LARGE FORMAT CMOS DETECTOR

The Prodigy Plus 27 mm x 27 mm CMOS detector is approximately four times larger than detectors on any competing
system. This allows the system to take full advantage of the dispersion provided by the long focal length echelle
spectrometer, and results in greater spacing between the optical orders. When analyzing the spectra exhibited by
complex or heavy matrix samples, the inter-order interferences exhibited on systems with lower dispersion are virtually
eliminated. Additionally, the large format detector permits the measurement of wavelengths from 165 – 1100 nm within
a single reading. This makes it possible to analyze multiple wavelengths for each element, without increasing analysis
time or decreasing overall sample throughput.

Figure 3 Prodigy Plus Inter-Order Spacing

WIDE DYNAMIC RANGE

The advanced CMOS detector has a large, full well capacity (FWC) and non-destructive readout (NDRO) capability which
provides the advantage of superior dynamic range (up to six orders of magnitude). This gives the detector the unique
ability to handle the high-intensity matrix emission lines found in complex samples, without saturation. Older detector
designs may only yield three to four orders of linearity, making the analysis of challenging matrices more difficult and
requiring multiple reads and integration times. 

Figure 4 Example Spectrum

The Prodigy Plus Inter-Order Spacing is Unmatched by any Other Echelle Spectrometer in 
the Industry and Eliminates the Potential for Interferences. Competitive Systems Only Have 

a Few Pixels Separation Between Orders, Due to Their Small Detector Size.

An Example of a Spectrum From a
Complicated Matrix with Many

Emission Lines of Varying Intensities. A
Detector with a High Dynamic Range

can Handle the Large Differences in
Intensity Without Requiring Multiple

Integration Times.
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IMAGE QUALITY

While high resolution and dispersion can assist in elemental determination of complex sample matrices, alone they are
insufficient. To work with complex matrices, high resolution is required across the entire detector. In short focal length
systems, resolution degrades as the wavelengths fall away from the center of the detector. In fact, resolution may degrade
to the extent that some important wavelengths become difficult, if not impossible, to use. The longer focal length of the
Prodigy Plus spectrometer results in far less degradation towards the edges of the detector and better resolution across
its entirety. Combined with aberration corrected optical components, image quality is further enhanced. Consequently,
the operator can select wavelengths located anywhere on the detector and still afford the resolution required to achieve
accurate results, regardless of the sample matrix. 

Figure 5 shows the resolution of the Hg 253.652 nm line in two different optical orders. The two emissions are located as
far apart as possible on the detector, yet show virtually no degradation in resolution. Short focal length systems will
exhibit far greater resolution loss; as much as a factor of two.

Figure 5 Hg 253.652 Showing Two Optical Orders

SOFTWARE FEATURES

The Prodigy Plus “Salsa” software was designed to offer tools that extend the instrument’s ability to handle complex
sample matrices.   In an analytical method, each wavelength is contained in what is called a “subarray”. The default size
of a subarray is 5 x 29 pixels in size. Normally, the wavelength of interest is centered in the array, but in a complex sample
matrix (or a method that has many wavelengths) it is possible that the selected wavelengths may have subarrays that
partially overlap (Figure 6 left image). 

The Prodigy Plus software allows the analyst to move subarrays to the left or right to eliminate overlap, as shown in the
right image of Figure 6. Additionally, the subarray size can be increased from 29 to 57 pixels in width permitting the
selection of background correction points when the spectrum close to the wavelength does not allow them to be
selected. By extending the subarray, the potential to find positions for effective background correction points is possible.

Resolution of the Hg 253.652 nm Line is Two Different Optical Orders.
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Figure 6 Subarray Overlap Correction

SUMMARY

The Prodigy Plus offers a combination of experience-based hardware and software features specifically designed to
address the challenges of complex sample matrices:

 An optical system that has the resolution and dispersion to separate the most complex sample spectra. 

 Image quality that allows the user to select the best wavelengths, regardless of their location on the detector. 

 Software that provides the flexibility to use wavelengths that are close together by allowing the repositioning of 
subarrays when necessary, as well as selection of additional background correction points by increasing 
subarray size.

PROVEN RESULTS

Teledyne Leeman Labs tests our ICP technologies against industry-specific sample types and analytical scenarios. Refer
to our Application Notes for more information.

Overlapping Subarrays Subarrays Moved to Eliminate Overlap
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