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T E C H N I C A L  N O T E

Advantages of Short Settling 
Times for Quadrupole-Based 
ICP-MS Laser Ablation Imaging

Introduction

Laser ablation-inductively coupled plasma mass spectrometry 
(LA-ICP-MS) has become an increasingly popular tool for imaging 
due to its ability to provide spatially resolved elemental 
information at low concentrations. Many aspects need to be 
considered when setting up an LA-ICP-MS system for imaging. 
Laser scanning speed, stage accuracy and precision, efficient 
particle delivery to the ICP-MS (i.e. ablation cell washout), and 
data acquisition speed, to name a few, are critical to obtaining 
high-quality LA images. Many of these parameters are adjustable 
and they must be set to satisfy the user’s requirements.

Figure 1. Schematic representation of the main factors affecting the resolution, an image generated by LA-ICP-MS.

Laser Sampling Considerations

The choice of laser ablation parameters is very important to 
achieve images with high spatial resolution. Figure 1 shows a 
schematic representation of the main factors determining the 
resolution of elemental images generated by LA-ICP-MS.

As seen in Figure 1, the laser spot size and the number of scan 
lines affect the axial resolution of the image. Square beam 
profiles, as depicted in Figure 1, are preferred for laser ablation 
imaging as they cover a larger area compared to round profiles 
and are also easily correlated to each (square) pixel in an image.

PerkinElmer’s NexION 2000 ICP-MS coupled to the NWRimage platform 
(Elemental Scientific Lasers) equipped with dual concentric injector.
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The lateral resolution depends on the laser repetition rate, length of 
scan path and, most importantly, on the correlation between laser 
scan speed and mass spectrometer (MS) sweep time (i.e. the time 
required to measure the mass range of interest). Low laser scanning 
speeds allow more MS measurements per laser pulse area which 
increase the measurement precision, with the caveat of a longer 
overall sampling time. On the other hand, the use of high scanning 
speeds in combination with long MS sweep times will most likely 
result in image degradation since the resulting pixels will contain 
information from more than one adjacent laser pulse.

Moreover, recent developments in fast response laser ablation 
systems enable ultra-fast washout of ablated particles. A major 
advantage of ultra-fast washout laser systems is that the 
dispersion of ablated particles is minimized, which directly 
translates into narrow single-pulse signal peaks and improved 
intensity of the transient signal. 

Low dispersion systems provide a means of rapid sampling with 
higher pulse rates and lateral scanning speeds, which increase the 
sample throughput and allow the ablation of larger surface areas 
in a much shorter timeframe.

Data Acquisition Considerations

With the rapid transport of ablated particles enabled by modern 
laser ablation systems, it is increasingly crucial to select an ICP-MS 
capable of high data acquisition rates to ensure that multi-elemental 
mapping can be successfully achieved at the higher laser sampling 
speeds. PerkinElmer’s NexION® ICP-MS systems have been designed 
to provide extremely fast dwell times and unparalleled short settling 
times. This allows the NexION to efficiently detect multiple elements 
within the rapid stream of ablated particles generated by fast 
response laser ablation systems.

Figure 2. Diagram depicting the contribution of settling time (indicated by black bars) to the total ICP-MS data acquisition time (sweep time) for 10 isotopes measured using 
dwell times (indicated by blue bars) of 2 and 10 ms. Duty cycle is used as proxy for measurement efficiency and is defined as the amount of time spent collecting data relative 
to the sweep time.

Settling Time (ms) Duty Cycle (%)

0.2 98

1 91

2 83

3 77

4 71

5 67

10 50

Table 1. Duty cycle as a function of settling time for an analysis cycle of 27 isotopes, 
each measured for 10 ms.

The theoretical advantage of short settling times over the duty cycle 
(defined as the ratio of time spent collecting data to the sweep 
time) is shown in Figure 2. For short dwell times, which are ideal for 
fast elemental imaging, long MS settling times (i.e. > 0.5 ms) have a 
detrimental effect on the duty cycle. Here, measuring 10 isotopes, 
each with a 2 ms dwell time and an instrument settling time of  
2 ms leads to a dramatic decrease in the duty cycle with only 
50% of the analysis time being used for data acquisition, whereas 
the other 50% is used for settling of the MS quadrupole on each 
mass change. However, moving to a very short settling time of  
0.2 ms (the default on the NexION ICP-MS) results in a very high 
measurement efficiency with 91% of the data acquisition cycle 
being used for measuring analytes. 

Table 1 lists the duty cycle as a function of increasing settling 
time for a 27-isotope ICP-MS method. The most efficient use of 
the sweep time (i.e. highest duty cycle) during multi-elemental 
analysis is achieved with very short settling times.
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Settling 
Time

75 µs

500 µs

1000 µs

3000 µs

Figure 3. Displays of the image resolution for 52Cr as a function of settling time. 
ICP-MS = 5 isotopes, 0.5 ms dwell time. LA parameters = 100 μm/s, 25 μm laser 
spot size.

Figure 4. Displays of the image resolution for 52Cr as a function of the number 
of isotopes measured for. ICP-MS = 200 μs settling time, 0.5 ms dwell time. LA 
parameters = 40 μm/s, 20 μm laser spot size.

Effect of Settling Time on Image Quality

Figure 3 shows four images generated by sampling the same 
surface area of a geological sample. Here, all ICP-MS instrumental 
parameters, except for the settling time, were kept constant. 
These included dwell time (i.e. 0.5 ms), number of isotopes, and 
analysis mode, among others. The settling time of the NexION 
ICP-MS was manually adjusted between 75-3000 µs.

As shown in Figure 3, higher settling times negatively affect the 
quality of the images. The elemental map acquired using 75 µs 
settling time shows well-defined regions of different 52Cr 
abundance. The image blur and signal smear increase with 
increasing settling times.

Effect of Number of Isotopes on Image Quality

Achieving an optimal balance between laser sampling and data 
acquisition is of paramount importance for high-resolution  
multi-elemental imaging, where the size and intensity of a pixel 
correspond to the area of the laser spot and the acquired 
signal intensity, respectively. 

For quadrupole-based ICP-MS, the sweep time is equal to the sum 
of dwell and settling times. It follows that adding more isotopes to 
the analysis without decreasing the dwell time will result in an 
increase of the sweep time. Traditionally, an elemental image 
collected on an ICP-MS may only contain a few isotopes when 
obtaining high-resolution elemental images. The number of 
analytes scanned in a single experiment was often minimized 
to avoid long data acquisition times that do not match the 
laser sampling speed.

Similarly, Figure 5 displays the resulting images acquired using a 
varying number of isotopes, but a shorter settling time (i.e. 75 μs). 
Here, the image obtained when measuring only 5 isotopes shows 
better lateral resolution (sharper images) than those obtained when 
analyzing 10 isotopes or more. As mentioned previously, considering 
a constant dwell time, the duration of a MS scan cycle increases 
with increasing number of measured isotopes. Longer MS sweep 
times result in fewer data points per laser pulse, which in turn 
reduces the sub-pixel resolution and increases the smearing effects 
on the images.

To illustrate the effects of increasing sweep times on image 
quality, we consider in Figure 4 three elemental maps acquired by 
sampling the same surface area of a geological sample using 
constant LA-ICP-MS conditions, with the exception that the 
number of isotopes was varied (i.e. 10, 15, and 20 isotopes).

A vein-like structure running diagonally across the sampled area is 
found in all three images (Figure 4). The characteristics of this 
feature, however, are noticeably different with the varying number 
of isotopes being scanned. For example, the area highlighted by the 
red dotted box on the top image (10 isotopes) shows two vein 
structures that run almost parallel to each other. However, with an 
increasing number of isotopes, the resolution deteriorates, and the 
two veins appear as a single structure. This is most evident when 20 
isotopes are measured, with obvious negative implications on 
subsequent interpretation of the data.
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The NexION ICP-MS’s capability to provide very short settling times 
(i.e. 0.2 ms or shorter) has a significant impact on the reduction of 
the total time required for data acquisition. This allows the option to 
increase the number of isotopes measured in a single experiment (e.g. 
10-15) without decreasing the duty cycle significantly and thus 
affecting the quality of the images.

Figure 5. Displays of the image resolution for 24Mg as a function of the number of 
isotopes with a settling time of 75 μs. ICP-MS = 0.5 ms dwell time. LA parameters 
= 100 μm/s, 25 μm laser spot size.

Conclusion

In summary, the examples presented here clearly show the effect that 
an increase in the duration of the MS data acquisition cycle (sweep 
time) can have on the quality of the LA-ICP-MS elemental images. 
Since the sweep time depends on both dwell and settling time, 
optimizing these parameters to match the high laser sampling rates 
achieved by fast response laser ablation systems is very important to 
obtain high-resolution images. 

The very short settling time achievable on the NexION ICP-MS 
results in improved image quality and a reduction of overall data 
acquisition times. 




