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ABSTRACT

A common problem in chromatography is retention time instability. There are many physical mechanisms that are employed to
mitigate retention time shift: careful selection and replacement of columns, sample pretreatment, improvementsin flow control, or tem-
perature programming precision. If more precise control of the instrument parameters is not practical, there are software toolsfor align-
ing data that can be applied depending on the method: these tools make use of internal standards, external standards and target
chromatograms. This poster outlines how each can be used to adjust automatically for retention time shift in both upstream and down-
stream petroleum applications.

INTRODUCTION

A well-known limitation of chromatography is non-reproducibility of retention times. For some applications, thisissue may not be
of great importance, but for most analystsit is a significant concern. With complex chromatograms, the peak assigning algorithm built
in to most chromatographic software may fail when retention times of key peaks have shifted out of the expected time range. I nstrument
companies have tried to circumvent the problem with techniques such as retention time locking, which uses dynamic pressure control to
try to match retention in the current run to that of a defined target run. However, the technique does not produce exactly matching times
and cannot be applied to historical data. In addition, any form of chromatography that uses aliquid mobile phase (e.g., liquid chroma-
tography, thin layer chromatography, capillary electrophoresis), cannot be easily controlled in the pressure/flow regime.

An example of asample requiring alignment is drawn from arefining application in which chromatographic drift is frequently
encountered. The following figure shows two chromatograms of similar material where many peaks have shifted significantly in the
second sample with respect to thosein the first.
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Figure 1. Two chromatographic traces of naphthas showing retention time variability

Following alignment of the sample to the target (the blue trace above is the target), the misalignment has been ailmost completely
eliminated, as seen in the next figure.

© 2003, Infometrix, Inc.



Aligning Chromatograms Gulf Coast Conference, October 21-23, 2003

FIDA &, (MAPHTHASWIO7BO7 02 0
FIDA M, (HAPHTHASWIOEBOS03.0)
Harm. ]
25000
20000
15000 m
10000
5000
1 T T T T T T T T T T T T T T
52 54 56 53 miny

Figure 2. Adjusting thered chromatogram using LineUp correctsfor retention time shift

There are two traditional and one new software methods for doing this alignment. All have the advantage of being amenable to
automation (i.e., no user intervention is required during routine processing). A disadvantage is that these approaches can disguise sys-
tematic drift and in turn hide larger problems.

Internal Peak Indexing. Incorporated into every chromatographic software system is the ability to adjust peak identifications based on
one or more internal standards. Although most of these systems do not have the ability to adjust the chromatographic trace itself to
reflect “ standard time”, this adjustment is available in some third party software (such as Pirouette®). In most cases, internal standards
are added to the sample prior to injection and are chosen such that they bracket the peaks that are of most interest. Typically, the more
internal standards employed the better the alignment.

Advantages Disadvantages
Internal standards are subject to precisely the same chro- | The chromatographic software MUST find the retention
matographic conditions as all other peaks. markers.

If there is too much drift, you need to recalibrate with an

Processing is very fast (seconds). external standard

External Peak | ndexing. External standards are also in use to align chromatograms. In this case, a standard is run either before the
analysis, or just after, to provide a check on peak assignments. Although not commonly practiced, the shift in the external standard
peaks can be monitored to shift the analyte chromatogram in asimilar way.

Advantages Disadvantages

Most chromatographic software does not support the auto-
mated re-indexing of peaks.

The standard must be run frequently and is limited by the
run-to-run variability of retention time.

Ensures a consistent suite of marker peaks.

Processing is very fast (seconds).

External Pattern Matching. A new software-based approach, using multivariate alignment algorithms, can minimize the deviationsin
chromatograms that are not in alignment. In this case, the algorithm aligns a sample to one or more defined target chromatograms by
maximizing the correlation of one chromatogram to another”. This means that the sample and the target must be reasonably similar in
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order for this procedure to work.

Advantages Disadvantages
Requires no a priori method development, no internal or Requires that you have a similar chromatogram to act as a
external peak standards. gold standard.

Processing time from a few seconds to a minute; extreme

Alignment failures can be flagged automatically. chromatographic shifts increase processing time.

EXPERIMENTAL

Samplesin this study were gathered from several sources: upstream and downstream; on-line and in-lab chromatography systems.
HPLC results are from an Agilent ChemStation, and the GC data were originally processed from Agilent ChemStation or from Scien-
tific Software’s EZChrom Elite™. Data processing was performed using Pirouette® (for internal and external peak indexing) or with
LineUp™ software (for external pattern matching), both from Infometrix, Inc. Comparisons of results were performed using Matlab®
(The MathWorks, Inc.).

RESULTS AND DISCUSSION

The most critical issue with chromatographic datawhen used for any type of routine analysisisto insure that chromatograms from
different injections appear asif there has been little or no shift in retention from run to run. Because non-reproducibility in retention is
common in real world chromatographs, some form of processing is required to minimize the effects of thislack of reproducibility.

The Easy Case. Some sources of chromatography data have a sufficient number of readily identified marker peaks such that retention
indices (e.g., Kovatsindex) can be used. In the first example, crude oils from a mixed-source reservoir are to be processed to quantify
changes in production composition over time. Chromatograms in this type of study are often collected over a period of years, which
makes reliance on the chromatography hardware to keep things in alignment practically impossible. Fortunately, because the oils are
not biodegraded, we have a series of markers that can be used as alignment standards.

Each of these data forms requires specia handling to achieve alignment. Thus retention indices, for either the internal standard or
the external standard approach, require simultaneous or companion analysis of sets of marker compounds. Kovats indices require the
simultaneous analysis of a series of n-alkanes, but other indices can be derived which serve the same purpose. In either case, the abso-
lute retention times are modulated to a scale in which, ideally, the same compound eluted from different samples will have identical
(modulated) time or time index. Few chromatography systems include the ability to compute retention indices (Kovats or otherwise),
but all will compute relative retention times based on a calibration or peak ID table.

Alignment in this well-controlled environment is shown below using the n-alkanes as internal standards.
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Figure 3. Correcting retention time shift using the Kovats (internal peak indexing) approach; full chromatogram.
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Figure 4. (a) Kovats approach, zoomed region between C;g and C,7. (b) Correcting retention time shift using LineUp
(external pattern matching); zoomed region between Cqgand Cy5.

A similar result (Figure 4b) is obtained without requiring the identification of the alkanes by using the external pattern matching
algorithm.

Mor e Difficult. We often do not have the luxury of having retention markers spread evenly throughout the chromatogram. When pos-
sible, we can use standards in regions without much peak activity to form the basis of alignment. One example of HPLC datais shown
below.
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Figure5. Setting up internal standardsto bracket theregion of interest; dotted lines point to positions of two standards

In this example a series of fifteen chromatograms were collected. These data were bracketed by QC samples such that they were
processed in three sets over atwo-day period. Due to the design, we can compare the approaches of external peak markers, internal
peak markers and external pattern matching for their accuracy and precision of alignment.
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Overlaying the raw chromatograms, we see that the retention time variability, even for these successive runs, is quite high
(Figure 6a). There appears to be a uniform drift as well as arandom error component. The resulting alignment (Figure 6b) in all cases
reflects the near elimination of retention time variation.
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Figure 6. Resultsof 15 HPL C runscollected over atwo-day period, not including QC samples; (a) theraw data; (b) the
data aligned by LineUp (external pattern alignment)

In order to assess the quality of alignment, we computed a similarity value for each sample, compared to the QC standard, both
before and after processing. The values are summarized in the following plot.
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Figure 7. Box and whisker plotsfor the HPL C data with the range, first quartile, median and third quartile marked

Thereis clear improvement in the chromatograms after alignment by any of the three techniques (see Figure 6b). The raw data
show significant variability that makes evaluation of the trace difficult and rai ses the risk that some peaks will be misassigned. The box
and whisker plot for the external standard (EST) approach shows the range, median and quartile information for 14 of the samples, with
the 15t plotted asalone outlier. This sample was most time-distant from the running of the external QC standard. Theinternal standard
and the external pattern match show very consistent results.

The HPL C data shown here mirror the results of the crude oil datafirst shown. When internal standards are available, the alignment
of chromatographic tracesis reliable. There are concerns about using external peaks as the basis for standardization, but external pat-
terns give results comparable to a well-controlled internal standard run.

TheOn-LineWorld. The ability to use internal standardsis simpler in an analytical laboratory, but there are significant drawbacks to
adding standards to mixtures in a process environment. The retention problem is present in on-line settings due to typically less control
over the environmental conditions, flow and column parameters. In the example below of low molecular weight hydrocarbon analysis
(C1 to Cy), thereis enough variability to affect the accuracy of the analysis.

In this case, dueto the lack of reliable retention time markers, only the external pattern match approach is viable.
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Figure 8. An overlay of the 5 original traces (a) show unstableretention timeswhere a similar overlay of the 5 aligned
traces (b) show them to be in sharp focus.
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Figure9. Zooming into the middle of the chromatogram, the retention time cor rection is highlighted; (a) unaligned and
(b) aligned profiles

The tightening of the chromatographic distribution is well-illustrated by performing a principal component analysis (PCA) of the
chromatograms, as shown in the following figure. In this view, each chromatogram is represented by a single point. The distance
between these pointsis afunction of the similarity of the traces: the closer the points, the more similar the chromatograms.
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Figure 10. PCA Scores show scatter in theoriginal (red) and atight cluster after alignment (blue). Alignment standard
isthefilled point.

The scores of the pre-alignment chromatograms are widely spread, while the aligned traces are clustered tightly around the sample
chosen to be the alignment standard.

CONCLUSIONS

For any alignment method to succeed, some basis for the alignment has to be present. In the case of internal peak indexing, stan-
dards of marker compounds need to be analyzed with the samples. Ideally, these markers would either be natively present, spiked into
the sample matrix or at least co-injected with the samples.

In the case of external peak markers, it isclearly possible to analyze amixture of marker compoundsin a separate analysis from the
sample. But we then are forced to assume that these times are similar enough to the times that would have been found had the markers
been a part of the sample. This external standard approach makes a potentially risky assumption that the retention times do not shift sig-
nificantly from run to run, within aday's analysis window.

The use of an external pattern standard does not require either coinjection or even the identification of individual peaksin the chro-
matogram prior to alignment. This capability allows alignment to be employed in an automated way prior to the integrator getting its
hands on the data. It also requires no user intervention, allowing on-line applications to generate improved data.
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