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How can resolution be
determined when peak
width cannot be measured?

John W. Dolan
LC Troubleshooting Editor

have had several reader inquiries

lately regarding how to estimate

resolution between two peaks in a
liquid chromatography (LC) separation
when the traditional calculation doesn’t
work. An example of this is shown for
peak pairs A, B, and C in the chro-
matogram of Figure 1. In each case, the
valley between the peaks does not dip
below 50% of the height of the smaller
peak, making it impossible to measure
the peak width at the baseline or half-
height. In this month’s “LC Trouble-
shooting” installment, I would like to
share a simple technique to estimate
resolution that has been in use for many
years (for example, see reference 1), but
may not be well known because of our
dependence on automatic data process-
ing systems today.

Traditional Measurements

Most of us use the method of equation
1 or 2 to calculate the resolution, R, of
a pair of peaks with retention times #,
and z,:

R
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where w,; and w,, are the baseline
peak widths between tangents drawn
to the sides of the peaks, and w,; and
wy,, are the corresponding peak widths
measured at half the peak height. That
is, the resolution is the difference in
retention times divided by the average
baseline peak width (thus the factor
of 2 in equation 1). The peak width at
the baseline for a Gaussian peak is 40
(4 standard deviations), whereas at the
half-heighe, it is 2.3540, so the factor
in equation 2 is (2 X 2.354/4) = 1.18.
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Estimating Resolution for
Marginally Separated Peaks

Because the half-height peak width is
easier to measure (no tangent drawing
involved), most data systems use the
half-height method (equation 2) to cal-
culate resolution.

The technique of equations 1 and
2 works well when the peaks are well
separated, as with Figure 2a, where
R = 1.3. When the resolution drops
much below this, it will be difficult to
measure the baseline peak width, but
it may be possible to measure the half-
height width. However, as the resolu-
tion drops, the valley between the
two peaks rises, and at some point it
becomes no longer possible to measure
the half-widch, either (for example, Fig-
ure 2b). Unfortunately, as the amount
of peak overlap increases, measurement
of resolution becomes more important.
This is because it is more difficult to
accurately measure peak areas when
resolution drops below ~1.2, so system
suitability tests often have minimum
resolution requirements for partially
separated peaks.

Modeling Peak Overlap
One way to estimate resolution for
overlapping peaks is to measure the
relative height of the valley between
the peaks. The ideal chromatographic
peak is Gaussian in shape, so we can
generate Gaussian peaks (for example,
in Excel) and sum their peak heights
across a two-peak chromatogram. By
changing the amount of resolution
(overlap) and the peak heights, we can
generate a simple tool to estimate reso-
lution based on the relative height of
the valley.

The Gaussian function is as follows:

= (1A/2 e 3]
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where y is the peak height at point x
and x is the retention time measured
from the band center (¢ = 0) in units
of the standard deviation of the peak
(o). All the peaks I generated for

Figures 2 and 3 range from times of
-40 to +90 relative to the center of
the first peak. Recall that the width
of a peak between tangents drawn to
baseline is 40. The chromatogram for

N

Figure 1: An example of poorly resolved peak pairs A, B, and C.

Table I: The valley-height technique of estimating resolution

Peak-height ratio: 1:1 1.33:1 T 4:1 10:1 100:1
RS

1.4 1% 27%
1.3 10% 13% 19% 43%
1.2 1% 13% 16% 21% 31% 64%
il 18% 20% 25% 33% 47% 87%
1.0 27% 31% 38% 50% 68%

0.9 40% 45% 54% 71% 91%

0.8 55% 63% 75% 93%

0.7 74% 84% 96%

0.6 91%

*Height of the valley as a percent of the height of the shorter peak
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the first peak of each pair is shown
in red, the second in blue, and the
sum of the two in green. In all cases,
the second peak is of constant height,
and the height of the first peak is
varied (for example, in Figure 2, peak
1 is always twice the height of peak
2). Note that all the chromatograms
of Figures 2—4 are computer-gener-
ated simulations; real peaks are likely
to tail somewhat.

Now, I have the ability to generate
chromatograms as in Figures 2 and 3
for any desired resolution and any rela-
tive peak height. I have used such data
to construct Table I. The resolution
(left-hand column) is known from the
inputs. From the data in the spreadsheet
(not shown) or the chromatograms, I
can determine the peak height (which
may be increased by overlap from the
other peak) as 4, and 5, for the two
peaks and the peak-height ratio (always
hy:h, in Figures 2 and 3 because the sec-
ond peak is smaller). The height of the
valley (green line) is /4 /h, (always the
smaller of the two peaks). Each column
of data is for one peak-height ratio, with
the %-height of the valley shown below
for each value of resolution. (I have done
some rounding of numbers for presenta-
tion simplicity, so if you try to repeat
my calculations, your results may vary
slightly.) It should be obvious that if
peak 2 is larger than peak 1, the data of
Table I still apply — just remember to
use the smaller of the two peaks for the
valley-height ratio.

Application to Example Data
Next, let’s see when it is appropriate to

use Table I to estimate resolution and

Figure 2: Simulated chromatograms for peak-height ratios of 2:1. (a) R, = 1.3; (b) R, = 0.9, h;, h, and h, are heights of
the first peak, second peak, and valley, respectively; (c) R, = 0.75.



722 LCGC NORTH AMERICA VOLUME 32 NUMBER 9 SEPTEMBER 2014

(b)
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Figure 3: Simulated chromatograms for various peak-height ratios. (a) peak-height ratio = 1:1, R, = 0.6; (b) ratio = 10:1,

R, =0.9; (c) ratio = 100:1, R, = 0.9.

when it is not very useful. First, consider the chromatogram of
Figure 2a. In this case, R = 1.3 and the first peak is twice the
height of the second (4,:4, = 2:1). In this example, either the
baseline or half-height peak widths can be measured easily, so
there is no need to use Table I for help. A calculation using
either equation 1 or equation 2 will give better results when
one of them can be applied. You can see from Table I (R, =
1.3, ratio = 2:1) that the height of the valley is 10%. My sug-
gestion is not to use Table I if the valley is less than ~10%, so
I have not even shown valley heights < 10%.

For the chromatogram of Figure 2b (R_= 0.9, ratio = 2:1),
the valley height is 54%. This means that it is not possible
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to measure the peak width, even at the half-height, so the
method of Table I will be quite useful.

Table I works quite nicely when the peak-height ratios
and the valley heights correspond to values in the table.
When this is not the case, some interpolation will be nec-
essary. In the example of Figure 2¢, the peak-height ratio
is 2:1 and valley is 86% of the height of the second peak.
In the 2:1 ratio column of Table I, 86% falls roughly
midway between a valley of 75% (R, = 0.8) and 96% (R,
= 0.7), so we can assign R = 0.75 to this chromatogram
(which is the resolution I selected to generate the data).
Because of the rather coarse nature of the data intervals in
Table I and other uncertainties, I suggest that you don’t
refine your estimates of resolution by more than 0.05 units
using this technique.

Some Limitations to the Valley Ratio Technique

I mentioned above that whenever you can measure the
peak width at baseline or half-height, you are better

off using the traditional resolution calculation of equa-
tion 1 or 2. Let’s look at some other examples where the
valley-height technique is limited. In the chromatogram
of Figure 3a, you can see that there is barely any valley
between the peaks for the case of equal height peaks and
R = 0.6 — the valley height is 91%. You can also see that
the peak heights (green) of both peaks are greater than the
individual peaks (red and blue) because of severe overlap. I
don’t think it is worthwhile trying to estimate the resolu-
tion with the valley-height technique if the valley height

is more than ~90%. I have left a few values with valleys

> 90% in Table I to help with interpolation with smaller
valley ratios.

As the peak height difference between the two peaks gets
larger, the valley-height technique still works, but a larger
difference in retention times is required to obtain a reason-
able valley. For example, in Figure 3b with a peak height
ratio of 10:1, R = 0.9 is required to get the same 91% valley
as with a 1:1 peak height ratio where resolution of only 0.6
was required (Figure 3a). When a peak height ratio of 100:1
is encountered (Figure 3¢), R_ = 0.9 produces only a small
bump on the tail of the first peak. At some point when the
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(a) (b) (c)

Figure 4: Simulated chromatograms showing effect of peak tailing factors
(TF) (for peaks 1 and 2, respectively), on resolution for peak-height ratios of
1:04 (@) T = TF 5 = HLO(D)RTE = 115,475 (= 1.0; (c)\TF; = 1.0, TE = 1.5

peak size ratio becomes too large, even
with symmetric peaks, it will not be
possible to observe two peaks, whereas
with the same retention times and
equal sized peaks, the separation would
be obvious. Compare the chromato-
grams of Figures 2b, 3b, and 3c to see
this trend for peaks with R = 0.9.
Peak tailing of the first peak of
a peak pair will always reduce the
resolution, whether the calculations of
equations 1 or 2, or the valley-height
technique of Table I is used. This is

illustrated with Figure 4, where Figure
4a has R = 1.5 and both peaks are
symmetric, so the tailing factor (TF)

is 1.0. In Figure 4b, the peaks have the
same retention times, but the first peak
has TF = 1.5. My measurements show a
valley height of 19%, so for a 1:1 peak
height ratio this equates to R = 1.1.

On the other hand, tailing only for the
second peak, as in Figure 4c, will not
affect the resolution. It is only the case
where the peak tails into the valley that
resolution is reduced.
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A Real Example

All of the chromatograms in Figures
2—4 are simulated; so what happens
when we try to apply the valley-height
technique to a real example? Let’s go
back to the chromatogram of Figure
1, where the reader was unable to
determine resolution between peak
pairs A, B, and C using direct calcula-
tions. I expanded the chromatogram
and measured the peak and valley
heights for each pair. For peak pair
A, the peak height ratio is 1.36:1 and
the valley height is 64%. The height
ratio is closest to the 1.33:1 data set in
Table I, so I would estimate R = 0.8.
For pair B, the height ratio is 2.17:1
and the valley is 50%. Using the 2:1
column in Table I, R = 0.9. For pair
C, the peak height ratio cannot be
determined, but my guess is that it is
at least 100:1 and the valley is 69%
of the smaller peak, so this gives R, =
1.2. You could interpolate more care-
fully between the data points in Table
I, but as I mentioned above, I would
not try to get closer than ~0.05 resolu-
tion units using Table I. I don’t know
the nature of the sample in Figure

1, but it is typical of what might be
observed for an impurities analysis

of a pharmaceutical product. In such
cases it may not be essential, or even
possible, to separate all peaks to base-
line, but it would be nice to be able to
put a number on the resolution of the
various peak pairs. Using the valley-
height technique, we can do just that,
when the traditional approach of
equations 1 and 2 was not possible.

Conclusions

When chromatographic peaks are well
separated, the traditional technique of
calculating resolution based on reten-
tion time differences and average peak
widths, as in equations 1 and 2, is the
preferred way to determine resolution.
This would generally apply over the
range of peak height ratios of approxi-
mately 1:1 to 1:10 and resolution of

at least 1.3. When resolution drops
below ~1.3, it becomes more difficult to
determine peak widths, so an estimate
of resolution using the valley-height
technique is more convenient. When
the valley height exceeds ~40% of the
height of the smaller peak, even the
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width at half height cannot be deter-
mined with confidence, so the valley-
height method is the best choice. In the
real chromatogram of Figure 1, we were
able to estimate the resolution of three
peak pairs using the valley-height tech-
nique when it was not possible to make
the corresponding calculations with
equation 1 or 2.

Peak tailing for the first peak of a
peak pair will always reduce resolution.
In such cases, the valley-height tech-
nique may give more realistic values of
resolution, as was illustrated with the
chromatograms of Figure 4.

From a system suitability standpoint,
the valley-height technique can be use-
ful to assess separation quality when a
marginal separation is the best that can
be obtained, as in Figure 1 for peak
pairs A, B, and C. For the example of
Figure 2b, there is very little peak over-
lap at the peak centers, so peak-height
measurements may be more appropri-
ate for quantification; alternatively,
peak-area measurements, using a per-
pendicular drop at the valley to sepa-
rate the peak areas, should also give
acceptable results for this example. You
could specify in the system suitability
requirements that R_> 0.9 should be
obtained. For routine work, however,
it may be more convenient just to set
a limit on the valley height that cor-
responded to R, = 0.9. For example,
you could require that the valley be
no more than 55% of the height of the
second peak and have the same result
without the added step of looking up
the resolution in Table I.

There is an interesting paradox here: As
chromatographers, we usually are more
concerned with peak separation when
resolution drops below R ~15,at which
point we must rely more on estimates
than more exact calculations. Conversely,
when R_> 1.5, calculations become easier,
but once baseline resolution is obtained,
accurate measurements of resolution are of
less interest. So when accuracy is impor-
tant, we can’t get it, and when it is not as
important, it is easy to obtain.
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