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difficult to compensate for these types of 
pressure effects. While it does not provide 
a solution, adding a postcolumn restrictor 
can enable confirmation that pressure is 
the cause of the problem (Figure 3d). To 

compensate for pressure-related selec-
tivity changes, it is probably necessary to 
reoptimize the method by adjustments 
of parameters such as gradient shape 
and temperature.

Poor Efficiency Because of  

Differences in Extracolumn 

Band Broadening Between

LC Instrumentation 

Efficiency is dependent on retention as well 
as the ratio between column dead volume 
and the volume of the peak (equation 14 
in the sidebar). Since the dead volume of 
an HPLC column is typically much larger 
than that of an UHPLC column, it is nec-
essary to reduce the UHPLC instrument’s 
contribution to peak volume significantly 
(7). This extracolumn band broadening 
(ECBB) — usually measured as 4σ — is 
typically in the order of 30–50 µL and 10 
µL for HPLC and UHPLC, respectively. 
Even the low volume associated with 
modern UHPLC instrumentation has been 
found to be insufficiently low to compen-
sate completely for the extracolumn band 
broadening contribution associated with 
peaks of low retention (7,37). This effect is 
illustrated in Figure 4, where an isocratic 
translation from HPLC to UHPLC exhib-
ited the expected efficiency for late eluted 
peaks; however, the efficiency observed for 
early eluted peaks was significantly lower. 
Figure 5 illustrates the efficiency versus the 
retention factor for the same separation 
for other combinations of column and LC 
system ECBB volumes. In this example as 
well as in reference 7, the expected plate 
numbers are not reached until a retention 
factor of approximately 4 is reached when 
translating to a 50 mm × 2.1 mm column 
operated on an UHPLC system. 

Modifying the ECBB of an LC system 
is usually quite difficult (38). A more 
realistic alternative is to increase the col-
umn internal diameter. Today, 3-mm i.d. 
UHPLC columns are commercially avail-
able, and they can significantly reduce this 
problem. The drawback to this approach 
is that a flow rate twice as high as for a 2.1-
mm i.d. column must be used, resulting in 
a reduced saving in solvent consumption 
and a potential for increased heat of fric-
tion, which could cause band broadening 
and selectivity differences (29).

In general, the minimized ECBB asso-
ciated with UHPLC systems is advanta-
geous; however, there is a possibility that 
it may cause significant band broadening 
when performing HPLC methods with 
the sample dissolved in a high proportion 
of organic solvent compared to the initial 
mobile phase. This may appear contradic-
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Figure 4: An isocratic translation from (a) a 250 mm × 4.6 mm, 5-µm column and a binary 
Agilent 1100 HPLC system to (b) a 100 mm × 2.1 mm, 1.8-µm column and a quaternary 
Agilent 1290 UHPLC system, showing how ECBB becomes critical for peaks with low re-
tention when using columns with small dead volumes. The chromatograms have been 
scaled by alignment of the f rst and last eluted peaks. Flow rate (a): 1.0 mL/min; f ow rate 
(b): 0.21 mL/min; mobile phase: 2:400:600 (v/v/v) phosphoric acid 85% w/v–acetonitrile–
water; temperature: 22 °C. Peaks: 1 = 4-hydroxybenzoic acid, 2 = acetylsalicyclic acid, 
3 = salicylic acid, 4 = acetylsalicylsalicylic acid, 5 =  salsalate.
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tory, but it can be explained by the nar-
rower capillaries on the UHPLC system 
reducing the mixing between the sample 
and the mobile phase and thereby reduc-
ing peak focusing of the sample on top of 
the column. The solution to this problem 
is to reduce the sample volume or the 
amount of organic solvent in the sam-
ple solution. Alternatively, the capillary 
between the injection valve and the col-
umn can be replaced with a large internal 
diameter capillary to increase the mixing.

Differences in Linearity, Response, or 

Repeatability Related to Injector Design 

Different LC systems possess differing 
injection flow principles and materials in 
their autosampler construction. For exam-
ple, in a loop injector the sample is typically 
exposed to larger surface areas and other 
materials than in a flow through needle in-
jector design. This larger surface area may 
result in a more pronounced adsorption 
and, consequently, also a more pronounced 
nonlinear response at low concentrations 
for loop injectors.  

Other potential problems can be related 
to differences in the internal diameter of 
the injector needle and capillaries. UHPLC 
systems have significantly narrower injec-
tor needle and capillary diameters, which 
can result in poor injection repeatability 
because of bubble formation if the draw 
speed is set too high in relation to the 
viscosity of the sample. Another related 
problem is that differences in viscosity 
between samples and standards because 
of matrix differences may result in differ-
ing amounts being injected, thereby the 
sample concentration can be under or 
over-estimated.  

Consequently, it is important to validate 
linearity, response, and repeatability of the 
LC method when transferring a method 
from one type of LC system to another.

Differences in Peak Asymmetry 

Related to Differences in Efficiency

The transfer of HPLC methodology to 
UHPLC when overloaded peaks are in-
volved results in more-pronounced peak 
asymmetries being observed even if injec-
tion volumes have been correctly scaled 
against column volume. The explanation 
for this phenomenon is that the higher 
efficiency associated with the UHPLC 
method results in higher concentrations of 

the analyte at the apex of the peak and thus 
a higher degree of overloading is observed 
(39). Despite this overloading, the resolu-
tion of peaks adjacent to the overloaded 
peak is typically higher in the UHPLC 
method than in the HPLC method. It is 
possible to compensate for this overload ef-
fect by simply scaling the injection volume 
against column dead volumes as well as the 
isocratic efficiencies (equations 12 and 13 
in the sidebar).

Other Issues 

In the early days of UHPLC, selectivity dif-
ferences were commonly observed between 
columns of nominally the same material 
but differing particle size. These differences 
were impossible to explain by differences in 
the heat of friction or pressure differences 
(20). It was assumed that the base silica of 
the smaller particle size material was subtly 
different compared to its larger particle size 
counterparts. Today this difference is less of 
a problem. However, if a selectivity differ-
ence is observed that cannot be compen-
sated for by either increasing or decreasing 
the temperature by a few degrees to mimic 
heat of friction or by adding a postcolumn 
restrictor to mimic a pressure-induced re-
tention change, it is more than likely that it 
is related to subtle differences in the hetero-
geneity of the base silica used.

Regulatory Aspects
The degree of revalidation that is required 
for a translated method depends on the in-
tended purpose for that method and where 
in the R&D process it is to be used. 

For pharmacopeia methods, LC trans-
lations can, in principle, be made with-
out any formal validation exercise being 
performed provided that the operat-
ing ranges described in the appropriate 
monographs (23,40,44) are not exceeded. 
Unfortunately, the current operating 
ranges limit the ability to translate from 
HPLC to UHPLC. For example, the parti-
cle size can only be reduced by 50% which 
prevents translation from a 5-µm mate-
rial to a sub-2-µm material. It is, however, 
expected that the pharmacopoeias will 
be updated in the near future to allow 
for such translations to take place as long 
as the specified selectivity and efficiency 
is maintained (that is, by maintaining 
or increasing the ratio between column 
length and particle diameter [41]). Hope-

fully, this will also result in increased reg-
ulatory flexibility in general.    

For original pharmaceutical products it 
is necessary to validate all versions of the 
method that are used for analysis of samples 
to be used in toxicological or clinical studies. 
Do both the HPLC and the UHPLC meth-
ods require a full International Conference 
on Harmonisation (ICH) validation (42)? 
From a scientific point of view, it should be 
sufficient to submit a full ICH validation for 
either the HPLC or the UHPLC version of 
the method. For the other version, it should 
be sufficient to submit a minimalistic vali-
dation report claiming that the translation 
has been made according to first principles 
(that is, fundamental chromatographic 
theory). In principle, it should be enough 
to validate selectivity and linearity for the 
translated version of the method. It is advis-
able, at least during this transition period, 
to perform a full ICH validation and be 
prepared to submit the “missing” parts of 
the validation if requested by the authori-
ties. It may also be prudent to include both 
the HPLC and UHPLC versions of the 
method in the experimental design used 
for validation of intermediate precision.

Postsubmission changes to methods are 
possible according to both the European 
Medicines Agency (EMA) and the Food 
and Drug Administration (FDA) regu-
lations. However, it is uncertain what is 
required in the rest of the world. In addi-
tion, the cost associated with a postapproval 
change is often considered prohibitive.

Conclusions
This article demonstrates how the prac-
tical advantages of translating existing 
HPLC methodologies to those using 
newer column formats and UHPLC 
instrumentation can be realized. Ad-
vantages include increased resolution, 
enhanced speed of analysis, reduced 
solvent consumption, more efficient 
utilization of LC equipment, and ease 
of method transfer between HPLC and 
UHPLC. The authors describe a number 
of potential pitfalls that must be taken 
into consideration and avoided if ac-
curate and reliable translations are to 
be achieved. These pitfalls include dif-
ferences in LC instrumentation dwell 
volumes, which can lead to coelution of 
peaks and even reversal of elution order. 
The difference between the original and 
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new VD/VM ratios must be accounted 
for: In the case of the new methodology 
having a larger VD/VM, a delayed injec-
tion must be used, or if it has a smaller 
VD/VM, an isocratic hold must be in-
serted before commencing the gradient. 
Errors in translated gradient times of 
up ~30% can be encountered unless ex-
perimentally determined VM values are 
used. This may affect both retention and 
selectivity. Hence, the authors strongly 
recommend that chromatographers 
practically determine their VM values. 
The effect of instrument differences be-
tween HPLC and UHPLC models have 
been highlighted as possible sources of 
translation error; these include differ-
ences in column thermostat design, the 
effect of extracolumn band broadening, 
and the influence of differing injector 
design. In addition, the effect of only 
moderately elevated pressures on selec-
tivity has been demonstrated, coupled 
with the effect of increased heat of fric-
tion associated with smaller particles 
and the influence of increased efficiency 
on peak asymmetry has been described.

A free translation tool is available to 
assist the successful translation between 
HPLC and UHPLC methods (21). The 
tool is based on the principles described 
in this article and permits scaling of 
gradient times, flow rates, and injection 
volume as well as accounting for differ-
ences in VD/VM ratios between LC sys-
tems. A more comprehensive transla-
tion tool also will be available (22).
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Call for Application Notes

LCGC is planning to publish the next issue of 

T e Application Notebook special supplement in 

December. T e publication will include vendor 

application notes that describe techniques and 

applications of all forms of chromatography and 

capillary electrophoresis that are of immediate in-

terest to users in industry, academia, and govern-

ment. If your company is interested in participat-

ing in these special supplements, contact:

Michael J. Tessalone, Group Publisher, 

(732) 346-3016

Edward Fantuzzi, Associate Publisher, 

(732) 346-3015

Stephanie Shaf er, East Coast Sales Manager, 

(774) 249-1890

Lizzy T omas, Account Executive, 

(574) 276-2941

Application Note Preparation

It is important that each company’s mate-

rial f t within the allotted space. T e editors 

cannot be responsible for substantial editing 

or handling of application notes that deviate 

from the following guidelines:

Each application note page should be no more 

than 500 words in length and should follow 

the following format.

Format

• Title: short, specif c, and clear

•  Abstract: brief, one- or two-

sentence abstract

• Introduction

• Experimental Conditions

• Results

• Conclusions

• References

•  Two graphic elements: one is the company 

logo; the other may be a sample chromato-

gram, f gure, or table

•  T e company’s full mailing address, 

telephone number, fax number, 

and Internet address

All text will be published in accordance with 

LCGC ’s style to maintain uniformity through-

out the issue. It also will be checked for gram-

matical accuracy, although the content will not 

be edited. Text should be sent in electronic for-

mat, preferably using Microsoft Word.

Figures

Refer to photographs, line drawings, and 

graphs in the text using arabic numerals in 

consecutive order (Figure 1, etc.). Company 

logos, line drawings, graphs, and charts must 

be professionally rendered and submitted as 

.TIF or .EPS f les with a minimum resolution 

of 300 dpi. Lines of chromatograms must be 

heavy enough to remain legible after reduc-

tion. Provide peak labels and identif cation. 

Provide f gure captions as part of the text, 

each identif ed by its proper number and title. 

If you wish to submit a f gure or chromato-

gram, please follow the format of the sample 

provided below.

Tables

Each table should be typed as part of the main 

text document. Refer to tables in the text by 

Roman numerals in consecutive order (Table I, 

etc.). Every table and each column within the 

table must have an appropriate heading. Table 

number and title must be placed in a continu-

ous heading above the data presented. If you 

wish to submit a table, please follow the format 

of the sample provided below.

References

Literature citations must be indicated by arabic 

numerals in parentheses. List cited references 

at the end in the order of their appearance. Use 

the following format for references:

(1)  T.L. Einmann and C. Champaign, Science 

387, 922–930 (1981).

T e deadline for submitting application notes for the 
December issue of T e Application Notebook is:

October 24, 2014

T is opportunity is limited to advertisers in LCGC North America. 
For more information, contact: 

Mike Tessalone at (732) 346-3016, Ed Fantuzzi at (732) 346-3015, 
Stephanie Shaf er at (774) 249-1890, or Lizzy T omas at (574) 276-2941.

Table I: Factor levels used in the designs

Factor Nominal value Lower level (−1) Upper level (+1)

Gradient profile 1 0 2

Column temperature (°C) 40 38 42

Buffer concentration 40 36 44

Mobile-phase buffer pH 5 4.8 5.2

Detection wavelength (nm) 446 441 451

Triethylamine (%) 0.23 0.21 0.25

Dimethylformamide 10 9.5 10.5

Figure 1: Chromatograms obtained using 
the conditions under which the ion sup-
pression problem was originally discov-
ered. The ion suppression trace is shown 
on the bottom. Column: 75 mm × 4.6 mm 
ODS-3; mobile-phase A: 0.05% heptaf uo-
robutyric acid in water; mobile-phase B: 
0.05% heptaf uorobutyric acid in aceto-
nitrile; gradient: 5–30% B in 4 min. Peaks: 
1 = metabolite, 2 = internal standard, 
3 = parent drug.
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