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Introduction Exploring Key Chromatographic Performance Aspects

The use of elevated temperature in liquid chromatography has

, Evaluation of Instrumentation Efficacy Through van’t Hoff Plots
recently been an active area of research (1-4). As the temperature of the ’

mobile phase is increased, several variables that play a key role in The experimental design must take into account the Vanrt Hoff 04ml/ | 06w/ [ 0.8ml/ | LOm/ [ 12ml/
chromatographic performance are affected. Mobile phase viscosity is dependency of retention time due from temperature Sample: Dipentylphthalate M m m m m
decreased at higher temperatures. This means that with a constant changes. Arrhenius equations are formulas used to Temp A oA oA oA oA oA
mobile phase, flow rate, column dimension and particle size, operating determine the temperature dependence of a e / 301040 | 16.84 | 1615 | 1626 | 16.49 | 16.32
pressure is reduced at higher temperature. Analyte diffusivity is chemical reaction rate. When a reaction has a rate 26 e R e orso | 1708 | 172z | 1725 | 1080 | 1007
increased at higher temperature. This fact results in a shift in the constant which obeys the Arrhenius equation, a plot | _ 2] %/ -k (06mLmin ° ' ' ' ' '
optimum flow rate to higher values. Horvath (5) has discussed the fact of In(k’)versus T gives a straight line. These plots =5 //// ::ﬁﬁfﬁgtjﬁjﬂi 501060 | 1843 | 1829 | 1806 | 1784 | 1770
that under conditions where kinetics are fast, efficiency is independent are more commonly known as van’t Hoff plots. e Ik (1.2mLimin) 601070 | 1920 | 19.01 | 19.05 | 1862 | 18.48
of temperature, and this fact has been verified by Lee et al (3) and When applied to LC, we can measure the capacity w7 701080 | 19.81 | 1977 | 1959 | 1922 | 18.82
Sandra et al (4). Therefore, at least theoretically, we should not expect factor (k') at varied temperatures and plot them s 00027 00020 00031 00033 00035 801090 | 20.81 | 20.17 | 2009 | 1972 | 19.80
higher temperature to provide increased plate count or resolution for a versus the 1/T (where T = absolute temperature K). AIT (Tekehvin) 500100 | 2008 | 2040 | 2079 | 2008 | 2004
given column length and particle size. Instead, due to the flattening of If we also take these measurements at various flow

the van Deemter curve and the reduced mobile phase viscosity, higher rates, the resulting curves should be linear. The figure below is a plot of In(k’) versus T for Table 1. As a general rule of thumb, an increase in col-
temperature will allow faster separations to be obtained with equivalent dipentylphthalate at various flow rates and temperatures. The experiments were performed on an umn femperature by 5°C will usually decrease re’e”’ion(lg}
resolution. However, the use of longer columns to provide increased ACQUITY BEH C18 2.1 x 50mm, 1.7um column isocratically 40:60 with 0.1% formic acid and b)flf&m/‘" Therrefife’ Zn '%r;%s; of femperature by 10°C
plate count and resolution is enabled by higher temperature (4). While 0.1% formic acid in acetonitrile respectively. Wit decredse relerifion by 1LeL%.

these longer columns can be used at ambient temperatures, the flow

rates achievable under these conditions would lead to very long Effect of Temperature on Chromatoaraphic Performance

separation times. It is important to point out that for these longer ' o Optimal Flow XEridge 2.1X100mm 35 um Inherce of Terrperature
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columns the optimum flow rate is in most cases not achievable even at ) _ )
. . o . . Isocratic separations were done at constant percent organic and
higher temperature, since with increasing temperature the optimum flow s
plots of plate count vs. flow rate were generated at several flow '
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rates. Figure 3 shows the combined plot for the XBridge and 1o00e / :z:
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Conclusion ACQUITY columns at the two temperatures. Note that at 60°C the [ I S
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flow rate max was 750 mL/min, while at 90°C it was 1000 mL/ S 1o [ - —+- oAy
. . . o —+— 60C)Bridge
_ ) . min. The results for the XBridge column demonstrate that the highest 40000 & 10000 208
« High temperature LC and UPLC allow faster separations, selectivity . . 20000 >
benefits and sh ¥ plate count achieved is independent of temperature, about 12,000 im0
enefils, and sharper peaks. plates. The same curves generated with the ACQUITY column show T m m me w00
o Efficiency is not improved at higher temperatures. It only allows slightly different behavior. In this case, as the temperature is raised, Fiow Rete uLimin 00
longer columns which only then would you achieve greater N the maximum achievable plate count also increases slightly, going , R e o s
o | i | t ture requires higher flow rates in order to from 22,000 at 60°C to 23,000 at 20°C. An interesting thing t Figure 2. From the shown daa we can con- FlowRte, in
ncreo.su?g co UmrT empera U q 9 © ’ a 0 29, a : eresting gfto clude that as the column temperature is in-
run within the optimal conditions. point out about both graphs is that at the lower temperature, the creased from 30°C to 90°C there is no in- , , ,
o . ) ) | i< high low f b it the ol - cof . Lt th ol Figure 3. When the C term begins to domi-
« Analyte degradation is possible and must be examined in every plate c.ount Is hig §r at low ow. rafes, but at some point the plate crease in column performance ut the optima nate, the higher femperature provides in-
case count is equal or higher at the higher temperature. velocity has increased from 400ul/min to creased plate count vs. lower temperature.

650ul/min on a 2. 1mm ID column.
o Narrow peaks require fast scanning UV and MS detectors, but not

necessarily above 40Hz.
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Typical Chromatographic Phenomena Related to Using Elevated Temperatures : Predictable and Unpredictable
Elevated Temperature = Speed Benefits # Increased Efficiency Effect of Temperature on Selectivity Thermally Labile Compounds
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S O N} A AT A" e Figure 7: As the column temperature is increased the rate of =zt Lansoprazole 40°C specira,.
e mass transfer and solubility of the analytes changes differen-
Figure 5 - 6: Figure 5 demonstrates the isocratic separation of several alkyl phenones on a 2.1x150 mm ACQUITY UPLC BEH C18, 1.7 tially. This can result in changes in the order of elution and
mm column. The mobile phase temperature was varied from 60 to 75 to 90°C, while the flow rate was varied to provide a roughly con- the resolution between the peaks. This is of particular interest "
stant back pressure of approximately 7-8K and therefore constant efficiency (6). The resulting efficiency stayed constant at about 35,000 when transferring methodology from analytical to preparative ) '
plates. At 60°C, the flow rate was 0.4 mL/min, resulting in a run time of about 4 minutes. At 75°C, the flow rate was 0.5 mL/min, result- scale. We can see that the temperature can be used as a tool Figure 8: ”Th? comé;med extracted .s/.oecfr um of the
ing in a run time of about 2.6 minutes. At 90°C, the flow rate was 0.6 mL/min, resulting in a run time of about 1.8 minutes. This exam- to manipulate the peak separation profile such as changing observed brldged. pher7”omerlrla failing after fh? Lan-
ple demonstrates that for this sample mix, running at 90°C vs. 60°C results in a two-fold reduction in analysis time, with no loss in resolu- the organic modifier to affect selectivity. Thus temperature soprazole analyte in the blu.e Chf omatogram is a
tion. The data shown in the figure 6 shows that as the column temperature is increased, the gradient time can be reduced and the peak can be viewed as a tool rather than a necessity. result of on-column degradation yielding an m/z of
capacity retained, Pc 30°C = 283, 60°C = 284 and 90°C = 275. 320 amu, a loss of ~48 amu.
Effect of Narrow Peaks on MS Data Quality T e 206.0458 180.0665
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The combination of higher flow rates and longer columns gives rise
to very narrow peaks approximately on average 1second width “q T ]
peaks which places a significant strain on the detection system to T ] ]
collect data at a sufficiently fast rate to define the peak without ef- “ S L - X
fecting the sensitivity or accuracy of the mass spectrometry measure- T :
ment. The spectra obtained from a rat urine analysis (figure 9)
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yield the endogenous metabolites xanthuric acid (figure 10), hippu- ol e 1 170.0754 207.0880 2210904
ric acid (figure 11), kyurenic acid (2.3ppm), and pantothenic acid J M \ M ] LJU\JV« ol | l / | 3 S N it e S,
1.4ppm) present in urine. We can see that analytes were col- LRI TTLIWIERTIVIRE Sl N IR TS | O agn  o00 220 | oag M2 160 180 200 220 240
ppm) p Y 160 180 200 220 240
lected with a mass accuracy of 3ppm or better. Figure 9: Metabolite ID in Rat Urine. ACQUITY UPLC BEH C18 2.1 x Figure 10: Xanthuric Acid Figure 11: Hippuric Acid.
150mm;1.7um. 90°C at 900ul/min. Peak capacity = 720. Peak widths Mass Accuracy = 2.4ppm Mass Accuracy = 2.8ppm
ranged from just under 1sec to 3sec.
Enabling Viscous Solvents with Higher Temperature
(flow rate and tG constant) et T Aoy h(fl?ﬂw rate and tG constant)
. Solvents such as isopropyl alcohol and dimethyl-sulphoxide (DMSO) have been used rarely by chromatographers due to viscosity of 4
060] Isopropanol Al o o . . . . H Isopropanol
200 ’ L these solvents. Raising the column temperature to 90°C significantly reduces the viscosity. The data shown below (figure 12) illus- e d
o ITUN ﬁ 1] trates how the back pressure of a typical 2.1 x 100mm C18 ACQUITY UPLC column changes over the period of a 0-100% organo- 1
e SHETHE——_—S aqueous gradient, for acetonitrile, methanol and isopropanol. We can see from this data that the isopropanol solvent reaches a = [\
0.0] Methanol . . . . . [ . Methanol |
; | r ‘ - back pressure maximum of 11,000psi. The benefits of using mobile phase modifiers such as isopropanol (IPA) are three fold; 1) 2 o] M
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Figure 13: IPA offers speed. Compared to o IPA ~11,000psi I | Figure 16: The two specific epimer peaks of
methanol and acetonitrile IPA gives a signifi- \ U Methanol 1 s UL U| Methanol budesonide are virtually baseline resolved with
cant reduction in analysis time, this is because : N VTR, L\JWMU@W - \J;_J_J\/\.M UL MM 1PA |, where as with methanol they are completely

unresolved, despite being better retained, and
| \ are only approximately 40% baseline resolved

T Acetonitrile with acetonitrile.
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it has a greater elutropic strength.
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Figure 15: The selectivity advantages of IPA. The

sample, in this case ginger root extract illustrates analysfs of the corticosteroid budesonide. The order

the benefits of using IPA as an organic modifier. of elution of the peaks has changed with IPA, the two
0.00 1.00 200 300 4.00 5.00 6.00 7.00 .00 9.00 10.00 Iarge Impur”‘y peaks fhaf elUted aﬁer fhe bUdeSOnide

We can see that these are sharper and better Minuios o f v e
resolved in the IPA separation Figure 12: Organic modifier pressure profile at 95°C peak elute in the methanol and acefonitrile elute be-
J J P P fore the budesonide peak with the IPA gradient
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