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The use of very high temperatures (up to 200 °C) in liquid chromatography has advantages in terms of
throughput, sensitivity of the analysis and peak capacity. The work presented i this poster demonsirates
gains of up to 7 fold in APCI, lysis time of 5 t0 8 fold

Introduction

Ultra High Tempemmre Liquid Chromatography (UHT-LC) operates at temperatures up to 200 °C.
Temperature affects the equiibrium distribution of the sample he mobile phase and the
statonary phase, messured o relenon facor (K) and, Lo some et it may also afec seleciy (o).
The use of high temperatures in reversed-phase liquid
Higher peak capacity — at higher temperatures solvent vlsmsdy s reduced which enhances the
mass-transfer between mobile and stationary phases resuling in higher efficiencies, providing
sharper peaks and increased peak capacity
Higher sensitivity - at high temperatures peaks are more efficient and sharper, thus there is an
improvement in pssk height, and better signal-to-noise ratios are obtained;
Higher speed — at high temperature backpressure is reduced allowing for higher flow rates to be
utlzed o st separaons wibout comprrtisng emmency Aocording o the van Deemier exuaton,
the increase in plate height (H) wi

UHT-LC has advantages when coupled with mass spectrometry. In LC/MS with electrospray (ESI) the
‘column effluent is nebuiized in the ion source by a high voltage appiied to the electrospray needle and a
nebulizing gas, followed by droplet desolvation with high temperature. In atmospheric pressure chemical
fonization (APCI), the column effluent is vaporized by a high temperature applied to the probe and a
nebulizing gas, followed by ionization in the gas phase. When UHT-LC is used in combination with ESI
and APCI,the moblle phase reaches the ion source at elevated temperature which aides the vaporization
‘and desolvation processes, thus sensitivity of the.
analysis.

UHT-LC has specific requirements in terms of column stabilty. Columns packed with alkyl-modified
siicas, which are generaly used in RP-LC, should not be used above 60 — 80 °C (this imit Is dependant
upon the siica, ligand and mobile phase pH). At these extreme temperatures, hydrolysis of the
organosilane bond or dissolution of the siica may occur. Porous graphitc carbon (Hypercarb™, summary
of properties in Table 1) is the ideal stationary phase for UHT-LC, since it is not affected by physical or
chemical degradation at high temperature regardless of mobile phase used (temperatures up to 2500 °C
are used in the manufacturing process). Hypercarb is 100% carbon, and thus chemically very stable and
robust. It has been demonstrated! that Hypercarb is the only stationary phase available in the market that
can be routinely used up to 200 °C under isothermal or temperature gradient conditions. Moreover, when
used in UHT-LCIMS, there is no phase bleed.

Ovens with temperature programming, mobile phase preheating, and mobile phase pre-detector cooling
are now commercially available. Mobile phase prehealing is an important requirement at column
temperatures above 80 “C to prevent band dispersion caused by thermal mismatch across the diameter of
the column. When using UV detection Is also necessary to cool the mobile phase before It reaches the
flow cel, to prevent damage.

TABLE 1. Chromatographic properties of Porous Graphitic Carbon.

Particles. ‘Spherical, fully Manufactured from silica template.
porous

3,5.and 7um Ensures good packing bed uniformity.
(30um)

120 mlg Ensures retention linearity and good loading capacity.

Median pore 250 A Ensures good mass transfer for wide range of analyte
iameter ‘shapes and sizes.

% Carbon 100 it C o

In the work presented in this poster the effect of column temperature on the capacity factor, the speed of
analysis and on sensitvity (ESI and APCI signal intensity and signal-to-noise ratio) is demonstrated. Data
on column stabilty is also presented.

Methods

« Columns — Hypercarb § m, 100 x 4.6 mm; Hypercarb 5 m, 50 x 4.6 mim; Hypercarb § m, 50 x 2.1 mm;
Hypercarb 5 m, 100 x 2.1 mm (Thermo Electron Corporation)

+ Instrumentation used to perform the UV work: HPLC system (quatemary pump with degasser,
autosampler and variable wavelength UV detector) fitted with a programmable oven, Polaratherm Series.
9000. The oven was operated with a temperature gradient or isothermaly; the effluent cooler was set to
25°C.

+ Instrumentation used to Deﬂovm e LGMS work: Fiigan™ Surveyor™ and Firigan™ Suveyor™
MSQ™, fitted with s 9000. In

+To prevent evaporation of the mobile phase in the column at high temperatures, exira backpressure was.
introduced in the system, downstream from the column, by using 5cm of 50 m tubing

Results

Faster analysis at high temperatures

Figures 1 and 2 ilustrate the gain in speed of analysis and peak capacity that can be obtained by using
temperature as a method development parameter. In Figure 1 the isocratic separation of seven phenoxy
acids is reduced from 20 minutes to 3.5 minutes by running a temperature gradient from 70 to 160 °C. A
further advantage of the temperature gradient is that, uniike an organic gradient, it allows for sensitive
detection at low UV wavelength. In Figure 2, seven herbicides and three metabolites of atrazine are
separated in 5 minutes with a temperature gradient. These compounds have a wide range of
for and log P 3.07 for propanil); at 40° C

propanil does not elute in 45 minutes.

FIGURE 1. Separation of phenoxy acids at 30°C (a) and with a temperature gradient (b).
Analysis time is reduced from 20 to 3.5 minutes.

70 °C to 160 °C at 40 °C /min

Weutee

‘Column: Hypercarb, 5 um, 50 x 4.6 mm
Mobile Phase: A~ H,040.1% TFA; B - ACN+0.1% TFA; (a) 15:85; (b) 20:80.

Flow rate: (a) 1 mLimin; (b) 2 mLimin.

‘Temperature: (a) 30 °C; (b) 70 °C to 160 °C at 40 °Cfmin.

Detection: UV at 205 nm

Analytes: 1. Bentazone; 2. Dicamba; 3. MCPP; 4. MCPA; 5. 2.4-D; 6. MCPB; 7. Benazolin

» Thermo Electron Corporation

FIGURE 2. Separation of herbicides and metabolites at 40 °C (a) and with temperature
gradient (b). Over seven-fold reduction in analysis time.

(b) 140° Ct0200°C at 30° Cimin|

Colurmn: Hypercarb, 5 ym, 100 x 4.6 mm
Mobile Phase: A~ H;0: B - ACN; (a) Gradient: 5 to 100% B in 15 min: (o) Isocratic (50:50).
Flow rate: (a) 1 mUmin; (o) 2 mUmin,

Temperature: (a) 40 °C; (b) 140 °C t0 200 °C at 30 °C Jmin

Detecton: UV at 215 nm

Analytes: 1
4 Propazine . Promettyn; . Aazine 7. Ametyn; 6. Simazine; . Syme'ryn. 10. Propanil

FIGURE 4. Imbact ofthe separation tamperaturs on the signak{o-nog
for sulfon:

Errr—
(1111111

Sepaation Tomporstur () Soparaton omperars )

BT [ st

FIGURE 6. UHT-LC/ESI-MS of phenolic compounds

Column: Hypercarb, 5 ym, 100 x2.1 mm

Mobile Phase: A - H,0 + 0.1% ammonia
8- ACN + 0.1% ammonia

Gradient: 10 to 100% Bin 10 min

Flow rate: 0.4 mLimin

‘Temperature: 120 °C

Detection: - ESI

53 e Analytes
1 ]“‘ e e 1. Hydroxybenzoic acid

](‘ 2. Vanilic acid

TR
Tive iy

3. Syringic acid
4. Feruiic acid 5. Vanilin
6.

UHT-LC/MS

It has been demonstrated? that an increase in the column temperature benefits chromatographic peak
height. The effect of the temperature of the mabile phase on the ionization eficiency in ES1 and in APCI,
was investigated by flow injecting a basic compound (sulfamerazine) at temperatures ranging from 30 o
190 °C, and by measuring the signal intensity (plot of the signal vs temperature in Figure 3). A
‘expected, at higher temperatures there is an improverent in the signal for both ES| and APCI. This effect
is stronger in APCI because with this technique, vaporization oceurs prior o ionization n the gas phase.
"When the prehestd b phassraches the o scrce, eporiaon i enhanced, s oiztn s
more efficient, noise, particulary n ESI. Figure 4
Shows the effect of separation temperature on the signal-to-noise ratlo (SIN) of four sulfonamides
measured in APCI and ESI. In APCI the separation temperature for best SIN is 180 °C, except for
Sulfaguanine which has its optimum at 90 °C. In ESI however, above 90 o 120 °C the increase in noise
is greater than the increase in signal intensity; therefore SIN drops.

FIGURE 3. Effect of temperature of the mobile phase on the ESI and APCI signal of
sulfamerazine.

Tomparature (<)

Figure 5 ilustrates the gain in sensitivity and throughput when the separation temperature is increased.
In APCI when the temperature is increased from 30 to 180 °C (Figure 5A), the SN increases 2.2to 7.7-
, with a time.

FIGURE 5. LCIMS of sulfonamides: impact of the separation temperature on the analysis time
and signal intensity: A~ APCI; B - ESI. Base peak chromatograms normalized to highest
signal.

A

Column: Hypercarb, 5 pm, 100 x 2.1 mm

Mobile Phase: A - Ammonium acetate 10mM, pHO
N

180 °C, 1.0 mLimin

Isocratic: 65:35
Flow rate: 0.2 mLimin or 1 mLimin
Temperature: 30 °C or 180°C.

jon: +APCI
30°C, 0.2mUmin | C9eCO O

eduction in analy:
Improvement in S/N of 2.

Analytes:
1. Sufaguanidine
2. Sufamonomethoxine
3. Sufamerazine
4. Sufathiazole

30°C, 0.2 mL/min
5

Column: Hypercarb, § ym, 50 x 2.1 mm

Mobile Phase: A - H0 + 0.1% formic acid
B~ ACN + 0.1% formic acid

Gradient: 50 t0 100% Bin § min

Flowrate: 0.2 mLimin or 0.4 mLimin

Temperature: 30 °C or 80 °C

Detection: +ES|

90°C, 0.4 mL/min

7-fold reduction in analysis time
ange in SI

FIGURE 7. Hypercarb column stability
under high temperature conditions. Column stability and performance is an
essential element of UHT-LC. Hypercarb
column performance was monitored by
running the QC test mixture when the
column was new, and again after the
coumn had been used under high
temperature conditions and acidic mobile
phases over a period of 6 weeks
(Temperatures will have ranged from 100-
2000C for extended periods). In Figure 7
the two chromatograms obtained are
compared.  Retention times  are
approximately the same and the efficiency
of the last eluting peak (35xylenol)
decreases by less than 10%.

Concl usions
The work p stor of UHT-LC with UV and MS detecion:
" igher peak capociy - at high tomperatures peaks aro sharper, terclore, peak capacty is

increase
Higher speed - reduction of 5 to 8 fold in run times was accomplished with high temperatures.
Higher sensitivity — at high temperatures peaks are sharper, therefore, an improvement in peak
height is obtained. Addiionally,in LC/MS with ES! and APCI higher separation temperatures aid in
desolvaton and vaporization ths increasing lonizatin effcency.

‘The ability to work at very high temperatures relies on column stabilty and performance. Hypercarb’s
stabilty and unique abillty to retain polar compounds and to separate closely related molecules make this
phase ideal for UHT-LC with any detection technique.
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