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Retention Factors Under Different Thermal and Pressure Conditions 

Measured and Normalized Outlet Solvent  
Temperature Increase 

Comparison of Efficiency Obtained Under  
 Different Thermal Conditions 

Isothermal (at inlet T eluent = T wall )

Frictional heat generates radial and axial thermal
gradients

Non-isothermal  (at inlet T eluent < T wall )

Adiabatic  (insulated column wall)

Radial temperature gradient is suppressed

Axial temperature gradientAxial temperature gradient

A negative thermal gradient introduced at column inlet 
might partially compensate for axial and radial thermal 
gradients due to heat of friction
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Temperature Settings

Thermal and pressure effects on solute retention in chromatography were extensively studied in the past. Recent trends of using small 
particles in order  to minimize analysis time and improve efficiency requires the extension of these studies to high pressure 
conditions (>5000 PSI).
In this study the performance of 1.7, 2.2 and  3.5 µm particle packed HPLC columns are compared under different thermal and 
pressure conditions. The  porous reversed-phase packing materials were used up to pressures of 15000 PSI (1000 bar). 
Experimental results were obtained under isothermal, non-isothermal (thermal mismatch) and adiabatic conditions. In order to be 
able to control the inlet solvent temperature independent from the column oven temperature, an active inlet solvent heater was used. 
The extra-column contributions were carefully minimized.

Experimental Conditions

System 1 (550 - 5000 PSI)

Instrument: Waters 2690XE, Waters 2487 DUV with
micro-bore flow cell
Column: 3.0 x 150 mm 3.5 µm Symmetry C18
Eluent: Acetonitrile-water 55:45 (v/v)
Flow rate range: 0.1-1.1 ml/min
Solutes: Thiourea (unretained), naphthalene,
acenaphthene
Inlet solvent temperature control: Systec active solvent
preheater (L=7.5 cm, ID=127 µm)

System 2 and 3 (550 - 15000 PSI)

Instrument: In-house assembled high pressure pump, 
Waters 2487 DUV with micro-bore or capillary cell
Columns: 2.1 x 50 mm; 2.2 µm Bridged Hybrid C18

3.0 x 50 mm; 1.7 µm Bridged Hybrid C18
Eluent: Acetonitrile-water 70:30 (v/v)
Flow rate range: 0.1-1.1 ml/min
Solutes: Thiourea (unretained), toluene, propylbenzene,
butylbenzene, hexylbenzene
Inlet solvent temperature control: Systec active solvent
preheater (L=7.5 cm, ID=127 µm)
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System 3 
Packing material: 2.2  µm  Bridged Hybrid C18 
Solute: Hexylbenzene 
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System 1 
Packing material: 3.5  µm Symmetry C18 
Solute: Acenaphthene 

Comparison of Efficiency Obtained Under  
 Isothermal and Non-isothermal Conditions 
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Comparison of Efficiency Obtained Under  
Adiabatic and Isothermal Conditions 

System 1 
Packing material: 3.5  µm Symmetry C18 
Solute: Acenaphthene 
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The measured outlet solvent temperatures were normalized by 
the superficial velocity, average pressure, column radius and 
thermal conductivity  
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•Retention factor increases with increasing average column pressure due to adsorption induced partial molar 
volume change of solutes. Retention decreases with average increasing column temperature due to frictional 
heating. The two opposing effects might cancel out resulting virtually constant k. We observe this phenomena in the 
2.2 µm particle packed column used up to 15000 PSI under isothermal conditions. This statement is also supported 
by measured outlet solvent temperature data.
•The effect of frictional heating exceeded the pressure effect in the 1.7 µm particle packed column. This results in 
retention factors decreasing with increasing flow rate under isothermal and adiabatic conditions.
•A significant retention factor increase was observed under thermal mismatch conditions on the short columns.
•A 15% efficiency difference was observed on the 3.5 µm particle packed column used within the traditional 
pressure limit of HPLC (below 5000 PSI) under the different thermal conditions. The efficiency obtained under 
thermal mismatch conditions was better than that obtained under isothermal conditions (same inlet solvent and 
column oven set temperature). 
•In spite of significant thermal effects the advantage of small particle packed columns were realized under high 
pressure conditions (h=2.2).
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System 1 
Pressure: 550—5000 PSI 
Pressure after the column: 80—800 PSI 
Column: 3.0 x 150 mm 
Packing material: 3.5 µm Symmetry C18 

System 2 
Pressure: 1500—15000 PSI 
Pressure after the column: 70—700 PSI 
Column: 3.0 x 50 mm 
Packing material: 1.7  µm Bridged Hybrid C18 

System 3 
Pressure: 1500—15000 PSI 
Pressure after the column: 350—3500 PSI 
Column: 2.1 x 50 mm 
Packing material: 2.2 µm Bridged Hybrid C18 


