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A Brief History of ChromatographyA Brief History of Chromatography

 1903: Russian botanist Mikhail 1903: Russian botanist Mikhail TswettTswett separates plant separates plant
pigmentspigments

 1938: Russian scientists 1938: Russian scientists IzmailovIzmailov and  and ShraiberShraiber use use
““drop chromatographydrop chromatography””, later perfected as Thin Layer, later perfected as Thin Layer
Chromatography (TLC) by Kirchner in the U.S.Chromatography (TLC) by Kirchner in the U.S.

 1952: Martin and Synge receive Nobel Prize for1952: Martin and Synge receive Nobel Prize for
““invention of partition chromatographyinvention of partition chromatography”” or plate or plate
theory to describe column efficiencytheory to describe column efficiency

 1966: HPLC was first named by Horvath at Yale1966: HPLC was first named by Horvath at Yale
University but HPLC didnUniversity but HPLC didn’’t t ““catch oncatch on”” until the 1970s until the 1970s

 1978: W.C. Stills introduced 1978: W.C. Stills introduced ““flash chromatographyflash chromatography””,,
where solvent is forced through a packed column withwhere solvent is forced through a packed column with
positive pressurepositive pressure
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Modern HPLCModern HPLC

 Late 1970s/early 1980sLate 1970s/early 1980s
 Instrumentation developed for high pressure solventInstrumentation developed for high pressure solvent

delivery: pumps, delivery: pumps, autosamplersautosamplers, diode array detectors, diode array detectors
 More uniform packing material produced  forMore uniform packing material produced  for

columnscolumns

 Last 20 yearsLast 20 years
 Nothing really Nothing really ““newnew””, but by returning to the basic, but by returning to the basic

theory of chromatography, even better columns aretheory of chromatography, even better columns are
on the market: smaller particle sizes which yieldon the market: smaller particle sizes which yield
faster separations, but require hardware to withstandfaster separations, but require hardware to withstand
higher pressures.higher pressures.
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What is Chromatography?What is Chromatography?

 Separation of a mixture into individualSeparation of a mixture into individual
components.components.

 The separation uses a Column (stationary phase)The separation uses a Column (stationary phase)
and Solvent (mobile phase).and Solvent (mobile phase).

 The components are separated from each otherThe components are separated from each other
based on differences in affinity for the mobile orbased on differences in affinity for the mobile or
stationary phase.stationary phase.

 The goal of the separation is to have the bestThe goal of the separation is to have the best
RESOLUTION possible between components.RESOLUTION possible between components.
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The Most Basic Explanation ofThe Most Basic Explanation of
Chromatography EverChromatography Ever
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How Do You Get Separation?How Do You Get Separation?

 Hardware: pumps, injector, detectorHardware: pumps, injector, detector

 Column: particle diameter, column size, packingColumn: particle diameter, column size, packing
materialsmaterials

 Our seminar will focus on the contribution ofOur seminar will focus on the contribution of
each factor to perform separations.each factor to perform separations.

, and the dreaded equations, and the dreaded equations
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OutlineOutline
 Column ConsiderationsColumn Considerations

 Theory (including, well...you know)Theory (including, well...you know)
 Different Stationary PhasesDifferent Stationary Phases

 Hardware ComponentsHardware Components
 Pumps, Injectors, Detectors, etc.Pumps, Injectors, Detectors, etc.
 Examples of Application-Specific ConfigurationsExamples of Application-Specific Configurations

 ApplicationsApplications
 Pharmaceuticals and ProteomicsPharmaceuticals and Proteomics
 Food and Beverage, EnvironmentalFood and Beverage, Environmental
 Research and Method DevelopmentResearch and Method Development
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OutlineOutline

 System TroubleshootingSystem Troubleshooting
 Leaks, Reproducibility, Column Care, and MoreLeaks, Reproducibility, Column Care, and More

 Chromatography SoftwareChromatography Software
 Method and Sequence SetupMethod and Sequence Setup
 Calibration Curves and ReportingCalibration Curves and Reporting

 Chromatography HardwareChromatography Hardware
 Modular LC-20 ProminenceModular LC-20 Prominence
 Integrated LC-2010HTIntegrated LC-2010HT
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Modern HPLC vs. TraditionalModern HPLC vs. Traditional
LC MethodsLC Methods

 Classical open-column LC.Classical open-column LC.

 Thin-Layer Chromatography (TLC) andThin-Layer Chromatography (TLC) and
paper chromatography.paper chromatography.

 In modern HPLC the columns andIn modern HPLC the columns and
packingspackings are, in general, highly refined, are, in general, highly refined,
high in resolving capacity, and are reusable.high in resolving capacity, and are reusable.
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HPLC and Pre-HPLC TechniquesHPLC and Pre-HPLC Techniques
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Column TypesColumn Types
 Normal Phase LCNormal Phase LC

 Polar stationary phase: SilicaPolar stationary phase: Silica

 NonpolarNonpolar mobile phase: Hexane, Ethyl acetate mobile phase: Hexane, Ethyl acetate
 The LEAST polar compound comes out firstThe LEAST polar compound comes out first
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Normal Phase HPLC ColumnsNormal Phase HPLC Columns

 CyanoCyano::          Rugged, moderate polarity,          Rugged, moderate polarity, 
general usegeneral use

 -OH (-OH (DiolDiol):): More polar and retentiveMore polar and retentive
 Amino:Amino: Highly polar, less stableHighly polar, less stable
 Silica:Silica: Very rugged, low cost,Very rugged, low cost, adsorbentadsorbent

((UnbondedUnbonded))

The cyano column with a low polarity mobile phase (hydrocarbon with a
amall amount of another solvent) will act as a normal phase column.
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Column TypesColumn Types

 Reversed-Phase LCReversed-Phase LC
 NonpolarNonpolar stationary phase: C8, C18 stationary phase: C8, C18

 Polar mobile phase: Water, ACN, MethanolPolar mobile phase: Water, ACN, Methanol
 The MOST polar compound comes out firstThe MOST polar compound comes out first
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Reversed Phase HPLC ColumnsReversed Phase HPLC Columns

 C-18, C-8:C-18, C-8:     Rugged, general purpose, highly retentive    Rugged, general purpose, highly retentive

 C-3, C-4:C-3, C-4:     Less retentive, used mostly for peptides    Less retentive, used mostly for peptides
    & proteins    & proteins

 Phenyl:Phenyl:     Greater selectivity than alkyl-bonded    Greater selectivity than alkyl-bonded
 CyanoCyano::     Moderate retention, normal & rev. phase    Moderate retention, normal & rev. phase
 Amino:Amino:     Weak retention, good for carbohydrates    Weak retention, good for carbohydrates

The cyano column with a high polarity mobile phase (Water/MeOH) will act
as a reversed phase column.
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Normal vs. Reversed PhaseNormal vs. Reversed Phase

Parameter  Normal Phase  Reverse Phase  
 

Polarity of Packing  Medium to High  Low to Medium  
 

Polarity of Solvent  Low to Medium  Medium to High  
 

Elution Sequence  Low Polarity First  High Polarity First  
 

Increase Solvent 
Polarity 

Faster Elution  Slower Elution  
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Column TypesColumn Types

 Ion Exchange LCIon Exchange LC
 Stationary phase contains charged groupsStationary phase contains charged groups

 SAX (Strong Anion Exchange): NHSAX (Strong Anion Exchange): NH33
++

 WAX (Weak Anion Exchange): NRWAX (Weak Anion Exchange): NR22HH++ (DEAE) (DEAE)
 SCX (Strong Cation Exchange): SOSCX (Strong Cation Exchange): SO33

--

 WCX (Weak Cation Exchange): WCX (Weak Cation Exchange): CarboxymethylCarboxymethyl (CM) (CM)

 More highly charged analytes have stronger retentionMore highly charged analytes have stronger retention
 More More ““bulkybulky”” stationary phases have weaker retention stationary phases have weaker retention
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Column TypesColumn Types

 Size Exclusion LC (also called Gel Permeation)Size Exclusion LC (also called Gel Permeation)
 Stationary phase is a polymer (polystyrene-Stationary phase is a polymer (polystyrene-divinyldivinyl

benzene or benzene or acrylamideacrylamide) with a defined pore size) with a defined pore size
 Large compounds cannot fit into the pores and eluteLarge compounds cannot fit into the pores and elute

firstfirst
 Used to determine molecular weight distribution ofUsed to determine molecular weight distribution of

polymerspolymers
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Typical Column SizesTypical Column Sizes

 Particle size: 5 Particle size: 5 µm, 3 µm, and smallerµm, 3 µm, and smaller
 MonodispersedMonodispersed means particles are the same size means particles are the same size
 Very important for stable pressure and flowVery important for stable pressure and flow
 Smaller particles produce higher system pressureSmaller particles produce higher system pressure

 Pore size: 100-120 A is typicalPore size: 100-120 A is typical
 Surface area: 300-350 mSurface area: 300-350 m22/g/g
 Carbon load: 9-12% for C8, 16-20% for C18Carbon load: 9-12% for C8, 16-20% for C18

 Higher carbon load = better resolution but longerHigher carbon load = better resolution but longer
run timesrun times

 Lower carbon load = shorter run times, but mayLower carbon load = shorter run times, but may
change selectivity vs. higher carbon loadchange selectivity vs. higher carbon load
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Idealized HPLC SeparationIdealized HPLC Separation
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Void VolumeVoid Volume

 The void volume is the amount of The void volume is the amount of ““deaddead””
volume in the column that is not taken up by thevolume in the column that is not taken up by the
particles of stationary phase.particles of stationary phase.

 In general, there is approximately 0.1 mL of voidIn general, there is approximately 0.1 mL of void
volume for each cm of column length, forvolume for each cm of column length, for
columns with a 4.6 mm columns with a 4.6 mm i.di.d. and 5 . and 5 µm particlesµm particles

VVmm  ≈≈ 0.5d 0.5dcc
22LL

Where Where VVmm is the column volume in mL, is the column volume in mL,
L is the column length in cm, andL is the column length in cm, and

ddcc is the inner diameter in cm is the inner diameter in cm
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Void VolumeVoid Volume

 The void volume isThe void volume is
exactly determined byexactly determined by
injecting a compoundinjecting a compound
that is completelythat is completely
unretainedunretained, then using, then using
the chromatogram tothe chromatogram to
calculate void volume.calculate void volume.

 Elution time x flow rateElution time x flow rate
= void volume= void volume
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What is Chromatography?What is Chromatography?

 Separation of a mixture into individualSeparation of a mixture into individual
components.components.

 The separation uses a Column (stationary phase)The separation uses a Column (stationary phase)
and Solvent (mobile phase).and Solvent (mobile phase).

 The components are separated from each otherThe components are separated from each other
based on differences in affinity for the mobile orbased on differences in affinity for the mobile or
stationary phase.stationary phase.

 The goal of the separation is to have the bestThe goal of the separation is to have the best
RESOLUTION possible between components.RESOLUTION possible between components.
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Factors Influencing ResolutionFactors Influencing Resolution

Capacity Factor, k’
Selectivity Factor,

α
Efficiency, N
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The Resolution EquationThe Resolution Equation

 Resolution is defined as the completeness ofResolution is defined as the completeness of
separation from one separation from one analyteanalyte to another to another

 In general, resolution may be expressed as:In general, resolution may be expressed as:

RsRs = 2(Vrb - = 2(Vrb - Vra)/(WaVra)/(Wa +  + WbWb))

= 2(trb - = 2(trb - tratra)/ ()/ (WaWa +  + WbWb))
 Where Where Vra/bVra/b = retention volume of peak a/b = retention volume of peak a/b
  Where  Where tra/btra/b = retention time of peak a/b = retention time of peak a/b
 Where Where Wa/bWa/b = width of peak a/b = width of peak a/b



SHIMADZU
Solutions for Science Since 1875

ResolutionResolution

 For closely eluting or adjacent peaksFor closely eluting or adjacent peaks, the resolution, the resolution
equation may be expressed as:equation may be expressed as:

 The terms of capacity factor (kThe terms of capacity factor (k’’), selectivity (), selectivity (αα), and), and
efficiency (N) all contribute to resolutionefficiency (N) all contribute to resolution

 LetLet’’s look at how each term affects resolutions look at how each term affects resolution
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Capacity Factor, kCapacity Factor, k’’

   The relative degree to which an analyte
component is delayed as it is eluted through a
given system (retentivity).

k’  =  (Vr - V0)/V0   =   (tr - t0)/t0

Where   Vr  = peak retention volume; V0  = column void volume
tr   = peak retention time; t0  = peak void time

 The larger the kThe larger the k’’, the later the , the later the analyteanalyte elutes after the void. elutes after the void.



SHIMADZU
Solutions for Science Since 1875

Effect of kEffect of k’’ on Overall Resolution on Overall Resolution

 As kAs k’’ grows larger, its effect reaches a limit at a value of about 10. grows larger, its effect reaches a limit at a value of about 10.
 Since kSince k’’ depends on retention time, longer columns eventually depends on retention time, longer columns eventually

have a diminished effect on resolution.have a diminished effect on resolution.
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Influencing the Capacity Factor kInfluencing the Capacity Factor k’’

 Mobile Phase Strength -Mobile Phase Strength -
 As per the rule of thumb, altering the mobile phase strengthAs per the rule of thumb, altering the mobile phase strength

also alters the retention of the analytes.also alters the retention of the analytes.

 Bonded Phase Functionality (Reverse Phase) -Bonded Phase Functionality (Reverse Phase) -
 As the bonded phase As the bonded phase hydrophobicityhydrophobicity increases (increasing increases (increasing

alkyl chain length, etc.) so will the retention of the analytes.alkyl chain length, etc.) so will the retention of the analytes.

 Temperature -Temperature -
 As temperature increases, the retention time decreases. ThisAs temperature increases, the retention time decreases. This

does not necessarily result in poorer separation because ofdoes not necessarily result in poorer separation because of
the other factors in the resolution equation.the other factors in the resolution equation.

 RetentivityRetentivity (k (k’’) decreases 2 - 3 fold for each 10%) decreases 2 - 3 fold for each 10%
increase in mobile phase strength.increase in mobile phase strength.

Which of these is easiest to change??
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Mobile Phase Strength vs. kMobile Phase Strength vs. k’’

4.6 mm ID Column, 1 mL/min,
Changing MeOH % vs Water

100%

90%

80%

70%

60%

50%

0.079

0.212

0.472

1.127

2.813

Capacity Factor for Butyl Paraben (Peak 4)

7.666
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90%

80%

70%

60%

50%
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Temperature Effect on kTemperature Effect on k’’

20°C

25°C

30°C

35°C

40°C

45°C

50°C

2.1 mm ID Column, 0.35 mL/min, 50/50 MeOH/Water
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Temperature Effect on kTemperature Effect on k’’

Temperature Effect on Capacity Factor
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Summary of kSummary of k’’ Effects Effects

 A larger value of kA larger value of k’’ means better resolution...to a means better resolution...to a
certain extent (certain extent (kk’’ = 10 maximum) = 10 maximum)

 Increasing the mobile phase strength decreases Increasing the mobile phase strength decreases kk’’

 Increasing the temperature decreases Increasing the temperature decreases kk’’, but may, but may
not result in a not result in a ““badbad”” separation based on the separation based on the
other factors affecting resolutionother factors affecting resolution
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Selectivity Factor, Selectivity Factor, αα

 The selectivity or separation factor represents the ratio
of any two adjacent k’ values, thereby describing the
relative separation of adjacent peaks. This relationship
is expressed as:

α =  k’b/k’a

 If α = 1, two components are perfectly overlapping
 For early eluting peaks you want α to be large for good

resolution.
 For later eluting peaks, α can be smaller and still have

acceptable separation.
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Effect of Effect of α on Overall Resolution

 Remember the resolution equation?Remember the resolution equation?

 LetLet’’s only look at the part involving s only look at the part involving αα

 And see how much resolution will improve with smallAnd see how much resolution will improve with small
changes in changes in αα
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Effect of Effect of αα on Overall Resolution on Overall Resolution

 For an For an αα value of 1.1, the contribution of the selectivity term is value of 1.1, the contribution of the selectivity term is
 (1.1 (1.1 –– 1) / 1.1 = 0.09 1) / 1.1 = 0.09

 For an For an αα value of 1.4, the contribution of the selectivity term is value of 1.4, the contribution of the selectivity term is
 (1.4 (1.4 –– 1) / 1.4 = 0.29 1) / 1.4 = 0.29

 So...a very small change in So...a very small change in αα leads to a more than THREE- leads to a more than THREE-
FOLD increase in the contribution to resolution.FOLD increase in the contribution to resolution.
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Effect of Effect of αα on Overall Resolution on Overall Resolution

 As As αα grows larger, its effect reaches a limit at a value of about 5. grows larger, its effect reaches a limit at a value of about 5.
 Since Since αα depends on components depends on components’’ retention factor k retention factor k’’,, longer longer

columns eventually have a diminished effect on resolution.columns eventually have a diminished effect on resolution.
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Influencing the Selectivity Factor Influencing the Selectivity Factor αα

 Mobile Phase Type -Mobile Phase Type -
 The importance of the type of interactions between the mobileThe importance of the type of interactions between the mobile

phase and analytes is critical to the optimization of the selectivityphase and analytes is critical to the optimization of the selectivity
of a system.of a system.

 Column Type -Column Type -
 The bonded phase functionality can be selected by its chemicalThe bonded phase functionality can be selected by its chemical

nature to provide better selectivity in an analytical method.nature to provide better selectivity in an analytical method.

 Temperature -Temperature -
 Selective interactions between Selective interactions between analyteanalyte molecules and the stationary molecules and the stationary

phase may not become evident until a critical temperature isphase may not become evident until a critical temperature is
attained.attained.

Which of these is easiest to change??
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Summary of Summary of αα Effects Effects

 Since Since αα is the ratio of two k is the ratio of two k’’ values, the same values, the same
general statements apply:general statements apply:
 Increasing the mobile phase strength decreasesIncreasing the mobile phase strength decreases

individual values of individual values of kk’’, but their ratio (, but their ratio (αα) may affect) may affect
resolutionresolution

 Increasing the temperature decreases individualIncreasing the temperature decreases individual
values of values of kk’’, but their ratio (, but their ratio (αα) may significantly) may significantly
affect resolution.affect resolution.

 A small increase in A small increase in αα leads to a large increase in leads to a large increase in
resolutionresolution
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Column Efficiency, NColumn Efficiency, N

 The column efficiency is defined as the degree to which
a column and/or other system components can
physically and chemically affect the separation of
analytes.

 As column efficiency increases, analyte components
will elute in a smaller volume of the mobile phase,
usually observed as narrower or “sharper” peak shapes.

 Column efficiency is generally expressed in terms of
theoretical plate number.
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Calculation of Theoretical PlatesCalculation of Theoretical Plates

N  =  N  =  A(tA(trr /W) /W)22

WW     AA        MethodMethod         Width measured atWidth measured at
WWii     4    4 InflectionInflection           InflectionInflection point (60.7% of  point (60.7% of 

peak height)peak height)
WWhh  5.54     ½ Height  5.54     ½ Height      50% of peak height     50% of peak height
WW33σσ    9    9 33σσ       32.4% of peak height     32.4% of peak height
WW44σσ   16   16 44σσ           13.4% of peak height13.4% of peak height
WW55σ    σ    2525 55σσ       4.4% of peak height     4.4% of peak height
WWbb    16   16 Tangent       Tangent       Baseline, following tangent drawingBaseline, following tangent drawing

Constants A are different at each peak width, assuming a perfect Gaussian shape.

Real-world peaks often have tailing, so widths measured at the lower part of the
peak more accurately reflect the tailing when calculating N.
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Calculation of Efficiency, NCalculation of Efficiency, N

 Width measured at theWidth measured at the
baseline after tangent lines arebaseline after tangent lines are
drawn on the peak.  Useddrawn on the peak.  Used
when tailing is minimal.when tailing is minimal.

 Width measured at 4.4% ofWidth measured at 4.4% of
peak height, no tangentspeak height, no tangents
drawn.  Used when tailing isdrawn.  Used when tailing is
significant.significant.
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Effect of N on Overall ResolutionEffect of N on Overall Resolution

 Do you STILL remember the resolution equation?Do you STILL remember the resolution equation?

 Now letNow let’’s look at the part involving Ns look at the part involving N

 And see how much resolution will improve withAnd see how much resolution will improve with
changes in Nchanges in N
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Effect of N on Overall ResolutionEffect of N on Overall Resolution

 Since the contribution of N to resolution is a square root, doubling N fromSince the contribution of N to resolution is a square root, doubling N from
5000 to 10,000 only increases the contribution to resolution by 41%.5000 to 10,000 only increases the contribution to resolution by 41%.

 To double the effect on resolution coming from N, we have to increase theTo double the effect on resolution coming from N, we have to increase the
value of N by a factor of 4value of N by a factor of 4

Plates  !N   Contribution 
5,000  70.7   - - - -   
10,000  100   41% 
20,000  141.4   100% 
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Effect of N on Overall ResolutionEffect of N on Overall Resolution

 Note that there is no flattening of the curve like with kNote that there is no flattening of the curve like with k’’ and  and αα..
 Resolution will continue to increase as theoretical plates increase.Resolution will continue to increase as theoretical plates increase.
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Influencing the Efficiency, NInfluencing the Efficiency, N

 Particle Size and Size Distribution -Particle Size and Size Distribution -
 The smaller the particle size and the narrower the range ofThe smaller the particle size and the narrower the range of

the particle size distribution, the more efficient the column.the particle size distribution, the more efficient the column.
 Packing Type -Packing Type -

 Totally porous particles will also have greater efficiency thanTotally porous particles will also have greater efficiency than
solid or solid or pellicularpellicular-shaped -shaped packingspackings, due to the additional, due to the additional
surface area attributable to the pores.surface area attributable to the pores.

 Mobile Phase Viscosity -Mobile Phase Viscosity -
 As mobile phase viscosity increases, molecular movementAs mobile phase viscosity increases, molecular movement

through the mobile phase is inhibited.through the mobile phase is inhibited.
 Temperature -Temperature -

 For reverse phase chromatography, an increase in efficiency,For reverse phase chromatography, an increase in efficiency,
N, may be realized as column temperature is increased.N, may be realized as column temperature is increased.
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Effect of Particle Size on NEffect of Particle Size on N
Column  

Diameter (mm)  
Column Length 

(cm) 
Particle Size 

(!m) 
4! Peak 

Width (!L)  
Theoretical Plates per 

centimeter  

10 25 10 1118 333 

4.6 25 10 237 333 

4.6 25 5 167 667 

4.6 10 5 106 667 

4.6 10 3 82 1111 

4.6 3 3 45 1111 

3 10 5 45 667 

2 25 10 45 333 

2 25 5 32 667 

2 10 5 20 667 

2 10 3 15 1111 

1 25 10 11 333 

1 25 5 8 667 

1 25 3 6 1111 

1 10 5 5 667 

1 10 3 4 1111 

 

Smaller particle sizes result in higher numbers of theoretical plates
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Summary: Review of TermsSummary: Review of Terms
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Summary: Relative Influence of All Factors onSummary: Relative Influence of All Factors on
ResolutionResolution

2.782.781.21.22210,00010,000+10% +10% αα
1.561.561.11.12.22.210,00010,000+10% k+10% k’’

0.760.761.11.1222,5002,500-75% N-75% N

0.960.961.11.1224,0004,000-60% N-60% N

1.071.071.11.1225,0005,000-50% N-50% N

1.311.311.11.1227,5007,500-25% N-25% N

1.591.591.11.12211,00011,000+10% N+10% N

1.521.521.11.12210,00010,000StandardStandard

RRssαα k k’’NNParameterParameter
ChangeChange

Note that changing αα a very small amount has the biggest effect a very small amount has the biggest effect
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Summary: Review of FactorsSummary: Review of Factors

PARAMETER  INFLUENCED BY  TARGET VALUE  
Efficiency, N  Column, System 

Flowpath 
Configuration  

Minimum of 400 
Theoretical Plates per 

centimeter  
Capacity 
Factor, k’  

Mobile Phase 
Strength  

1.0 - 10 

Selectivity, ! Mobile Phase 
Type,  

Stationary Phase 
Type 

1.1 - 2 
 

Resolution, R s All of the Above  1.3 - 1.5 or Greater  
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Questions About Columns?Questions About Columns?

Next Next –– HPLC System HPLC System
ComponentsComponents
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HPLC System ComponentsHPLC System Components

 PumpsPumps
 Micro to Analytical to Preparative Flow RatesMicro to Analytical to Preparative Flow Rates
 Isocratic and Gradient ConfigurationsIsocratic and Gradient Configurations

 DegasserDegasser
 How it Affects Pumping and Sample InjectionHow it Affects Pumping and Sample Injection

 ValvesValves
 Solvent Selection and Flow SelectionSolvent Selection and Flow Selection
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HPLC System ComponentsHPLC System Components

 Sample InjectionSample Injection
 Manual Injector or AutosamplerManual Injector or Autosampler

 OvenOven
 How Temperature Affects SeparationHow Temperature Affects Separation
 Valves for Column SwitchingValves for Column Switching

 DetectorsDetectors
 UV-VISUV-VIS
 Diode ArrayDiode Array
 FluorescenceFluorescence
 Light ScatteringLight Scattering

 Refractive IndexRefractive Index

 ConductivityConductivity
 Mass SpectrometerMass Spectrometer
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HPLC System ComponentsHPLC System Components

 Fraction CollectorFraction Collector
 Isolate Specific Sample ComponentsIsolate Specific Sample Components
 Purify Compounds for Multi-Step SynthesisPurify Compounds for Multi-Step Synthesis

 ColumnColumn
 Types of Packing MaterialTypes of Packing Material
 Factors Affecting SeparationFactors Affecting Separation

 Particle Size and Column LengthParticle Size and Column Length
 Flow Rate and TemperatureFlow Rate and Temperature
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Hardware Components of anHardware Components of an
HPLC SystemHPLC System
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HPLC Pumps HPLC Pumps –– 2 Basic Types 2 Basic Types

 Tandem pistonTandem piston
 Two pistons with different volumes (48 and 24 Two pistons with different volumes (48 and 24 µL)µL)

 During each stroke, 24 µL of liquid is deliveredDuring each stroke, 24 µL of liquid is delivered
 Best for higher analytical flow rates, up to 10 mL/minBest for higher analytical flow rates, up to 10 mL/min
 Some pulsation is observed, and pulse dampeners areSome pulsation is observed, and pulse dampeners are

availableavailable
 Not recommended for pulse-sensitive detectors likeNot recommended for pulse-sensitive detectors like

RID and CDDRID and CDD
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Tandem Piston PumpTandem Piston Pump

Primary Piston

Secondary Piston
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HPLC Pumps HPLC Pumps –– 2 Basic Types 2 Basic Types

 Dual PistonDual Piston
 Two pistons with equal volume (10 Two pistons with equal volume (10 µL each)µL each)

 During each stroke, 10 µLDuring each stroke, 10 µL  is deliveredis delivered
 Best for low flow rates (< 1 mL/min)Best for low flow rates (< 1 mL/min)
 Little to NO pulsation, so itLittle to NO pulsation, so it’’s ideal for pulses ideal for pulse

sensitive detectors like RID and CDDsensitive detectors like RID and CDD
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Dual Piston PumpDual Piston Pump
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Other Pump ComponentsOther Pump Components

 Check ValvesCheck Valves
 Control liquid movement in and out of the pump headControl liquid movement in and out of the pump head
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Other Pump ComponentsOther Pump Components

 Piston/plunger sealPiston/plunger seal
 Prevents solvent leakage out of pump headPrevents solvent leakage out of pump head

 Inline filterInline filter
 Removes solvent particulatesRemoves solvent particulates

Seal
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HPLC DegassingHPLC Degassing

 Degassing removes dissolved air that interferesDegassing removes dissolved air that interferes
with check valve operationwith check valve operation

 Helium Helium spargesparge
 Gas line from the tank directly in the solvent bottleGas line from the tank directly in the solvent bottle

 Vacuum degassingVacuum degassing
 SonicateSonicate before connecting to the system before connecting to the system
 Online with a degassing unitOnline with a degassing unit
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Valves Used With PumpsValves Used With Pumps

 Solvent Selection Solvent Selection –– 2 Solvents Per Pump 2 Solvents Per Pump
 Use for solvent switchingUse for solvent switching

A B C

1 2……….……….……….

A

……….……….……….

C

……….……….……….

B

1 2 21
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Valves Used With PumpsValves Used With Pumps

 Solvent Selection Solvent Selection –– 2 Solvents Per Pump 2 Solvents Per Pump
 Use for pump loading of large sample volumesUse for pump loading of large sample volumes

Pump A – weak gradient solvent and sample loading

A B C

1 2
Sample

Weak
gradient
solvent

Pump B – strong gradient solvent. Form the gradient with B.CONC
command
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Valves Used With PumpsValves Used With Pumps

 Solvent Selection Solvent Selection –– 4 Solvents Per Pump 4 Solvents Per Pump
 Use for low pressure gradient formationUse for low pressure gradient formation

To Column

Combine any proportion of A/B/C/D.

REQUIRES additional mixing before the injector.
A B C D
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Valves Used With PumpsValves Used With Pumps

 Solvent Selection Solvent Selection –– 4 Solvents Per Pump 4 Solvents Per Pump
 Use for different gradients in method developmentUse for different gradients in method development

A

B

Pump A          Pump B

A        A

B                   B

C        C

D        D

4 Pairs

A

B

Pump A          Pump B

A A, B, C, D

B A, B, C, D

C A, B, C, D

D A, B, C, D

16 Combinations
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Sample Injection Sample Injection –– Manual Manual

 Manual Injector with SyringeManual Injector with Syringe
 Fixed loop of varying sizes (1 to 20 mL or more)Fixed loop of varying sizes (1 to 20 mL or more)

 Fill with syringes of varying sizesFill with syringes of varying sizes
 Can include a switch to start a data systemCan include a switch to start a data system

Picture from http://www.rheodyne.com/products/fluidic/manualapps/manualsample.asp#
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Sample Injection Sample Injection –– Automatic Automatic

 Fixed-Loop AutosamplerFixed-Loop Autosampler
 Loop is installed on the valve and can be changedLoop is installed on the valve and can be changed

for different injection volumesfor different injection volumes
 External syringe draws sample and fills loopExternal syringe draws sample and fills loop

 Advantages: low cost, rugged, few moving partsAdvantages: low cost, rugged, few moving parts
 Disadvantages: Poor performance for lowDisadvantages: Poor performance for low

volume injections, higher carryover, always somevolume injections, higher carryover, always some
sample losssample loss
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Sample Injection Sample Injection –– Fixed Loop Fixed Loop

 External syringe draws sample, then fills the fixed-External syringe draws sample, then fills the fixed-
volume loop attached to the valve.volume loop attached to the valve.



SHIMADZU
Solutions for Science Since 1875

Sample Injection Sample Injection –– Automatic Automatic

 Needle-in-the-Needle-in-the-flowpathflowpath autosampler autosampler
 Sample loop and needle are a single piece of tubingSample loop and needle are a single piece of tubing

 Loop and needle are cleaned during the runLoop and needle are cleaned during the run
 Metering pump draws sample very preciselyMetering pump draws sample very precisely

 Advantages: no sample loss, low carryoverAdvantages: no sample loss, low carryover
 Disadvantages: higher cost, more delay volumeDisadvantages: higher cost, more delay volume

for gradientfor gradient
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Sample Injection to Flow PathSample Injection to Flow Path

 Sample LoadingSample Loading

 Sample Injection Sample Injection ––
Everything drawnEverything drawn
into the needle goesinto the needle goes
to the column.to the column.
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Rinsing After InjectionRinsing After Injection

 Rinse liquid flowsRinse liquid flows
through ports 5 andthrough ports 5 and
6 of the high6 of the high
pressure valve.pressure valve.

 Sample aspiration usesSample aspiration uses
port 5.port 5.

 If air is present aroundIf air is present around
port 5, injectionport 5, injection
reproducibility will bereproducibility will be
low.low.

 Rinse liquid MUST beRinse liquid MUST be
degassed!degassed!
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HPLC Column OvensHPLC Column Ovens

 Block heater with solvent Block heater with solvent preheaterpreheater
 Column is housed between 2 metal platesColumn is housed between 2 metal plates

 Mobile phase is plumbed into the block for preheatingMobile phase is plumbed into the block for preheating

 Forced airForced air
 Column is in a large chamber with air circulationColumn is in a large chamber with air circulation
 Better temperature equilibrationBetter temperature equilibration
 Room for column switching valvesRoom for column switching valves
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Why Use a Column Oven?Why Use a Column Oven?

 Retention times decrease, and higher flow ratesRetention times decrease, and higher flow rates
are possibleare possible

20°
C

25°
C

30°
C

35°
C

40°
C

45°
C

50°
C

2.1 mm ID Column, 0.35 mL/min, 50/50 MeOH/Water
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HPLC DetectorsHPLC Detectors

 UV-VISUV-VIS
 Diode ArrayDiode Array
 Refractive IndexRefractive Index
 FluorescenceFluorescence
 Light ScatteringLight Scattering
 ConductivityConductivity
 Mass SpectrometerMass Spectrometer
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HPLC Detectors HPLC Detectors –– UV-VIS UV-VIS

 UV-VISUV-VIS
 Wavelength range 190-700 nmWavelength range 190-700 nm
 D2 and W lampsD2 and W lamps

 Most common HPLC detector for a variety of samplesMost common HPLC detector for a variety of samples
 Proteins and peptidesProteins and peptides
 Organic moleculesOrganic molecules
 PharmaceuticalsPharmaceuticals

 Monitor 2 wavelengths at one timeMonitor 2 wavelengths at one time
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HPLC Detectors HPLC Detectors –– UV-VIS UV-VIS
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HPLC Detectors HPLC Detectors –– Diode Array Diode Array

 Diode ArrayDiode Array
 Wavelength range 190-900 nmWavelength range 190-900 nm
 D2 and W lampsD2 and W lamps

 Spectral information about sampleSpectral information about sample
 Create compound libraries to identify unknownsCreate compound libraries to identify unknowns

 Monitor an entire wavelength range at one time Monitor an entire wavelength range at one time –– up up
to 790 wavelengths vs. only 2 with a UV detectorto 790 wavelengths vs. only 2 with a UV detector
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HPLC Detectors HPLC Detectors –– Diode Array Diode Array
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HPLC DetectorsHPLC Detectors

 Refractive IndexRefractive Index
 For samples with little or no UV AbsorptionFor samples with little or no UV Absorption

 Alcohols, sugars, Alcohols, sugars, saccharidessaccharides, fatty acids, polymers, fatty acids, polymers

 Best results when RI of samples is very differentBest results when RI of samples is very different
from RI of mobile phasefrom RI of mobile phase

 Flow cell is temperature controlled with a doubleFlow cell is temperature controlled with a double
insulated heating block.insulated heating block.

 REQUIRES isocratic separationsREQUIRES isocratic separations
 REQUIRES low pulsation pumpsREQUIRES low pulsation pumps
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HPLC Detectors HPLC Detectors –– RI Balance RI Balance

 Fill sample and referenceFill sample and reference
cell with mobile phase.cell with mobile phase.
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HPLC Detectors HPLC Detectors –– RI Analyze RI Analyze

 Mobile phase flowsMobile phase flows
through sample sidethrough sample side
only.only.
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HPLC Detectors HPLC Detectors –– RI Analyze RI Analyze

 As the refractive index changes, the image on the photodiodeAs the refractive index changes, the image on the photodiode
is deflected or is deflected or ““unbalancedunbalanced””, and the difference in current to, and the difference in current to
the photodiode is measured.the photodiode is measured.
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HPLC DetectorsHPLC Detectors

 FluorescenceFluorescence
 Xenon lamp for light sourceXenon lamp for light source
 Excitation wavelength range: 200-650 nmExcitation wavelength range: 200-650 nm
 Emission wavelength range: up to 900 nm dependingEmission wavelength range: up to 900 nm depending

on photomultiplier installedon photomultiplier installed

 Used primarily for amino acid analysisUsed primarily for amino acid analysis
 DerivatizeDerivatize samples before (pre-column) or after samples before (pre-column) or after

separation( post-column)separation( post-column)
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HPLC Detectors - FluorescenceHPLC Detectors - Fluorescence
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HPLC DetectorsHPLC Detectors

 Evaporative Light Scattering (ELSD)Evaporative Light Scattering (ELSD)
 Also for low or no UV absorbing compoundsAlso for low or no UV absorbing compounds

 Sometimes called a Sometimes called a ““UniversalUniversal”” detector detector

 Requires NO equilibration (unlike RID)Requires NO equilibration (unlike RID)

 Can be used with gradients and volatile buffersCan be used with gradients and volatile buffers
(unlike RID)(unlike RID)

 Semi-volatile compounds can be detected at lowSemi-volatile compounds can be detected at low
temperaturestemperatures
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ELSD OperationELSD Operation

Light Source
PMT

Amplifier
Light
Scattering
Cell

Nebulizer Nebulizer Gas
(Air or Nitrogen)

Drift Tube
(Heated Zone Evaporation Area)

Column
Effluent

Signal
Output

Analyte

Nebulization Chamber
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ELSD vs. Other DetectorsELSD vs. Other Detectors

 ELSD has higher sensitivity than UV and RIDELSD has higher sensitivity than UV and RID
 ELSD can be used with gradients, unlike RIDELSD can be used with gradients, unlike RID
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HPLC DetectorsHPLC Detectors

 ConductivityConductivity
 Flow cell contains 2 electrodesFlow cell contains 2 electrodes

 Measure ion amounts in sampleMeasure ion amounts in sample

 REQUIRES low pulsation pumpsREQUIRES low pulsation pumps
 Flow cell must be placed in a column ovenFlow cell must be placed in a column oven
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HPLC Detectors - ConductivityHPLC Detectors - Conductivity

 ConductivityConductivity
 Use in Environmental and water testingUse in Environmental and water testing

 FlFl--, , CCll-- NO NO33
--, PO, PO44

3-3-, SO, SO44
2-2-

 LiLi++, Na, Na++, K, K++, Mg, Mg2+2+, Cu, Cu2+2+, M-CN complexes, M-CN complexes

 Determine organic acids in fruit juiceDetermine organic acids in fruit juice
 Oxalic, Oxalic, MaleicMaleic, , MalicMalic, , SuccinicSuccinic, Citric, Citric

 Analyze surfactantsAnalyze surfactants
 SulfonatesSulfonates, long/short chain ammonium, long/short chain ammonium
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HPLC DetectorsHPLC Detectors

 Mass SpectrometerMass Spectrometer
 Separate sample components as ions according toSeparate sample components as ions according to

their mass to charge (their mass to charge (m/zm/z) ratio) ratio

 Three stages to detectionThree stages to detection
 Vaporization: liquid from HPLC column convertedVaporization: liquid from HPLC column converted

to an aerosolto an aerosol
 Ionization: neutral molecules converted to chargedIonization: neutral molecules converted to charged

species (either positive or negative)species (either positive or negative)
 Mass Analysis: filter ions by Mass Analysis: filter ions by m/zm/z ratio ratio
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HPLC Detectors HPLC Detectors –– Mass Spec Mass Spec

 Two Two IonizizationIonizization Types Types
 APCI: Atmospheric Pressure Chemical IonizationAPCI: Atmospheric Pressure Chemical Ionization

 For molecules up to 1000 For molecules up to 1000 DaDa
 Singly charges ionsSingly charges ions

 Best for analysis of non-polar moleculesBest for analysis of non-polar molecules

 ESI: ESI: ElectrosprayElectrospray Ionization Ionization
 Can be used for large biopolymersCan be used for large biopolymers

 Forms multiply charged ionsForms multiply charged ions
 Best for the analysis of polar molecules, especiallyBest for the analysis of polar molecules, especially

pharmaceutical products and proteinspharmaceutical products and proteins
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HPLC Detectors HPLC Detectors –– Mass Spec Mass Spec

Orthogonal source 
geometry

Heated 
capillary

Q-array Octapole

Quadrupole mass analyser

Electron Multiplier
Detector
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HPLC System ComponentsHPLC System Components

 Fraction CollectorFraction Collector
 Purify raw materials or compounds from synthesisPurify raw materials or compounds from synthesis

 Collect by slope, level, time, volumeCollect by slope, level, time, volume
 Isolate single peaks per tube, or divide peaks intoIsolate single peaks per tube, or divide peaks into

small small ““slicesslices”” for extra purity for extra purity
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Questions About HardwareQuestions About Hardware
Components??Components??

Next Next –– HPLC System Types. HPLC System Types.
Now that we have hardwareNow that we have hardware

components and columns, what docomponents and columns, what do
we DO with them??we DO with them??
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HPLC System TypesHPLC System Types

 Isocratic systemIsocratic system
 Same mobile phase concentration throughout theSame mobile phase concentration throughout the

separationseparation
 Use 1 pump and pre-mix solventsUse 1 pump and pre-mix solvents
 Use 1 pump and a valve for 4 different solventsUse 1 pump and a valve for 4 different solvents
 Use 2 pumps and vary the amount coming fromUse 2 pumps and vary the amount coming from

each pumpeach pump
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Isocratic SeparationIsocratic Separation

 1 pump and premixing1 pump and premixing
 4.6 mm ID Column, 1 mL/min, Changing MeOH % vs Water
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Isocratic SeparationIsocratic Separation

 1 pump with valve and premixing1 pump with valve and premixing

To Column

A B C D

A = 80% Methanol, 20% Water

B = 70% Methanol, 30% Water

C = 60% Methanol, 40% Water

D = 50% Methanol, 50% Water
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Isocratic SeparationIsocratic Separation

 1 pump with mixer 1 pump with mixer –– let the pump do the work! let the pump do the work!

Method 1: A.CONC = 20%, B.CONC = 80%

Method 2: A.CONC = 30%, B.CONC = 70%

Method 3: A.CONC = 40%, B.CONC = 60%

Method 4: A.CONC = 50%, B.CONC = 50%

To Column

A B C D
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Low Pressure GradientLow Pressure Gradient

 1 Pump, solvents are mixed before the pump1 Pump, solvents are mixed before the pump

 REQUIRES degassingREQUIRES degassing

To Column

A B C D
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HPLC System TypesHPLC System Types

 High Pressure GradientHigh Pressure Gradient
 Multiple pumps are used with a mixer after theMultiple pumps are used with a mixer after the

pumpspumps

 Low Pressure GradientLow Pressure Gradient
 Solvents are mixed before the pumpSolvents are mixed before the pump
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High Pressure GradientHigh Pressure Gradient

 Binary GradientBinary Gradient
 2 Pumps and Mixer2 Pumps and Mixer

……….……….……….

……….……….……….

 Ternary GradientTernary Gradient
 3 Pumps and Mixer3 Pumps and Mixer

……….……….……….

……….……….……….

……….……….……….



SHIMADZU
Solutions for Science Since 1875

Low Pressure GradientLow Pressure Gradient

 1 Pump, solvents are mixed before the pump1 Pump, solvents are mixed before the pump

 REQUIRES degassingREQUIRES degassing

To Column

A B C D
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Questions About System Types?Questions About System Types?

Next: Troubleshooting and HowNext: Troubleshooting and How
to Take Care of Your Column andto Take Care of Your Column and

HPLC SystemHPLC System
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HPLC TroubleshootingHPLC Troubleshooting

 Pressure: too much or too littlePressure: too much or too little
 Leaks: pump, autosampler, detectorLeaks: pump, autosampler, detector
 Reproducibility: pump, autosamplerReproducibility: pump, autosampler

 Column Care: Flushing and equilibrationColumn Care: Flushing and equilibration
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Pump TroubleshootingPump Troubleshooting

 No pressure, or fluctuating pressureNo pressure, or fluctuating pressure
 Pump may not be completely full of liquid Pump may not be completely full of liquid –– check check

solvent inlet linesolvent inlet line
 Air in check valve Air in check valve –– always degas mobile phase! always degas mobile phase!
 ““StuckStuck”” check valve  check valve –– the pump may have been idle the pump may have been idle

for too long and solvent has dried inside the checkfor too long and solvent has dried inside the check
valve.valve.

Poor quality solvent: may contain resins that coat thePoor quality solvent: may contain resins that coat the
ball inside the check valve, and that film wonball inside the check valve, and that film won’’t lett let
the ball seat properlythe ball seat properly
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Pump TroubleshootingPump Troubleshooting

 High PressureHigh Pressure
 Outlet frit may be blocked with particles from mobileOutlet frit may be blocked with particles from mobile

phase or seal materialphase or seal material

 LeaksLeaks
 Damage to seal and/or plunger due to several factorsDamage to seal and/or plunger due to several factors

 Misaligned plungerMisaligned plunger
 Solvent incompatibility with seal materialSolvent incompatibility with seal material
 Salt crystal buildup from buffers Salt crystal buildup from buffers –– use a rinse kit! use a rinse kit!
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Pump TroubleshootingPump Troubleshooting

 Retention Time ReproducibilityRetention Time Reproducibility
 For a dual piston pump, only one side may be filledFor a dual piston pump, only one side may be filled

with liquid with liquid –– check solvent inlet lines check solvent inlet lines
 Temperature change (may not be the pumpTemperature change (may not be the pump’’s fault)s fault)

 A 1A 1oo shift in temperature can result in a 1-2% shift in shift in temperature can result in a 1-2% shift in
retention timeretention time

 Avoid drafty locations in the labAvoid drafty locations in the lab
 Use a column oven when possibleUse a column oven when possible
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Autosampler TroubleshootingAutosampler Troubleshooting

 High PressureHigh Pressure
 Particulates from mobile phase, sample, pump mayParticulates from mobile phase, sample, pump may

be trapped in the inlet tubing or valvebe trapped in the inlet tubing or valve
 Filter mobile phase AND sample when possibleFilter mobile phase AND sample when possible

 LeaksLeaks
 Fittings may be loose on the valveFittings may be loose on the valve

 Tighten fittings properly and donTighten fittings properly and don’’t exceed the pressuret exceed the pressure
limit of the autosamplerlimit of the autosampler
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Autosampler TroubleshootingAutosampler Troubleshooting

 Area % ReproducibilityArea % Reproducibility
 Always degas rinse phase, and use some volume ofAlways degas rinse phase, and use some volume of

liquid for rinsing to keep all flow paths in the valvesliquid for rinsing to keep all flow paths in the valves
full of liquidfull of liquid

 Make sure the needle stroke is deep enough to drawMake sure the needle stroke is deep enough to draw
sample from the vialsample from the vial

 Check for leaks on the valve fittings, and theCheck for leaks on the valve fittings, and the
connection to the column inletconnection to the column inlet
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Detector TroubleshootingDetector Troubleshooting

 Spiky BaselineSpiky Baseline
 Air bubble in flow cell Air bubble in flow cell –– degas mobile phase! degas mobile phase!

 Put some restriction on the cell outlet, but not too much!Put some restriction on the cell outlet, but not too much!
Tubing with 0.005Tubing with 0.005””  i.di.d. is fine.. is fine.

 LeaksLeaks
 Cracked flow cellCracked flow cell

 DonDon’’t exceed the pressure limit of the cellt exceed the pressure limit of the cell

 Poor tubing connectionsPoor tubing connections
 Use the proper fittings and tighten appropriatelyUse the proper fittings and tighten appropriately
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Column CareColumn Care

 Follow Follow MFRMFR’’ss recommendations for solvent recommendations for solvent
compatibility, flow rate, and pressure limitscompatibility, flow rate, and pressure limits

 Filter samples when possibleFilter samples when possible
 Particulates will build up on the inlet frit over timeParticulates will build up on the inlet frit over time

 Use care when reversing column flowUse care when reversing column flow
 Connect the outlet to waste, NOT inline with theConnect the outlet to waste, NOT inline with the

detector to prevent further contaminationdetector to prevent further contamination

 Store columns in recommended solventsStore columns in recommended solvents
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Troubleshooting SummaryTroubleshooting Summary

 Throw away bad parts and columns.Throw away bad parts and columns.

 Leaks do not fix themselves.Leaks do not fix themselves.

 If it doesnIf it doesn’’t pass, you must degas.t pass, you must degas.
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Questions AboutQuestions About
Troubleshooting?Troubleshooting?

Tomorrow: Application-SpecificTomorrow: Application-Specific
Systems, Software, andSystems, Software, and

Prominence DemonstrationProminence Demonstration
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HPLC HPLC ApplicatedApplicated Systems Systems

 Protein SeparationsProtein Separations
 Column selection is important: reversed phase C-18,Column selection is important: reversed phase C-18,

ion exchange most commonion exchange most common
 Buffered mobile phases often used so a rinse kit forBuffered mobile phases often used so a rinse kit for

the pumps is recommendedthe pumps is recommended
 Inert (PEEK) pump and autosampler may beInert (PEEK) pump and autosampler may be

necessarynecessary
 UV or Diode Array detectionUV or Diode Array detection

 Fraction collection for isolation and purificationFraction collection for isolation and purification
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HPLC HPLC ApplicatedApplicated Systems Systems

 ProteomicsProteomics
 Very small sample amounts with many componentsVery small sample amounts with many components

 Use 2-dimensional chromatographyUse 2-dimensional chromatography
 Elute portions of sample onto a trap column with a saltElute portions of sample onto a trap column with a salt

gradientgradient
 Desalt the trap then transfer sample to reversed phaseDesalt the trap then transfer sample to reversed phase

columncolumn
 Elute with a reversed phase gradientElute with a reversed phase gradient
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2-Dimensional HPLC2-Dimensional HPLC

SCX Mobile Phase

RP Mobile Phase

Desalting Solvent

SIL SCX Column

Trap

Waste

RP Column

Waste

Load sample to SCX Column and elute portion to Trap
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2-Dimensional HPLC2-Dimensional HPLC

SCX Mobile Phase

RP Mobile Phase

Desalting Solvent

SIL SCX Column

Trap

Waste

RP Column

Waste

Desalt Trap
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2-Dimensional HPLC2-Dimensional HPLC

Flush Trap to RP Column and elute to detector

SCX Mobile Phase

RP Mobile Phase

Desalting Solvent

SIL SCX Column

Trap

Waste

RP Column

Waste
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HPLC HPLC ApplicatedApplicated Systems Systems

 Amino Acid AnalysisAmino Acid Analysis
 Column selection is important: C-18 is veryColumn selection is important: C-18 is very

commoncommon
 Any pumps, autosampler, ovenAny pumps, autosampler, oven
 Pre- or post column derivatization (OPA)Pre- or post column derivatization (OPA)

 Autosampler can do pre-column reactionsAutosampler can do pre-column reactions
  Additional pump for post-column reagent addition Additional pump for post-column reagent addition

 Fluorescence detection most commonFluorescence detection most common
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HPLC HPLC ApplicatedApplicated Systems Systems

 Food and Beverage IndustryFood and Beverage Industry
 Many isocratic methodsMany isocratic methods
 C18 columns, ion exchange columnsC18 columns, ion exchange columns
 Any pumps, autosampler, ovenAny pumps, autosampler, oven
 Traditional methods use UV, RIDTraditional methods use UV, RID
 Perfect opportunity for ELSD: App. notes onPerfect opportunity for ELSD: App. notes on

 Chili peppersChili peppers
 WineWine
 Sugar alcoholsSugar alcohols
 CerealCereal
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ELSD for Food and BeverageELSD for Food and Beverage

Mono-, Di- and Oligosaccharide Standards

1. Glycerol
2. Arabinose
3.  Fructose
4. Glucose
5.  Sucrose
6. Maltose
7. Maltotriose
8. Maltotetraose
9. Maltopentaose

10. Maltohexaose
11. Maltoheptaose

Column: Asahipak NH2-P50, 5µm, 250x4.6mm
Mobile Phase: A:Acetonitrile B: 0.0004N NH4OH
Gradient: (Time, %B)(0,15)(60,65)
Flowrate: 1.0mL/min
Col. Temp: 30ºC
Detector: Shimadzu ELSD-LT (Gain 5; T 40ºC; P 250kPa)

1

3

4

5

6
7

8

9

10

11

2



SHIMADZU
Solutions for Science Since 1875

ELSD for Food and BeverageELSD for Food and Beverage
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ELSD for Food and BeverageELSD for Food and Beverage
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HPLC HPLC ApplicatedApplicated Systems Systems

 Nutraceutical: $46.7 BILLION In 2002,Nutraceutical: $46.7 BILLION In 2002,
predicted to grow almost 10% each year*.predicted to grow almost 10% each year*.

 Watch for these keywordsWatch for these keywords
 Functional foods/beveragesFunctional foods/beverages
 FortifiedFortified
 Energy/nutritionEnergy/nutrition

 Health-promotingHealth-promoting
 Natural/HerbalNatural/Herbal
 Vitamin/Mineral/SupplementVitamin/Mineral/Supplement

* http://www.bccresearch.com/editors/RGA-085R.html
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HPLC HPLC ApplicatedApplicated Systems Systems

 Nutraceutical system configurationsNutraceutical system configurations
 Similar to Food and BeverageSimilar to Food and Beverage

 Promote ELSD since many compounds have lowPromote ELSD since many compounds have low
(or no!) UV absorbance(or no!) UV absorbance

 There are many application notes available forThere are many application notes available for
nutraceutical samplesnutraceutical samples
 White Willow BarkWhite Willow Bark
 Black Black CohoshCohosh
 Milk ThistleMilk Thistle
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ELSD for NutraceuticalELSD for Nutraceutical
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ELSD for NutraceuticalELSD for Nutraceutical
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HPLC HPLC ApplicatedApplicated Systems Systems

 Ion ChromatographyIon Chromatography
 Column selection is most importantColumn selection is most important

 Low pulsation pumps and any autosamplerLow pulsation pumps and any autosampler
 UV or Conductivity detectorUV or Conductivity detector

 Ion chromatography applications data bookIon chromatography applications data book
 Suppressed or non-suppressed detectionSuppressed or non-suppressed detection

 MetrohmMetrohm-Peak Model 833-Peak Model 833
 AlltechAlltech  Model 640 or 641Model 640 or 641
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Ion Chromatography ApplicationsIon Chromatography Applications

 Inorganic Anions Inorganic Anions –– tap water tap water
 Fl-, Fl-, ClCl-, NO3-, PO43-, SO42--, NO3-, PO43-, SO42-

 Cations and Transition Metals Cations and Transition Metals –– tap water tap water
 Li+, Na+, K+, Mg2+, Cu2+, M-CN complexesLi+, Na+, K+, Mg2+, Cu2+, M-CN complexes

 Organic Acids Organic Acids –– fruit juice fruit juice
 Oxalic, Oxalic, MaleicMaleic, , MalicMalic, , SuccinicSuccinic, Citric, Citric

 Surfactants Surfactants –– soaps and detergents soaps and detergents
 SulfonatesSulfonates, long/short chain ammonium, long/short chain ammonium
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Ion Chromatography ColumnsIon Chromatography Columns

 AlltechAlltech
 PhenomenexPhenomenex
 DionexDionex

 Silica and polystyrene-based with specificSilica and polystyrene-based with specific
functional groupsfunctional groups
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Ion Chromatography ApplicationsIon Chromatography Applications
Common Cations

Column: ShimPak IC-C3, 5µm, 150x4.6mm
Mobile Phase: 2.5mM oxalic acid
Flowrate: 1.5mL/min
Col. Temp.: 40 ºC
Cell Temp.: 43 ºC
Inj. Vol.: 30µL
Detector: Shimadzu CDD-10AVP non-suppressed

(Gain 2; Polarity -1; Response 4)

(ppm)
1. Potassium 2.5
2. Magnesium 2
3.  Calcium 2
4. Ammonium 1.5
5.  Sodium 1.5
6.  Lithium 0.2

6

3

1 4 5

2
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Ion Chromatography ApplicationsIon Chromatography Applications

Column: ShimPak IC-A3, 5µm, 150x4.6mm
Mobile Phase: 2mM phthalic acid @pH 4.2 with LiOH
Flowrate: 1.5mL/min
Col. Temp.: 37 ºC
Cell Temp.: 40 ºC
Inj. Vol.: 10µL
Detector: Shimadzu CDD-10AVP non-suppressed

(Gain 2; Polarity 1; Response 4)

Common Anions

6

31

4 5

2
A(ppm) B(ppm)

1. Fluoride 25 0.6
2. Chloride 50 1.3
3.  Nitrite 50

1.3
4. Bromide 50 1.3
5.  Nitrate 50

1.3
6.  Sulfate 50 1.3

A

B
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Research and Method DevelopmentResearch and Method Development

 Typically, more Typically, more ““advancedadvanced”” systems use multiple systems use multiple
detectors and valves for column and solventdetectors and valves for column and solvent
switchingswitching

……….……….……….

……….……….……….

……….……….……….

……….……….………. ……….……….……….
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Research and Method DevelopmentResearch and Method Development

 Some Some ““advancedadvanced”” systems will include a high systems will include a high
capacity autosampler and a mass spectrometercapacity autosampler and a mass spectrometer

……….……….……….

………...………...………...

………...………...………...

………...………...………...

………...………...………...…

…

…

…

…

……….……….……….……….……….……….

……….……….……….
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Application Questions?Application Questions?

Next: Software DemonstrationNext: Software Demonstration
and Prominence Hardwareand Prominence Hardware
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Prominence OverviewProminence Overview

 System ControllerSystem Controller
 Pump and DegasserPump and Degasser
 Autosampler and Rack ChangerAutosampler and Rack Changer
 Column Oven and ValvesColumn Oven and Valves
 UV and Diode Array DetectorsUV and Diode Array Detectors
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CBM System ControllerCBM System Controller

 Web-based controlWeb-based control
 Connect to lab network orConnect to lab network or

directly to computerdirectly to computer

 Methods stored in CBMMethods stored in CBM
or connected computeror connected computer

 Controls all componentsControls all components
that have a fiber opticthat have a fiber optic
cablecable
 10A and VP Series10A and VP Series
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Standard PumpStandard Pump

 LC-20ATLC-20AT
 1 1 µLµL to 10 mL/minute to 10 mL/minute

 LPGE valve can be installedLPGE valve can be installed
in the pumpin the pump

 Reduced delay volumeReduced delay volume
 Sapphire piston and GFP sealSapphire piston and GFP seal
 Floating piston designFloating piston design
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Micro-Flow PumpMicro-Flow Pump

 LC-20ADLC-20AD
 0.1 0.1 µL to 10.0 mL/minµL to 10.0 mL/min

 10 µL pistons for no10 µL pistons for no
pulsationpulsation
 RID, ECD, CDDRID, ECD, CDD

 Sapphire piston and GFPSapphire piston and GFP
sealseal

 Ideal for low flow rate andIdeal for low flow rate and
LCMS applicationsLCMS applications
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Binary PumpBinary Pump

 LC-20ABLC-20AB
 2 LC-20AD in 1 box2 LC-20AD in 1 box

 Binary, space savingBinary, space saving
configurationconfiguration

 0.1 to 10.0 mL/min0.1 to 10.0 mL/min
 For gradient flow rate > 0.4For gradient flow rate > 0.4

mL/minutemL/minute
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DGU-20A3 and A5 DegasserDGU-20A3 and A5 Degasser

 Vacuum degasserVacuum degasser
 Internal volume of < 400 Internal volume of < 400 µLµL

 Teflon AF membrane for efficient OTeflon AF membrane for efficient O22 removal removal
 Plug into pump for power and controlPlug into pump for power and control
 External power supply availableExternal power supply available
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AutosamplerAutosampler

 Two Models:Two Models:
 SIL-20ASIL-20A
 SIL-20AC: 4-40C temp.SIL-20AC: 4-40C temp.

controlcontrol

 Enhanced CarryoverEnhanced Carryover
PerformancePerformance

 Faster Cycle TimeFaster Cycle Time
 Optional Active RinsingOptional Active Rinsing

 Optional Rack ChangerOptional Rack Changer
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Rack ChangerRack Changer

 Two ModelsTwo Models
 A; ambient or C; 4-40A; ambient or C; 4-40oo C,  C, ++ 6 6oo temp. control temp. control

 12 x 96 well MTP racks (reg. or deep well) in 4 stacks12 x 96 well MTP racks (reg. or deep well) in 4 stacks
 Mix and match plate type between stacksMix and match plate type between stacks
 ~90 seconds to change plates.~90 seconds to change plates.
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Column OvenColumn Oven

 Forced air heating and coolingForced air heating and cooling
 CTO-20A: ambient CTO-20A: ambient –– 85 85
 CTO-20AC: (ambient -15) CTO-20AC: (ambient -15) –– 85 85

 Higher T.MAX for polymerHigher T.MAX for polymer
and carbohydrate applicationsand carbohydrate applications

 Linear temperatureLinear temperature
programming possibleprogramming possible

 Integrated valve controllerIntegrated valve controller
 Space inside for 2 switchingSpace inside for 2 switching

valvesvalves
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Switching ValvesSwitching Valves

 FCV-20AHFCV-20AH22

 2 Position 6 port  High Pressure valve2 Position 6 port  High Pressure valve
 Column SwitchingColumn Switching
 Standalone control possible (front panel or Event) OR installStandalone control possible (front panel or Event) OR install

in CTO-20A/ACin CTO-20A/AC

 FCV-20AHFCV-20AH66

 6 Position 7 port  High Pressure valve6 Position 7 port  High Pressure valve
 Column SelectionColumn Selection
 Standalone control possible (front panel of Event) OR installStandalone control possible (front panel of Event) OR install

in CTO-20A/ACin CTO-20A/AC
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UV DetectorUV Detector

 Extended wavelengthExtended wavelength
range (190-700 nm)range (190-700 nm)

 Improved Noise andImproved Noise and
Drift SpecsDrift Specs

 Temp Controlled FlowTemp Controlled Flow
CellCell

 2.5 AU Linear Range2.5 AU Linear Range

 Included Hg lamp forIncluded Hg lamp for
wavelength accuracywavelength accuracy
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ThermostattedThermostatted Flow Cell Flow Cell

Effect of Temperature Controlled Cell 　‐ Room Temperature raised from 20-30C

セル温調なし

Room Temperature

0

5

10

15

0 30 60 90 120 min

mAU

0

5

10

15

0 30 60 90 120 min

mAU℃

25

30

35

40

20

℃

25

30

35

40

20

Cell Temperature

Room Temperature

Cell Temperature

Baseline

0

5

10

15

0 30 60 90 120 min

mAU

0

5

10

15

0 30 60 90 120 min

mAU℃

25

30

35

40

20

25

30

35

40

20

℃

25

30

35

40

20

25

30

35

40

20

Baseline

Cell Temperature 40℃Without Temperature Control



SHIMADZU
Solutions for Science Since 1875

Diode Array DetectorDiode Array Detector

 WorldWorld’’s lowest noise PDAs lowest noise PDA
 WorldWorld’’s best linearity - s best linearity - >> 2.0 AU 2.0 AU
 Temperature Controlled Flow CellTemperature Controlled Flow Cell
 Variable Slit WidthVariable Slit Width

 8 nm (better S/N) and 1.2 nm (better resolution)8 nm (better S/N) and 1.2 nm (better resolution)

 4 Channel Analog Board is STD4 Channel Analog Board is STD
 Ethernet CommunicationEthernet Communication
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LC-2010 Integrated HPLC SystemLC-2010 Integrated HPLC System

 Fully integrated HPLC system ideal for:Fully integrated HPLC system ideal for:
 QA/QC environmentQA/QC environment

 High-throughput applicationsHigh-throughput applications
 University teaching laboratoriesUniversity teaching laboratories

 Standalone or software controlledStandalone or software controlled
 Easy to navigate control screensEasy to navigate control screens
 GUI with GUI with ““WizardWizard”” assistance assistance
 Standard or Standard or ““simplesimple”” mode mode
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LC-2010HT FeaturesLC-2010HT Features

 Dynamic inlet valveDynamic inlet valve
 Quaternary gradient unitQuaternary gradient unit

 High speed autosamplerHigh speed autosampler
 4-40 C temperature control4-40 C temperature control

 Column heaterColumn heater

 2.5 AU detector linearity2.5 AU detector linearity
 ThermostattedThermostatted flow cell flow cell

 Automatic power, systemAutomatic power, system
prep, and validationprep, and validation
functionsfunctions
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LC-2010HT Pumping SystemLC-2010HT Pumping System

 5-channel degassing unit5-channel degassing unit
 4 mL/line for solvents A-D, 2 mL/line for SIL4 mL/line for solvents A-D, 2 mL/line for SIL

 Dynamic Inlet ValveDynamic Inlet Valve
 Electronic check valve to keep prime and minimize airElectronic check valve to keep prime and minimize air

bubblesbubbles

 4 solvent proportioning valve (FCV-10ALvp4 solvent proportioning valve (FCV-10ALvp
style)style)
 Gradient accuracy of  +/- 0.5%Gradient accuracy of  +/- 0.5%

 Manual or automatic primingManual or automatic priming
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LC-2010HT Pump PerformanceLC-2010HT Pump Performance

 Units are pre-plumbed; users only add a columnUnits are pre-plumbed; users only add a column

 Instrument-to-instrument uniformityInstrument-to-instrument uniformity
 7 instruments, same column and paraben test mixture7 instruments, same column and paraben test mixture

Mean retention time, 6 reps Methyl Ethyl Propyl Butyl
S/N 005 1.693 2.217 3.245 4.457
S/N 051 1.680 2.192 3.197 4.402
S/N 054 1.677 2.185 3.177 4.387
S/N 056 1.698 2.222 3.242 4.450
S/N 058 1.690 2.208 3.222 4.415
S/N 060 1.687 2.205 3.220 4.422
S/N 062 1.670 2.173 3.155 4.363

%RSD 0.581481 0.804374 1.04587 0.756171
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LC-2010HT AutosamplerLC-2010HT Autosampler

 High CapacityHigh Capacity
 350 1 mL vials, 210 2 mL vials (LC-2010A), 4350 1 mL vials, 210 2 mL vials (LC-2010A), 4

microtitermicrotiter plates (96 and 384 well; Std or Deep-well) plates (96 and 384 well; Std or Deep-well)

 Fast injectionFast injection
 15 second injection, ~30 second cycle time15 second injection, ~30 second cycle time

 Reproducibility < 0.3% RSD specificationReproducibility < 0.3% RSD specification
 Typical value:  ~0.10%Typical value:  ~0.10%

 Low carryover: < 0.01% (Low carryover: < 0.01% (napthalenenapthalene analysis) analysis)
 NEWNEW Pt coated needle, PEEK rotor and PEEK Pt coated needle, PEEK rotor and PEEK

needle seal to further reduce carryoverneedle seal to further reduce carryover
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LC-2010HT Autosampler PerformanceLC-2010HT Autosampler Performance

LC-2010A 1 !L %RSD 5 !L %RSD 10 !L %RSD 25 !L %RSD 50 !L %RSD
methyl paraben 0.295 0.0549 0.0393 0.0685 0.0425
ethyl paraben 0.228 0.0705 0.0385 0.0370 0.0560
propyl paraben 0.327 0.0533 0.0509 0.0233 0.0463
butyl paraben 0.285 0.0773 0.0336 0.0376 0.0439

 Injection Injection ReproducibiltyReproducibilty
 Method: Isocratic premixed 60:40 MeOH:HMethod: Isocratic premixed 60:40 MeOH:H22OO
 Sample: Sample: ParabenParaben test mix; 1, 5, 10, 25,  and 50 µL injections, 10 reps each test mix; 1, 5, 10, 25,  and 50 µL injections, 10 reps each

LC-2010C 1 !L %RSD 5 !L %RSD 10 !L %RSD 25 !L %RSD 50 !L %RSD
methyl paraben 0.283 0.0562 0.0392 0.0223 0.0515
ethyl paraben 0.265 0.0533 0.0335 0.0325 0.0473
propyl paraben 0.246 0.0511 0.0511 0.0427 0.0405
butyl paraben 0.265 0.0310 0.0204 0.0206 0.1210
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LC-2010HT Autosampler PerformanceLC-2010HT Autosampler Performance

 Injector cycle time is crucial for high-throughputInjector cycle time is crucial for high-throughput
and mass spec. applicationsand mass spec. applications

 The LC-2010HT can inject in ~15 secondsThe LC-2010HT can inject in ~15 seconds

 Actual time, from pressing RUN to injectionActual time, from pressing RUN to injection

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6
LC-2010A 15.58 15.49 15.24 15.52 15.43 15.64
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LC-2010HT Autosampler PerformanceLC-2010HT Autosampler Performance

 Injection linearityInjection linearity
 ParabenParaben test mix: 1, 5, 10, 25, 50 µL injections test mix: 1, 5, 10, 25, 50 µL injections
 10 repetitions per level10 repetitions per level

LC-2010C R2

methyl paraben 0.999997
ethyl paraben 0.999994
propyl paraben 0.999995
butyl paraben 0.999994

LC-2010A R2

methyl paraben 0.999976
ethyl paraben 0.999982
propyl paraben 0.999987
butyl paraben 0.999989
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LC-2010HT Column OvenLC-2010HT Column Oven

 Block style that heats and cools columnBlock style that heats and cools column
 Setting range of (Ambient - 15) to 60 CSetting range of (Ambient - 15) to 60 C

 Adjustable aluminum blocks for extra contactAdjustable aluminum blocks for extra contact
points with columnpoints with column

 Solvent Solvent preheaterpreheater: 4 or 9 µL: 4 or 9 µL
 Mixer in direct contact with heating blockMixer in direct contact with heating block

 Mixer volume is 240 µLMixer volume is 240 µL
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LC-2010HT DetectorLC-2010HT Detector

 2.5 AU linearity spec2.5 AU linearity spec
 Built in Hg lamp for wavelength calibrationBuilt in Hg lamp for wavelength calibration
 ThermostattedThermostatted flow cell: 40 and 50 C settings flow cell: 40 and 50 C settings

 Prevents change in absorbance due to refractivePrevents change in absorbance due to refractive
index change with temperature variationsindex change with temperature variations
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LC-2010HT Detector PerformanceLC-2010HT Detector Performance

 Linear to 2.5 AULinear to 2.5 AU

 PrednisonePrednisone: 5 concentration levels: 5 concentration levels

 10 µL injections, 5 reps at each level10 µL injections, 5 reps at each level
 60:40 MeOH:H60:40 MeOH:H22O, 4.6x100mm C18 columnO, 4.6x100mm C18 column

LC-2010C  S/N 002
Level 1 0.045 mg/mL 144 mAU
Level 2 0.090 mg/mL 294 mAU
Level 3 0.180 mg/mL 600 mAU
Level 4 0.360 mg/mL 1215 mAU
Level 5 0.720 mg/mL 2550 mAU R2 = 0.999800

LC-2010C  S/N 003
Level 1 0.045 mg/mL 141 mAU
Level 2 0.090 mg/mL 288 mAU
Level 3 0.180 mg/mL 585 mAU
Level 4 0.360 mg/mL 1190 mAU
Level 5 0.720 mg/mL 2530 mAU R2 = 0.999688
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Additional LC-2010HT FeaturesAdditional LC-2010HT Features

 Automatic power on/offAutomatic power on/off
 System Prep System Prep –– for running samples with for running samples with

different solventsdifferent solvents
 Automatic system validationAutomatic system validation
 Individual component validationIndividual component validation
 Status screen Status screen –– mobile phase calculation mobile phase calculation
 Maintenance/parts replacementMaintenance/parts replacement


