
Fast AND Sensitive:
Automating High Throughput Analysis

with Capillary HPLC
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Why Use Capillary Liquid Chromatography?
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Trends in Capillary LC
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Capillary LC in Bioanalysis
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Scaling of Chromatographic Systems
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Events in a Chromatographic Run
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Considerations with High Throughput Analyses
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Re-Equilibration Time
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Minimizing System Volume
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Capillary LC System Schematic
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Develop a Generic Gradient Method
Appropriate for LC System
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General Chromatographic Method
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Effect of Equilibration Time
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Reducing System Volume
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Practical Effect of Reducing System Volume
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Equilibration Time with No Mixer

\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;#######X*)Q#[<0%e##AM#\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;#######X*)Q#[<0%e##AM#\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;#######X*)Q#[<0%e##AM#\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;#######X*)Q#[<0%e##AM#µµµµ*]C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:*]C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:*]C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:*]C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:

1 2 3
Minutes

0

100

%

Diode Array 
254

8.96e5

A?,#E9:10%#4)0<*#[1:#49C%A?,#E9:10%#4)0<*#[1:#49C%A?,#E9:10%#4)0<*#[1:#49C%A?,#E9:10%#4)0<*#[1:#49C%
0

100

%

Diode Array 
254

8.96e5

U#E9:10%#4)0<*#[1:#49C%U#E9:10%#4)0<*#[1:#49C%U#E9:10%#4)0<*#[1:#49C%U#E9:10%#4)0<*#[1:#49C% OK%<+;#%*109:B#%<'*"#9:K%<+;#%*109:B#%<'*"#9:K%<+;#%*109:B#%<'*"#9:K%<+;#%*109:B#%<'*"#9:
05%#B'<69%:0#<'%05%#B'<69%:0#<'%05%#B'<69%:0#<'%05%#B'<69%:0#<'%
<&&%F0%6#Q5%:#0)0<*#'1:<&&%F0%6#Q5%:#0)0<*#'1:<&&%F0%6#Q5%:#0)0<*#'1:<&&%F0%6#Q5%:#0)0<*#'1:
09C%#9;#'%61F%6#0)#A?,09C%#9;#'%61F%6#0)#A?,09C%#9;#'%61F%6#0)#A?,09C%#9;#'%61F%6#0)#A?,
C9:10%;C9:10%;C9:10%;C9:10%;

OK%<+#F<2<F90"#<:6K%<+#F<2<F90"#<:6K%<+#F<2<F90"#<:6K%<+#F<2<F90"#<:6
'%;)*109):#'%0<9:%6#&)''%;)*109):#'%0<9:%6#&)''%;)*109):#'%0<9:%6#&)''%;)*109):#'%0<9:%6#&)'
<:<*"0%;#05<0#%*10%<:<*"0%;#05<0#%*10%<:<*"0%;#05<0#%*10%<:<*"0%;#05<0#%*10%
@%"):6#3MLAMh@%"):6#3MLAMh@%"):6#3MLAMh@%"):6#3MLAMh
)'B<:9F#C)@9*%#25<;%)'B<:9F#C)@9*%#25<;%)'B<:9F#C)@9*%#25<;%)'B<:9F#C)@9*%#25<;%

OG&#<:<*"/9:B#C)'%G&#<:<*"/9:B#C)'%G&#<:<*"/9:B#C)'%G&#<:<*"/9:B#C)'%
5"6')25)@9F5"6')25)@9F5"6')25)@9F5"6')25)@9F
F)C2)1:6;-F)C2)1:6;-F)C2)1:6;-F)C2)1:6;-
%^19*9@'<09):#09C%#F<:%^19*9@'<09):#09C%#F<:%^19*9@'<09):#09C%#F<:%^19*9@'<09):#09C%#F<:
@%#B'%<0*"#'%61F%6@%#B'%<0*"#'%61F%6@%#B'%<0*"#'%61F%6@%#B'%<0*"#'%61F%6



1 2 3
Minutes

0

100

%

0

100

%

Diode Array 
254

9.16e5

1.76

Diode Array 
254

9.16e5

1.48

W#0)#YWh#!#9:#A#C9:W#0)#YWh#!#9:#A#C9:W#0)#YWh#!#9:#A#C9:W#0)#YWh#!#9:#A#C9:

W#0)#YWh#!#9:#3#C9:W#0)#YWh#!#9:#3#C9:W#0)#YWh#!#9:#3#C9:W#0)#YWh#!#9:#3#C9:

Effect of Gradient

X*)Q#[<0%e##AM#X*)Q#[<0%e##AM#X*)Q#[<0%e##AM#X*)Q#[<0%e##AM#µµµµ*]C9:#######4)0<*#[1:#49C%e##A?,#C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:*]C9:#######4)0<*#[1:#49C%e##A?,#C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:*]C9:#######4)0<*#[1:#49C%e##A?,#C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:*]C9:#######4)0<*#[1:#49C%e##A?,#C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:

M?3N#C9:M?3N#C9:M?3N#C9:M?3N#C9:

.)%*109):.)%*109):.)%*109):.)%*109):



1 2
Minutes

0

100

%

0

100

%

0

100

%

Diode Array 
254

6.69e5

Diode Array 
254

4.83e5

Diode Array 
254

3.87e5

Effect of Flow Rate

\'<69%:0e##W#0)#YWh#!#9:#3#C9:10%;#######4)0<*#[1:#49C%e##A?,#C9:\'<69%:0e##W#0)#YWh#!#9:#3#C9:10%;#######4)0<*#[1:#49C%e##A?,#C9:\'<69%:0e##W#0)#YWh#!#9:#3#C9:10%;#######4)0<*#[1:#49C%e##A?,#C9:\'<69%:0e##W#0)#YWh#!#9:#3#C9:10%;#######4)0<*#[1:#49C%e##A?,#C9:#######j)#E9S%'#######AM#:B#i:#.)*1C:#######j)#E9S%'#######AM#:B#i:#.)*1C:#######j)#E9S%'#######AM#:B#i:#.)*1C:#######j)#E9S%'#######AM#:B#i:#.)*1C:

D);;#)&#%&&9F9%:F"#<0D);;#)&#%&&9F9%:F"#<0D);;#)&#%&&9F9%:F"#<0D);;#)&#%&&9F9%:F"#<0
59B5%'#&*)Q#'<0%;59B5%'#&*)Q#'<0%;59B5%'#&*)Q#'<0%;59B5%'#&*)Q#'<0%;

[%;)*109):#6)C9:<0%6[%;)*109):#6)C9:<0%6[%;)*109):#6)C9:<0%6[%;)*109):#6)C9:<0%6
@"#B'<69%:0#;*)2%@"#B'<69%:0#;*)2%@"#B'<69%:0#;*)2%@"#B'<69%:0#;*)2%

UM#UM#UM#UM#µµµµ*]C9:*]C9:*]C9:*]C9:

AW#AW#AW#AW#µµµµ*]C9:*]C9:*]C9:*]C9:

AM#AM#AM#AM#µµµµ*]C9:*]C9:*]C9:*]C9:



Other Considerations

O =<C2*%#*)<69:B
P D)<69:B#59B5#8)*1C%;#)&#;<C2*%
P D)<69:B#;<C2*%;#9:#@9)*)B9F<*#C<0'9F%;

O .<''")8%'
P X9:69:B#<#Q<;5#;)*8%:0#%&&%F098%#&)'
C9:9C9/9:B#F<''")8%'#)&#<:<*"0%;#)&#9:0%'%;0



Sample Loading
=<C2*%#4'<229:B#.):&9B1'<09):=<C2*%#4'<229:B#.):&9B1'<09):=<C2*%#4'<229:B#.):&9B1'<09):=<C2*%#4'<229:B#.):&9B1'<09):
D)<69:B#=<C2*%D)<69:B#=<C2*%D)<69:B#=<C2*%D)<69:B#=<C2*%

 

 

  

 

 

 

 
 

 

 

  

  

 

 

  

 

 

 

K);909):#3K);909):#3K);909):#3K);909):#3

Autosampler
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Column Heater

Flow Cell

Pump B

Pump A

Pump C

G:c%F09):#_<*8%G:c%F09):#_<*8%G:c%F09):#_<*8%G:c%F09):#_<*8%

E9S9:B#_<*8%E9S9:B#_<*8%E9S9:B#_<*8%E9S9:B#_<*8%

=0'%<C#=%*%F0#_<*8%=0'%<C#=%*%F0#_<*8%=0'%<C#=%*%F0#_<*8%=0'%<C#=%*%F0#_<*8%



Sample Analysis
=<C2*%#4'<229:B#.):&9B1'<09):=<C2*%#4'<229:B#.):&9B1'<09):=<C2*%#4'<229:B#.):&9B1'<09):=<C2*%#4'<229:B#.):&9B1'<09):
R*109:B#=<C2*%R*109:B#=<C2*%R*109:B#=<C2*%R*109:B#=<C2*%

 

 

  

 

 

 

 

 

  

  

 

 

 

  

 

 

 

 
 

 

 

 

Sample 
Wash

 
Syringe 

Waste

Pre-column

Analytical Column

Pump B

Pump A

Pump C

Column Heater

Flow Cell
G:c%F09):#_<*8%G:c%F09):#_<*8%G:c%F09):#_<*8%G:c%F09):#_<*8%

E9S9:B#_<*8%E9S9:B#_<*8%E9S9:B#_<*8%E9S9:B#_<*8%

=0'%<C#=%*%F0#_<*8%=0'%<C#=%*%F0#_<*8%=0'%<C#=%*%F0#_<*8%=0'%<C#=%*%F0#_<*8%

K);909):#,K);909):#,K);909):#,K);909):#,

>10);<C2*%'>10);<C2*%'>10);<C2*%'>10);<C2*%'



Trapping with a 12 Component Mix

1 2 3 4 5
Minutes

0

100

%

Diode Array 
254

1.36e6
.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;
D)<69:B#=<C2*%D)<69:B#=<C2*%D)<69:B#=<C2*%D)<69:B#=<C2*%
UM#µ*]C9:#&)'#,#C9:
.e##M?,#h#&)'C9F#<F96#9:#(3i
.)*1C:e##M?A#S#W#CC#.,N-
##AMM#g-#W#µC
G:c%F09):#_)*1C%e##AMM#:*
AM#:B#i:#.)*1C:

R*109:B#=<C2*%R*109:B#=<C2*%R*109:B#=<C2*%R*109:B#=<C2*%
X*)Q#[<0%e##3W#µ*]C9:
>e##M?,h#&)'C9F#<F96#9:#(3i
!e##M?MZh#&)'C9F#<F96#9:#E%.j
\'<69%:0e##WLYW#h#!#9:#U#C9:
4)0<*#[1:#49C%e##N#C9:
.)*1C:e##M?A3#S#WM#CC#I<0%';
##="CC%0'"#.,N-#AMM#g-#W#µC

,,#)&#,3#2%<+;#0'<22%6,,#)&#,3#2%<+;#0'<22%6,,#)&#,3#2%<+;#0'<22%6,,#)&#,3#2%<+;#0'<22%6

K%<+;#2<'09<**"#'%;)*8%6K%<+;#2<'09<**"#'%;)*8%6K%<+;#2<'09<**"#'%;)*8%6K%<+;#2<'09<**"#'%;)*8%6



Carryover
3M]NM#E%05<:)*]X)'C9F#>F96#k,hl#<;#I<;5#=)*8%:03M]NM#E%05<:)*]X)'C9F#>F96#k,hl#<;#I<;5#=)*8%:03M]NM#E%05<:)*]X)'C9F#>F96#k,hl#<;#I<;5#=)*8%:03M]NM#E%05<:)*]X)'C9F#>F96#k,hl#<;#I<;5#=)*8%:0

AM#AM#AM#AM#µµµµ*]C9:*]C9:*]C9:*]C9: \'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%; ########4)0<*#[1:#49C%e##W#C9:########4)0<*#[1:#49C%e##W#C9:########4)0<*#[1:#49C%e##W#C9:########4)0<*#[1:#49C%e##W#C9:

1 2 3 4
Minutes

-60

100

%

Diode Array 
254

6.70e3
M?W,hM?W,hM?W,hM?W,h

M?3NhM?3NhM?3NhM?3Nh
M?W3hM?W3hM?W3hM?W3h

3?MNh3?MNh3?MNh3?MNh!*<:+#G:c%F09):!*<:+#G:c%F09):!*<:+#G:c%F09):!*<:+#G:c%F09):
0

100

%

Diode Array 
254

8.72e5

,3#.)C2):%:0#E9S,3#.)C2):%:0#E9S,3#.)C2):%:0#E9S,3#.)C2):%:0#E9S
AM#AM#AM#AM#:B#:B#:B#:B#i:#.)*1C:#i:#.)*1C:#i:#.)*1C:#i:#.)*1C:#



Carryover
NM]3M#G;)2')2<:)*]I<0%'##<;#I<;5#=)*8%:0NM]3M#G;)2')2<:)*]I<0%'##<;#I<;5#=)*8%:0NM]3M#G;)2')2<:)*]I<0%'##<;#I<;5#=)*8%:0NM]3M#G;)2')2<:)*]I<0%'##<;#I<;5#=)*8%:0

AM#AM#AM#AM#µµµµ*]C9:*]C9:*]C9:*]C9: \'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%;\'<69%:0e##W#0)#YWh#!#9:#A#C9:10%; #####4)0<*#[1:#49C%e##W#C9:#####4)0<*#[1:#49C%e##W#C9:#####4)0<*#[1:#49C%e##W#C9:#####4)0<*#[1:#49C%e##W#C9:

-61

100

%

Diode Array 
254

5.90e3
M?MZ3hM?MZ3hM?MZ3hM?MZ3h

M?MMUMhM?MMUMhM?MMUMhM?MMUMh
M?AUhM?AUhM?AUhM?AUh

,?MYNh,?MYNh,?MYNh,?MYNh
!*<:+#G:c%F09):!*<:+#G:c%F09):!*<:+#G:c%F09):!*<:+#G:c%F09):

1 2 3 4
Minutes

0

100

%

Diode Array 
254

1.77e6

,3#.)C2):%:0#E9S,3#.)C2):%:0#E9S,3#.)C2):%:0#E9S,3#.)C2):%:0#E9S
AM#AM#AM#AM#:B#:B#:B#:B#i:#.)*1C:##i:#.)*1C:##i:#.)*1C:##i:#.)*1C:##



Applying Generic Gradient to Real Samples:
6 Component Drug Mix with LC/MS

1 2
Minutes

0

100

%

1: SIR of 6 Channels ES+ 
TIC

3.30e6

=<C2*%=<C2*%=<C2*%=<C2*%
V#.)C2):%:0#7'1B#E9S
>F%0<C9:)25%:
R'"05')C"F9:
D96)F<9:%
j<#E):%:;9:
K')2'<:)*)*
_%'<2<C9*

.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;
X*)Q#[<0%e##AM#µ*]C9:
>e##M?,h#&)'C9F#<F96#9:#(3i
!e##M?MZh#&)'C9F#<F96#9:#E%.j
\'<69%:0e##W#0)#YWh#!#9:#A#C9:
4)0<*#[1:#49C%e##W#C9:
.)*1C:e##M?A3#S#WM#CC#I<0%';
##="CC%0'"#.,N-#AMM#g-#W#µC
G:c%F09):#_)*1C%e##3MM#:*

W?U#:B#i:#.)*1C:W?U#:B#i:#.)*1C:W?U#:B#i:#.)*1C:W?U#:B#i:#.)*1C:



Extracted Ion Chromatograms:
6 Component Drug Mix with LC/MS

1 2
Minutes

0

100

%

1: SIR of 6 Channels ES+ 

235.17

1.97e6

D96)F<9:%D96)F<9:%D96)F<9:%D96)F<9:%

1 2
Minutes

0

100

%

1: SIR of 6 Channels ES+ 
260.16
3.23e6

K')2'<:)*)*K')2'<:)*)*K')2'<:)*)*K')2'<:)*)*

1 2
Minutes

0

100

%

1: SIR of 6 Channels ES+ 
734.46
4.87e5

R'"05')C"F9:R'"05')C"F9:R'"05')C"F9:R'"05')C"F9:

1 2
Minutes

0

100

%

1: SIR of 6 Channels ES+ 

455.28
1.78e6

_%'<2<C9*_%'<2<C9*_%'<2<C9*_%'<2<C9*



Applying Generic Gradient to Real Samples:
5 Component Mix

=<C2*%=<C2*%=<C2*%=<C2*%
W#.)C2):%:0#E9S#kM?,#CB]C*l
1'<F9*
,L5"6')S"LZL</<@%:/<0'9</)*%
C%05"*LAL<C9:)L3L059)25%:%F<'@)S"*<0%
UL<C9:)@%:/)25%:):%
C%05)S"@%:/%:%#;1*&):<C96%

.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;
X*)Q#[<0%e##AM#µ*]C9:
>e##M?,h#&)'C9F#<F96#9:#(3i
!e##M?MZh#&)'C9F#<F96#9:#E%.j
\'<69%:0e##W#0)#YWh#!#9:#A#C9:
4)0<*#[1:#49C%e##W#C9:
.)*1C:e##M?A3#S#WM#CC#I<0%';
##="CC%0'"#.,N-#AMM#g-#W#µC
G:c%F09):#_)*1C%e##AMM#:* 1 2

Minutes

0

100

%

Diode Array 
254

2.84e5
AM#:B#i:#.)*1C:AM#:B#i:#.)*1C:AM#:B#i:#.)*1C:AM#:B#i:#.)*1C:



Applying Generic Gradient to Real Samples:
5 Component Mix with Trapping

.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;.5')C<0)B'<259F#.):6909):;

D)<69:B#=<C2*%D)<69:B#=<C2*%D)<69:B#=<C2*%D)<69:B#=<C2*%
UM#µ*]C9:#&)'#,#C9:
.e##M?,#h#&)'C9F#<F96#9:#(3i
.)*1C:e##M?A#S#W#CC#.,N-
##AMM#g-#W#µC
G:c%F09):#_)*1C%e##AMM#:*

R*109:B#=<C2*%R*109:B#=<C2*%R*109:B#=<C2*%R*109:B#=<C2*%
X*)Q#[<0%e##3W#µ*]C9:
>e##M?,h#&)'C9F#<F96#9:#(3i
!e##M?MZh#&)'C9F#<F96#9:#E%.j
\'<69%:0e##WLYW#h#!#9:#U#C9:
4)0<*#[1:#49C%e##N#C9:
.)*1C:e##M?A3#S#WM#CC#I<0%';
##="CC%0'"#.,N-#AMM#g-#W#µC 1 2 AAAA 4 5

Minutes

0

100

%

Diode Array 
254

5.88e5
i:*"#,#2%<+#0'<2;#Q%**i:*"#,#2%<+#0'<2;#Q%**i:*"#,#2%<+#0'<2;#Q%**i:*"#,#2%<+#0'<2;#Q%**
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254
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Minutes

0

100

%

Diode Array 
254

5.88e5
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%

Diode Array 
254

5.88e5

UM#:BUM#:BUM#:BUM#:B

3M#:B3M#:B3M#:B3M#:B

,M#:B,M#:B,M#:B,M#:B

W#:B#W#:B#W#:B#W#:B#

Applying Generic Gradient to Real Samples:
5 Component Mix with Trapping



Enhanced Sensitivity with 180 Micron Column
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Summary
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12 Mix Components

H'<F9* >F%0)25%:):% (%20<:)25%:):%
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>F%0"*&1'<: !10"')25%:):% iF0<:)25%:):%

>F%0<:9*96% (%S<:)25%:):% !%:/)25%:):%


