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INJECTION OF PURE SOLVENT

Injection
“Solvent Peak” ??

???

Separation of Free Amino Acids by RP HPLC

Separation of Free Amino Acids by RP HPLC
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Separation of Free Amino Acids by RP HPLC

Injection of free amino acids into mobile phase containing:
Ac  buffer, CuAc, Heptsulfonate, Diluent: Water 
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MOBILE PHASE = PHENYLALANINE + BUFFER
ACETATE (PH=3.7); Wavelength=254 nm

INJECTION OF 20 µL OF PURE H2O
TWO COMPONENTS (1:1) SHOWING

NO MUTUAL COMPETITION
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MIXTURE OF (1:1) 1,8- AND 1,5-DCAQ
IN THE LINEAR RANGE
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SYSTEM PEAKS

ELUTION

0 8
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Chromatographic Process

Elution through the Column

A

B

Chromatogram

Stationary 
Phase

Distribution:
K = Cs/Cm

Mobile phase

B+A

EXAMPLE:
Two additives in the mobile phase

CHROMATOGRAM

Mechanism of System Peaks Formation

Vacancy

Example:  k’(1) = 1 
Step 1:

Equilibrium:
Cs=1; Cm = 1

Step 2:
Injection of Vacancy:

Cs=1; Cm=0

Step 3:
Re-equilibration:
Cs=0.5; Cm=0.5

Example:  k’(2) = 2 
Step 1:

Equilibrium:
Cs=2; Cm = 1

Step 2:
Injection of Vacancy::

Cs=2; Cm=0

Step 3:
Re-equilibration:
Cs=1.33; Cm=0.67

k' = 
tR - t 0

t0

k’ = 
Csφ
Cm

CONDITIONS FOR APPEARANCE OF SYSTEM PEAKS

• Mobile phase is multicomponent (n=>2)

• Mobile phase contains  adsorbable components

• Mobile phase’s components respond to the detector
(high background)

• Sample or sample diluent are different than the  
mobile phase, enough to create equilibrium perturbation.
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RESORCINOL

CATECHOL

PHENOL

a’ b’

a” b” c”
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1:1

1:1:1

SYSTEM PEAKS (VACANCY) AT THE LINEAR RANGE
Each component = 0.001 M   in  water

Resorcinol-Catechol-Phenol 1:1:1 Mixture 
in the Linear Range

Elution Chromatogram: 
Mix is in the sample

System-Peaks Chromatogram: 
Mix is in the Mobile Phase

UV-SPECTRUM OF (1:1:1) MIXTURE

THE RANGE : 210-400nm 

210 
nm 400nm 

RESORCINOL CATECHOL PHENOL

Apex of elution peak vs apex of system peak

REFERANCE: BASELINE 

Detection of System Peaks

MOBILE PHASE:
2 COMPONENTS - 0.001M EACH

0

0.0015M

0.002M

0.001M

0.0005M

0.0

0.0015M

0.002M

0.0005M

0.0
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INJECTING MOBILE  PHASE  COMPONENTS : 
VARIOUS  CONCENTRATIONS IN THE  SAMPLE

MOBILE PHASE: 2 COMPONENTS   0.001M EACH

0.0015M

0.002M

0.001M

0.0005M

0.00.0

0

0
0.0015M

0.002M

0.001M

0.0005M

0.0

0.0015M

0.002M

0.001M

0.0005M

0.0

0
0.0015M

0.002M

0.001M

0.0005M

0.0 0.0

Sample: Component 1

Sample: Component 2

Sample: Components 1+2

FULL SEQUENCE OF SYSTEM PEAKS AND FRONTAL 
ANALYSIS 
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PHENYLALANINE IN ACETATE BUFFER

SYSTEM PEAKS (VACANCY) AT THE LINEAR RANGE 

RESORCINOL
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a” b”
c”

R
E
S
P
O
N
S
E

TIME (MIN.)0 16

1:1

1:1:1

MOBILE PHASE’S SOLVENT = WATER

a

b

c

PEAK AREA UNDER NON-COMPETITIVE CONDITIONS
MOBILE PHASE 1:1:1, 0.5mM
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SYSTEM PEAKS (VACANCY) AT THE 

NON-LINEAR RANGE OF 

CHROMATOGRAPHY

LINEAR   AND  NON-LINEAR  RANGE OF CONCENTRATIONS

linear

Non-Linear1 + b C m 
C s = 

a C m 

CS

Cm, mole / L

Linear

Non-Linear

practical working
limit in  the analytical 
mode

0

Langmuir type 
Adsorption Isotherm

Cs =         Cm

k’

φ

k’ = 
Csφ
Cm

[ ]

SYSTEM PEAKS (VACANCY) AT THE 
NON-LINEAR RANGE

(Each component is 0.01 M)
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TIME (MIN.)0 10

RESORCINOL

CATECHOL

PHENOL

RESORCINOL:CATECHOL 1:1

RESORCINOL:CATECHOL: 
PHNOL  1:1:1

a’ b’

a” b”
c”

TFAE  ENANTIOMERS IN A CHIRAL SYSTEM:
SYSTEM PEAKS VS ELUTION

ELUTION CHROMATOGRAM

SYSTEM PEAKS
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TFAE SYSTEM PEAKS AT LINEAR AND NON-
LINEAR CONDITIONS

LINEAR

NON-LINEAR 

a b

a’ b’0.75 mM

0.1 mM
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(-) (+)
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0 8

0.0005 M (+)

0.0005 M (-)

SAMPLE CONCENTRATION:
ABOVE [TFAE] IN THE MOBILE PHASE

(+)
(-)

COMPETITIVE CONDITIONS
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a’ b’0.00075 M (+)

0.00075 M (-)

VACANCY

VACANCY CHROMATOGRAPHY
IN THE CASE OF (1:1) MIXTURE

1 2
1

2
1

2

C1 = C2 = 0.0001M C1 = C2 = 0.01M

inj inj
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Theoretical Calculations of System Peaks
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Practical Uses
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TIME (MIN.)0 180

PHENYLALANINE IN ACETATE BUFFER

Measurements of Adsorption Isotherm Using  both  Methods: 
SYSTEM PEAKS AND FRONTAL ANALYSIS 

Cs,i = concentration in the stationary phase
k’i = capacity factor
φ = phase ratio

dCm,i = difference in concentration between every two steps.

Calculation of Cs,i:

System Peaks Analysis (SPA)

Cs,i =
1
φ Σ

Cm,i

0

k'i ∆Cm,i
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Frontal Analysis (FA)

V0 = column void volume

Vs = stationary phase volume

Vh =hold-up volume (from the pump to the detector)

Cs , i =
( VR , i − V0 − Vh )

Vs
Cm , i

Cs , i = Σ
C

m,i

0

( VR , i − V0 − Vh )

Vs

dCm , i

STEPWISE:

ADSORPTION ISOTHERM OF PHENYLALANINE IN  
0.1 M  ACETATE BUFFER BY  FA  and  SPA 

0.100.080.060.040.020.00
0.0 

0.1 

0.2 

0.3 

0.4 

0.5 
SPA 
FA

[PHE in the Mobile Phase] 

Cs

DETECTION  OF IRREVERSIBLE ADSORPTION VIA THE SYSTEM PEAKS 
OF THE  RESIDUAL ENANTIOMERS 

SYSTEM PEAKS
Not Impurities!

(-) TFAE
(+) TFAE
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