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Analytical Techniques 
containing a Separation Step

3

S. C. Moldoveanu, V. David, « Selection of 
the HPLC method in chemical analysis » 
Chap. 3, Elsevier Inc, 2017.
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FIGURE 3.1.1 Common separation analytical techniques used online with measurement of separated analytes.
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Analytical Techniques
containing a Separation Step

• Separation technique + detection
• Not included : distillation, sublimation, crystallization, 

precipitation
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• Components of an analytical chromatographic instrument.

Chromatographic separations can be differentiated based on several criteria such as: (1)
the purpose of the chromatographic separation, (2) the format in which the stationary phase
is placed, (3) the physical state of the mobile phase, (4) the scale of the operation, and (5) the
separation mechanism. Other criteria of differentiating chromatographic techniques are also
known, and some types of chromatography have unique characteristics that make them
distinct from the other types [e.g., chiral chromatography, countercurrent chromatography
(CCC), etc.].

1) The purpose of chromatographic separation allows the differentiation of: (1a) analytical
chromatography and (1b) preparative chromatography.

1a) Analytical chromatography is performed for the identification and measurement of
various analytes in a sample, and it is hyphenated with a detection and measurement capa-
bility (see Fig. 1.2.1). The detection performed with specially designed detectors is typically
translated into an electrical signal, and the graphic XY output in of this signal (X being
time and Y signal intensity) is known as a chromatogram. The components of a mixture sepa-
rated in time are displayed as peaks in the chromatogram. Many analytical chromatographic
techniques, although they may have differences from each other, have a common set of com-
ponents (parts of a chromatographic instrument). These components include a continuous
source of a mobile phase (gas, liquid, or supercritical fluid), an injector that allows the sample
to be placed into the mobile phase, a stationary phase on which the separation takes place,
and a detector for the components that are leaving the chromatographic column (the eluates).
The whole analytical set-up is typically connected to a control and data processing unit (e.g.,
a computer). This unit can control the composition or pressure of the mobile phase, the con-
ditions of sample injection, the temperature of the stationary phase, and the parameters for
the detector, and receives the data from the detector for processing and visualization. This
set-up is schematically indicated in Fig. 3.1.2.

Each component in the set-up from Fig. 3.1.2 may be different for different chromato-
graphic techniques. For example, for GC the source of mobile phase is a gas tank followed
by a series of flow and pressure controllers, while in HPLC it is a source of pressurized liquid.
The injectors are typically dedicated to the injection of samples present in a solvent but “sol-
ventless” injectors are also known. A variety of detectors can also be used, most of them
being based on measuring a physicochemical property of the analytes as those described
regarding nonhyphenated methods of analysis. Also, more complex arrangements are pos-
sible for a chromatographic instrument, for example, adding collection capability for the
separated sample components, addition of more separation units, etc. However, the basic
scheme from Fig. 1.2.4 is common for many analytical chromatographic instruments.

Source of
mobile phase 

Sample
injector

Separation unit
(stationary phase) Detector(s)

Control and
data processingSample

FIGURE 3.1.2 Schematic set-up of an analytical chromatographic instrument.
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Introduction to chromatographic 
Separations
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High Performance Liquid 
Chromatography
HPLC

• Half century of history …
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History 
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1900   1940   1960

1900: Russian 
botanist Mikhail 
Tswet invents
chromatography 
to separate plant 
pigments

Chromatography: χρώμα (colour) + γράφειν (writing)

1941: Martin and 
Synge predict 
efficient separations
for  high pressure 
and small particle 
size

1966: C.Horváth
and S. Lipsky 
published 
nucleotides 
separation by 
HPLC

1967: First 
commercial HPLC 
instrument (Waters)
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History
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1972: J. Waters, J. 
Little, separation of 
isomers of an 
intermediate
in the synthesis of
vitamin B-12. 

HPLC: evolution rather than revolution

1970 1980 1990 2000

1985-1990: 
Detectors:
Coupling to mass 
spectrometry

After 2000: 
Particle 
diameter < 2µm
20000 psi
UHPLC

1970- 1985:
High Pressure-
High Performance
Particles 10-5µm
Bonded phases

Particles
< 2µm> 20µm

uniformsirregulars

1980: Separation of 
enantiomers
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History
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material he called pellicular particles, which 
were impermeable spheres coated with a po-
rous ion-exchange resin. But Horváth’s col-
umns were inefficient because compounds 
couldn’t diffuse deeply into them.

  Kirkland, collaborating with Ralph Iler 
at DuPont, improved efficiency by making 
spherical particles in which the solid silica 
core was coated with a porous outer shell of 
tiny beads. The resulting core-shell particles 
had more surface area and capacity for in-
teracting with and separating compounds. 
Kirkland and Iler followed these superfi-
cially porous particles with fully porous 
particles of different controlled sizes and 
porosities.

  Then came bonded phases. One of the 
biggest developments in the history of 
HPLC, the bonded phase consists of mol-
ecules covalently linked to silica particles. 
Octadecylsilane, also called C18, was the 
most common of these molecules, which act 
as the stationary phase. Majors, who wrote 
about columns and sample prep for the 
magazine  LCGC  for more than 30 years, esti-
mates that 800 different C18 columns have 
been introduced over the years.

  One might think that with so many C18 
stationary phases, they’re just duplicating 
each other. But that’s not the case, Majors 
says. The C18 phases can be monomeric or 
polymeric. They can be endcapped, meaning 

that any silanol groups remain-
ing on the particle surface not 
attached to C18 are chemically 
blocked. They can be mixed 
modes, meaning that something 
other than C18 is also bonded 
to the silica. “There are so many 
variations of how you can make 
a C18,” Majors says.

  And the various C18 columns 
don’t provide identical separa-
tions. The underlying silica, the 
surface area, and the pore sizes 
can all be different, creating 
different interactions with the 
compounds being separated.

  In all, there are about 1,400 
different stationary phases, 
Majors estimates. But many of 
them are for niche applications. 
“There are a lot of different sta-
tionary phases, but they’re not 
used that much. I would guess that probably 
the top five or six stationary phases would 
separate 90 or 95% of all samples that are 
done now,” Kirkland says.

  Over the years, the particles have become 
progressively smaller and more uniform. 
Before the advent of HPLC, chromatog-
raphy columns were packed with irregu-
larly shaped particles larger than 100 µm. 
Horvath’s pellicular particles were about 

40 µm. Throughout the 1970s 
and 1980s, the particle size 
decreased to 10 µm, then 7 µm, 
then 5 µm.

  By the late 1980s, the field had 
settled on particle diameters of 
about 3 µm and upper pressures 
of about 6,000 psi, which were 

needed to push the mobile phase through 
the tightly packed columns. As the particles 
got smaller, the columns became shorter and 
the separations became faster, partially as a 
way to avoid operating at the pressure limit.

  “They were trying to keep the columns 
operating around 2,000 or 3,000 psi at 
most,” says James W. Jorgenson, a chro-
matographer at the University of North 
Carolina, Chapel Hill. “Even though the 
equipment can go to 6,000 psi, you don’t 
want to run a column at the pressure limit. 
What kind of lifetime is it going to have 
before it starts plugging up and exceeds the 
pressure limit?”

  In the 1990s, Jorgenson started using 
even smaller particles (less than 2 µm) and 
higher pressures (as high as 10,000 psi) to 
carry out separations. “We were after very 
high efficiency separations,” he says.

  Waters Corp. began its own work with 
higher pressures and smaller particles, but 
its goal was speed. “That was a wise choice 
on their part,” Jorgenson says, “because a 
large chunk of the market—people who do 
pharmaceutical separations—needs high 
throughput.” If Waters could promise highly 
resolved compounds and get it done in 10 
minutes instead of 30 minutes, Jorgenson 
adds, it was a huge selling point.

  The move to sub-2-µm particles and 
higher pressures—eventually dubbed 
ultra-high-performance liquid chromatog-
raphy, or UHPLC—required a complete re-
design of the equipment around the column. 
“You didn’t just change pumps and every-
body was happy,” says Peter Carr, a chroma-
tographer at the University of Minnesota, 
Twin Cities. “You had to reengineer every 
part of the system. The pumps, the injector, 
the connections, the column itself, and the 
detector—all brand-new.”

32    C&EN   |  CEN.ACS.ORG  |   JUNE 13, 2016

 Progressive improvements 
  Smaller particles and shorter columns have led to faster separations over the years. 
Each chromatogram here shows the separation of a mixture (in order of elution, left  
to right) of 1-methylxanthine, 1,3-dimethyluric acid, 3,7-dimethylxanthine, and 
1,7-dimethylxanthine. The conditions are identical, except for the particle size, column 
length, and injection volume (not listed).

 Jack Kirkland 
(left), with 
technician Glen 
Wallace, in front 
of a homebuilt 
HPLC instrument 
in 1967. 

  Source: Agilent Technologies C
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Compounds: 1-methylxanthine, 1,3-dimethyluric acid, 3,7 dimethylxanthine, and 
1,7-dimethylxanthine. (in order of elution, left to right) 

C. H. Arnaud, C&EN, 
CEN.ACS.ORG, 2016, p. 29-33

UHPLC
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• Classifica4on

Disposition
o Column chromatography
o Planar chromatography

Mobile phase
o Gaz chromatography
o Liquid chromatography
o Supercritical fluid chromatography

General description
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• Elution in Column Chromatography

Solute dilution

Chromatogram
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• Improving separation

o Increase band separation

o Decrease band width

D. A. Skoog, E. J. Holler, S.R. Crouch, 
« Principles of Instrumental Analysis », 
Chap. 26, 2017, Cengage Learning. 12TU 09 “Analy=cal Sciences 1” Module A,  2024/2025 



Migration rates of solutes
• Distribution constant KA  (or partition coefficient) of a solute A 

Amobile Astationary

K! =
C"
C#

=
⁄n" V"
⁄n# V#

o CS Concentration of A in the stationary phase
o CM Concentration of A in the mobile phase
o nS moles of A in the stationary phase
o nM moles of A in the mobile phase
o VS volume of stationary phase
o VM volume of mobile phase

Linear chromatographyK! =
α! "

α! #

Activity coefficient nearly unity

13TU 09 “Analytical Sciences 1” Module A,  2024/2025 



Migration rates of solutes

t$ = t" + t#
o tM void or dead time (for unretained species)
o tS time spend by solute in the stationary phase

o !v rate of migration (cm/s) of the solute
o u linear velocity of the mobile phase

u =
L
t#

Solute Mobile phase

'v =
L
t$

'v = u	×	solute	fraction	of	time	at	the	mobile	phase	 ⇒ 	 'v = u	×
n#

n# + n"
⇒ 'v = u	×

C#V#
C#V# + C"V"

= u	×
1

1 + ( ⁄C"V") (C#V#)
= u	×

1
1 + ⁄K!(V" V#)

• Retention time tR

• Migration rates

14TU 09 “Analytical Sciences 1” Module A,  2024/2025 



Migration rates of solutes

k! =
n"
n#

=
C"	V"
C#V#

=	K!
V"	
V#

+v = u	×
1

1 +	k!
⇒

L
t$
=
L
t#
×

1
1 +	k!

⇒	 k! =
t$ − t#
t#

• Retention factor kA

L

𝜀 =
V#
V$

o 𝜀 porosity of packed column
o VC column total volume
o F flow rate
o A cross secGonal area = p r2

F = u	A	ε = u	π	r%𝜀	

(a) Column, showing mobile-phase flow

mobile
phase

inlet outlet

(b) Particle and surrounding mobile phase

mobile phase C18
C18
C18
IC

pore

stationary
phase

particle

(c) Porous particle (detail)

x 10

2r

F
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Migration rates of solutes

α =
kB
kC

• Selec4vity factor a

16

α =
KB
KC

o KB distribution constant of the more retained solute B
o KA distribution constant of the less retained solute A

α > 1

o kB , kA the retention factors for B and A

TU 09 “Analytical Sciences 1” Module A,  2024/2025 



Band broadening and column efficiency

Plate theory

• Number of theoretical plates (N)

• Plate height (H)

N =
L
H

H =
σD

L

17

D. A. Skoog, E. J. Holler, S.R. Crouch, 
« Principles of Instrumental Analysis », 
Chap. 26, 2017, Cengage Learning. TU 09 “Analytical Sciences 1” Module A,  2024/2025 



• Experimental evalua4on

σ&
t$
=
σ'
L
⟹	σ' =

σ&L
t$

H =
σ&(	L(

L	t$(
=
σ&(	L
t$(

⇒ N =
L
H
=
t$(

σ&(

N =
𝑡)
𝜎

(

N = 16
𝑡)
𝑤*

(
N = 5,54

𝑡)
𝑤+

(

Gaussian peakused to characterize zone spreading, namely, the
height equivalent to a theoretical plate H (HETP),
which is defined as:

H ¼ s2=L (2.1.41)

This parameter is very useful in chromatog-
raphy for the characterization of peak broad-
ening per unit length of the column (since s
describes the width of the Gaussian curve). In
addition toH, the peak broadening characteriza-
tion in a column can be obtained using the theo-
retical plate number N. For a column of length L,
N is defined as:

N ¼ L=H (2.1.42)

Relation 2.1.42 indicates that N is propor-
tional to the column length L and inversely
proportional to H. The theoretical plate number
N can be expressed as a function of length by
a simple substitution of rel. 2.1.41 in 2.1.42 and:

N ¼ L2=s2 (2.1.43)

Fromrel. 2.1.37and2.1.40, andbecauseL¼ t0u,
the expression ofN from rel. 2.1.43 can be written
in the form:

N ¼ t2R=s
2
t ¼ 16 t2R=W

2
b (2.1.44)

The same expression and using rel. 2.1.39 and
2.1.43 can be written in the form

N ¼ 5:5452 t2R=W
2
h (2.1.45)

In addition to the theoretical plate number N,
an effective plate number n is defined by using tR
in rel. 2.1.44 instead of t0R. The formula for N
will be:

n ¼ 16 t0
2

R=W
2
b (2.1.46)

It should be noted that t0R < tR and therefore
n<N with a large range of differences
(commonly 10 to 30%).

Relation 2.1.46 shows how n depends on
chromatographic retention time t0R, and since
t0R is compound related (index (X) omitted), it
also shows that N (as well as n) are compound
dependent (a correct notation for N should
therefore be N(X)). Both rel. 2.1.44 and 2.1.46
can be used to measure the theoretical plate
number or effective plate number based on
experimental data obtained with a given
column. This measurement is useful in practice
to select columns (higher N gives lower peak
broadening) and also to assess the loss in
performance of a column after a certain period
of usage when the N values start to decrease.
Because N is related to the important

0 0.2 0.4 0.6 0.8 1 1.2 1.4
time (min) --->

he
ig

ht

Wb

Wi

Wh

Inflexion
point

tR

h = 0.5 hm ax
h = 0.607 hm ax

hmax

FIGURE 2.1.3 Measurements of retention
time tR and peak broadening Wi, Wh and Wb on
a recorded chromatogram.

2.1. PARAMETERS RELATED TO HPLC SEPARATION 63

s = 0,25 Wb
s = 0,425 Wh

F. Rouessac, A. Rouessac « Analyse chimique: Méthodes et 
techniques instrumentales », Dunod ed, 2019.
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  time t  detector

   conc. in column   
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(b)(a)

3

4
2 65

65

9

Longitudinal diffusion
(time dependent)

Sample injection
(extra-column band broadening)

(c) (d)

31

32 4
5

2

8

Mobile-phase mas
(flow dependent)

transferEddy diffusion
(fiow independent)

()(e) particle

Kpore

-JL()O---O- Detector

Stationary-phase mass transfer
(flow dependent)

Flow through detector+
connectingtubing
(extra-column peak broadening)

• Factors affecting band broadening 

Variances: total column extra-column

σED = σFD + σG.ID = σFD +,
J

σKD

σFD 	 = 	 σCD 	 +	 σBD 	 + 	 σL!
D 	 + 	 σL"

D

Eddy
Diffusion

Longitudinal
Diffusion

Mobile 
phase
Mass 

transfer

Stationary 
phase
Mass 

transferL.R. Snyder, J,.J. Kirkland, J. W. Dolan, 
« Introduction to Modern Liquid 
Chromatography », John Wiley &Sons Inc. 2010. 19TU 09 “Analytical Sciences 1” Module A,  2024/2025 



• Kinetic variables affecting column efficiency

Van Deemter plate height (H) equation

H = A +
B
u
+ C"	u + C#	u

20

A = 2λ𝑑!

B
u
=
2𝛾𝐷"
𝑢

C# u =
𝑓 𝑘 𝑑$%

𝐷&
u

C' u =
𝑓′ 𝑘 𝑑!%

𝐷"
u

Multiple flow paths

Mass transfer from and to 
stationary phase

Longitudinal diffusion

Mass transfer in mobile 
phase

o u: linear velocity of mobile phase
o DM: diffusion coefficient in mobile phase
o DS: diffusion coefficient in stationary phase
o dP: diameter of packing particles
o df: Thickness of liquid coating on stationary pahse
o l and g depend on quality of the packing

D. A. Skoog, E. J. Holler, S.R. Crouch, « Principles of 
Instrumental Analysis », Chap. 26 2017, Cengage Learning.
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• Kinetic variables affecting column efficiency

o u: linear velocity of mobile phase

Van Deemter plate height (H) equation

o A:  multiple path effects (eddy coefficient)
o B: longitudinal diffusion coefficient
o CS : mass transfer coefficient to and from stationary phase
o CM : mass transfer coefficient in mobile phase

H = A +
B
u
+ C"	u + C#	u

Optimizing 
Column efficiency

Rate theory

21TU 09 “Analytical Sciences 1” Module A,  2024/2025 



• Column resolution

𝑅% = 2
𝑡& ' − 𝑡& (

𝑤 ( + 𝑤 '

𝑅% =
∆𝑍

𝑤 (
2 +

𝑤 '
2

Overlap 4%

Overlap 0,3%

22

D. A. Skoog, E. J. Holler, S.R. Crouch, 
« Principles of Instrumental Analysis », Chap. 
26, 2017, Cengage Learning. TU 09 “Analytical Sciences 1” Module A,  2024/2025 



• Effect of retention and selectivity on resolution

𝑤 ( = 𝑤 ' ≈ 𝑤	 ⟹ 𝑅% =
𝑡& ' − 𝑡& (

𝑤 ⟹

𝑅% =
𝑡& ' − 𝑡& (

𝑡& '
×

𝑁
4
	⟹ 𝑅% =

𝑘' − 𝑘(
1 + 𝑘'

×
𝑁
4

𝑅% =
𝑁
4

𝛼 − 1
𝛼

𝑘'
1 + 𝑘'

𝑁 = 16𝑅%)
𝛼

𝛼 − 1
) 1 + 𝑘'

𝑘'

)

t$(+) =
16𝑅%)𝐻
𝑢

𝛼
𝛼 − 1

) 1 + 𝑘' -

𝑘')
'v' =

L
t$(+)

⟹ t$(+) =
𝑁𝐻 1 + 𝑘'

𝑢
23TU 09 “Analytical Sciences 1” Module A,  2024/2025 



• Optimisation of separation

𝑅% =
𝑁
4

𝛼 − 1
𝛼

𝑘'
1 + 𝑘'

t$(+) =
16𝑅%)𝐻
𝑢

𝛼
𝛼 − 1

) 1 + 𝑘' -

𝑘')

Q

Q’

Optimum 
1 <  retention factor < 5

24

Resolution Rs

Elution
time (r)B

-0 15.05.0 10.0
Retention factor, kg

-13 Effect ofretention factor ka on resolution

For Q and Q’ constant:

Example of k variation

D. A. Skoog, E. J. Holler, S.R. Crouch, « Principles of 
Instrumental Analysis », Chap. 26 2017, Cengage Learning.



The general elution problem

1 < k1, k2 < 5

LC: Isocratic elution

1 < k5, k6 < 5

1 < k3, k4 < 5

For optimal elution of all compounds
LC: Gradient elution mode
GC: Temperature programming25

D. A. Skoog, E. J. Holler, S.R. Crouch, 
« Principles of Instrumental Analysis », 
Chap. 26, 2017, Cengage Learning. TU 09 “Analytical Sciences 1” Module A,  2024/2025 



Gradient elution (continuous change in 
eluent composition)  
Adequate retention for all compounds in a 
single run (k*=3)

isocratic, 50% B
(0sks50)

(a)1-3

7-8
9-10 11 12 13 14

20 6040

Time (min)

(d)

45% B

(b) () ()
75% B

12

(e)

25% B10% B 52% B

9 107
2 8 11 135 63

14

TTTTT
4 6 8

Time (r min)

T2 4 6

Time (min)

2 4 6 8 4 6 4 6 8

Time (min) Time (min)Time (min)

(9) gradient
5-90% B in13 min
(k=3)

-100% B
-80%
-60%
-40%
-20%
-0%

1-3
4-6

9-117-8 -2-14
to

2 104 6 8 12
Time (min)

Isocratic elution (fixed eluent composition):
1-6 poor resolution
13-14 extensive retention 

Separate analysis 
Adequate eluent compositions 
for each group of compounds 
(k≈3)

Example: Analysis of 14 toxicology standards by RP-LC
Column C18; eluent: Acetonitrile (B)/buffer pH=2,5

L.R. Snyder, J,.J. Kirkland, J. W. Dolan, « Introduction to Modern 
Liquid Chromatography », John Wiley &Sons Inc. 2010.
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• Gradient elution

REASONS OF USE

o Retention range that exceeds 1 ≤ k ≤ 10 (main reason)

27TU 09 “Analytical Sciences 1” Module A,  2024/2025 



(a) (6)

%B%B

Linear Convex

time time

() (d)

%B%B
Concave Segmented

time time

(e ()
Gradient
delay

%B Step gradients

%B

time time

(g (h)

100

80

60

40

20

100

80

60

40

20

o

5/25/40/100% B
at 0/5/15/20min10-80% B

in 20 min
%B

150 5 10 20 0 10 155 20

(min) (min)

Gradient shape

L.R. Snyder, J,.J. Kirkland, J. W. Dolan, 
« IntroducLon to Modern Liquid 
Chromatography », John Wiley &Sons Inc. 2010.
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• Gradient elution



Applications of chromatographic methods
Qualitative analysis
o Based on the retention time of the solute
o Limited structural information, depending on detector type
o Presence or absence of a compound in a mixture 
o Performs separation of the solute before identification

Quantitative analysis
o Major chromatography application
o Comparison of peak area or peak height with one or more standards
o Peak areas are more frequently used as independent from band broadening
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High Performance  Liquid 
Chromatography (HPLC)
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Column efficiency in LC
• Band broadening as described

H = A +
B
u + C" u + C# u

A = 2λ𝑑!

B
u
=
2𝛾𝐷"
𝑢

C# u =
𝑓 𝑘 𝑑$%

𝐷&
u

C' u =
𝑓′ 𝑘 𝑑!%

𝐷"
u

Multiple flow paths

Mass transfer from and to 
stationary phase

Longitudinal diffusion

Mass transfer in mobile 
phase

o u: linear velocity of mobile phase
o DM: diffusion coefficient in mobile phase
o DS: diffusion coefficient in stationary phase
o dP: diameter of packing particles
o df: Thickness of liquid coating on stationary phase
o l and g depend on quality of the packing

31

H./ =
π	𝑟)𝑢
24	𝐷0

Intra-column Extra –column (tubing)

o r: radius of the tube 
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• Importance of particle size 
5.0

-44.7 um

k= 1.2

4.0

34.9 um

3.0

2.0

22.6 um

1.0
13.2um

8.8 um

6.1um
0.0

3.02.0 4.00.0 1.0

Linear velocity, cm/s

C# ~ 𝑑,(

Mass transfer in mobile phase

Par_cle size decrease

Plate height decrease

Experimentally
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D. A. Skoog, E. J. Holler, S.R. Crouch, 
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• Column backpressure (DP)

High pressureHigh performance

L

o 	η is	the	mobile	phase	viscosity
o 	L	is	column	length	
o dp	is	the	diameter	of	the	particles	
o Φr	is	a	column	hlow	resistance	factor

Δ𝑃 =
𝜂 𝑢 Φ4𝐿
𝑑5%

(a) Column, showing mobile-phase flow

mobile
phase

inlet outlet

(b) Particle and surrounding mobile phase

mobile phase C18
C18
C18
IC

pore

stationary
phase

particle

(c) Porous particle (detail)

x 10

u

Darcy equation

Small  particles
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(a) (b)

S X CHg-C=N NO2

Dispersion Dipole-dipole

(c) (d)

CHO-H. .N(CH3)2-

X*

p..H-O-

Hydrogen bonding lonic

(e)

NO2
NO2

Charge transfer (T-r)

• Intermolecular interactions
(a) Dispersion: Nonspecific and universal, contribute to 

hydrophobic interactions

(b) Dipole-dipole: between molecules that both have a 
permanent dipole moment (electrostatic 
interactions), depends on dipole moments of 
interacting groups

(c) Hydrogen bonding: between a proton donor 
(solute of solvent) and a proton acceptor (solute or 
solvent).

(d) Ionic (coulombic) interactions: interactions of an 
ion with surroundings molecules of a polarizable 
solvent or with other ions. Increase with solvent 
dielectric constant

(e) Charge transfer: between aromatic or unsaturated 
species 

L.R. Snyder, J,.J. Kirkland, J. W. Dolan, « Introduction to Modern 
Liquid Chromatography », John Wiley &Sons Inc. 2010.
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• solvent properties 
Normalized Selectivity

Solvent H-B Acidity a/S H-B Bacicity b/S Dipolarity p*/S P’ e
Acetic acid 0,54 0,15 0,31 6 6,2
Acetonitrile 0,15 0,25 0,6 5,8 37,5
Alkanes 0 0 0 1 1,9
Chloroform 0,43 0 0,57 4,1 4,8
Dimethylsulfoxide 0 0,43 0,57 7,2 4,7
Ethanol 0,39 0,36 0,25 4,3 24,6
Ethylacetate 0 0,45 0,55 4,4 6
Ethylene chloride 0 0 1 3,5 10,4
Methanol 0,43 0,29 0,28 5,1 32,7
Methylene chloride 0,27 0 0,73 3,1 8,9
Methyl-t-butyl ether 0 ~0.6 ~0.4 2,4 ~4
Nitromethane 0,17 0,19 0,64 6 35,9
Propanol (n- or iso) 0,36 0,4 0,24 3,9 6
Tetrahydrofurane 0 0,49 0,51 4,0 7,6
Triethylamine 0 0,84 0,16 1,9 2,4
Water 0,43 0,18 0,45 10,2 80

P’: Polarity index

e: Dielectric constant

S: sum of a,b and p*
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H-B Basic
(B/)

amines

basic
solvents ethers

NNdialkyl
amides
ketones

THF
DMSO
esters

alcoholsacidic
solvents nitriles dipolar

solventsglycols
B-COOH

formamide'
nitro compounds\Ho

CHCl3perfluoroalcóhöls CHC2

Dipolar(T*/2)H-B acidic (o/)

• Solvent selectivity characteristics

L.R. Snyder, J,.J. Kirkland, J. W. Dolan, 
« Introduction to Modern Liquid 
Chromatography », John Wiley &Sons Inc. 2010.

Polar interactions of nonionic solvents

Solvent-selectivity triangle

Control method selectivity
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Instrumentation
Solvents and reservoirs
o Particle free mobile phase
o Degassing

Tubing
o Low pressure 100psi 1/8-in o.d
o High- pressure 7000 psi 1/16-in o.d.

Pumping systems
o Routine operation: 2000-3000psi 

autosamplerpump

columnreservoir

column
Oven

data system
detector

L.R. Snyder, J,.J. Kirkland, J. W. Dolan, 
« Introduction to Modern Liquid 
Chromatography », John Wiley &Sons Inc. 2010. 37TU 09 “Analytical Sciences 1” Module A,  2024/2025 



Instrumentation

Columns
o Stainless steel tubing
o 5 - 25cm long; Inside diameter 3-5mm
o 4-5 µm particles
o 40000-70000 plates/meter
o Support: silica the most used

o High mechanical strength
o High values of N
o Can be bonded with various ligands
o Unaffected  by eluent composition
o Pressure up to 15000 psi
o Limited to pH<8 (hybrid packings for pH>8) Chromatographic columns

Separation unit
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Particles types

o Totally porous: 
o the most used

o Pellicular: 
o macromolecule analysis
o lower surface area-rapid elution

o Superficially porous particles
o Higher N than totally porous
o Faster analysis than totally porous
o Higher retention than pellicular

o Perfusion particles
o Large pores connected to smaller
o Advantaged for large molecules at high flow rates

(b)(a)

solid
core w

Micro-pellicular
particle

throughporesPorous particle

diffusive
porePorous

shell

solid
Core

Porous-shell particle

() Perfusion particle

()

Packings used in LC: particle packing

L.R. Snyder, J,.J. Kirkland, J. W. Dolan, 
« Introduction to Modern Liquid 
Chromatography », John Wiley &Sons Inc. 2010. 39

Halo-90Vydac-214-TPS

Zorbax-PSM-300 Nucleosil-7-300

Zorbax 3.5 um Halo 2.7 um

Atlantis 3 um Luna 3 um
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Packings used in LC: particle packing

Halo-90Vydac-214-TPS

Zorbax-PSM-300 Nucleosil-7-300

Zorbax 3.5 um Halo 2.7 um

Atlantis 3 um Luna 3 um

Particle size

o particle diameter decrease:  performance increase, rapid analysis
o 1980-2000:  5µm  the most used
o >2000:  3µm or smaller

o very high pressures up to  15000psi
o new pumping systems

Pores size

o Pore diameter increase: surface area decrease, performance decrease
o 8-12nm: small molecules <10000 Da, surface area: 150-400m2/g (porous particles)
o 30nm: large molecules >10000 Da, surface area: 5-150m2/g (perfusion particles)

Interstitial volume (space between particles): 
40% of the column volume
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o Comparison of performance
o Totally porous (H/dp)minimum=2 
o Superficially porous: (H/dp)minimum=1,5

o Size distribution
o Narrower size distribution: higher N
o Narrower size distribution for superficially porous       

and better packing  → lower H 

Packings used in LC: particle packing

41

Column : 50x4,6mm C18
Eluent: acetonitrile: Water: 60/40
Sample: Naphthalene 
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Detectors
o UV-visible absorption detectors

o Fluorescence detectors

o Electrochemical detectors

o Refractive index detectors

o Evaporative light-scattering detector (ELSD)

o Corona-discharge detectors (CAD)

o Mass spectrometry detectors

TU 09 “Analytical Sciences 1” Module A,  2024/2025 



• HPLC-UHPLC

43

The basic diagram of an UHPLC system is the same as for the HPLC but:

Transition from HPLC to UHPLC
o Columns with very small particles and reduced i.d.
o Pumps that deliver higher pressures
o More precise injection systems
o Sensitive detectors with smaller dead volumes and high sampling frequency
o Small i.d. tubing and generally reduce void volumes   

HPLC UHPLC

Injection volumes 1 - 25 µL 0,1-1 µL

Particles diameter 3-5 µm 1,7-1,8 µm

Internal diameter of the column 3-10 mm 2,1 mm

Flow rate 0,3-2 mL/min 0,1-0,6 mL/min

Pressures up to 400 bar (6000 psi) 1030 bar (15000 psi)
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• Fast-HPLC

o High flow rates
o Short columns
o Small particules

44

After	optimization	of	k	and	a,	resolution	and	run	time	
depends	on	N	(column).	Fast	separation	can	be	obtained	by:	

Small	particules	+	short	columns	+	high	pressures	

Fast	separations	without	loss	of	N	(or	resolution)		

(a) to	(b):	via	optimization	of	a (changing mobile phase and 
temperature),	decrease	of	L	and	increase	of	F

(b) to	(c):	HPLC	to	UHPLC

40% B solvent, T=30°C

20%B solvent, T=47°C

20%B solvent, T=47°C

Ultra-High Pressure Liquid Chromatography (U-HPLC) 

HPLC-UHPLC
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