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Key Parameters

» Efficiency (N)

* Retention (k)

« Selectivity (a)

* Resolution (Rs)

* van Deemter Equation

* Gradient Equation
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Key Parameters
Retention Time & Peak Width

" ] L, Retention time compound

. i W,, Peak width at half height
' W, Peak width at baseline

| i I ! 1
Wh1 Weo
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Efficiency

2
N = 5.54(tg/wW1/2)
Columns with high plate numbers i
are more efficient. A column with ¥ - EfflClen.cy |
high N will have a narrower peak at tg = Retention time
a given retention time than a w)p = Peak width at base
column with a lower N number. w, , = Peak width at 2 height
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Efficiency

Parameters influencing column efficiency:
* Column length (increasing column length increases efficiency)
« Particle size (decreasing particle size increases efficiency)
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Retention Factor

(tr — to)
Lo

k =

tr, = retention time for sample peak

to = retention time for unretained peak

The retention factor measures the period of time that the sample

component resides in the stationary phase relative to the time it
resides in the mobile phase. It is calculated from the retention time
divided by the time for an unretained peak.
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Void Time

mAU
20 .
:nué l Agilent Poroshell 120 SB-C18, 4.6 mm x 75 mm (p/n 689775-902) Blueberry extract
80

B[}%to

40
gil . | 2mL /min 15 pL

1 [ | ] | | | | | | | T [ | [ | | | | | | | T | | | | | | ]

5 10 15 20 25 min

mAU
120

100 '
804 Lo
60

40- " ﬂ n n
20- | 1.5 mL /min 15 pL
0 ' 1, " [ WY VSR

T [ | | | | | | ] | | T | | [ | | | | | | | T | | | | | | |

5 10 15 20 25 min

mAU
1205
100
803 L
60

403
a L 1.0 mL /min 15 pL

T [ [ | | T T T T ] T T [ | | T 1 | | | | T T T T T T | T |

5 10 15 20 25 min

to =~ Vm x [ to is also estimated by column volume * flow rate
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Void Time

PART NUMBER: 695975-302
COLUMN TYPE: Poroshell 120 EC-C18 3 x 100 mm, 2.7 ym

TEST CONDITIONS
MOBILE PHASE = 60% Acetonitrile / 40% Water
COLUMN PRESSURE = 2748 Bar
COLUMNFLOW = 0.80 ml/min
LINEAR VELOCITY = 0.354 cm/sec
TEMPERATURE = AMBIENT (Nominally 23 °C)
INJECTIONVOLUME = 2yl
VWO1A Waeengh=254 nm (A1057464 D)
ml ] -
:.m..
; Sample components with concentrations
! : diluted in mobile phase in the following
130 - elution order.
" Lo Peak Conc Sample
_ = (ug/ml) Component
1004 ’E E 1 10 Uracil
! ¢ } *'; 2 400 Phenol
: 3 50 4-Chloro Nitrobenzene
- | | 4 80 Naphthalene
: ‘L_._,I li | || |I
0 I \ J L J
S N N R S R B S R S S R S EL L R I
05 1 15 2 25 |
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Column Volume

=1 - 1r“-L-~0.6

Column volume is calculated as the volume of a cylinder less the space occupied by
the packing material. As an example, Agilent ZORBAX Eclipse Plus C18 packing

material occupies 40% of the column, the remaining 60% of the cylinder would be
considered as column volume.
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Separation Factor or Selectivity

k o  Selectivity
O = 2 ki  Retention factor of 1st peak
K 1 k,  Retention factor of 2nd peak

Selectivity is a measure of the time or distance between the maxima of two
peaks. If a = 1, the two peaks have the same retention time and co-elute.

Parameters influencing selectivity:

» Stationary phase
* Mobile phase

* femperature

E i : 4 f : \
! ; ; ; / ’ |
|-.—Wn14>{ ]<—an _...|
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Resolution I B
i E?i?:f.;t?f‘-i i @_t .
I A

I s —1 Separation to-t;y
r2 rl .
}i Peak width W1, . .

Lige U/Vbz T I/Vbl)
Resolution describes the ability of a |
column to separate the peaks of |
iInterest.
Resolution describes whether you ;
have achieved base line separation or ' Wae
not. ’ [ [
A Pu .
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Resolution Equation

[ \ [ \

K

A :%\m'\ o ) \1+k,
L

Efficiency Selectivity Retention

o —1

Improve resolution by improving any of these parameters:

»  Selectivity has the highest influence on the resolution. Small changes
In selectivity can lead to big changes in resolution

has only a significant influence at small k values

» Efficiency describes the separation power of the column

Agilent Technologies



Factors that Affect Resolution

Cor—1) ( k)

1 [

Efficiency Selectivity Retention

R =1V .JN. 5
// . a \1+ky i —
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Resolution

= Selectivity impacts resolution most :
Change stationary phase -
Change mobile phase .
Plates are easiest to increase
é e —o— Increase N
= . —&— |ncrease Selectivity
O - ~+— Increase k
8
R.=N"%/4 « (a-1)/a « k/(k+1)
0
12 3 45 67 8 9101 121314151617 18 19 20 21
5000 Plates 25000
1.10 Selectivity 2.1
2.0 K 12.0

* Resolution as a function of selectivity, column efficiency or retention

* |If you double the column length, you will obtain more theoretical plates

* But you only get a square root of 2, or 1.4x improvement in the resolution
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Resolution
Baseline Separations

N o

If we consider peaks of equal height:

* 1 - minimum for a measureable separation

* 0.6 - required to discern a valley between two equal-height peaks
* 1.5 - considered to be a baseline separation

* 1.7 or greater - desirable for rugged methods
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Van Deemter Equation

h=L/N
h=AxBlu+C- -y A term: eddy diffusion and flow

distribution
« particle size & packing quality important
 narrow particle size distribution

e C term: mass transfer
shorter diffusion paths

« better with superficially porous particles
« more effect on large molecules

* u: linear velocity

Separation Speed (u) - velocity of mobile phase through column
« u=LMKyIin cm/sec

Lower h (reduced plate height) = higher efficiency

Agilent Confidential
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Van Deemter Equation
Eddy Diffusion

Weddy ~ A dp A: Quality of column packing

Differences in diffusion paths due to:

] EEE—————
-— N 4 - R— < W 9
— e e ———
Different paths Poor column packing Broad particle size
distribution

Agilent Technologies



Van Deemter Equation
Axial or Longitudinal Diffusion

Increase in peak width due to self-diffusion of the analyte

At low flow the analyte remains in the mobile phase for a long time
* High Increase In peak width

* Increased height of a theoretical plate

e Flow
-

vvvwivvv

vle¥vv
I —
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Van Deemter Equation
Axial or Longitudinal Diffusion

Increase in peak width due to self-diffusion of the analyte

At low flow the analyte remains in the mobile phase for a long time
* High Increase In peak width

* Increased height of a theoretical plate

> Direction of Flow >
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Van Deemter Equation
Resistance to Mass Transfer

WC""’de

Different diffusion paths

Porous particle
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Van Deemter Equation
Measured for Different Particle Sizes

0.0045 -
0.0040 +;

J

0.0035 ~

0.0030 4|
0.0025 | .

| 0.0 um
0.0020 - |
0.001 5 m Iﬁ;."'-_‘: 35 }_lm
0.0010 -

Reduced height of a theor. plate

0.0005 - 1.8 um

0.0000 + | r

0.0 0.5 1.0 1.5
Flow

» Small particles lead to lower plate heights and therefore higher
separation efficiency

* For smaller particles the separation efficiency suffers less when
Increasing the flow
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Pressure Drop across an HPLC column

AP = —T]L—ZV Shorter column length and

0 - dp larger particle diameter
reduce column pressure

AP = Pressure Drop

n = Fluid Viscosity

L = Column Length

Vv = Flow Velocity

d, = Particle Diameter

0 = Dimensionless Structural Constant

~ 600 For Packed Beds in LC
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Superficially Porous Particles for LC

0.75 uym
0.5 ym B
2.5 um
1.7 ym
0.5 um 0.75 l; 2
Poroshell 120 2.7 um Poroshell 120 4 um

www.agilent.com/chem/discoverporoshell
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Analyte Mass Transfer Improvements

Totally Porous

o N  Jotally porous particles
o diffusion throughout particle
| * Poroshell 120
\ o diffusion limited to outer shell

f . k
van Deemter equation:

h=A+B/v+C-v

. ¥

Superficially Porous

——

e Results:
e Lower C term

e
 Higher efficiency
* And
 Higher flow rate with

* Minimal impact on efficiency

Agilent Technologies



Increase Resolution
High efficiency with Poroshell 120

Particle Size/Type Pressure Efficiency LC Compatibility
Totaﬁ)yulfr’?)rous 80 bar 2,000 (up tlc;l Z%g bar)
¥ superﬁiig@ Porous 1 e E:ELtg /(:;J()Igilé%
Totgig gg:'ous T o A (up tI(_)ITE)g bar)
Superfzit.:zahlgn Porous 19 b TSR (TIELtg g%gi;%
Tota1li$ Igg:'ous e Dat 1€ o0 (up tléljzl(;g bar)

Columns: 4.6 x 50mm, Mobile Phase: 60% ACN:40% Water

Flow Rate: 2 mL/min

Agilent Technologies
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Increase Resolution
4 um - good resolution at low pressure

Column: 4.6 x 100 mm

Resolution vs Flow Rate

. cHA B T
4-methyl phenol / 2-methyl phenol Mobile phase A: 0.1 % formic acid in water

3 1 : Mobile phase B: 0.1 % formic acid in acetonitrile
- - Temperature: 35°C
: N\
X a X % X % B Time (min)
0 |4 2 1.33 1 0.8 0.67 0.34
2 >’< * * % & ® 40 34 17 1133 B 6.8 2.67 2.84
= ¢ 40 40 20 1338 10 8 6.67 3.34
'..E 5 42 21 14 10.5 8.4 Ji 3.5
E 1.5 5 50 25 1667 125 10 8.34 4.17
é Flow rate 0.5 1 b 2 2.9 3 3.0
(mL/min)

Results at 2mL/min m P (bar)

” Poroshell 120 EC-C18,2.7uym 2.7 293
0 ; 1 , . . Poroshell 120 EC-C18, 4 um 2.9 169
Flow Rate (mL/min) —clipse Plus C18, 5 um 2.0 103
Poroshell 120 2.7um 6,7 X Poroshell 120 4um 6,7
SRR BT Application note 5991-5510EN

Agilent Confidential
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Run Fast with High Resolution

Shorter 4

um column gives fast, high resolution runs

N o<« —

System Suitability Method Requirement: N> 4000, Rs > 11.5
mAU ) Agilent ZORBAX Eclipse Plus C18,
60 1 4.6 x 150 mm, 5 pm
gﬂ N= 10639 USP Prescribed Column
% Rs = lé.? L/dp =30,000
ﬁi ~ J . ] 95 bar
0 1 2 3 4 5 6 7 8 9 min
1 2
ey | Agilent Poroshell 120,
EB N = 19 054 4.6 x 150 mm, 4 pm
%ﬁ Rs = 16. 79%N 25%1L/d e
o » nil/e 165 b
131 S e J i"—- J kr !
0 i 2 3 4 5 b 7 8 9 min
mAU 1 2
28 | | Agilent Poroshell 120,
§§ N=13,186 46x100mm, 4 pm
Rs=14.2 , L/dp= 25,000
28%1N 17% | L/dp
18: ~ J\ J,—--L ; 98 bar
0 '1 2 3 4 5 b 7 8 9 min
Mobile phase: 50:49:1 MeCN:HZD:Acetic acid
Flow rate: 1.2 mL/min
Peak ID
1. Naproxen : :
2. Butyrophenone Appllcatlon note 5991 '5408EN

Agilent Confidential

5/19/2016
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How to Improve Resolution?

High plate number (N) provides:
» Sharp and narrow peaks
* Better detection
* ADility to resolve complex samples

But resolution increases only with the square root of the plate number
¢ Rs ~ \/N

Plate number increase is limited by experimental conditions
° Time
* Pressure

Agilent Technologies




Factors that Affect Resolution

Cor—1) ( k)

1 [

Efficiency Selectivity Retention

R =1V .JN. 5
// . a \1+ky i —

% Agilent Technologies



Changing Selectivity to Improve Resolution

Mobile phase

* Mobile phase — organic modifier (ACN, MeOH etc.)
e Mobile phase — pH — over a wide pH range — pH 1-12 if needed

Bonded phase

* Phases other than C18/C8

 Phenyl-Hexyl, Polar-embedded, CN, PFP

* Differences In interactions between polar and non-polar compounds
* Other types of interactions with a bonded phase (mr-interactions, etc.)

Agilent Technologies



Comparing Low, Mid, & High pH

Time % Buffer % MeCN  PeakID

0 10 90 1. Procainamide
5 90 10 2. Caffeine
7 10 90 3. Acetyl salicylic acid
Agilent Poroshell HPH C-18,4.6 x 50 mm, 2.7 pm 2mL/min 254 mn 4. Hexanophenone deg.
9. Dipyrimadole
mAU : 2 6. Diltiazem BE_SES
300 - 7 7. Diflunisal — Acids
250 - 6 8. Hexanophenone
200 - 1 ; 8
150 -
123 h 3 ) ,\ J\ pH 3,10 mM HCO,NH,
E s | - A ' ) — : :
0 0.5 1.0 | 1.5 2.0 2.5 3.0 3.5 min
mAU 7 ! 7
300+ 8
250 - M | ...[
200 ; | 5 Y ﬂ
150 v 6
100; k 3 4 J\ pH4.8,10mMNHCH. 0,
U . . A_ I\ i o} . L ' = 1_J__L '
T T T T T T Y T T ‘ T T T T ' T T T T T T T T T | T T T T | T T T T | T T T T 1
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 min
m3ﬂ6ld3 . : 8
250 - { l ke
%gg v ‘ \/ 6
100 3 4 5 A J pH 10, 10 mM NH,HCO,
534 h J\ WA\ j\ L

T T T ll T I T T |l T 1 T T T T .I T T T T | T T T T | T r. T T | T T T |' 1

0 05 1.0 15 2.0 2.5 3.0 3.5 i

Agilent Confidential
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Changing Selectivity to Improve Resolution

: 1. Impurity A (o)
mAU: . 2, 2. Impurity B (p)
1503 Rs 2,3=1.57 1A-M Agilent Poroshell 120 PFP 3. Lapatinib

100
50

2.5 5 1.0 10 12.5 15 17.5 20 min

mAU-
1503
1003
503

A 5 1% 10 12.5 15 17.5 20 min

mAU

e )j’\s Agilent Poroshell 120 SB-C18

50

2.5 5 15 10 12.5 15 17.5 20 min

mAU a 43
150

] Agilent Poroshell 120 Phenyl-Hexyl
100

2.5 5 15 10 125 15 17.5 20 min

With acetonitrile

Agilent Technologies
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Changing Selectivity to Improve Resolution

mAUE 1. Impurity A (o)
; Agilent Poroshell 120 PFP Rs2,3=279 4 2 3 § f;pﬂ:;;ﬁ;bﬁ(m
o i . AN
- - - — — —r— S - ~ow e ~
0 | I | I [ I I I I | 1 | I | [ | I | I ] | | I 1 | I | I I | | I I I | I I I I | i 1 I 1
2.5 5 1.5 10 12.5 15 17.5 20 min
mAU ; 2.3
gg Agilent Poroshell 120 EC-C18 \l(
103 |
D_E i e J A A, A
| | | I | | | I | | | 1 | | | | | | I | | | | I | I | I | | | | | I | | I | | | | I | I
25 5 1.5 10 12.5 15 17.5 20 min
mAU§ 2.3
_f _ 1
o Agilent Poroshell 120 SB-C18
10:
0- l \. AL
| L | T [ 1 T T T | T | T J I | | T T | T | | | | T T T ] T | T J T | T T T J | T T T 1
2.5 5 1.5 10 12.5 15 17.5 20 min
mAU:-
3[1? -
205 Agilent Poroshell 120 Phenyl-Hexyl 1
0§
0- | | [ I‘ | 1| ‘1 T ] | — |“ l-".-—-l_.- | | l. 1 | | | | [ F— [ | [ . [ RO i) "_| 1 i} 1
2.5 5 1.5 10 12.5 15 17.5 20 min

With methanol

Agilent Technologies



Retention Factor - Gradients

_ fG'F
S-AD-V,

k*

With gradient separations, the retention factor is influenced by

F = flow rate
tg = gradient time (minutes)
A® = change in volume fraction of B mobile phase

V,, = column volume
S = constant (4 - 6 for small molecules, 10 - 1000 for peptides and proteins)

To keep the retention factor constant, changes in the denominator need to be
offset by proportional changes in the numerator, and vice versa.

Agilent Technologies




Retention Factor - Gradients vl I
S-AD-V,

B im0 0 o 90% - - Increasing the solvent strength
= |Increasing the % organic in the
mobile phase

Linear solvent strength gradient
= % per min is a constant

AD =80%

I t. = 40 min
|

%ACN

AD |
— =2%/min
At

S S S B

P . . . T . S . . . . . O . O O . . O O O O T O E—

10
0 10 20 30 40
, 9 e = = i
Vo ' Y '
At, = At, 2 At, = At,




Maintaining k”
Keep Relative Peak Position and Shorten Analysis

Any Decrease In Can be Offset by a Proportional

e - Decrease intg or F

 Increase in A%B

* Column length

« Column volume (i.d.) =) ° Decrease in tg or F

* Increase in A%B

* A%B (same column) ) - Deccrease intg or F

tG.F
oC
SeAD oV

k*

Agilent Technologies



Reduce Analysis Time

Keep Gradient Steepness the Same

Sample: 1. Aldicarb sulfoxide, 2. Oxamyl, 3. Methomyl, 4. Aldicarb sulfone, 5. Carbofuran-3-hydroxy, 6. Aldicarb,
/. Propoxur, 8. Carbofuran, 9. Carbaryl, 10. Methiocarb, 11. 11. ISTD (BDMC)

Column:
4.6 x 150 mm, 5 um

Gradient Time: 20 min
Flow Rate: 1.0 mL/min

Analysis
Time: 14 min
2
1 5!
3

110

ZORBAX Eclipse Plus-C18

Column: Poroshell 120 EC-C18

4.6 x50 mm, 2.7 um

Gradient Time: 6.7 min
Flow Rate: 1.0 mL/min 10

Analysis
Time: 5 min

e e




Reduce Analysis Time More
Keep Gradient Steepness the Same

Sample: 1. Aldicarb sulfoxide, 2. Oxamyl, 3. Methomyl, 4. Aldicarb sulfone, 5. Carbofuran-3-hydroxy, 6. Aldicarb,
/. Propoxur, 8. Carbofuran, 9. Carbaryl, 10. Methiocarb, 11. 11. ISTD (BDMC)

Poroshell 120 EC-C18
4.6 x 150 mm, 2.7 um

Gradient

Time: 30 min
Flow Rate: 1.0 mL/min 10

Column:

O

Analysis
Time: 19 min

M

4 | 7
AH_JI_HJI_ILM H Eoall II T

I I I I I I
2.5 5 5 10 4125 18 11.6 20 22.5 min

Column: Poroshell 120 EC-C18
4.6 x 50 mm, 2.7 um
Gradient
Time: 5 min
Flow Rate:2.0 mL/min -
. e
Analysis
Time: 3.1min L
11
2
1, L "
LR,
i , II p Pl g
- |
05 1 15 2 25 3 35 mn

Multiple gradient parameters can be changed to maintain resolution and reduce

analysis time.
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Peak Capacity

Definition

Peak capacity is the number of peaks (n) that can be separated in a given
time with a given resolution (Rs = 1).

The peak capacity depends on different factors like column length and
particle size.

maU “knqhl'h'ﬂ“““HH““HHIH

160
140
120
100

30

60
40

20
0 JUUUVUUUUUUUYUYUNUUYUEY

JUUUuUuuuuuuul

0.5 1 1.9 2 min
Peak capacity: 32 peaks in 2.5 min

% Agilent Technologies



Peak Capacity

Calculation of Peak Capacity

Way Average peak width

P —1. tG — 1 tG n Number of peaks
y o Wav tc  Gradient time
n ZW w  Peak width of selected peak
1
Simplification: P =14 L
W

% Agilent Technologies



Peak Capacity
Peak Width

Peak width at half
eight

H _ Wm
— Baseline

- A :+'_5%H
> |

T Time

Peak width at 5 % height
Peak width at 4.4 % height
(50)

Agilent Technologies



UHPLC Durability Allows Enhanced Performance at High Flow

DAD1A, Sig=254,4 Ref=360,100 (MASTERCLASS FINALIWASTER CLASS PART 3\PART _3_000002.D)
Al ;
i Column: 2.1x50Eclipse plus C18

100 Flow: 0.2ml/min
56/ Peak Capacity: 35 (PW= 5sigma)
A A B WA e A 204bar

I I I I H I ] I I | |
0 0.5 1 1.5 b min

DAD1A, Sig=254,4 Ref=360,100 (MASTERCLASS FINALIMASTER CLASS PART 3\PART _3_000005.D)
mAU Column: 2.1x50Eclipse plus C18
109 Flow: 0.6mi/min
50 Peak Capacity: 53
| oo ) 395bar
°o 95 1 45 2 b
DAD1A, Sig=254,4 Ref=360,100 (MASTERCLASS FINALIMASTER CLASS PART 3\PART 3 000011.D) Column: 2.1x50Eclipse plus C18
A Flow: 1.2ml/min
e Peak Capacity: 72
o 735bar
2 L, S 1 O
' A ' e ' I ' ' ] * ] * A ' 1
0 0.5 1 1.5 2z min g
DAD1 A, Sig=254,4 Ref=360,100 (MASTERCLASS FINALIMASTER CLASS PART 3|IPART 3 000015.D) Column: 2.1x50Eclipse plus C18
mAl Flow: 1.8mil/min
40 Peak Capacity: 84

A L u ﬂb hJL J‘JL | JL . - 1050bar

b 05 1 5 2 mi
DAD1A, Sig=254,4 Ref=360,100 (MASTERCLASS FINALIMASTER CLASS PART 3|\PART_3_000018.D) Column: 2.1x100Eclipse plus C18
mAY Flow: 0.6mi/min
75 Peak Capacity: 69
pd 862bar

v . 1 Y O O

| | | | | ] | | | ] |
0 0.5 1 1. 2 min

% Agilent Technologies



High Flow Rates on Poroshell

| ]
0851 milJmin ‘ 386 bar
t, = 2.1 min A =74

SESRETS RS L e WAV _ A 3

| I I Rs=3.01
0.957 mL/min | 396 bar
t, = 1.9 min 0‘ Jtnc=73
i Ndl f i ot

1.063 mL/min 435 bar

t, = 1.6 min Jlln“=72

1.276 mL/mjn

ty = 1.3 mi n. =70 11 food and beverage additives

on 3.0 x 100 mm, 2.7 ym
__— Rs=2.87 Poroshell 120 EC-C18

2 2.5 min

Agilent Technologies
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Efficiency Selectivity Retention

\ |

o —1 k
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LC Handbook

Guide to LC Columns and
Method Development
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