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Defining the HPLC
Separations Categories
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LC system

HPLC Celumn
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e Chromatogram
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Understanding how a chromatographic

colunmn work

Injected Sample Band (Appears “Black”) (Blue, Red, Yellow)

Time Zero
Maobile Phase — l i

Analyte Bands

Time + X Minutes l
Maobile Phase — —

A N A

* Yellow is the earliest eluting analyst “band” moving fastest it like the mobile phase
e Blue is well retained, move the slowest in the column it like particles
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How are peaks created

Isocratic Conditions
Detector

HPLC Column Flow Cell

= .

As analyte “Bands” pass

through Detector Flow Cell, an

electrical signal is sent to the

Computer Data Station : T
(recorder) to draw the “Peak” St‘aﬁ 5

Blue band is now the broadest as g

it exits the column since it was
moving so slowly in the column,

It takes a lot of mobile phase to

finally sweep it all out — this is

why the latest eluting peaks are

the broadest — it will be the most

dilute




Band spreading and separating power

System with
MORE
Band Spreading

In this region, both analytes (blue and red)
are not separated [a partial co-elution —
shown as a “purple” band]

—

System with
LESS
Band Spreading

RN
Better separation
More concentrated “Bands”

Higher Sensitivity
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Potential for band spreading

HPLC Column

Packing Malerial

Injector
AutoSampler

= Sample Manager
HE .

;I

:.'.!.!.!.'...'.!.'..!..'. GLLLLLy

Mobile Phase) Sample

Reservoir EEEEEEEENEEEEEEEEERE
Band Spreading will
occur along the flow
path from the
Injector (*Sample
Band), into, through
and out of the
column (“Analyte
Bands"), and then
into the Detector

Solvent . ) )':c— .

Detector

Fump
Solvent Manager
Solvent Delivery System

Chromatogram
Peaks = Yeliww, Rad, Blue

Waste
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Meaning of a plate count

(Total system performance — Isocratic mode)

The Plate Count* is a Key Indicator of the
COMBINED Band Spreading Performance of
the Column AND Instrument as a System

Same Column-Different
HPLC Instruments

- -

" Measured on both
s Instruments - same
e conditions

Instrument A has less Instrument B has more
Band Spreading Volume Band Spreading Volume
(70ul) HPLC (130:L) HPLC

MORE PLATES (N=12,000) LESS PLATES (N =7,000)
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Principles of HPLC/UHPLC separations
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Resolution effect of N, k, o

_ 2 — 1)

]\’\ Initial
M Increase N

N /\L Increase k
- AWAW _ Increase o

R
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Resolution equation

R=1, 4L W) |2
I I

Selectivity Efficiency Retention



Resolution management

* Retention

* No. of column volume to elute
* iF k=0 Resolution (R, ) becomes zero
» Affected by % strong solvent

* Increase retention factor by decrease
strong solvent in mobile phase

* Typically 2 <k< 10
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Resolution management

* Selectivity
* How well two compounds can be resolved
with respect to column volume

» Affected by chemical selectivity : column
type, solvent type, temperature, pH

Mobile Phase pH
Gradient Slope
Temperature

Creating
Selectivity

a

Column Organic
Chemistry Solvent

SITHIPORN

ko lpe = 1y
K4 ter =1

40% Acetonitrile

60% Water
a=1.07

50% Methanol
50% Water
a=119

30% Tetrahydrofuran
70% Water
a=133



Resolution management

* EFFICIENCY

* Improving resolution is to adjust the
column’s efficiency by increasing the
number of theoretical plates

Initial
Increase column efficiency

)
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Van Deemter equation

Aterm + Bterm + Cterm HETP = Column Length
H = a(dp) + b + c(dp)?u No. of Plates
u
A C perm

il =  HETP J PLATES T

% Lowest HETP == Optimum Plate Coun

E C Term

H ;_-E; (Mass Transfer)

= . -

g . - -

g S = A Term

S . - - R E"'T' """"""""" Ii’article size and how well
e -~y erm bed was packed)
= — - e . (Axial Diffusion)
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Eddy diffusion (A)

e Diffusion in the interstitial spaces of a packed column
* Flow independent
* Dependent on particle size, shape and packing efficiency
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Effect of eddy diffusion on the van Deemter plot

Smaller particles — greater efficiency

Larger particl& size column

Smaller particle size column
A

L T T T T T L B . s o T T T T T T T T T T
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Longitudinal diffusion (B)

Column Wall

Column Wall

* Diffusion in or against flow direction
* Flow dependent
* Higher flows decrease longitudinal diffusion
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Effect of longitudinal diffusion
on the Van Deemter plot

‘ Higher flow rates — greater efficiency
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Mass transfer (C)

1.7 pm Particle Pore 5pm Particle Pore

..-

* Mass transfer measures diffusion in and out of the pores
* Flow dependent
* Particle size dependent




Effect of mass transfer kinetics on the Van =28,

Deemter plot

Lower flow and smaller particles — greater efficiency

C

Larger particle size column

Smaller particle size column
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Putting it all together

0.20

0.15 ~

HETP

0.05 4
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04 0.5 0.6 0.7 0.8 0.9 1.0
u[cm/s]




SITHIPORN

Van Deemter curve : plates & flow rate

Optimal Linear Velocity and Flow Rate

HETP vs. Linear Velocity N | Plates vs. Flow Rate

HETP | PLATES { rees

i

Height Equivalent to Theorefical Plate HETP

" 5000

P 1000 | i

“locity T — | _
u i 20 3.9
w=L/to Flow Rate [ml/min]




SITHIPORN

Van Deemter curve : column-particle size

Plate height (um)

Flow rate (ml/min)

Column-Particle size & Flow rate
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Defining the LC separations categories

DISPERSION IMPACT

Impact of the system dispersion on a chromatographic peak

Matching the right LC system to the right column will yield
the best chromatographic results

OPTIMAL PARTICLE SIZE

HFLL UHPLL | UPLE
i5pm 15-5pm ¥

Select the appropriate particle size to match the

.o - dispersion of your HPLC, UHPLC, or UPLC system
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Defining the LC separations categories

FLOW RATE

OPTIMAL COLUMN L.D.
HPLC  UHPLC lJF'II’

Mbmn 21— Min'm 1-3n

ofo) -

TYPICAL OPERATING PRESSURE

Select a flow rate that gives the optimal linear velocity to
maximize efficiency for your column characteristics (van

Dee mte r) Typical flow rates vs column id for optimal column efficiency vary according to the van Deemter eguation.
Internal Dimension \e 3 ym 5 pm 10 pm
2.1 mm ID a(.(\ {I 3 mL‘min 0,21 mL{rmin
3.0 mm ID e\l\ l'.'l 60 mL/min 0.43 mL/min
4.6 mm ID 1.50 mbL{min 1.00 mL{min 0.7 mL/min

Pair the particle size with the column i.d. that best matches
the dispersion of your chromatographic system

The system must be able to operate at the typical
back pressures associated with the selected column
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Defining the LC separations categories

UHPLC




Instrument band spreading

Instrument band spreading or system dispersion

Solvent ey )
[Mobile Phase)

Reservoir

Pump

HPLC Column
Packing Material

\

Ll
Injector e

AutoSampler
Saomple Manager

Solvent Manager

Solvent Delivery System

Instrument band

spreading

Chromatogram
Peaks = Yellow, Ked, Blue

Computer Data Station

Wasle
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Measure instrumental band spreading

Replace the column with a zero-dead-volume union

Set the HPLC system to 0.5 ml/min, UV detection at 254 nm, data rate of 10 points
per second

Inject a 1-ul aliquot of a 0.5% caffeine or uracil solution

Calculate the BS at 4.4% of peak height

IBW (uL) = PW (min.) x Flow Rate (uL/min.)

_ = 0.1min. x 500uL/min.
PW \ Min. @4.4%. _ SO]JL

Reduced BS replace connection tubing with shorter lengths of 0.005-0.007" i.d. tubing
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Band spreaded volume compairisons

Instrument band spreading or system dispersion

B Band spread = 103 ul
X Typical HPLC

Band spread = 64 ul
Improve HPLC

A - Band spread = 16 ul
| UHPLC Instrument
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Matching the system to the column = best "«

chromatographic performance
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Performance is impacted when system and
column are not matched

2.1 mmID
1.6 um

50mm length

3.0mmID
2.7 um

50mm length
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2.1 mmID
1.6 um

50mm length

3.0mmID
2.7 um

50mm length

4.6 mmID
2.7 um
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Performance is impacted when system and

column are not matched
UHPLC

A
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0.807

0.607
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0.207

—
1.00
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0.807

0.607
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0.207

—
1.00

L

Minutes

0.00

-
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Ratio of column length to particle diameter

I/ djp ratio

Columniliength/Paliticle Dimeter

300 mm = 30,000
10 um

150 mm = 30,000
5um

100 mm =

3 um




Column length to particle size ratio

SITHIPORN

L/dp RATIO

300mm _ 30 000 1970’s
10pm ’

150mm  _ 1980’s
5 um 30,000

100mm _ ,
3 um = 33,300 1990's

Relationship

Aas L/dp "

Resolution '

« Lidp SAME

Resolution SAME

As  L/dp l

Resolution 1
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Scalmg HPLC to UHPLC separations

oA -

HPLC -

£ 30

Lidp = 30,000

s00 '16

\l\w Mt

Lidp = 28,600

A\

3000 3% 400

, )Q .

LY

Lidp = 30,000

Il [] ] ilq-.
o 40 B G0 060 100 -

Mirwbes

TE F [T FP V] F¢ T T
1 40 160 -2 2

L/dp = 29,400

A

T I R | [
020 D 4L 080

L Ll

L] [] L] T

lEE}‘.‘ l I .00 1‘1u

S5 pm - 150 mm
Injection = 5.0 gL
Flowrate = 0.2 mL/min
RS ;3 =2.28

3.5pm —100 mm
Injection = 3.3 yL
Flow rate = 0.3 mL/min
RS 5 =2.32

2.5 uym — 75 mm
Injection = 2.5 pL
Flowrate = 0.5 mL/min
RS o4 = 2.34

1.7 pm = 50 mm
Injection = 1.7 pL
Flow rate = 0.6 mL/min

RS ;4 = 2.29
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Selecting proper L/dp ration based on
application difficulty

Application Suggested
- Example
Difficulty L/dp Range
Complex Matrix,
Extremely Difficult Metabolite Identification > 85,000

Impurity Profile Degradation

Difficult Study > 50,000
Moderate
Related Compound Assay > 30,000
Challenging

Few Peaks,
Well Separated
Easy (Fast) > 15,000
Content Uniformity,
Dissolution
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Analytical LC portfolio
ce 2
s00p@ "

ne efit ?
e BV
%r ‘{Q}‘; nity i Acquity H Class ?)

- POICE °

Nexera LC-40 X3  Vanquish Flex

—
1220 Infinity Il Alliance

1260 Infinity I

o

- Nexera LC-40 XR Vanquish Core

NexeralC-40 ) timate3000
HPLC : High UHPLC : Ultra-High

Performance Liquid Performance Liquid

Chromatography Chromatography

UPLC : Ultra Performance
Liquid Chromatography

— e o o . e . . R e
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HPLC and UHPLC solvent delivery systems

Provides precise and pulse-free delivery of solvent

e Typical flow rate range :
e HPLCO0.01-10 ml/min
e UHPLCO0.01-2-5 ml/min

e Pressure limits :
e HPLC 6000 psi

* UHPLC 9000-12000 psi
* UPLC 15000-22000 psi

Solvent
outlet

i

Qutlet

T

Solvent
inlet

Ruby
ball

Sapphire
seat

/ check valve
Piston seal Sapphire
pi

Inlet check v

ap|
ist

alve

P

Motorized
cam

Compatible with common organic solvent,

buffers, and salts

. . |
Accurate blends solvents for isocratic T

or gradient operation

0.015]

0.010

;W

pump pulsation
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Low-pressure mixing designs pump

e All quaternary pumps use a low-pressure mixing
design

* Solvent blending occurs inside the pump at low
pressures

* Solvent degassing is mandatory to prevent outgassing
of dissolved air during blending

 The advantages of low-pressure mixing pumg
sim 7 - '

Solvent A =1
Solvent B —
Solvent C ===
Solvent D —

Pump|
head [-— Solvent out

| p-processor| |

valve

Proportioning



High-pressure mixing designs pump

SITHIPORN

Two separate pumps are used to mix solvents at high pressures

Flow rate change of each pump is used to generate
different isocratic blends or gradient profiles

An external mixer is required to ensure adequate mixing of the two

solvents

Binary pumps cost more but have the advantage of lower

dwell volumes for applications using

small-diameter columns

Controller

Pump A

Mixer

Pump B

(b—— Solvent out
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System Dwell volume

The volume of HPLC system from the point of solvent
mixing to the inlet of the column

Pump 1
Mixer ]
Injector |Column — Detector
Pump 2
i t  High Pressure Mixing Pump
System Dwell Volume
T
Solvent Injector
delivery ] Cnlumn| Detector
P ioni .
vahe O Low Pressure Mixing Pump

Dwell volume is inconsequential in isocratic analysis but becomes important in gradient analyses
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System Dwell volume

Gradient: 0—100% B in 10 Min

Theoretical e Typical Dwell volume of a low-
1.0 gradient .. :
| Aot abasibeins pressure mixing HPLC system is ~1ml
0.8 - trace
e e UHPLC systems typically have much
Dt N | lower dwell volumes than
o | conventional HPLC
{Dwell vol. - . A
0.2 {1-0ml .~ % — * Binary system ~0.1-0.4 ml
I .0 min
M_,«Jl * Quaternary system
] 1 I I I I T ] T I I T ] 1
0 2 4 6 8 10 12 14 ~0.4-0.8 ml

Time (min)

Dwell volume is inconsequential in isocratic analysis but becomes
important in gradient analyses



10 Cannabinoids using Kinetex Biphenyl by LC-MS/MS
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SITHIPORN
System Dwell volume & gradient method

Conditions for both applications
Column: Kinetex 2.6 pm Biphenyl
Dimension: 150 x 4.6 mm
Part No.: DOF-4622-ED0
Mobile Phases: A-Waier + 5 mM Ammanium
acetate + 0.1% Formic acid
B: Methanol/Water (98:2) + 5
_____ MM Ammonium acetate
Gradient: Time (min) % B 1
0.75 5

[ ———— -

16
Flow Rate: 1 mL/min
Injection: 2 pL
Temperature: Ambient
Detector: SCIEX OTRAP® 6500+
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Autosamplers

The autosampler must have :

* Excellent precision at small injection volumes (%RSD <0.2)
* Injection volume range

e Minimum for HPLC ~ 5 pl,

UHPLC ~ 1 pl :

* Low carryover
* High-pressure rating
* Lower dispersion
* Fast operation

H Benzocaine M Procaine Tetracaine

[y
[%;]

Injection Repeatability 0.5ul-10ul

Peak Area %RSD

©
n

O.MM%MM

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10
Injection Volume (pL)




SITHIPORN

associates —

njector flow diagram

Lﬂﬂmmumer

T —
Pressure
& [
5 LUKH

= = PR (R Rheodyne

T
l | Injector
5?;9‘;::‘0 ”fm E To Waste o
olp i : SAMPLE
FCa
Injection
Port
SR Sampe Companment_

Acquity H-Class Autosampler
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Detectors

Detector measures the concentration (or mass) of eluting analytes :

(sensitivity (noise), drift, and linear dynamic range) Motoized

grating

* UV/Vis absorbance
* Photo diode array (PDA) EI
* Fluorescence (FLD) Enrance

Deuterium i
. o lamp
* Refractive index (RID) o
» Evaporative light scattering (ELSD) UV/Vis Absorbance Detector
* Electrochemical (ECD) —
Volume
« Conductivity U -
Flow cell, analytical, 500nL, 10-mm path length Analviioal cell T 0
Flow cell, high sensitivity, 2400nL, 25-mm path length | F}'E'mi--pl'ep cell 2.6 3
Microbore cell 2.6 3
Inert (titanium) cell 10 10 Path |Eﬁgth =10 mm
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Chromatography data systems (CDS)

Ethernet
L L] ]

Networked Interfaces Networked Interfaces

Client server CDS network

High detector sampling rate (acquisition > 20 Hz), fast detection constants (< 0.1 s)
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In your laboratory...

1. Do you perform routine HPLC analysis ?

2. Do you transfer chromatographic methods
between laboratories and other global facilities ?

3. Are you looking for tools to improve laboratory
efficiency ?

4. Do you analyze complex samples that require
increased chromatographic resolution ?

5. Do you perform method development, or are you
considering method modernization ?
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Benefits of UHPLC

* Fast separations with good resolution

v'Smaller columns packed with sub-2 or sub-3 um particles

v'Low-dispersion UHPLC Instruments

Lid
( UHPLC
HPLC o]
= 30 min 3 min
2 5
= %00l .
g 8 ‘E‘ 3 =1 =
= ] z
Lx =]
Likei} 4
2 11 13
1 10
0.00 Jn? s l__J | Jll._ll Jl
T T i e
15.0 E}.U 2:»'2' 0.0 T T T T T T T T T T T T T
FRenteniion tima [min} o0 02 D4 DA OB 10 12 14 18 18 20 22 24 28 28
Rentantion fime [min}
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Beneflts Of UHPI_C associates.

* High-resolution analysis of complex samples

v'Can used more high efficiency column Column  Particle
Length Size

( more L/dp) mm um

Same Column
Length
.02} A |"|! 10 pm — 50 mm 250 5 50,000
= 1 Rs ;3 = 0.8
ooo L/dp = 5,000
] S pm — 50 mm 250 3.5 71,400
Ly RS 54 =1.2
- /L L/dp = 10,000
0.5 3.5 pm — 50 mm
: PR Ny 150 2.5 60,000
1 A L/dp = 14,300

o104y

1.7 pm — 50 mm
— Rs ;5 = 2.7
II‘ j\ L/dp = 29,400 150 1.7 88,200

T T T T [ T ¥ T Y T T ¥ T | T T T
o.oo .50 1.00 1.50 200 2.50 300

Al

Al

AU
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Benefits of UHPLC

* Rapid method development

v'Shorter analysis time and quicker column equilibration

* Solvent saving, higher precision, higher mass sensitivity
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Column equilibration time

Column volume : | Equilibration
Column type Vc hplc = 0.80mr’L time : Solvent used:
Vc uhplc = 0.65mr’L 10V (ml)
U (min)
HPLC Column : 3.32 22.1 33.2
4.6x250 mm 5u (@Flow rate 1.5
ml/min)
UHPLC Column : 0.23 4.6 2.3
2.1x100 mm 1.7u (@Flow rate 0.5

ml/min)




Increased resolution, same speed

0.024q

Independent Y- axis

Similar L/dp "}

Set to same scale

.10
014 I ||| fi 10 pm = 250 mm =
' i /| Rs ,5, =154 "
s (=] RN ug';}: 25,000 00of——————V\
000 500 1000 1500 2000 2500  30.00 35 00 noo | 500 1000 l:i'l]li1 _ t:!clh-:: 2600 3000 35 00
. o154 inutes: s
i |
0.0dl |1 || i
504 | i 5um—150 mmz | .
2.03 |I || | |[|'| Rs 5 =2.69 o | ||1| AN
n.00] — LU\ R L/d i 30.000 000 ——J_JU\ J
D00 100 200 300 400 500 800 7.00 B8.00 g_hng 50 p =30, 000 106 200 200 {.IIJIZIM m:g 600 700 B.00 9.50
o8 1 : 0.15]
ood || ]
XL i | i 3.5um - 100 mm g0
o | il i RS 5 =229 005 | r
U J\ = ' JU A
: — A UL = oo — SRS S—
D-Do[%ou 050 100 150 200 250 300 350 400 Hidp=20.800 D00 050 100 150 200 250 300 350 400 A4 4
4-50 Minutes 4-50
0157 n |I| 0157 n |||
o i Il || i 1.7 pm — 50 mm 10 || || A
Bos] I 1 |I | Ill Rs @3 = 2.25 Thos Jnl Y |I I|I \
. _— TN JAN L/dp = 29,400 i T\ \
0

Minutes

000 010 020 030 040 050 060 070 OB0 0820 100

1.10

00 010 020 030 040 050 060 070 080 080 1.0 :
Minutes 001.10

Increase in sensitivity as particle size is decreased
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Instrumentation for UHPLC

* Robust pumping and injection modules working at
high pressures

Small gradient delay volume

 Fast injection cycles (< 1 min)

* Low sample carryover

* Minimum system dispersion

* More system accuracy/precision (flow rate & injection volume)
* High detector sampling rate (acquisition> 20 Hz)
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Questions ?



