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ACQUITY UPLCACQUITY UPLC®® Service TrainingService Training

Introduction and System OverviewIntroduction and System Overview
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Outline for this SectionOutline for this Section

 ACQUITY System Components Introduction

 Brief ACQUITY Chemistry Overview

 ACQUITY Console Tour

 Exercise 1- Console Overview
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ACQUITY UPLC SystemACQUITY UPLC System
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ACQUITY UPLC SystemACQUITY UPLC System

Binary Solvent Manager

• Binary high pressure blending
w/ 4 solvent capacity

• Low dispersion design, UPLC pressure 
capable 

Sample Manager

• Fast variable volume injector

• Dual wash - low carryover

• Plates and/or vials (4-40°C)

Sample Organizer

• Expands capacity (22/15/8 Plate/Vial Trays)

• Shuttle plate feeder, heated/chilled

Column Manager (3 Choices)

• Single column: ambient to 90°C

• Column heater/chiller: 10 to 90°C

• Column heater/chiller with 4 column switching

ACQUITY UPLC Detectors

• Tunable UV, PDA, Fluorescence, ELSD, MS and MS/MS

• Optimized for UPLC…

• Ultra-low dispersion

• UPLC compatible sampling rates (80 Hz)

• Sensitivity

Multiple Data Systems

• Empower™ & Empower 2

• MassLynx™ 4.0 and 4.1

• Stand-Alone Control w/ Console

• Compatible with many of ABI/Sciex, ThermoFisher and 
Bruker Mass Spectrometers
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All Modules are Ethernet ControlledAll Modules are Ethernet Controlled
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ACQUITY UPLC SystemACQUITY UPLC System
–– ACQUITY Console / System DriverACQUITY Console / System Driver

 Plug and Play open architecture
— Software and firmware packaged together

o Simple upgrade strategy

 Instrument Control Software
— Separate portable application folds into:

o MassLynx 

o Empower 1154 and 2154/Emp3 3471

o Standalone
• Other vendor’s software

 Minimizes learning curve
— Simple diagnostics - graphical

— Single On-line Help

— Connection InSight™ Support

Internet
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Instrument Driver Install MenuInstrument Driver Install Menu
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ACQUITY UPLC ConsoleACQUITY UPLC Console
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ACQUITY Method Editor for EmpowerACQUITY Method Editor for Empower
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ACQUITY UPLC System ACQUITY UPLC System 
Solvent DeliverySolvent Delivery

 15 K psi performance
— Accurate and precise flow rates

— Accurate and precise composition

— Low delay volume for gradient applications

o <120 µL System Volume

— Long term reliability
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ACQUITY UPLC System ACQUITY UPLC System 
From Serial to Parallel FlowFrom Serial to Parallel Flow

 Two independently driven primary
and accumulator piston drives
— Separate drive motors

— Two transducers

— Two inlet check valves 

 Four Solvents Capability
— A1 or A2 and B1 or B2

— Two solvents per gradient

 Six Channel Degasser
— 4 chromatographic eluents

— 2 solvents for Sample Manager

o Strong & weak wash

“B” “B” “A” “A” 

B2B2
B1B1A2A2

Solvent A1Solvent A1
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BSMBSM-- Two Serial Pumps Plumbed in Parallel Two Serial Pumps Plumbed in Parallel 



14

ACQUITY UPLC Tubing & FittingsACQUITY UPLC Tubing & Fittings

• Center-less ground tubing

– Gold Compression Screw
– 2 Piece Swagelock Ferrules
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Single Pump Pressure ExampleSingle Pump Pressure Example
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BSM Instrument MethodBSM Instrument Method
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ACQUITY UPLC System ACQUITY UPLC System 
Sample ManagementSample Management

 Fast cycle times
— High speed injection sequence

 Smaller scale 
— Carryover <0.005%
— Dual wash
— 1 through 50 µL loops

 High pressure
— Rugged valve switching design
— Withstand high pressure actuation
— No impact on column life

 XYZZ Sample transport
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Supports Two ANSI STD Plates in XY PlaneSupports Two ANSI STD Plates in XY Plane
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Separate Piercing and Sampling Needles Separate Piercing and Sampling Needles 
(Zz Axis)(Zz Axis)
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Separate Piercing and Sampling NeedlesSeparate Piercing and Sampling Needles

Piercing Needle

Sample Needle
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Sample Manager FluidicsSample Manager Fluidics-- Loop Based InjectorLoop Based Injector

Fluidics Draw Everflow Inject Valve
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Sample Manager Method EditorSample Manager Method Editor
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ACQUITY UPLC System ACQUITY UPLC System 
Sample Management Sample Management –– Instrument MethodInstrument Method

 Full Loop
— Using Pressure Assist injection technique

o First choice (variable wastage & max cycle time)

 Partial Loop
— Using Needle Overfill injection technique

o Best recovery/accuracy
15 µL sample wastage & longer cycle time

— Using Pressure Assist injection technique
o Fastest 
o No sample wastage

 Other parameters
— Loop Offline 
— Load Ahead
— Variation of wash composition & duration
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ACQUITY UPLC SystemACQUITY UPLC System
Optional Sample OrganizerOptional Sample Organizer

 Offers flexibility on sample format 

— 22 thin (microtitre) plates (8,448 samples max)

— 15 medium height plates

— 8 full height (vial) plates (384 x 2mL vials)

— Temperature controlled

— Programmable Access any sample location

o Complements Column Manager

o Run diverse samples, with diverse methodologies

o maintains high sample throughput by accessing 
different chemistries



25

Sample OrganizerSample Organizer
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Sample OrganizerSample Organizer-- Open SideOpen Side--ViewView
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PneumaticPneumatic--Driven Transport ShuttlesDriven Transport Shuttles
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SM Configuration with Sample OrganizerSM Configuration with Sample Organizer



29

ACQUITY UPLC SystemACQUITY UPLC System
3 Column Management Configurations3 Column Management Configurations

1. Sample Manager w/ Column Heater Module

— Heating only- Ambient to 90ºC

2. Sample Manager w/ Column Heater/Cooler Module
— Heating and cooling- 10ºC to 90ºC

3. Sample Manager w/ Column Manager
— Heating and cooling 10ºC to 90ºC + 2 valves

— 4 column selection

o Bypass column and divert to waste

 ACQUITY UPLC 30 cm Column Heater/Cooler
— Accessory with the three system option above
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HT Column HeaterHT Column Heater
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Column Heater CompartmentColumn Heater Compartment

Column Stabilizer 
Assembly

Finger-tight Reusable fitting

In-line Filter

ACQUITY Column
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Sample Manager Method EditorSample Manager Method Editor
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Column Heater eCord ReaderColumn Heater eCord Reader
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Column ManagerColumn Manager

Four Separate Column Compartments

Two Switching Valves (internally mounted)
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Column Manager eCord ReadersColumn Manager eCord Readers
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Column Manager Method EditorColumn Manager Method Editor
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ACQUITY UPLC 30cm Column Heater/CoolerACQUITY UPLC 30cm Column Heater/Cooler

To accommodate two 30cm HPLC Columns
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ACQUITY UPLC System ACQUITY UPLC System 
DetectorsDetectors

 ACQUITY TUV, PDA and eλPDA
— 10/25 mm path and 0.5/2.4 µL volume

— Sampling rate 80 Hz

 Wide wavelength range
— TUV:  190 to 700 nm

— PDA: 190 to 500 nm

— eλ PDA:  190 to 800 nm

 Other detectors available today:
— ELSD

— FLR - flow cell <2µL 

— Waters SQD and TQD

— Coming soon:

— Acquity RI Detector (2012)

— Acquity ECD (TBD=To Be Determined) 
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Light Guided Flow CellsLight Guided Flow Cells-- Total Internal ReflectionTotal Internal Reflection

 Light rays entering the liquid core of the flow cell are internally reflected 
when they meet the Teflon AF boundary. 
— These rays are transmitted through the cell without loss, except for absorption 

by the sample
 Allows for good sensitivity while keeping flow cell volume (and 

consequently dispersion) to a minimum

Light Path

a Mobile Phase

TeflonAF

TeflonAF
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ACQUITY UPLC SystemACQUITY UPLC System
Low dispersion UPLC flow cellsLow dispersion UPLC flow cells

Time
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ACQUITY TUV DetectorACQUITY TUV Detector
Light-Guided Flow Cell

Shortest possible column outlet tubing

Backpressure 
Regulator 
(250psi)

High-Intensity 
Lamp
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ACQUITY TUV Method EditorACQUITY TUV Method Editor
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ACQUITY PDA DetectorACQUITY PDA Detector
Light-Guided Flow Cell

Backpressure Regulator (250psi)

High-Intensity 
Lamp

Leak Sensor
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ACQUITY PDA Method EditorACQUITY PDA Method Editor
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ACQUITY UPLC SystemACQUITY UPLC System-- Leak SensorsLeak Sensors

 The design is simple

 Sensors are mounted in new black 
drip trays in the ACQUITY UPLC 
System modules

 The Leak Sensors can be reset 
quickly and easily 

 They work with any solvent 
supported with ACQUITY UPLC 
Systems
— They were tested with high 

viscosity solvents such as 
Hexane

NO LEAK LEAK
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Leak Detector Setup for the ACQUITY PDALeak Detector Setup for the ACQUITY PDA
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ACQUITY UPLC SystemACQUITY UPLC System
Flex cartFlex cart

 Optional UPLC FlexCart

— Primarily for UPLC use with Mass 

Spectrometers

 Mobile, adjustable height

 Provides platform for complete UPLC 

system

— Electrical outlets

— Supports PC, monitor, etc.

— Waste management
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ACQUITY Column EngineeringACQUITY Column Engineering

*From the ACQUITY UPLC Columns Brochure



50

UPLCUPLC™™

 Analytical separations are driven by and limited by the 
column chemistry

 Particle size is a primary consideration in column 
performance
— Smaller particle size means higher pressure

— Smaller particle size means higher efficiency, greater capacity

 Holistic design for the ACQUITY UPLC™ System
— Enables the small particle packing to be fully utilized (15,000 

psi)

— Enables the detection of smaller amounts of material –
redesigned cells, faster data analysis rates

— Ensures reduced carryover sample to sample

— Enables multiple samples can be run  
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Band Broadening of an Analyte Band Band Broadening of an Analyte Band --
Chromatographic Conditions make the Chromatographic Conditions make the 
DifferenceDifference

t=0

t=1

Analyte molecule with shortest, 
most direct path

Analyte molecule with more 
indirect path (scenic route)

t=0

t=1

Similar path lengths result in closer traveled 
column length for all molecules

Broad Band 
- Broad Peak  
- Less Sensitivity

Narrow Band
- Sharp Peak
- More Sensitivity

van Deemter terms explain what happens
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Achieving Resolution and SpeedAchieving Resolution and Speed
in Chromatographicin Chromatographic SeparationsSeparations

Rs  =  
2(t2 - t1)

W1 + W2

Narrow Peaks (smaller W) allows you to 
maintain Resolution and Go Faster!

W         N  

0

0
W1 W2

(.5) (.6)

t1 (2) t2(7)

W1

t1 t2

W2

Rs = 
2( 7-2 )

=
2+3

10
5 = 2

Rs = 
2(3.1-2)

.5 + .6
= 2.2

1.1
= 2

Same Rs  -- Half the Time
(2) (3.1)

(2) (3)



The van Deemter Equation and The van Deemter Equation and ““PlatesPlates””

van Deemter Equation
H = A Term + B Term + C Term

H = HETP (Height Equivalent to Theoretical Plate)

L
HETPN =

N= # Plates

Plate
HETP

(From Distillation Theory)
5 Plates 10 Plates
(Larger H)                    (Smaller H)
“Thicker” “Thinner”

L column

length

[Need H to be as Small as Possible so you can “fit”more “plates” into a column]
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A Term
(Particle size and how well 
bed was packed)

H
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H
C Term

(Mass transfer)

B Term
(Axial Diffusion)

Particle Size and Flow RateParticle Size and Flow Rate
van Deemter Equationvan Deemter Equation

A term + B term +  C term

H = a(dp) + b + c(dp)2u
u
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A TermA Term-- Particle Size and Packing EfficiencyParticle Size and Packing Efficiency

Images are on 
same scale  

(Bar = 10 μm)

5 μm 
Analytical Particles

(can fit 12 across hair)

1.7 μm 
ACQUITY  UPLC® Particles

Optimal Particle Size 
Distribution 

(leading to lower A term) 
For Max Efficiency 
at a given Pressure

60 μm Human Hair     
(very fine hair)



Chromatography PrinciplesChromatography Principles
Mass Transfer / DiffusionMass Transfer / Diffusion

Porous 
Particle

Analyte Molecules

Mobile Phase
A

B

C
B Term
(Axial Diffusion)

A Term
(Particle size and how well bed was packed)

C Term
(Mass transfer)
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Smaller ParticlesSmaller Particles
The Enabler of ProductivityThe Enabler of Productivity

Optimal velocity range
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Summary of Key System AttributesSummary of Key System Attributes
Constant column lengthConstant column length

A term + B term +  C term

H = a(dp) + b + c(dp)2u
u

Resolution 
Improvement

Speed 
Improvement

Sensitivity 
Improvement

5 to 1.7 µm particles 1.7X 3X 1.7X
3 to 1.7 µm particles 1.3X 2X 1.3X

Appendix contains equations in which these values were derived
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Fixed Column Length:Fixed Column Length:
More resolution fasterMore resolution faster

A
U

0.000

0.010

0.020

0.030

0.040

0.050

Minutes

0.00 2.00 4.00 6.00 8.00 10.00 12.00 15.00

5 µm, 0.2 mL/min, 354 psi

A
U

0.000

0.010

0.020

0.030

0.040

0.050

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Theory
1.7X Resolution
3X Faster
1.7X Sensitivity
27X Pressure

Actual
1.5X Resolution
2.6X Faster
1.4X Sensitivity
22X Pressure

1.7 µm, 0.6 mL/min, 7656 psi

ESG
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Speed, Resolution, Sensitivity OptionsSpeed, Resolution, Sensitivity Options

*From the ACQUITY UPLC Columns Brochure
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Column Length VS Separation DifficultyColumn Length VS Separation Difficulty

*From the ACQUITY UPLC Columns Brochure
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ACQUITY UPLCACQUITY UPLC®® Column ChemistriesColumn Chemistries

 BEH C18
— Trifunctionally Bonded C18

— Proprietary Endcapping

— Widest pH range

 BEH C8
— Trifunctionally Bonded C8

— Proprietary Endcapping

— Widest pH range

 BEH Shield RP18
— Monofunctionally bonded

— Embedded polar group

 BEH Phenyl
— Trifunctionally Bonded C6 Phenyl

— Proprietary Endcapping

 BEH HILIC
— Unbonded BEH particle

— HILIC for very polar bases

 HSS T3   
— T3 Bonding & Endcapping

— Superior Polar Compound Retention
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Method Transfer Options using the Method Transfer Options using the 
ACQUITY CalculatorACQUITY Calculator
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Method Transfer Options using the Method Transfer Options using the 
ACQUITY CalculatorACQUITY Calculator


