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About this Manual 

NOTE: The OilExpress 4 Oil Condition Monitoring System must be installed by a PerkinElmer 
Service Representative. This guide does not contain installation instructions. 

This user guide covers FT-IR analysis using OilExpress 4 software only. Refer to the OilPrep 
Oil Dilution System Operation Manual (Document Number 8860042) for information about 
using WinPREP software for oil dilution. 

NOTE: This user manual provides user instructions for the OilExpress 4 System (including 
the Spectrum Two spectrometer and the autosampler).  

 You are also supplied with the JANUS® Automated Liquid Handling System User 
Manual (Document Number 1694282) and the Spectrum Two User’s Guide 
(part number L1050228). These documents are provided for your reference. 
However, operating and customer-maintenance procedures described in those 
manuals are superseded by those covered in this document, unless stated otherwise. 

 For all other procedures you should contact your PerkinElmer Service Representative. 

Using this Guide 

This guide describes how to use your OilExpress 4 System and perform any customer-maintenance 
tasks. We recommend that you use it as follows: 

1. Read the Warnings and Safety Information starting on page 17 before using your 
OilExpress 4 System. 

2. Read Overview of the OilExpress 4 System starting on page 27 to learn about the 
components of the system. 

3. Read Getting Started with OilExpress 4 starting on page 66 to learn how to run an 
analysis and modify some basic software parameters. 

NOTE: Refer to the on-screen Help system available from the Help menu in the OilExpress 4 
software for full information about using the software. 

4. Read Maintenance and Troubleshooting starting on page 95 to learn what  
customer maintenance the OilExpress 4 System requires. 

If you want to learn more about the information that can be obtained by analyzing used oils 
and the analysis methods provided with OilExpress 4, read Introduction to Oil Analysis by 
Infrared Spectroscopy starting on page 10. 



Introduction . 7 

Conventions 

Conventions Used in this Manual 

Normal text is used to provide information and instructions. 

Bold text refers to text that is displayed on the screen. 

UPPERCASE text refers to keys on the PC keyboard. “+” is used to show that you have to 
press two keys at the same time, for example, ALT+F. 

Part Numbers 

All eight-digit numbers are PerkinElmer part numbers unless stated otherwise. 

Notes, Warnings and Cautions 

Three terms, in the following standard formats, are also used to highlight special 
circumstances and warnings. 

NOTE: A note indicates additional, significant information that is provided with some 
procedures. 
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CAUTION 

 
We use the term CAUTION to inform you about situations that could 
result in serious damage to the instrument or other equipment. Details 
about these circumstances are in a box like this one. 

 

Caution (Achtung) 
Bedeutet, daß die genannte Anleitung genau befolgt werden muß, um 
einen Geräteschaden zu vermeiden. 

 
Caution (Bemærk) 
Dette betyder, at den nævnte vejledning skal overholdes nøje for at 
undgå en beskadigelse af apparatet. 

 
Caution (Advertencia) 
Utilizamos el término CAUTION (ADVERTENCIA) para advertir sobre 
situaciones que pueden provocar averías graves en este equipo o en 
otros. En los recuadros como éste se proporciona información sobre 
este tipo de circunstancias. 

 
Caution (Attention) 
Nous utilisons le terme CAUTION (ATTENTION) pour signaler les 
situations susceptibles de provoquer de graves détériorations de 
l'instrument ou d'autre matériel. Les détails sur ces circonstances 
figurent dans un encadré semblable à celui-ci. 

 
Caution (Attenzione) 
Con il termine CAUTION (ATTENZIONE) vengono segnalate situazioni 
che potrebbero arrecare gravi danni allo strumento o ad altra 
apparecchiatura. Troverete informazioni su tali circostanze in un 
riquadro come questo. 

 
Caution (Opgelet) 
Betekent dat de genoemde handleiding nauwkeurig moet worden 
opgevolgd, om beschadiging van het instrument te voorkomen. 

 
Caution (Atenção) 
Significa que a instrução referida tem de ser respeitada para evitar a 
danificação do aparelho. 

 
Caution (小心) 

我们使用“小心”这一术语来通知您有关可能会对 
本仪器或其它设备造成严重损害的情况。 
有关这些情况的详细信息可在此类方框中找到。 

 
Caution (注意) 

分光器や他の機材等に深刻なダメージを与える恐れがある場合
は、 
この様なボックスの中に表示しています。 
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WARNING 

 
We use the term WARNING to inform you about situations that could 
result in personal injury to yourself or other persons. Details about 
these circumstances are in a box like this one. 
 

 

Warning (Warnung) 
Bedeutet, daß es bei Nichtbeachten der genannten Anweisung zu einer 
Verletzung des Benutzers kommen kann. 

 
Warning (Advarsel) 
Betyder, at brugeren kan blive kvæstet, hvis anvisningen ikke 
overholdes. 

 
Warning (Peligro) 
Utilizamos el término WARNING (PELIGRO) para informarle sobre 
situaciones que pueden provocar daños personales a usted o a otras 
personas. En los recuadros como éste se proporciona información sobre 
este tipo de circunstancias. 

 
Warning (Danger) 
Nous utilisons la formule WARNING (DANGER) pour avertir des 
situations pouvant occasionner des dommages corporels à l'utilisateur 
ou à d'autres personnes. Les détails sur ces circonstances sont données 
dans un encadré semblable à celui-ci. 

 
Warning (Pericolo) 
Con il termine WARNING (PERICOLO) vengono segnalate situazioni 
che potrebbero provocare incidenti alle persone. Troverete 
informazioni su tali circostanze in un riquadro come questo. 

 
Warning (Waarschuwing) 
Betekent dat, wanneer de genoemde aanwijzing niet in acht wordt 
genomen, dit kan leiden tot verwondingen van de gebruiker. 

 
Warning (Aviso) 
Significa que a não observância da instrução referida poderá causar um 
ferimento ao usuário. 

 
Warning (警告) 

我们使用“警告”这一术语来通知您有关可能会对您自己或他人造
成人 
身伤害的情况。 
有关这些情况的详细信息可在此类方框中找到。 

 
Warning (警告) 

使用者及びその他周辺に危害が及ぶ恐れがある場合は、 
この様なボックスの中に注意事項が表示されています。 
 



10 . OilExpress 4 System User's Guide 

OilExpress 4 Oil Condition Monitoring Systems 

The OilExpress 4 Oil Condition Monitoring Systems (Figure 1) are optimized for the high-
throughput FT-IR analysis of in-service lubricant samples for additive depletion, 
contamination and degradation. 

 

Figure 1 The OilExpress 4 System 

The OilExpress 4 system comprises the following key components. 

· A liquid autosampler (available with two sampling capacities), and associated labware 
(injection station, sample racks and tip boxes). 

· A Spectrum Two FT-IR spectrometer, fitted with a sample shuttle and a water-resistant 
flow cell. 

· A fluid control module (FCM). 

For additional throughput, a second spectrometer (and associated FCM) can be incorporated 
in OilExpress 4 DUO systems. 

NOTE: A single-spectrometer system can be upgraded to a DUO system. Refer to Spares 
and Consumables on page 141 or contact your PerkinElmer Customer Care 
Representative for more information. 

The system is controlled by the dedicated oil analysis software, OilExpress 4. 

For information about oil analysis, refer to Introduction to Oil Analysis by Infrared 
Spectroscopy on page 11. 
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Introduction to Oil Analysis by Infrared 
Spectroscopy 

The OilExpress 4 System is an automated system that uses infrared (IR) analysis to monitor 
additive depletion, contaminant build-up and base-stock degradation of in-service lubricants 
and hydraulic fluids. A range of analysis methods for measuring these parameters are 
supplied, including standard methods for Mineral Oils, Synthetic Oils, the Joint Oil Analysis 
Program (JOAP) and ASTM. Within OilExpress 4 software, methods can be added or deleted, 
and the existing methods customized.  

Infrared Absorption 

The chemical bonds within organic molecules are in a state of continual vibration, with bonds 
stretching and contracting as well as bending relative to each other. When an infrared beam 
falls on a molecule, waves of specific frequencies are absorbed from the beam by the 
molecule. The actual frequencies absorbed depend on the types of bonds present in the 
molecular structure. Chemical bonds within a molecule are said to exhibit “characteristic 
infrared absorptions”. 

A record of the frequencies at which absorption takes place for an organic compound is 
called its infrared spectrum. An infrared spectrum of a compound will reveal information 
about its molecular structure, as the existence of specific groups of atoms may be confirmed 
from the presence of their characteristic absorptions. The spectrum of a mixture of 
compounds contains contributions from all of the compounds. 

As a lubricant wears, its composition changes as additives are depleted and contaminants 
and breakdown products accumulate. As each of these compounds has a distinct infrared 
spectrum, the spectrum of the lubricant will change and these changes can be used to assess 
the condition of the lubricant. 

An example of the changes seen as a lubricant wears is shown in Figure 2. 
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Figure 2 Spectra of unused and used diesel engine oil 
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Degradation Products 

Oxidation 

Oil exposed to oxygen at elevated temperature will oxidize to a variety of compounds, the 
majority of which are carbonyl compounds, including carboxylic acids. Carboxylic acids contribute 
to the acidity of the oil, depleting the basic additives present and contributing to corrosion. 
Oxidation can also increase the viscosity of the oil. The degree of oxidation is a good indicator of 
oil degradation. A rapid increase in oxidation may indicate an overheating engine or depletion of 
the antioxidant additive due to an over-extended oil change period. 

Oxidative degradation also occurs with petroleum gear and hydraulic fluids. 

Nitration 

Nitrogen oxides, produced by the oxidation of atmospheric nitrogen during the combustion 
process, react with the oil. Nitration increases the viscosity of the oil and is the major cause 
of the build-up of varnish or lacquer. 

A high nitration value, also known as NOx or nitro-oxidation, indicates an incorrect fuel/air ratio, 
incorrect spark timing, excessive loads, low operating temperature or piston-ring blow-by. 

Sulfate 

Sulfur oxides are produced by the combustion of sulfur compounds present in the fuel. These 
oxides react with water, also produced by the combustion process, to form sulfuric acid. The 
sulfuric acid is neutralized by the oil’s basic additives, forming inorganic sulfates. A rapid 
increase in the sulfate value may indicate the use of a high-sulfur-content fuel, poor 
combustion, over-cooling or the rapid depletion of anti-wear additive. 

Ester breakdown 

Synthetic lubrication oils usually contain a high proportion of synthetic polyol esters. These 
esters are susceptible to breakdown in the presence of water and acids (hydrolysis). Ester 
breakdown contributes to the acidity of the oil and can result in the formation of crystals of 
the base polyol, leading to clogging of filters. Ester breakdown may indicate the presence of 
water from condensation caused by low operation temperatures or from a coolant leak. 

Additive Depletion 

Numerous compounds are added to oils to confer desirable properties. These additives can 
be depleted during use, and so monitoring this depletion can provide a warning of impending 
lubricant failure. 

Anti-wear 

Anti-wear additives, such as di-alkyl or di-aryl dithiophosphates (ZDDPs) prevent direct 
metal-to-metal contact by forming a coating on metal surfaces activated by frictional heat. 
These can be depleted by hydrolysis or oxidation, resulting in increased wear rates. A rapid 
loss of anti-wear additive may indicate excess loads or contamination by water from a 
coolant leak. 
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Antioxidant 

Pheonolic antioxidant compounds are often used in turbine lubricants. Depletion of 
antioxidant is followed by a rapid increase in the rate of oxidation. 

Common Contaminants 

Soot 

Soot particles result from the incomplete combustion of fuel and, since they are too small to 
be removed by the filter, remain suspended in the oil. Soot builds up continuously until it 
reaches an unacceptable level; that level depends on the type of engine and lubricant. Diesel 
oils tolerate higher soot levels than gasoline oils. The rate of soot build-up depends on 
engine design, type of fuel and operating conditions. A high soot value may indicate poor 
combustion due to an incorrect fuel/air ratio, a clogged air filter or an over-extended oil 
change period. 

Water and glycol 

The presence of water and glycol in crankcase oil indicate a leak from the cooling system. It 
is essential to detect such a problem early to avoid a serious failure. The presence of water 
alone does not necessarily indicate a coolant problem, but may result from condensation due 
to a low operating temperature. 

Water contamination can also occur in hydraulic systems through leakage or condensation in 
reservoirs. 

Unburned fuel 

The presence of fuel in the oil indicates poor combustion due to an incorrect fuel/air ratio, a 
clogged air filter or an ignition problem. It may also indicate an over-extended oil change period. 

NOTE: The fuel measurement depends not only on the level of contamination, but also on 
the aromatic hydrocarbon content of the fuel. The aromatic content of fuels varies 
with location and season, so it may be appropriate to perform a calibration with the 
fuel being used. 

Standard Methods for Lubricants Analysis by FT-IR 

Spectral-subtraction and direct-trending methods 

Because of the wide variety of lubricating oils available, it is essential to consider the oil type 
when interpreting the spectrum. The changes due to wear may be quite subtle compared to 
the differences between different oils. One approach to this problem is to measure the 
spectrum of the unused oil (if this is available) and subtract this from the used oil. 
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Figure 3 shows the example data from Figure 2 in this differential form. The heights of the 
peaks due to breakdown products, contaminants and additive depletion can be measured. 
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Figure 3 Used-oil spectrum after unused-oil spectrum subtraction 

The spectral-subtraction method works very well if the unused oil is available, but this is 
often not the case, and using an incorrect reference spectrum can give misleading results. 
Additionally, if the machinery has been topped up using a different oil, an appropriate 
reference spectrum may not be available. 

The alternative approach is to measure the peak heights directly in the used-oil spectrum. In 
this case, the baseline (unused-oil) values for the measured parameters will depend on the 
oil type, and the results should be trended through several measurements over the lifetime 
of the oil or compared to alarm limits derived from statistical analysis of data for the 
appropriate machine and lubricant type. 

Standard practices and test methods 

ASTM International publishes several documents discussing lubricants analysis by FT-IR, 
including both direct-trending and spectral-subtraction methods1–4. For the Analysis methods 
supported by OilExpress 4, refer to Analysis Methods on page 16. 

A collection of direct-trending FT-IR oil analysis methods for several oil types was developed 
as part of the US Army, Navy and Air Force Joint Oil Analysis Program (JOAP). These 
methods are widely used and are supported by OilExpress 4; a complete list is given in 
Analysis Methods on page 16. 

Alarm limits 

As the methods described above involve trends in absorbance values rather than direct 
quantitative measurements, alarm limits should be derived from statistical analysis of oil 
analysis and failure data from many machines. These limits are dependent on machinery 
type and oil formulation, and a full discussion is beyond the scope of this guide. For more 
information, refer to ASTM E2412-101. 
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Quantitative calibrations and additional analytes 

It is possible to develop quantitative calibrations for certain analytes, although their validity 
may be limited to the type of oil used to develop the calibration. As an example, soot may be 
determined directly as a percentage of the oil mass. In some cases, particularly for marine 
oils with high concentrations of basic additives, it is possible to measure total base number 
(TBN), provided an appropriate calibration is developed5. If the appropriate software package 
is purchased and calibrations developed, your method can be configured to perform these 
analyses. 

The standard methods shipped with OilExpress 4 do not present results in terms of analyte 
concentrations. Rather, they are expressed in terms of absorbance, usually in units of 
absorbance per centimeter. The numerical values do not in themselves provide direct 
information about the quality of the oil but must be interpreted in the context of an existing 
body of data for that oil type. 

References 
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Analysis Methods Provided 

The OilExpress 4 System ships with a set of default analysis methods that will appear in the 
Analysis drop-down list on the Samples screen (refer to Running an Analysis on page 81). 
The methods vary in the analytes they determine, the peaks used and the warning limits on 
the results.  

Table 1 Analysis methods supplied with OilExpress 4  

Method Type Summary 

JOAP: 
Run All Tests 
Petroleum Ground 
Petroleum Hydraulic 
Synthetic Ground 
Synthetic Turbine 
Synthetic Hydraulic 

Direct-
trending 

The JOAP method provides the analyses specified by 
the US Army, Navy and Air Force Joint Oil Analysis 
Program. 

Run All Tests calculates parameters for all oil types; 
the other oil types are sub-sets of these calculations 
appropriate for specific oil types. 

ASTM E2412:  
Differential  

Spectral-
subtraction 

See ASTM E2412–101. 

ASTM E2412:  
Petroleum Based EP 
Fluid 
Petroleum Lubricant 
Polyol Ester Fluid 

Direct-
trending 

See ASTM E2412–101. This method is also compatible 
with the analyses specified by Standard Test Methods 
D7412, D7414, and D7415. 

Turbine Oils: 
Turbine Fluids 
Synthetic Turbine 

Direct-
trending 

Contains additional calculations for turbine fluids, 
including: phenolic antioxidant, oxidation, and 
unsaturated esters. 
Measures analytes relevant to synthetic turbine 
lubricants, including: water, ester breakdown, oxidation, 
and anti-wear depletion. 

Mineral Oil Spectral-
subtraction 

Method for analysis of hydrocarbon oils. 

Mineral Oil v2 Spectral-
subtraction 

Similar method to Mineral Oil, but can be modified by 
altering the settings.  

Synthetic Oil Spectral-
subtraction 

Method for analysis of polyol ester synthetic oils. 

Petroleum Hydraulic: 
PetrHyraulic 

Direct-
trending 

Direct-trending method for the measurement of analytes 
relevant to petroleum hydraulic oils, including: water, 
oxidation, unsaturated ester, phenolic antioxidant. 

For further information about the default analysis methods, refer to the on-screen Help. 
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Overview 

This chapter describes the general safety practices and precautions that must be observed 
when operating the OilExpress 4 System.  

This advice is intended to supplement, not supersede, the normal safety codes in the user's 
country. It is also a supplement to the PerkinElmer standard Safety and Health Policy. The 
information provided does not cover every safety procedure that should be practiced. 
Ultimately, maintenance of a safe laboratory environment is the responsibility of the user and 
the user's organization.  

Please consult all manuals supplied with your OilExpress 4 System before you start working 
with the system. Carefully read the safety information in this chapter and in the other 
manuals supplied. When performing analyses or maintenance procedures, strictly follow the 
instructions provided.  
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OilExpress 4 System Safety Summary 

This equipment must be used only by authorized personnel in a well-ventilated laboratory 
environment. 

The PerkinElmer OilExpress 4 System has been designed to comply with a wide variety of 
international standards governing the safety of laboratory equipment. Refer to the product 
certificates and declaration of conformity documents supplied with the components of your 
OilExpress 4 System for the relevant compliance information. 

In routine use, the OilExpress 4 System poses virtually no risk to you. If you take some 
simple, common-sense precautions, you can make sure that you maintain the continued safe 
operation of the OilExpress 4 System. 

· DO make sure that the OilExpress 4 System is properly connected to the electrical 
supply; in particular make sure that the ground (earth) is securely connected. 

· DO take care with solvents: heptane is highly flammable. Fill the system liquid container 
away from the OilExpress 4 System and any heat sources or other electrical systems. 
Always keep the lid on the system liquid and waste liquid containers. 

· The system waste liquid container must be vented externally or connected to an 
extraction system. 
A connector for 6 mm (internal diameter) tubing is fitted to the lid supplied with the 
waste container for the OilExpress 4 System.  

· DO NOT place any part of the body beyond the safety shield the front of the 
autosampler enclosure whilst operating the OilExpress 4 System. 

· DO disconnect the electrical power cable before opening any ports or covers in the 
system, unless otherwise directed in the maintenance procedures described in this 
manual or in the software. 

· DO NOT open the main cover of any of the components of the instrument, unless 
directed in the maintenance procedures.  

· DO keep the spectrometer dry. Avoid spilling liquid onto the instrument. Clean all 
external spills immediately.  

Read the more detailed information about warnings and safety in the following pages, and in 
the documentation supplied with your spectrometer, to ensure the safe operation of the 
instrument. 

 



20 . OilExpress 4 System User's Guide 

General Safety 

If the system is used in a manner not specified by the manufacturer, the protection provided 
by the instrument may be impaired. Only use the OilExpress 4 System indoors and under the 
following conditions: 

· Temperature: 15 °C to 35 °C 

· Relative Humidity: 80% maximum at 30 °C (non–condensing) 

· Altitude up to 2000 m (above mean sea level). 

· Mains supply fluctuations not exceeding ±10% of the nominal voltage. 

Whenever it is likely that the OilExpress 4 System is unsafe make it inoperative. The 
OilExpress 4 System may be unsafe if it: 

· Shows visible damage. 

· Fails to perform the intended measurement. 

· Has been subjected to prolonged storage in unfavorable conditions. 

· Has been subjected to severe transport stresses. 
 

 

 
WARNING 

If the equipment is used in a manner not specified herein the protection 
provided by the equipment may be impaired. 

Electrical Safety 

· The OilExpress 4 System (excluding the Spectrum Two spectrometer) must be 
disconnected from all voltage sources before any adjustment, replacement and 
maintenance, or cleaning up of any major liquid spills. 

· The Spectrum Two spectrometer must be disconnected from all voltage sources before 
it is opened for any adjustment, replacement, maintenance or repair, unless otherwise 
directed in the maintenance procedures described in this manual, or in the software. 

· Only plug the system components into power outlet sockets that are provided with a 
protective earth connection. 
 

 

 
WARNING 

To ensure safe and satisfactory operation of the instrument, it is 
essential that the green or green/yellow ground (earth) wire of each 
power cord is connected to a ground that complies with the regulations 
of the local electricity supply authority (or equivalent body); ground 
circuit continuity is essential for safe operation of the equipment. 
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· Only connect the system components to power outlet sockets that include a switch or 
other means of disconnection from the electricity supply. Ensure that switches at the 
power outlet sockets are not obstructed. 

· The line supply must be within 10% of the nominal voltage. 

· Ensure that the power supply conforms to the specifications in Table 2.  

Table 2 Electrical requirements for OilExpress 4 System 

Component Voltage  Frequency Power 
(Max.) 

Autosampler 100–120 V or 200–230 V 
factory set 

50 or 60 Hz 350 VA 

Spectrometer 100–240 V 50 or 60 Hz 65 VA  

Fluid Control Module 100–240 V 50 or 60 Hz 30 VA 

· Only connect peripheral equipment that meets the requirements of IEC 61010-1, 
IEC 60950 or equivalent standards. 

· Ensure that you have sufficient power outlets for your OilExpress 4 system (Table 3). 

Table 3 Power outlets required for OilExpress 4 systems 

Product Power Outlets* 

OilExpress 4/ OilExpress 4 XL 6 

OilExpress 4 DUO/ OilExpress 4 XL DUO 8 

*Includes powered USB hub, PC and monitor 

You may need to provide an appropriate multi-socket power strip to provide power 
outlets in close proximity to the equipment. You will also need to supply a powered USB 
hub. 

· If the supply of power is erratic please use an uninterruptible power supply (UPS). 
Incorrect shutdown, power fluctuations or brown-outs may cause intermittent errors or 
damage to the system.  

· If possible, do not connect the OilExpress 4 System to circuits that have heavy-duty 
equipment, such as large motors, connected. 

· If possible, do not use equipment with large or frequent transient loads on the same 
supply circuit. 
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Mechanical Hazards 
 

 

 
WARNING 

When the autosampler is in operation, mechanical parts may move 
suddenly, and without warning. The autosampler is designed for 
automatic, hands-off operation only. 

NEVER reach into the autosampler workspace when the autosampler is in 
operation! 
 

Environment 

To obtain the best performance from your OilExpress 4 System: 

· The laboratory must be well-ventilated, relatively dust-free, and equipped with 
extraction to remove any build up of solvent vapor. 

· DO NOT place the OilExpress 4 System near to room heating equipment, for example, 
central-heating radiators or cooling units, in direct sunlight, or where it will be exposed 
to strong magnetic fields. 

· Ensure that there are no overhanging shelves, and no water pipes or faucets that could 
leak onto the OilExpress 4 System. 

· The OilExpress 4 system must be installed on a flat and level bench (such as 
part number 5085685), free from vibrations or mechanical shocks. 

· The bench must be strong enough to support the weights specified in Table 4.  

Table 4 Dimensions of the OilExpress 4 System 

System Dimensions* 

Width (mm) Depth (mm) Height (mm) Weight (kg) 

OilExpress 4 1700 830 850 149 

OilExpress 4 DUO 1700 830 850 169 

OilExpress 4 XL 2210 830 850 174 

OilExpress 4 XL DUO 2210 830 850 194 

* The widths and weights dimensions detailed in the table above include the PC and LCD monitor. 
The depth values above are for the autosampler with closed safety shield. Opening the shield 
requires a total depth clearance of 1080 mm. 
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· The external waste container must be placed either beneath the instrument or nearby 
on the floor. 
The waste container must be lower than the fluid control module(s). 

· Observe local and national regulations when disposing of waste from the OilExpress 4 
System. 
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Use of Flammable Solvents and Samples 

The OilExpress 4 products require solvent for the use of the system, either as system liquid 
or as diluent. Heptane is the recommended system liquid for FT-IR analysis. For dual-mode 
FT-IR/Oil Dilution systems you will have a second solvent, such as V-Solv ICP solvent or 
odorless kerosene for oil dilution. Heptane, kerosene and V-Solv are flammable solvents. 

Review the Material Safety and Data Sheet (MSDS) for the material you are using. This will 
help you understand the specific hazards involved. Refer to Material Safety Data Sheets on 
page 26. 

The proper use, handing, storage and disposal of solvents is the responsibility of the  
end-user. However, when using the OilExpress 4 System, follow these precautions: 

· DO make sure that the waste tubing outlets to a suitable waste container and is not 
blocked or immersed in the waste material. 

· DO make sure that the waste container is not pressurized (even when connected to 
external extraction systems). 

· DO ensure that the waste container is vented to a suitable location. 

· DO always keep the lid on the system liquid and waste liquid containers. 

· DO clean up leakages and spillages immediately and thoroughly. 

· DO move the system liquid container away from the OilExpress 4 System before you fill it. 

· DO dispose of flammable materials according to accepted, approved practices, and 
never pour flammable materials down a drain or sink. 

· DO use only approved containers or tanks to store flammable materials. 

· DO transfer flammable or combustible liquids only in areas with adequate ventilation.  

· DO NOT allow the syringe pumps to run dry; make sure that there is always sufficient 
solvent in the system liquid container. 

· DO NOT store flammable solvents or samples on or near the instrument. Handling of 
such materials during preparation should be performed in a safe area away from the 
instrument, such as a fume cabinet. 

· DO NOT breathe solvent vapor, and avoid contact with eyes, skin and clothing. 
Wear appropriate personal protective equipment, such as splash aprons and goggles, 
when handling flammable liquids. 

· DO NOT store large quantities of solvent or waste liquid in the laboratory. 

· DO NOT introduce sources of ignition in any areas where flammable vapors may travel. 

· Spills on the deck will be captured in the drip trays beneath the deck plates. DO NOT 
allow sample or solvent spills to build up in the drip trays. Remove the deck plates to 
clear up any spills. 
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CAUTION 

If a serious spillage occurs, then remove the deck plates to access the 
drip trays. However, removing the deck plates may invalidate the deck 
calibration, which could lead to an autosampler collision.  

We recommend that you contact your PerkinElmer Service 
Representative to check if recalibration is required. 
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Material Safety Data Sheets 

 

 
WARNING 

Some of the materials described in these procedures are hazardous. 
Appropriate safety equipment and clothing should be used when 
handling them. See the Materials Safety Data Sheets (MSDS) supplied by 
your local Safety Officer for details. 

They must be disposed of with care, following your laboratory 
procedures. 
 

You can search for up-to-date copies of safety data sheets on hazardous materials, such as 
ZnSe, used in PerkinElmer products from the Technical Resources section of the PerkinElmer 
website. The MSDS information is available in a range of languages, and includes data items 
required in specific national, supra-national and state jurisdictions. 

To obtain a safety data sheet for a particular compound, follow the steps described below. 

NOTE: To read MSDS .pdf files you will need Adobe Reader 5.0 or later. An installation of 
this software is available on the Software Utilities CD. 

1. Launch your web browser and navigate to the PerkinElmer web site: 
www.perkinelmer.com 
If you are not redirected automatically you may have to select the home 
page appropriate to your location. 

2. Search for the term MSDS using the search box located at the top of the home page. 
The Search for Material Safety Data Sheets (MSDS) page is displayed. 

3. Enter the key words for the compound, in the Product name box, and then click Go. 
A full list of all MSDS documents that refer to the compound is displayed. 

4. Select the MSDS document you want to view. 

 



Overview of the 
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System Specifications 

  
* For FT-IR analysis. For oil dilution, the viscosity range is 5–500 cSt. 
**OD: Outside diameter 

For information about the materials in the fluid path, refer to Appendix 4: Fluid Path 
Materials on page 149. 
 

Sample Viscosity Range 1–900 cSt* 

Sample Throughput 15W40 Oil (120 cSt)*:  

Single-spectrometer system 70 per hour 

Dual-spectrometer system (DUO) 100 per hour 

Sample Volume 800 µL 

Typical Solvent Volume (per sample) 3.0 mL for 15W40 oil  

Typical Waste Volume (per sample) 3.8 mL (for 15W40 oil equivalent)* 

Sampling Tips 1 mL wide bore, disposable tips 

Sample-to-sample Carry-over <0.1%* 

Solvent-to-sample Carry-over 1% typical*  

Maximum Sample Container Height (mm)  
[all rack types] 

100 

Maximum Sample Container OD** (mm):  

96-position rack 17 

32-position rack 50 

Flow Cell Flow-through transmission with ZnSe 
windows (0.1 mm nominal pathlength) 
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Liquid Autosampler 

The OilExpress 4 System uses a liquid autosampler to enable the sampling of approximately 
70 samples per hour with a single-spectrometer system, or 100 samples per hour with a DUO 
(dual-spectrometer) system. 

The autosampler is available with two deck capacities, standard and XL. Figure 4 shows a 
general view of the OilExpress 4 XL System liquid autosampler. 

 

Figure 4 The OilExpress 4 XL liquid autosampler 

The liquid autosampler features: 

· A robotic arm with four sampling “VersaTips” that can move independently in the  
z-direction.  
VersaTips are used directly to dispense system liquid, but can pick up disposable tips to 
transfer samples, eliminating cross contamination. 

· Independent liquid lines for each VersaTip, enabling the use of dual solvents for FT-IR 
analysis and oil dilution. 

· Flexible sample presentation: the deck can accommodate racks holding 32 4-oz or 2-oz 
sample bottles, or 96 17-mm or 16-mm test tubes. 

· Pre-configured Deck Layouts that maximize capacity while minimizing this risk of  
cross-contamination. 

· A two-port injection station (only one port used with the single-spectrometer system). 
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Connection Panel 

The connection panel on the left side of the Autosampler (Figure 5) includes the black mains 
power connection port. The power connection is controlled by a switch to the right of the 
port. 

The autosampler is connected directly to the PC (not the powered USB hub) by the cable 
from the port labeled USB. This is the communication channel between OilExpress 4 or 
WinPREP software applications and the autosampler. 

NOTE: Do not connect the autosampler USB cable to the USB expansion card installed in the 
PC for the (optional) Ultrasonic Liquid Level Sensor bar. 

 

Figure 5 Autosampler connection panel 

The other connections on the panel are for communications between optional accessories for 
the autosampler that are not relevant for your OilExpress 4 System. If you require more 
information, please contact your PerkinElmer Customer Care Representative. 

Varispan Pipetting Arm and VersaTips 

The OilExpress 4 autosampling system consists of a robotic arm with four sampling tips that 
can move independently in the z-direction. The flexible spacing between the sampling tips 
enables the autosampler to sample from multiple containers simultaneously, and enables 
more than one sample container type to be supported by the same system (not concurrently). 

Each VersaTip is supported by an independent liquid path and syringe pump. System liquid is 
dispensed using the fixed metal tips connected to the fluid path for the arm. When aspirating 
samples, 1 mL wide-bore disposable tips are fitted over the fixed tips (Figure 6). These are 
discarded after use. The disposable tips are provided in trays of 96 (12 × 8), which click into 
the clean tip boxes. Refer to Figure 15. 

NOTE: You must use the recommended disposable tips. Aspirate and dispense speeds have 
been optimized for maximum throughput using the recommended 1 mL wide-bore 
disposable tips.  
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For FT-IR analysis using OilExpress 4 software, two of the VersaTips are dedicated to 
aspirating samples for analysis using wide-bore disposable tips (VersaTips 1 and 3). The 
other two are dedicated to dispensing system liquid, for example to clean the flow cell 
(Figure 6). 

 

Figure 6 VersaTips 1 and 3 (with disposable tips) are used for sampling; 
VersaTips 2 and 4 are used for dispensing system liquid 

For systems running in the dual FT-IR analysis and oil dilution mode, VersaTips 1, 2, 3 and 4 
are used with disposable tips for oil sampling. VersaTips 1 and 3 are used without tips to 
dispense solvent for dilution. VersaTips 2 and 4 will be used to dispense system liquid to 
clean the flow cell. 

System Liquid Container(s)  
 

 

 
WARNING 

In the event of a solvent spillage, isolate the power to the OilExpress 4 
System components immediately and then clean up the solvent spill.  

The system liquid container must be placed next to the autosampler in a location where it 
will not be knocked over.  

NOTE: The system liquid container available with the OilExpress 4 system is 2 L 
(part number L9004516) and the waste container is 5 L (part number L9004517). 
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For FT-IR analysis using the OilExpress 4 System the recommended system liquid is heptane. 
If you have a dual-purpose system and will be using WinPREP software for oil dilution, you 
will require a second system liquid container containing V-Solv ICP solvent or odorless 
kerosene. 

If you have a single system liquid, all four fluid lines are fed through the system liquid 
container lid (one for each VersaTip and syringe pair) and secured using a weight. If you 
have two system liquids, the tubing for VersaTips 2 and 4 is installed in the heptane 
container. The tubing for VersaTips 1 and 3 is installed in the oil dilution solvent container. 
Both solvents are used as hydraulic fluid for the system when priming, aspirating and 
dispensing. 
 

CAUTION 

Never run the system without system liquid. Running the system dry can 
accelerate seal, syringe, and valve wear. 

Ensure that the tubing into the system liquid container does not become twisted when fitting 
the container lid. If necessary, turn the container rather than the lid. 

Refer to Use of Flammable Solvents and Samples on page 24 for recommendations to follow 
when using and dispensing flammable materials. 

OilExpress 4 System Liquid Additive 

Adding the OilExpress 4 System Liquid Additive (part number N9308354) to the system liquid 
at 0.5% v/v has been found to reduce soot build-up when analyzing engine oils with high 
soot contents (>0.5%). 

It is important to ensure that the additive is mixed fully with the system liquid. Fill the system 
liquid container with heptane, leaving space for an additional 100–150 mL of heptane. Pour 
approximately 100 mL of heptane into a beaker. Add to the beaker 5 mL of System Liquid 
Additive for each liter of system liquid, and then stir or shake until dissolved. Add the 
contents of the beaker to the solvent in system liquid container, and then stir or shake gently 
until mixed. Insert the tubing and replace the liquid container lid. 

NOTE: When using the System Liquid Additive, the drilled cap provided with the system 
liquid bottle must be used. Leaving the bottle open to air can lead to a precipitate 
forming in the system liquid. 
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Labware Configurations 

NOTE: The allowed labware configurations are the same for single-spectrometer and DUO 
(dual-spectrometer) systems. 

The positioning of labware – injection station, sample racks, clean tip boxes and used tip 
boxes – on the autosampler deck is critical for the safe operation of your autosampler. The 
allowed configurations, known as Deck Layouts, depend on the system you have purchased 
and the type of sample rack you are using. The Deck Layout defines the order in which 
samples will be aspirated or in which tip boxes will be used when running analyses using the 
OilExpress 4 software. 
 

CAUTION 

The OilExpress 4 software cannot sense the location of labware on the 
deck, so incorrect positioning may lead to a collision that could cause 
damage to your autosampler.  

Ensure that you refer to the appropriate Deck Layout information in the 
OilExpress 4 on-screen Help before starting an analysis. 
 

The Deck Layouts are arranged to minimize the risk of contaminating samples or clean tips in 
the unlikely event of a drip from a tip. All sample analyses run from the top-right to the 
bottom-left of the deck and, within each sample rack, from the top-right to the bottom-left of 
the rack. By sampling in this way, disposable tips containing aspirated oil samples will not 
travel over unmeasured samples on the autosampler deck.  

Figure 7 shows the correct positioning of sample racks (on the left deck) and tip boxes (on 
the right deck) for the 96-position rack on an OilExpress 4 XL System (FT-IR-Only mode). 
The used tip boxes are shown in the darker shade. The injection station is also shown at the 
far right. 

 

Figure 7 Example Deck Layout – 96-position racks on OilExpress 4 XL System 

Clean tip box 

Injection Station 
Used tip 
boxes 

96-position  
sample rack 
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Details of all the Deck Layouts are provided in the OilExpress 4 on-screen Help. You can 
access the topic that describes the Deck Layout for your current configuration from several 
dialogs in OilExpress 4 software. When an Initialization dialog is displayed at the start of an 
autosampler action (such as a batch, system check or pathlength calibration), click the Deck 
Layout button to view information about the allowed Deck Layout for your configuration 
(Figure 8).  

 

Figure 8 Batch Initialization dialog with Deck Layout button 

In the Deck Layout Help topic, position the mouse over an element on the deck image to 
display more information. The on-screen Help provides information about locating sample 
racks and tip boxes on the autosampler deck and where, in some cases, an adaptor plate is 
required to achieve the correct layout. It also provides the sampling order and, for dual  
FT-IR and oil dilution configurations, which labware will be used by OilExpress 4 software for 
FT-IR analysis, and which will be used by WinPREP software for oil dilution.  

If the Deck Layout displayed does not correspond to the configuration on the autosampler 
deck, or the type of sample rack you are using, you will need to modify the settings on the 
Autosampler Setup dialog (Figure 45) before starting an analysis. Refer to the topic 
Autosampler Setup in the OilExpress 4 on-screen Help. 

For additional information about labware configurations for Oil Dilution, please refer to the 
OilPrep Oil Dilution System Operation Manual (Document Number 8860042). 

Sample Racks  

The OilExpress 4 system supports the following types of sample rack: 

· 96-position (17 mm test tubes) rack 

· 32-position (4 oz bottles) rack  

NOTE: The 96-position racks can also be used as dilution racks. 
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Both sample racks are arranged in columns of eight samples. Samples within a rack are 
analyzed column-by-column from the top-right to the bottom-left of the rack (as viewed from 
the front of the autosampler). 

The allowed arrangement of sample racks (and also of tip boxes) on the deck is predefined 
for your combination of autosampler, System Purpose (oil analysis by FT-IR, or FT-IR and oil 
dilution) and Rack Type. The sample racks require a locating plate to be installed on the 
autosampler deck. 

OilExpress can also be configured to support other sample racks in some cases. This requires 
support from PerkinElmer engineering to create adaptor plates and labware files, as well as 
service support to configure a custom layout for the autosampler. For more information on 
setting up a custom layout, consult your PerkinElmer Product Specialist or Service 
Representative. 

96-position (17 mm test tubes) rack 

There are 96-position racks available for both 16 mm and 17 mm polypropylene tubes 
(Figure 9). The start and end of each column on the rack is numbered, indicating the order in 
which the tubes will be sampled when the rack is positioned on the deck. 

 

 

 

 

 

Figure 9 96-position rack with 17-mm tubes 
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Two 96-position racks can be installed on the OilExpress 4 System, while up to four can be 
installed on the OilExpress 4 XL System. The racks are located on the autosampler deck 
using an adaptor plate, which fits directly into the deck (Figure 10).  

 

Figure 10 96-position rack mounted on an adaptor plate 

Each adaptor plate can accommodate up to two 96-position racks. The sample racks can fit 
into the adaptor plate in one way only, as the rack feet are keyed to the sample rack locators 
on the adaptor plate. 

The adaptor plate consists of two parts that are connected together by two fastening screws 
that also function as locating pins on the autosampler deck. The correct configuration 
depends on the type of OilExpress 4 System and the location on the deck. Refer to Figure 11 
and Table 5. 

 

Figure 11 96-position rack adaptor plate showing hole positions 

NOTE: The adaptor plate will be configured for your system as part of the installation by 
your PerkinElmer Service Representative. 

1 
2 

3 

4 5 
Sample rack 
locator  

M4 socket screw 

Adaptor plate locating window Sample rack locator  
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Table 5 Adaptor plate configurations 

OilExpress 4 
System 

1 2 3 4 5 Deck 
Positions 

Locating 
Window 

Standard System  ü   ü D1 and D4 Empty 

XL System  
(Left side of deck) 

  ü  ü – D1 

XL System  
(Right side of deck) 

ü   ü  – D6 

32-position (4 oz bottles) rack 

The 32-position rack holds 4 oz bottles (or 2 oz bottles) in four columns of eight samples. 
One 32-position rack can be installed on the OilExpress 4 System, while up to three can be 
installed on the OilExpress 4 XL System.  

The rack consists of two parts, a tray and a top plate. If the two layers are correctly 
positioned, then the two locating holes will match (Figure 12). When the 32-position rack is 
located correctly on the deck, the extended handle is at the front of the autosampler, and 
the shorter handle and two locating holes are at the rear. 

 

Figure 12 32-position rack 

Locating  
holes 
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The racks are located on the autosampler deck using an adaptor plate, which fits directly into 
the deck. The adaptor plate has a locating window, which shows the deck position 
(Figure 13). 

 

Figure 13 32-position rack adaptor plate  

Tip Boxes 

Two sets of tip boxes are required for use with the OilExpress 4 System (Figure 14). One 
contains the clean disposable tips that are used to aspirate samples. The other should be 
empty and is used by the autosampler for depositing used tips.  

 

Figure 14 Used tip box (with drip tray) and clean tip box (with disposable tips) 

The clean and waste tip boxes are positioned on the autosampler deck to minimize the 
chance of contaminating clean tips by drips from used tips. Tip boxes are emptied from the 
top-left to the bottom-right. 

Locating window 
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Clean tips are purchased preloaded into a removable rack that clips into place in the tip box 
(Figure 15). 

 

Figure 15 Disposable tip box (L1610022/L1610023) 

The base of each tip box has a cut-out (or locating window) that often displays a deck 
position (for example, A9) when the rack is installed on the deck. These deck positions are 
described in the OilExpress 4 on-screen Help. 

Source Tip Box Adaptor Plate (OilExpress 4 with 96-position rack only) 

If you have an OilExpress 4 (standard) system and are using the 96-position sample rack, 
then an adaptor plate is required to position the clean tips correctly on the autosampler deck 
(Figure 16). Racks of clean tips clip into the source boxes in the usual way. No adaptor plate 
is required for the OilExpress 4 XL systems. 

 

Figure 16 Tip box adaptor plate located on the OilExpress 4 System 

NOTE: The central opening in the adaptor plate is for the injection station, which is located 
in deck positions D8 and D9. 
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Reset Tip Boxes 

During autosampler use, OilExpress 4 software keeps a count of the clean tips used and the 
used tip box positions filled. If the software identifies that the tip boxes need to be refilled, 
or if you click the Review/Reset Tip Boxes button on an Initialization dialog, the Reset Tip 
Boxes dialog is displayed (Figure 17).  

 

Figure 17 Reset Tip Boxes dialog 

To return the New count to 96, select the name of a clean tip box, and then click Fill.  
To return the Used count to 0, select the name of a used (empty) tip box, and then click 
Empty. 

The Location provides some information about the deck position of each tip box. For more 
detailed information about your deck layout, you can also refer to the OilExpress 4 on-screen 
Help. If you are not sure of the position on the deck of a tip box, select it in the table and 
then click GoTo with Varispan. The arm will then move to the position of tip 1 in that box. 

Injection Station 

The injection station is used to dispense samples and cleaning solvent to the flow cell, and as 
a reservoir for solvent used to clean the VersaTips during priming. It is installed on the right 
of the autosampler deck, mounted on two pins located in positions D8 and D9.  

NOTE: When the waste trough is removed, a locating window is visible. This should display 
D8 when the injection station is installed on the autosampler deck. For the 
OilExpress 4 XL autosampler, this will be D8 on the Right deck. 
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The components of the injection station are labeled in Figure 18. Fill cups are used to 
dispense oil or solvent to the flow cell through tubing connected to the lower flow cell port. 
Fill Cup 1 is connected to the lower spectrometer flow cell. In DUO systems, Fill Cup 2 is 
connected to the upper spectrometer flow cell. 

 

Figure 18 Injection station (side view); fill cups (from above)  

To deliver an oil sample to the flow cell, a disposable tip containing the sample is lowered 
into the fill cup. The fill cups are spring-loaded to allow the autosampler to lower the tip to a 
height that slightly displaces the fill cup. The resulting compression ensures that the tip seals 
properly with the fill cup. Sample is then dispensed via the fill cup into tubing connected to 
the flow cell.  

Samples are dispensed via disposable tips on VersaTips 1 and 3. For DUO systems, two 
samples are dispensed simultaneously into both fill cups. VersaTip 1 always dispenses an 
aspirated oil sample into Fill Cup 1. For single-spectrometer systems, sample is dispensed 
into Fill Cup 1 only using VersaTips 1 and 3, alternately. 

After sample has been delivered to the flow cell, any excess in the tips is ejected into the 
waste trough before the used tips are discarded in the used tip boxes.  

System liquid for cleaning or flushing is dispensed using VersaTips 2 and/or 4, without a 
disposable tip. Fluid is dispensed from the tips via the fill cup to the flow cell. System liquid is 
dispensed into Fill Cup 1 using VersaTip 2, and system liquid is dispensed into Fill Cup 2 
using VersaTip 4. 

Fill cup 

Waste trough 

1 

2 

Locating window 

Flow cell port 
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Autosampler Safety Shield and Stop Button 

The front of the autosampler is protected by a safety shield. In normal operation, this should 
be down before an action requiring the autosampler is initiated from OilExpress 4 software.  

After clicking Start Analysis, users should only perform actions that require the opening of 
the safety shield when prompted to by a message in the software – such as when prompted 
to load further sample racks or to replace tip boxes during a batch. 

Opening the safety shield, or pressing the red stop button on the front of the autosampler, 
during an autosampler operation stops the autosampler. A dialog is displayed (Figure 19) 
asking you to remove any tips that are fitted to the VersaTips, and then confirm this action 
by selecting the Disposable tips have been removed from the 4-tip arm check box. 

 

Figure 19 Autosampler suspended dialog 

CAUTION 

Failure to remove disposable tips from the VersaTips may lead to a 
collision that could cause damage to your autosampler. 

When you click OK, the autosampler will not move until you perform an action in either 
OilExpress 4 or WinPREP software. You may need to use the Flush controls on the 
Autosampler Control screen to clean and air dry the fluid lines and flow cell, before you start 
a new analysis. 
 

 

 
WARNING 

When the autosampler is NOT in operation (for example, if the FT-IR is 
scanning and the autosampler Status is Idle), opening the safety shield 
OR pressing the red stop button, WILL NOT pause the autosampler. A 
dialog will not be displayed, and the autosampler may move at any time. 
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Spectrometer Module 

The OilExpress 4 spectrometer module comprises a Spectrum Two FT-IR spectrometer with a 
sample shuttle and a flow cell installed in the sample compartment (Figure 20). If you have a 
DUO system you will have two spectrometer modules. 

 

Figure 20 Sample compartment with sample shuttle fitted 

The spectrometer is mounted on a drip tray. Refer to Spectrometer and FCM Mounting 
System on page 53.  

The Spectrum Two FT-IR spectrometers are fitted with a DTGS (deuterated triglycine sulfate) 
MIR detector. 

Spectrometer Sample Compartment 

The sample compartment is located at the front of the spectrometer. 

The infrared beam enters the compartment through an aperture on the left. After passing 
through the sample, it enters the detector area through an aperture on the right side of the 
sample compartment. The spectrometer supplied has either KBr or ZnSe sample 
compartment windows. 
 

CAUTION 

Potassium Bromide (KBr) is a hydroscopic material and KBR windows 
although coated, can be damaged by high levels of humidity. Refer to the 
Spectrum Two User’s Guide (part number L1050228) supplied with your 
spectrometer for details. 

If you spill liquid in the sample compartment, wipe it up quickly. 

The Spectrum Two supplied with the OilExpress 4 System has an internal, automated filter 
wheel, which can be used to insert a reference material in the beam path. The filter wheel 
provided contains a polystyrene sample, an NG11 Schott Glass reference, and a methane cell 
(for use in the AVI Calibration). 
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Sample Shuttle 

The sample shuttle (Figure 21) is used to move the flow cell in and out of the beam, enabling 
the measurement of a background or a sample spectrum, as required. This automated 
shuttle allows unattended background measurement, not only at the beginning of a batch, 
but at user-defined intervals throughout the batch, compensating for changing environmental 
conditions. The sample and the background positions in the shuttle both have a J-stop to 
achieve 4 cm−1 resolution. 

NOTE: You can define how often the system will collect a background on the Batch Options 
dialog. Refer to the topic Batch Options in the OilExpress 4 on-screen Help. 

 

Figure 21 Sample Shuttle 

The liquid presence sensor, used to detect the front of the sample fluid flowing into the flow 
cell, is located on the sample shuttle. The sensor is connected to (and powered by) the fluid 
control module (FCM). Refer to Liquid Presence Sensor on page 45. 

The sample shuttle is powered via the Spectrum Two instrument. Refer to Connections on 
the Spectrometer on page 46. 

Flow Cell 

The two-port flow cell (Figure 22) is installed in the sample holder of the shuttle. The lower 
port of the flow cell is connected to the injection station fill cup on the autosampler deck. 
The upper port of the flow cell is connected to the waste container in the FCM. Sample or 
cleaning fluid enters the flow cell at the lower port, and exits the flow cell at the upper port.  

Flow cell 

Liquid presence sensor  

Sample holder 

Background position  
(with J-stop) 

Sample compartment  
connector 

Power connector 
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Figure 22 The two-port flow cell  

The flow cells supplied with the system are fitted with two zinc selenide (ZnSe) windows. These 
are separated by a wedged (to minimize unwanted fringing effects) spacer to give a nominal 
pathlength of 0.1 mm. You can calibrate the Pathlength Calibration utility in OilExpress 4 
software, which using a Quant method to calculate the pathlength. A Quant method is supplied 
with your system, but you can configure the test to use your own method.  

The pathlength calibration will be performed for the flow cell(s) supplied with your system by 
a PerkinElmer Service Representative during the installation. However, you will need to 
recalibrate after any flow cell maintenance or refurbishment. Refer to Calibrating the 
Pathlength of the Flow cell starting on page 109 for more information. 

Liquid Presence Sensor 

The liquid presence sensor located on the sample shuttle is used to detect the front of the 
sample fluid flowing into the flow cell as the sample is dispensed from the pipet tips. The 
time taken from the start of the dispense for the sensor to detect the sample is used to 
calculate the time needed to fill the flow cell, and the adaptive cleaning parameters for 
cleaning the fluid lines and flow cell after the sample measurement. 

When liquid is detected, the LED is lit green (Figure 23). When no sample is detected, the 
LED is lit red (Figure 24).  

 

Figure 23 Liquid presence sensor indicating sample detected 
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Figure 24 Liquid presence sensor indicating no sample detected 

The sensor is connected to the rear of the FCM, and is powered by the FCM (not the sample 
shuttle). 

NOTE: If the LED is not lit, check that the sensor is connected to the FCM. Refer to Electrical 
Connections on the FCM on page 50 or Troubleshooting starting on page 128.  

Connections on the Spectrometer 

The Spectrum Two power supply adaptor can operate on electricity supplies of 50 or 60 Hz 
and in the 100 to 230 V range without any adjustment. The mains power cord supplied will 
depend on the requirements of your region. The Spectrum Two spectrometer uses an 18 V 
power adaptor. 

The power adaptor connector and communications ports are on the rear of the spectrometer 
(Figure 25). 

 

Figure 25 Power adaptor port on rear of the instrument 

Connection to 
shuttle 

Connection to 
Spectrum Two 
power supply 
adaptor 

Diagnostic 
LED 18 V DC power 

adaptor port 
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The sample shuttle is powered using the same 18 V power supply adaptor as the 
spectrometer. A power splitter connected to the power adaptor port on the rear of the 
Spectrum Two extends round the front of the spectrometer and connects to the front of the 
sample shuttle (Figure 26). 

 

Figure 26 Power connector on the front of the sample shuttle 

When connected to the mains power, the instrument will initialize and will then be ready to 
communicate with the PC. This will take approximately 2 minutes. During the initialization 
procedure the diagnostic LED on the rear of the instrument is yellow indicating that the 
instrument is running a series of self-checks. At the end of the initialization period, the 
diagnostic LED will flash orange. The sample shuttle will also initialize, and the shuttle will 
move. When the spectrometer is on the Power ON LED on the front of the instrument will be 
lit green. 

The spectrometer is connected via a USB connection (Figure 27) to a powered USB hub, 
which is in turn connected to the PC running OilExpress 4.  

 

Figure 27 USB 2.0 cable connector and USB port  

NOTE: DO NOT connect the USB cable, or the powered hub, to the USB expansion card 
installed in the PC for the (optional) Ultrasonic Liquid Level Sensor bar. 

USB port 

 

USB 2.0 cable spectrometer 
connection 
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Fluid Control Module 

The fluid control module (FCM) is a vacuum control system used to manage the movement 
of system liquid and samples through the system after delivery to the fill cup by the 
autosampler (Figure 28). 

 

Figure 28 Fluid control module 

If you have a DUO (dual-spectrometer) system, two FCMs are stacked to reduce bench 
space. Each FCM unit is located on a drip tray. 

NOTE: The drip tray is resistant to sample and solvent drips, but any larger spillages should 
be cleaned up immediately. 

The liquid presence sensor located near the inlet of the flow cell is used to detect the sample 
in the fluid line between the injection station and the flow cell. The FCM then provides 
vacuum-assisted movement of the sample to the flow cell for FT-IR analysis. Post-analysis, 
the FCM facilitates the emptying of the flow cell and movement of the sample liquid to a 
waste transfer container inside the FCM and, ultimately, out to the external waste container.  

The FCM then carries out similar vacuum-assisted sequences with system liquid dispensed 
into the fill cup to wash the fluid lines and the flow cell, leaving the system clean for the next 
sample to be analyzed. The FCM also dries the fluid lines, reducing contamination from 
system liquid.  

The flow cell and fluid line cleaning parameters (number of washes and volume of system 
liquid per wash) can be set by the user or determined by the system (Adaptive Cleaning), as 
defined on the Autosampler Setup dialog.  

The timings for loading the sample into the flow cell and, if enabled, the adaptive cleaning 
settings, are determined from the time taken for the sample to initially reach the liquid 
presence sensor.  
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During the system initialization at the start of an analysis, some checks are run on the 
FCM(s). If a problem is identified, contact your PerkinElmer Service Representative. A log file 
(one per FCM) is saved to: 

C:\Program Data\PerkinElmer\OilExpress\FCMPerformance.  

Your PerkinElmer Service Representative may request this file. 

Connections on the FCM 

The connections on the rear of the FCM are shown in Figure 29. The electrical connections 
are at the top of the panel. The fluid and exhaust connections are mounted on a block at the 
bottom of the panel. 

 

Figure 29 Connections on the rear of the FCM 

CAUTION 

The FCM should be kept upright at all times. DO NOT rest the FCM on 
its rear. 
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Electrical Connections on the FCM 
 

CAUTION 

DO NOT connect or disconnect any cables from the rear of the FCM 
while the FCM is connected to mains power.  

The electrical connections on the FCM are shown in Figure 30. The FCM is connected to the 
mains power via a 12 V mains power supply adaptor. It is then switched on using an ON/OFF 
switch. When the FCM is connected to the mains power adaptor and switched on, the ON 
LED will be lit green.  

 

Figure 30 Electrical Connections on the FCM 

The cable from the liquid presence sensor on the sample shuttle connects into the SENSOR 
port on the FCM.  

The fluid control module is connected by USB cable to the powered USB hub, which is in turn 
connected to the PC running OilExpress 4 software.  

NOTE: DO NOT connect the USB cable, or the powered USB hub, to the USB expansion card 
installed in the PC for the (optional) Ultrasonic Liquid Level Sensor bar. 

USB to hub 

Liquid presence 
SENSOR 

Power connection 
(12 V DC) 

ON/OFF switch 

ON LED 
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Fluid connections on the FCM 

The fluid connections on the rear of the FCM are shown in Figure 31 (shown with the 
connectors installed in the mounting block). Fluid tubing connections on the rear of the FCM 
connect the upper (outlet) port on the flow cell to the waste transfer container (WTC) in the 
FCM, and the WTC to the external waste liquid container. 

The EXHAUST outlet vents solvent vapor from the pump to the waste container. Ensure that 
the waste liquid container is lower than the FCM so that any vapor condensing in the line will 
drain to the container. The waste liquid container should be vented to a suitable outlet.  

 

Figure 31 Fluid connections on the FCM 

CELL (from the flow cell) 

EXHAUST (to waste container) 

WASTE (to waste container) 
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Waste Container 

Please refer to the following recommendations for the safe and effective use of the waste 
container: 

· Place the external waste container either beneath the instrument or nearby on the floor.  
Solvent vapor is vented from the fluid control module (FCM) to the waste container. The 
waste container must be at a lower height than the FCM(s) so that any vapor 
condensing in the line will drain to the container. 

NOTE: The system liquid container available with the OilExpress 4 system is 2 L 
(part number L9004516) and the waste container is 5 L (part number L9004517). 

· We recommend that the waste liquid container is vented to a suitable outlet.  
DO NOT allow the waste container to vent into an enclosed space, or solvent vapor to 
build-up. 
A connector for 6 mm (internal diameter) tubing is fitted to the lid supplied with the 
waste liquid container for the OilExpress 4 System (Figure 32). 

 

Figure 32 Connector for venting the waste liquid container 

DO NOT remove the connector from the waste liquid container while it is in use, as the 
container may become pressurized. 

· We recommend that you do not put the waste container in a location where you cannot 
see the liquid level. The waste container does not contain a level sensor, and so you 
must ensure that it is emptied regularly.  
If the tubing from the exhaust of the FCM is immersed in the waste fluid, this can lead 
to waste being aspirated into the FCM. We recommend using a smaller volume system 
liquid container than the waste container, and emptying the waste container whenever 
the system liquid is replaced.  

· Ensure that the tubing into the container does not become twisted when fitting the 
container lid. If necessary, turn the container rather than the lid. 

· Ensure that the waste container does not become pressurized (even when connected to 
external extraction systems) as this will adversely affect the operation of the FCM. 

· Refer to Use of Flammable Solvents and Samples on page 24 for recommendations to 
follow when handling flammable materials. 
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Spectrometer and FCM Mounting System 

The mounting system positions the spectrometer and fluid control module (FCM) on the right 
of the autosampler deck at a safe distance from the moving arm, and so that the tubing 
between the injection station and the flow cell (which by design is of fixed length) is not 
stretched. It also prevents vibrations from the autosampler from affecting the spectrometer. 
The FCM and spectrometer are each located on a drip tray, which is resistant to sample and 
solvent drips, but any larger spillages should be cleaned up immediately. 

For DUO systems, the two FCM and spectrometer modules are stacked to reduce bench 
space (Figure 33). 

 

Figure 33 Stacking of a DUO system 

The mounting system can be easily moved away from the side of the autosampler for flow 
cell or spectrometer maintenance. Two pins on the mounting system connect with the ports 
on the autosampler base. For the OilExpress 4 XL systems, a spacer is required between the 
autosampler and the mounting system so that the spectrometer is clear of the moving parts 
of the autosampler (Figure 34). 

 

Figure 34 Autosampler / spectrometer interface (OilExpress 4 XL) 
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Ultrasonic Liquid Level Sensor Bar (Optional) 

The Ultrasonic Liquid Level Sensor Bar (part number L1610020), mounted to the left side of 
the Varispan arm, is fitted with eight ultrasonic sensors. At the start of an FT-IR analysis (in 
OilExpress 4) or oil dilution protocol (in WinPREP), these sensors move over each column of 
eight in the sample racks mounted on the deck (Figure 35) and determine the liquid level in 
each sample container. All OilExpress 4 systems scan from right to left. 

 

Figure 35 Ultrasonic Liquid Level Sensor Bar 

Using the levels determined, pipet tip submersion depths are optimized for each sample, 
minimizing sample adhesion to the tip exterior, and reducing the risk of drips forming and 
contaminating samples or clean tips. 

The option for using ultrasonic height sensing is on the Autosampler Setup dialog. Refer to 
Defining the Sampling Heights on page 75 for more information. 

During the system installation by your PerkinElmer Service Representative, the separation of 
the sensors will be matched to the separation of the sample containers positioned in the 
sample rack on the deck. This means that you cannot simply change your sample rack type 
in the OilExpress 4 software to use the Ultrasonic Liquid Level Sensor Bar with another rack 
type: you will need to contact your PerkinElmer Service Representative.  

NOTE: Ensure that the Ultrasonic Liquid Level Sensor Bar is connected to the USB expansion 
card installed in the rear of the PC, and not directly to a USB port on the PC. DO NOT 
connect any other devices to the USB expansion card. 

FT-IR-Only Analysis with the 96-position Rack Type 

NOTE: This information does not apply to the 32-position rack type or the 96-position rack 
type with FT-IR / Oil Dilution. 

If the Ultrasonic Liquid Level Sensor Bar is configured for the 96-position rack type, then the 
sensors can scan only the rear sample rack(s). Therefore, any sample rack(s) that will be 
analyzed in a front position must first be moved to a rear position to be scanned. 
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When you click Start on the Batch Initialization dialog, the OilExpress 4 software will prompt 
you to load the rack(s) to the rear position(s), in the appropriate order. Each step you need 
to complete is described on-screen. At the end of the height scan process, the sample racks 
will be in the correct positions to continue the analysis. 

In the example in Figure 36, two sample racks are required for the analysis of 192 samples 
on an OilExpress 4 XL System. The software first prompts you to load Sample Rack 1 and 
Sample Rack 2 (containing samples 97 to 192) at the rear of the deck and then click 
Continue. The heights of samples will then be scanned. 

 

Figure 36 Position Sample Rack For Ultrasonic Height Scan dialog 

The next step is to move Sample Rack 2 to the front-right position (Figure 37). The sample 
racks are now in the correct positions for the analysis. 

 

Figure 37 Position Sample Rack For Ultrasonic Height Scan dialog 
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Ultrasonic Height Sensing Errors dialog 

If the Ultrasonic Liquid Level Sensor bar identifies that any samples are outside the minimum 
and maximum heights that can be reliably detected by the sensors, then the Ultrasonic 
Height Sensing Errors dialog is displayed in OilExpress 4 software (Figure 38). 

NOTE: The dialog will not list any sample positions that were defined as Do Not Analyze in 
the Samples table, or those for which a custom height was entered.  

For each sample listed, you can enter a fixed Sampling Height and then Continue the 
analysis. The minimum (or maximum, if applicable) sampling height for the current Rack 
Type is entered by default. For more information, refer to the Ultrasonic Height Sensing 
Errors topic in the OilExpress 4 on-screen Help file. 

 

Figure 38 Ultrasonic Height Sensing Errors dialog 
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Oil Dilution 

OilExpress 4 and OilExpress 4 XL dual-mode systems provide automated solutions for 
preparing oil samples for analysis by ICP or ICP-MS. After dilution with V-Solv ICP solvent or 
odorless kerosene, the source samples can then be left in situ for FT-IR analysis.  

The protocols for oil dilution and FT-IR analysis share common deck layouts that mean you 
can complete a dilution, remove your diluted samples and then continue your FT-IR analysis 
without moving your original samples. Refer to the OilExpress 4 software on-screen Help for 
more information about allowed deck layouts for the dual FT-IR analysis / oil dilution mode. 

Disposable tips on each VersaTip are used to transfer four samples from the source samples 
to the empty dilution tubes. VersaTips 1 and 3 are then used to dispense diluent  
(V-Solv or kerosene) to the dilution tubes. 

NOTE: VersaTips 2 and 4 are primed with heptane for use as a cleaning solvent for FT-IR 
analysis.  

For details on using the OilExpress 4 system for oil dilution, refer to the OilPrep Oil Dilution 
System Operation Manual (Document Number 8860042). 

You can import the sample names used in the oil dilution protocol in WinPREP into the 
Samples table in OilExpress 4 software. Refer to the topic Batch Import and Export in the 
OilExpress 4 on-screen Help for details. 

NOTE: Ensure that you close WinPREP software before starting OilExpress 4 software, and 
vice versa. 

 

CAUTION 

Before starting WinPREP software, ensure that the sample shuttle is 
inside the sample compartment (in the sample position). If the sample 
shuttle is in the background position, a collision may occur that could 
damage the autosampler. 

OilExpress 4 will generally leave the sample shuttle in the sample 
position. However, if you have been using your sample shuttle with 
Spectrum software, use the controls on the Accessory toolbar to move 
the shuttle into the sample compartment. 
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Overview of the FT-IR Analysis Procedure 

Single-spectrometer System 

NOTE: This procedure is appropriate for either a single-spectrometer system or a DUO  
(dual-spectrometer) system using the lower spectrometer only. The procedure for a 
DUO using the upper spectrometer only is similar, but Fill Cup 2 is connected to the 
flow cell and VersaTip 4 is used for cleaning. 

If you have a standard (single-spectrometer) system, the sampling procedure is as follows: 

1. Start Analysis is selected on the Samples screen. 

2. OilExpress 4 connects to the autosampler. 

3. Start is selected on the Batch Initialization dialog. 
Refer to Figure 8. 

4. The fluid control module (FCM) is initialized.  
The FCM initialization includes a fit-for-purpose check to ensure that it is performing 
correctly. 
The autosampler status is Initializing. The spectrometer status is Idle. 

5. If you are using ultrasonic height sensing, then the Ultrasonic Liquid Sensor bar passes 
over the sample racks, from right to left, and determines the level of liquid in each 
sample. 
The sensor bar then moves to the parking position at the far left of the deck, away from 
the sample racks and tip boxes. 
The autosampler status is Scanning. The spectrometer status is Idle. 
Refer to Ultrasonic Liquid Level Sensor Bar (Optional) on page 54 for more information. 

6. The autosampler syringes are initialized.  
The syringes are initialized with the Varispan arms located over the injection station 
waste trough. During syringe initialization, the syringes all move up to the same level, 
pushing any system liquid already aspirated back.  
The autosampler status is Initializing. The spectrometer status is Idle. 

7. If Prime autosampler on initialization was selected on the Batch Initialization dialog, 
the prime starts. 
Refer to Priming the System on page 74 for more information about priming the system. 
The autosampler status is Priming. The spectrometer status is Idle.  
The arm then moves to the parking position at the top-left of the deck, away from the 
sample racks and tip boxes. The autosampler status is then Idle. 

OR 

If Prime autosampler on initialization was not selected on the Batch Initialization 
dialog, then the system will perform a short prime.  
The autosampler status is Priming. The spectrometer status is Idle. 
The arm then moves to the parking position at the top-left of the deck, away from the 
sample racks and tip boxes. The autosampler status is then Idle. 
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8. The spectrometer collects a background spectrum.  
The autosampler status is Idle. The spectrometer status is Background. 

9. The autosampler moves to the first available clean tip in the first available clean tip box 
and loads a disposable tip on VersaTips 1 and 3. 
When starting from a full tip box, tips in position 1 and 3 (and not in position 1 and 2) 
are collected. 

 
The autosampler status is Loading. The spectrometer status is Idle. 

10. The autosampler moves to the first two sample positions in a sample rack, and 
aspirates the first two samples into the disposable tips.  
Samples in position 1 and 2 are aspirated. Each disposable tip is lowered into the 
sample (to the appropriate sampling height) and the sample is aspirated. 
The volume aspirated is 800 µl. 

11. The autosampler then moves the disposable tip on VersaTip 1 into position over 
Fill Cup 1 of the injection station. 

12. The disposable tip is lowered into the fill cup to form a seal and the syringe pump 
dispenses the sample to the fill cup. 
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13. The liquid presence sensor detects the presence of the front of the liquid moving 
through the tubing from the fill cup, and sensor LED changes from red to green. The 
time taken for the liquid to reach the sensor is used by the OilExpress 4 software to 
calculate parameters, such as the time required for the FCM to draw the sample into the 
flow cell (if required) and the adaptive cleaning settings. 

 
Only 700 µl of sample is dispensed to the cell. 

14. When the sample is detected, if required the FCM draws the sample into the flow cell. 

15. The sample spectrum is collected.  
The autosampler status is Idle. The spectrometer status is Scanning.  

16. The autosampler positions VersaTip 2 over Fill Cup 1. 

NOTE: For some low-viscosity samples, VersaTip 1 may remain in Fill Cup 1 until after the 
sample scan has been completed. 

17. When the spectrum has been collected, the FCM draws the sample to its internal waste 
container.  
The spectrometer status is Idle. The liquid presence sensor LED changes from green to 
red. 
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18. The syringe dispenses system liquid from VersaTip 2 into Fill Cup 1 and through the 
fluid lines for a number of wash cycles. 

 
The wash cycles may be defined by the OilExpress 4 system (using Adaptive Cleaning) 
or by the user on the Autosampler Setup dialog (Figure 45). 
The autosampler status is Cleaning. 

19. The FCM pumps air through the system to dry the flow cell and the fluid lines. 
The air dry time is defined by the user on the Autosampler Setup dialog (Figure 45). 

20. The autosampler then moves the disposable tip on VersaTip 3 into position over 
Fill Cup 1 of the injection station and dispenses the second sample, as before. 
The autosampler status is Loading. The spectrometer status is Idle. 

21. The sample spectrum is collected. 
The spectrometer status is Scanning.  

22. During the sample measurement, the autosampler moves the disposable tips over the 
waste trough on the injection station, and any excess oil is ejected. 
The autosampler status is Loading. 

23. The autosampler arm moves the disposable tips to the first available empty waste tip 
location, and the two used tips are dropped into positions 1 and 3. 

 
The autosampler status is Preparing. 
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24. The autosampler moves to the first available clean tip and loads a disposable tip on 
VersaTips 1 and 3. 
These are collected from positions 2 and 4. 

25. The autosampler returns to the injection station and positions VersaTip 2 over 
Fill Cup 1, and the fluid lines and flow cell are washed as in Step 13. 
The autosampler status is Cleaning. The spectrometer status is Idle.  

26. If the background frequency setting is set to collect a new background before every pair 
of samples, a new background is collected. 
The spectrometer status is Background. 

27. The FCM pumps air through the system to dry the flow cell and the fluid lines. 
The autosampler status is Loading. 

28. As the system is dried, the autosampler moves to the sample rack and aspirates from 
the next two sample positions into the disposable tips on VersaTips 1 and 3. 

29. The FCM pumps the waste from samples 1 and 2 from its internal waste container out 
of the Waste port on the rear of the FCM to the waste container.  

Steps 9–27 repeat until all samples in the batch have been analyzed. At the end of a batch 
the fluid lines and flow cell are cleaned and dried. 

Dual-spectrometer (DUO) System 

If you have a DUO (dual-spectrometer) system, the sampling procedure is as follows: 

1. Start Analysis is selected on the Samples screen. 

2. OilExpress 4 connects to the autosampler. 

3. Start is selected on the Batch Initialization dialog. 
Refer to Figure 8. 

4. The fluid control modules (FCMs) are initialized.  
The FCM initialization includes a fit-for-purpose check to ensure that it is performing 
correctly. 
The autosampler status is Initializing. The spectrometer status is Idle. 

5. If you are using ultrasonic height sensing, the Ultrasonic Liquid Level Sensor bar passes 
over the sample racks, from right to left, and determines the level of liquid in each 
sample. 
The sensor bar then moves to the parking position at the far left of the deck, away from 
the sample racks and tip boxes. 
The autosampler status is Scanning. The spectrometer status is Idle. 
Refer to Ultrasonic Liquid Level Sensor Bar (Optional) on page 54 for more information. 

6. The autosampler syringes are initialized.  
The syringes are initialized with the Varispan arms located over the injection station 
waste trough. During syringe initialization, the syringes all move up to the same level, 
pushing any system liquid already aspirated back.  
The autosampler status is Initializing. The spectrometer status is Idle. 
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7. If Prime autosampler on initialization was selected on the Batch Initialization dialog, 
the prime starts. 
Refer to Priming the System on page 74 for more information about priming the system. 
The autosampler status is Priming. The spectrometer status is Idle.  
The arm then moves to the parking position at the top-left of the deck, away from the 
sample racks and tip boxes. The autosampler status is then Idle. 

OR 

If Prime autosampler on initialization was not selected on the Batch Initialization 
dialog, then the system will perform a short prime.  
The autosampler status is Priming. The spectrometer status is Idle. 
The arm then moves to the parking position at the top-left of the deck, away from the 
sample racks and tip boxes. The autosampler status is then Idle. 

8. Each spectrometer collects a background spectrum.  
The autosampler status is Idle. The spectrometer status is Background. 

9. The autosampler moves to the first available clean tip in the first available clean tip box 
and loads a disposable tip on VersaTips 1 and 3. 
When starting from a full tip box, tips in position 1 and 3 (and not in position 1 and 2) 
are collected. 

 
The autosampler status is Loading. 

10. The autosampler moves to the first two sample positions in a sample rack, and 
aspirates the first two samples into the disposable tips.  
Samples in positions 1 and 2 are aspirated. Each disposable tip is lowered into the 
sample. Each disposable tip is lowered into the sample and the sample is aspirated by 
the drawing down of the syringe. 
The volume aspirated is 800 µl. 

11. The autosampler then moves the disposable tips on VersaTips 1 and 3 into position over 
Fill Cup 1 (which fills the lower spectrometer) and Fill Cup 2 (which fills the upper 
spectrometer) of the injection station. 
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12. The disposable tips are lowered into the fill cups to form a seal and the syringe pump 
dispenses the sample to the fill cup. 

 

13. The liquid presence sensors detect the presence of the samples in the tubing to the flow 
cell. 
Each liquid presence sensor detects the presence of the front of the liquid moving 
through the tubing from the fill cup, and sensor LED changes from red to green. The 
time taken for the liquid to reach the sensor is used by the OilExpress 4 software to 
calculate parameters, such as the time required for the FCM to pump the sample into 
the flow cell and the adaptive cleaning settings.  

 
Only 700 µl of sample is dispensed to the cell. 

14. When the sample is detected, if required the FCM draws the sample into the flow cell. 

15. The sample spectra are collected.  
The autosampler status is Preparing. The spectrometer status is Scanning.  

16. During the sample measurement, the autosampler moves the disposable tips over the 
waste trough on the injection station, and any excess oil is ejected. 

NOTE: For some low-viscosity samples, the VersaTips may remain in the fill cups until after 
the sample scan has been completed. 
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17. The autosampler arm moves the disposable tips to the first available empty waste tip 
location, and the two used tips are dropped into positions 1 and 3. 

 

18. The autosampler moves to the first available clean tip and loads a disposable tip on 
VersaTips 1 and 3 from the next two available positions. 
These are collected from positions 2 and 4. 

19. The autosampler returns to the injection station and positions VersaTips 2 and 4 over 
Fill Cups 1 and 2. 

20. When the spectrum has been collected, the FCM draws the sample to its internal waste 
container.  
The spectrometer status is Idle. The liquid presence sensor LED changes from green to 
red. 
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21. The syringe dispenses system liquid from VersaTips 2 and 4 into Fill Cups 1 and 2, 
respectively, and through the fluid lines for a number of wash cycles. 

 
The wash cycles may be defined by the OilExpress 4 system (using Adaptive Cleaning) 
or by the user on the Autosampler Setup dialog (Figure 45). If using Adaptive Cleaning, 
the wash cycles are calculated for each sample independently. 
The autosampler status is Cleaning. 

22. If the background frequency setting is set to collect a new background before every pair 
of samples, each spectrometer collects a new background spectrum. 
The autosampler status is Idle. The spectrometer status is Background.  

23. The FCM pumps air through the system to dry the flow cell and the fluid lines. 
The air dry time is defined by the user on the Autosampler Setup dialog (Figure 45). 
The autosampler status is Loading. The spectrometer status is Idle. 

24. As the system is dried, the autosampler moves VersaTip 1 to the first available sample 
position in a sample rack, and aspirates the next two samples into the disposable tips 
on VersaTips 1 and 3. 

25. Each FCM pumps the waste from the sample from its internal waste container out of the 
Waste port on the rear of the FCM to the waste container. 

Steps 9–24 repeat until all samples in the batch have been analyzed. At the end of a batch 
the fluid lines and flow cell are cleaned and dried. 

 



 

Getting Started with 
OilExpress 4 
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Overview 

This section describes some basic functionality of OilExpress 4 software. 

It will show you how you can: 

· Log in to OilExpress 4 software 

· Familiarize yourself with the OilExpress 4 software environment  

· Prepare your samples for analysis 

· Prime your system before an analysis 

· Set the sampling heights 

· Extract your data from OilExpress 4 software 

· Set up and run an analysis 

· Use AVI calibration to improve consistency in results between spectrometers and across 
OilExpress 4 systems 

· Change the scan settings 

· Determine if your system is working as expected. 
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Starting OilExpress 4 Software 

1. Before starting OilExpress, ensure that the autosampler, spectrometer(s) – including the 
sample shuttle – and fluid control module(s) are connected to mains power and 
switched on. 

2. From the Start menu select All Programs; the PerkinElmer Applications group; the 
OilExpress 4 sub-group and then the OilExpress 4 application. 

OR 

Double-click the OilExpress 4 shortcut icon  on the desktop. 
A dialog is displayed that may require your login details: 

 

3. If required, enter your User name and Password, and then click OK. 
The default user name and password are Administrator and administrator, respectively.  
We recommend that you create a new user and password the first time you log on to 
OilExpress 4. 
On start-up, OilExpress 4 software will connect to the spectrometer(s). Service 
messages, such as any humidity warning, will be displayed on connection. 

NOTE: The software does not connect to the autosampler until the start of an analysis. 
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The OilExpress 4 Window 

The OilExpress 4 software environment is shown in Figure 39. 

 

Figure 39 OilExpress 4 Window 

A Menus D Main Screen 

B Toolbar E Status Bar 

C Navigation Bar   

Menus 

The Menus (A) are at the top of the workspace. These include the File menu, which can be 
used to create new batches and open previously saved batches, and the Setup menu, which 
contains links to administration and instrument setup options, including creating new users, 
calibrating the flow cell pathlength and selecting your autosampler labware.  

Toolbar 

The application toolbar (B) provides quick access to some operations, such as creating a new 
batch, or copying and pasting information in the Samples table. 

The tools available depend on your location in the software. Figure 40 shows the toolbar 
available from the Samples screen. 

 

Figure 40 OilExpress 4 Toolbar 
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Navigation Bar 

The Navigation Bar (C), contains shortcuts to key functions of OilExpress 4 software. The 
item selected will be displayed in the Main Screen (Figure 41). 

For example, you can use the Process Controls to access the Batch screen, which enables 
you to set up the options for your batch, or the Samples screen, which enables you to add 
sample data and select a method for the analysis. 

The Process Controls can also be accessed via the View menu. 

 

Figure 41 OilExpress 4 Process Controls panel 

Main Screen 

The Main Screen (D) is where you enter information about your batch, for example batch or 
sample information, or view the analysis progress or spectra. 

The contents of the Main Screen reflect the Process Controls shortcut selected in the 
Navigation Bar. 

Status Bar 

The Status Bar (E) located at the bottom of the workspace displays information about the 
system, such as the spectrometer(s) and flow cell(s) installed, and the flow cell 
pathlength(s), if enabled. The current status of the Spectrometer and Autosampler are also 
displayed, together with the overall system Status (Figure 42). 

 

Figure 42 Status bar 
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OilExpress 4 On-screen Help System 

Use the OilExpress 4 Help system to find further information about using OilExpress 4 
software to set up and run your oil analyses. 

To open the Help file, select Contents from the Help menu. This menu also includes links to 
the PerkinElmer website (PerkinElmer on the Web) and information about the software 
(About). To open a Help topic listing user-replaceable parts for your system, select Spares 
and Consumables. 
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Sample Preparation 

Insoluble contaminants, such as water, ethylene glycol and soot, may settle over time, so for 
accurate analysis we recommend that you homogenize samples by shaking, taking care not 
to introduce air bubbles. Oil samples containing particles larger than 50 microns must be 
filtered to prevent clogging of the flow cell. We recommend using a steel-mesh filter. 

Carefully record details of the oil contained in each sample container, remove any lids and 
then place the containers in the sample rack. Ideally, run a control sample each day. Refer to 
Control Samples on page 92 for more information. 

If you are using the Ultrasonic Liquid Level Sensor Bar to measure the sample heights, the 
height at which samples are aspirated from your samples will be determined by OilExpress 4 
software. The minimum level for samples depends on your sample container. Refer to the 
OilExpress 4 on-screen Help for more information. 

If you do not have the optional Ultrasonic Liquid Level Sensor Bar installed, then you must 
define the height of your batch samples on the Autosampler Setup dialog. Refer to Defining 
the Sampling Heights on page 75. A ruler is supplied with the system (part number 
L9004568) to help you determine the heights. We recommend that you routinely fill all 
sample containers in a batch to the same level. However, if you have some samples that 
cannot be filled to the same level, you can edit the Sampling Height column in the Samples 
table to set the heights individually. The minimum level for samples depends on your sample 
container. Refer to the OilExpress 4 on-screen Help for more information. 

If the sample height is too low relative to the height entered, then you may aspirate air. If it 
is too high, then the tip will be lowered further into the sample, more oil will be collected on 
the outside of the tip which may drip, potentially contaminating your samples.  
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Priming the System 

The system liquid in the fluid lines functions as the hydraulic fluid for the system. Air in the 
lines can affect accurate dispensing of samples and flushing. Refer to Appendix 3: Liquid 
Handling on page 148 for more information about liquid handling in the OilExpress 4 System. 
We recommend that you prime the system once a day (before collecting data), or whenever 
you observe air in the fluid lines. 

Each time you start an analysis (a batch, system check or pathlength calibration) an 
Initialization dialog is displayed (Figure 43), which includes the option Prime autosampler 
on initialization. Inspect the syringes and tubing to the VersaTips for any air bubbles and, if 
required, select the option to prime the system. 

NOTE: This option will be selected by default the first time an analysis is run after starting 
the OilExpress 4 software application. 

 

Figure 43 Batch Initialization dialog showing Prime option 

During the prime, each syringe is twice filled with system liquid, which is dispensed via the fill 
cup through the fluid lines. Each syringe is then filled with a smaller volume of system liquid, 
which is used to fill the injection station fill cup. The corresponding VersaTip is then lowered 
into the fill cup and cleaned. This procedure takes approximately two minutes in total. 

NOTE: During priming, check all tubing, syringes and connections for leaks, particularly after 
any maintenance procedures. Persistent air bubbles, or system liquid dripping from 
tips, are indicative of leaks. 
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If any maintenance has been performed that has introduced air into the system, such as 
replacing tubing, then you may need to prime the system more than once before starting an 
analysis. For this, you can use the Prime option on the Autosampler Control screen in 
OilExpress 4 (Figure 44). 

 

Figure 44 Prime option on the Autosampler Control dialog 

Refer to the topic Autosampler Control in the OilExpress 4 on-screen Help for more 
information. 
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Defining the Sampling Heights 

You can define the system options for sampling heights on the Autosampler Setup dialog: 

Ø Select Autosampler from the Instrument sub-menu of the Setup menu. 
The Autosampler Setup dialog is displayed (Figure 45). 

 

Figure 45 Autosampler Setup dialog with Use Fixed Heights selected 

If you have the optional Ultrasonic Liquid Level Sensor Bar installed, the option Use 
Ultrasonic Height Sensing will be selected by default, and the OilExpress 4 software will 
determine the appropriate height from which to aspirate each sample. The minimum level for 
samples depends on your sample container. Refer to Ultrasonic Liquid Level Sensor Bar 
(Optional) on page 54 for more information. 

NOTE: If you have the Ultrasonic Liquid Level Sensor option, but want to enter your own 
sampling heights for a batch, you can select Use Fixed Heights. 

If you do not have the optional Ultrasonic Liquid Level Sensor Bar, then Use Fixed Heights 
will be selected by default and you must define the height of your samples to ensure that 
they are aspirated correctly.  

The fixed height is defined as the height of the sample measured from the bottom of the 
sample holder (not the deck). The minimum fixed height you can enter depends on your 
sample container type. When sampling, OilExpress 4 software will calculate a suitable 
distance from the height entered to lower the tip into the sample, depending on your 
sampling container. This height is optimized to ensure that the sample is aspirated, while 
minimizing the depth to which the disposable tip enters the sample fluid. This is to prevent 
contamination of your samples by drips from sample collected on the outside of the tip. 

You can set the sample heights for Batch Sample (mm) and Control Sample (mm). The 
Control Sample height enables you to routinely use a lower sampling height for certified 
sample materials that are likely to be available in smaller volumes only.  
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The Batch Sample height is used for all sample analyses by default. If your SOPs mandate 
that sample containers are filled to a set height, then you will not need to modify the fixed 
heights after they have been defined once, and you do not need to enter any sample height 
information into the Samples table.  

However, if some sample containers were not filled to the same height as the rest of the 
batch, you can edit the Sampling Height column in the Samples table to set the sampling 
heights individually. You can enter a custom value for a sample or select to use the Control 
Sample or Batch Sample height.  

Similarly, if you are using the ultrasonic height sensing option you can select to use the Auto 
generated height, or if you want to aspirate from a specific region of a sample, you can enter 
a custom value to override the sensed height. 

In the example in Figure 46, the first sample will use the Control Sample height (defined on 
the Autosampler Setup dialog at 40 mm), the second will use the Batch Sample height 
(defined at 60 mm), and the third will use the custom value of 32 mm entered on the 
Samples screen. The Sampling Height cell for the fourth sample is blank, and so will use the 
Batch Sample height, by default.  

 

Figure 46 Sampling heights in the Samples table 

The sample height information entered in the Samples screen will be saved and can be 
viewed in the Database Results in the Results Browser. 

NOTE: For more information about the Samples table, refer to the OilExpress 4 on-screen 
Help.  

For more information about setting up and running a sample analysis, refer to Running an 
Analysis on page 78. 

The System Check (mm) fixed height is used for the Cell Contamination check and the 
Pathlength Calibration. The default is 20 mm. Ultrasonic height sensing is not available for 
these options. 
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Saving Spectra, Exporting Spectra and 
Reporting 

In OilExpress 4 software, data is saved to a database. There are various features in the 
software to help you present your data outside OilExpress 4. 

Exporting Spectra 

You can export spectra as PerkinElmer-format (*.sp), ASCII (*.asc), comma-separated values 
(*.csv) or JCAMP-DX (*.dx) files to a user-defined folder, as they are generated, using the 
Output spectra to folder option on the Reporting Options dialog (Figure 47). This facilitates 
further analysis of spectra using another software package such as Spectrum software. The 
option No output spectra is selected by default.  

Ø Select Reporting Options from the File menu. 
On the dialog, you can enter a name and location for the folder, and select the file type 
from the drop-down list. You can also choose between Absorbance (A) and 
Transmittance (%T) ordinate units. 

 

Figure 47 Output Spectra on the Reporting Options Dialog 

For each batch, the spectra will be saved to a sub-folder with the name [Batch ID]. 

NOTE: You can also export reference spectra from the Reference Spectra Database. Refer to 
the OilExpress 4 on-screen Help for more information. 
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Exporting Results 

CSV Export during data collection  

If you select the option Enable export to CSV File, then you can configure the system to 
export sample results to a comma separated values (CSV) file. When the CSV export is 
activated, a new line is appended to the CSV output file as each sample analysis is 
completed. You can configure this output using the CSV Export Wizard.  

Ø Select Setup CSV Export from the File menu, and then select Enable export to CSV 
file on the General CSV Export Properties dialog (Figure 48). 
On the dialog, you can enter a File name and location for a new file, or Browse to an 
existing file. 

 

Figure 48 CSV Export Properties dialog 

You can select the Field Separator Character that will be used to separate values within the 
file. The default is Comma.  

Other pages enable you to select which methods you want to generate data for, and select 
which results columns you want to include. When you have completed the settings, click 
Finish. 
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Reporting  

The Analysis Reports options enable you to print a report, either after an individual sample 
analysis or at the end of a batch (Figure 49).  

 

Figure 49 Analysis Reports and Checks Reports on the Reporting Options Dialog 

Reports are displayed automatically as part of System Checks and the Pathlength Calibration. 
However, you can choose to print the report by selecting the appropriate option in the 
Checks Reports section. 
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Running an Analysis  

This section will run through the sample analysis from starting OilExpress 4 software to 
completing a batch. When OilExpress 4 software starts, a new batch is already displayed on 
the Batch screen.  

1. Enter the Number of samples to be analyzed. 

 
The default number of samples is based on the Rack Type selected on the Autosampler 
Setup dialog.  
The maximum number of samples you can add is ten times the number of samples that 
can be loaded on the deck (that is, the number of sample racks multiplied by the 
number of samples in the rack). 
If the number of samples to be analyzed is greater than the number of samples per 
deck, then you are prompted to add new racks at the appropriate time during the 
analysis. You are also prompted to replace clean and used tip boxes, as required.  

2. Click in the Batch Identification field and type a unique batch identifier. 

3. If required, click in the Batch Description field and type in a brief description of the 
batch. 

4. Click Samples. 

NOTE: If the Batch Identification you have entered has already been used, a warning 
message is displayed. Click OK, and then enter a unique Batch Identification. 

The Samples screen is displayed. This is where you enter data for the samples in your 
batch.  

5. Place your sample containers in the sample rack(s) in the order in which you want them 
to be processed, starting with the position 1 on the rack. 
Refer to Sample Racks starting on page 34 for more information. 
You may find it convenient to place the containers in the appropriate positions in the 
rack(s) as you enter the data in the software.  
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6. Click in the first empty cell below Sample ID.  

 

7. Type in a name for the first sample.  
This could be the same as an identifying label on the sample container. You may find it 
useful to include the rack number or position (for example, Sample 1_1). 

 

8. Click in the next cell (in the Analysis column) to display a drop-down arrow. 

9. Click on the arrow and select the appropriate analysis method from the list. 

 

10. Select the relevant Oil Type from the drop-down list, if required for your analysis 
method. 
The oil types available will depend on the analysis method selected. 
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11. If you are using a spectral-subtraction method, click in the next cell (in the Reference 
Spectrum column) and then click the Browse button . 
The Reference Spectrum Database dialog is displayed. 

 
Reference spectra are optional in configurable methods and should not be used for 
direct-trending methods. If you do not require a reference spectrum, this column can be 
left blank, or hidden.  
In previous versions of OilExpress, the reference-spectrum function was sometimes 
used to carry out empty-cell subtraction to ensure accurate results for direct-trending 
methods. This is no longer necessary, as you can select an empty cell spectrum to be 
subtracted for each flow cell on the Spectrometer Setup dialog. Refer to Empty Cell 
Spectrum on page 105 for more information. 

NOTE: For more information about reference spectra, including how to collect a new 
reference, and details of the analysis methods provided, refer to the OilExpress 4  
on-screen Help. 

12. Click on a suitable reference spectrum to select it, and then click OK. 
The full name of the selected spectrum appears in the table cell. 

 

13. If you want to specify a value for the Sampling Height, select the appropriate option 
from the drop-down list, or type a custom value in the cell. 
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If you selected Use Fixed Heights on the Autosampler Setup dialog and do not enter 
a value in the column, the Batch Sample height will be used automatically. Alternatively, 
you can select Batch Sample or Control Sample, or enter a custom value. 

 
If you are using the optional Ultrasonic Liquid Level Sensor Bar, and have selected Use 
Ultrasonic Height Sensing on the Autosampler Setup dialog, and you do not enter a 
value, the aspirate height will be determined automatically. Alternatively, you can select 
Auto (to use the ultrasonically detected height) or enter a custom value if you want to 
override the sensed heights. 
Refer to Ultrasonic Liquid Level Sensor Bar (Optional) on page 54 for information about 
the sensing bar. 
Refer to Defining the Sampling Heights on page 75 and the topic Autosampler Setup in 
the OilExpress 4 on-screen Help for more details on setting the fixed heights. 

14. If the analysis needs to correct the results for sample dilution, type a value for the 
Dilution Factor. 

NOTE: The Dilution Factor column is not displayed by default. Refer to the topic Modifying 
the Samples Table in the OilExpress 4 on-screen Help for information about hiding or 
displaying columns. 

15. If you are using the Mineral or Synthetic oil methods, click in the Fuel Calibration 
column, then click the Browse button .  
The Mineral Oil and Synthetic Oil methods can use a Fuel Calibration file to calculate 
dilution of diesel or gasoline.  

NOTE: The Fuel Calibration column is not displayed by default. Refer to the topic Modifying 
the Samples Table in the OilExpress 4 on-screen Help for information about hiding or 
displaying columns. 

16. On the file selector displayed, find and select 
C:\Program Data\PerkinElmer\OilExpress\Fuel Calibrations\Fuelcalc.ini, and 
then click Open.  
You will see the file name you have selected appear in the Fuel Calibration cell. 

 

17. Repeat steps 6–16 for each sample. 

OR 

Alternatively, use the Autofill option to select the same options for some of or all the 
samples.  
For example, to use the same analysis method for all samples, click on the column title 
to select the whole of the Analysis column. Then click Autofill. 
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If you use Autofill for the Sample IDs, the first Sample ID must contain a number. After 
using Autofill, in each cell you will see that the  number is increased by one for each cell 
in the column; for example, Sample 1_2, Sample 1_3 ... .  

 

18. If you want OilExpress 4 to print a report of the results, or to output your spectra to a 
folder as *.sp files, then select Reporting Options from the File menu. 
Refer to Saving Spectra, Exporting Spectra and Reporting on page 78 for more 
information. 

19. When you defined your reporting options, click OK to exit the dialog. 

20. When you have completed the Samples table, click Start Analysis. 
The Batch Initialization Dialog is displayed. This dialog contains important information 
about preparing the autosampler for your sample analysis. 

 
 

CAUTION 

Failure to follow the instructions on the Batch Initialization dialog may 
result in damage to the autosampler. 

The dialog lists how many sample racks are required at the start of the analysis. It is 
very important that the rack type loaded on the deck corresponds to the rack type 
selected on the Autosampler Setup dialog, and that sample racks and tip boxes are 
located correctly. Sample racks should be filled from the first position. 
Click Deck Layout to display details of the current system layout, and check that your 
sample racks and tip boxes are loaded in the correct positions. 
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21. If you want to review or refill your tip boxes (clean and used), click Review/Reset Tip 
Boxes. 
The Reset Tip Boxes dialog is displayed. 

 
OilExpress 4 software retains a count of the tips used from the previous analysis.  

22. If you are continuing the tip count from a previous analysis, check that actual number 
of clean tips (or empty used tip positions) in each tip box on your deck agrees with the 
information in the dialog. 
For example, for Clean Tip Box 1, if the New/Used status is 90/0, then the first 6 tips 
have been used, but the other positions are filled. Conversely, for Used Tip Box 1, if the 
New/Used status is 0/6, then the first 6 positions contain a used tip, and the other 
positions are empty. 
If necessary, replace your tip boxes. 

OR 

If you are using completely full clean tip boxes, and completely empty used tip boxes, 
select the appropriate row in the table and then click Fill or Empty as appropriate. 
The tip count will be reset for each box.  

23. Click Close to exit the Reset Tip Boxes dialog and return to the Batch Initialization 
dialog. 

24. Ensure that there is sufficient system liquid to perform your batch, and that there is 
sufficient capacity remaining in the waste container. 

25. Check the fluid lines and syringes for air bubbles and, if you want to Prime the 
autosampler before starting the analysis, ensure that the Prime autosampler on 
initialization option is enabled. 
Refer to Priming the System on page 74 for more information. 

26. When you are ready, ensure that the moving parts of the autosampler are not 
obstructed, and then click Start to begin the analysis. 
The Batch Initialization dialog closes and the Analysis Progress screen is displayed. This 
shows the results of the analysis as each sample is processed.  

NOTE: If you have the optional Ultrasonic Liquid Level Sensor Bar, then after the 
autosampler is initialized the sensor bar will move over the sample racks to determine 
the heights of the samples. These heights will then be used to calculate the heights 
from which the samples are aspirated. 



Getting Started with OilExpress 4 . 87 

If during the analysis additional sample racks or tip boxes are required, then a dialog 
will be displayed prompting you to load the appropriate labware.  

 
Click OK once you have completed the actions to continue the analysis. Or click Stop 
Analysis to cancel the remainder of the batch.  
If you are using ultrasonic height sensing, the sensing bar will pass over the new 
samples and determine the liquid level in each sample container before the analysis 
continues. 
If during the analysis the software identifies that there are no more clean tips or empty 
used tip box positions available, a message will be displayed prompting you to load the 
appropriate labware. The Reset Tip Boxes dialog is then displayed so that you can reset 
the tip count. 
When the analysis has completed the system displays the Batch Analysis Report dialog, 
which lists any issues identified during the sample analysis that might make a sample 
result unreliable. A report will be printed if the appropriate Reporting Option was 
selected. 

NOTE: At any point during an analysis when a dialog is displayed requiring user intervention, 
a sound alert is played. You can configure which, if any, sound alerts are activated. 
Refer to the Sound Notification Setup topic in the OilExpress 4 on-screen Help.   

You can load a previously saved batch that has not been run to completion. Refer to the 
topic Batch in the OilExpress 4 on-screen Help. You can also import batch and sample 
information from an existing batch, a suitably formatted comma separated variable (CSV) file 
or from an oil dilution sample information file (SIF file). Refer to the topic Batch Import and 
Export in the OilExpress 4 on-screen Help. 
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Modifying Scan Settings 

The default scan and instrument settings are appropriate for most methods. We do not 
recommend that you change these settings unless you fully understand the implications of 
doing so. 

To change any of the settings, display the Instrument Settings Properties tabs: 

Ø Select Scan from the Instrument sub-menu of the Setup menu. 
The Instrument Settings Properties tabs are displayed (Figure 50).  
To amend any value, select the parameter and then type your new value, or select a 
value from the drop-down list.  

 

Figure 50 Instrument Settings dialog showing the Basic tab 

The Basic tab is where you set the Start and End points of the scan range (in wavenumbers). 
You can also define the duration of the scan. 

The Advanced tab enables you to select advanced options such as the scan Resolution 
(4 cm−1 by default) and AVI correction.  

NOTE: For more information about AVI, refer to Absolute Virtual Instrument (AVI) on 
page 89. 

For more information about the options available on these tabs, and which options are 
relevant for your OilExpress 4 System spectrometer, refer to the Scan Settings topic and 
related topics in the OilExpress 4 on-screen Help. 
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Absolute Virtual Instrument (AVI)  

AVI Correction 

AVI correction is enabled on the Advanced tab of the Instrument Settings Properties dialog 
(Figure 51). AVI correction can only be applied if an AVI Calibration has been set up for the 
current instrument and sampling configuration. 

  

Figure 51 Setup Instrument Advanced tab in Spectrum 

The objectives of Absolute Virtual Instrument (AVI) correction are: 

· Consistent performance over time and between instruments 

· Traceability for all measurements. 

For all FT-IR spectrometers, wavenumber calibration and lineshape are affected by 
differences in beam divergence and uniformity. Differences can occur between instruments, 
when using different sampling accessories and when components are changed. AVI 
correction enables calibration and lineshape to be maintained. 

The Absolute Virtual Instrument is an instrument with theoretical performance, such that the 
result of measuring a known sample on such an instrument can be predicted. So, if we 
measure with a real instrument and calculate the software transform to match the theoretical 
result, we can apply this transform to future measurements. 

The Absolute Virtual Instrument is defined by wavenumber calibration, instrument lineshape 
and ordinate accuracy. 

When AVI is enabled, the software measures the current instrument profile relative to an 
absolute standard (a methane cell) and an ideal lineshape function, and applies a correction.  
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AVI Calibration 

AVI calibration will have been performed by your PerkinElmer Service Representative during 
your OilExpress 4 System installation. However, after any spectrometer maintenance such as 
the replacement of the source, or if you have replaced the sample shuttle, the AVI calibration 
should be repeated. You will also need to repeat the calibration if you change the resolution. 

AVI calibration uses the methane gas cell in the internal filter wheel of the spectrometer. You 
should perform the AVI calibration with the sample shuttle installed in the sample 
compartment (which provides a 4 cm−1 J-stop).  

NOTE: If you have a DUO system, the AVI calibration must be performed for both 
spectrometers for the AVI correction to be applied. 

To set up an AVI Calibration in OilExpress 4 software: 

1. Select Spectrometer from the Instrument sub-menu of the Setup menu. 
The Spectrometer Setup dialog is displayed. 

 

2. Select the appropriate Calibrate AVI button for the spectrometer you want to calibrate.  
The AVI Calibration dialog is displayed. 
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3. Ensure that there is no obstruction in the sample compartment, and then click 
Continue. 
The sample shuttle moves to the background position and the background spectrum is 
collected.  

 
When the scan is complete, the methane cell in the automated filter wheel is rotated 
into the beam path. The spectrum of the methane cell is collected. 

 
When the calibration is complete, the sample shuttle returns to the sample position. 

 

4. Click OK to exit the dialog. 
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System Validation 

You can perform a number of checks to ensure that your system is working properly. 

· Control Samples, run daily, check that the system is performing as expected. 
Refer to Control Samples below. 

· System Checks check that your system – that is, instrument and accessory – are fit-for-
purpose. 
These are run from OilExpress 4 software. You are advised to run the Cell 
Contamination check daily, or after each batch of samples if you are analyzing samples 
with unusually high soot levels. It is not necessary to run the Noise and Abscissa checks 
at the same time, but they should be run at least weekly. 
System checks are specific to the current instrument configuration and, if you have a 
DUO (dual-spectrometer) system, are run independently for each spectrometer. 

· Component Checks (in Spectrum software) check that the components of your 
spectrometer are working. 
Refer to the Spectrum Two User’s Guide (part number L1050228) provided with your 
spectrometer or the Spectrum on-screen Help.  

Control Samples  

We recommend that you run a Control Sample, ideally once per day, to check that the 
analysis process as a whole (spectrometer, autosampler, flow cell and data analysis) is 
performing as expected.  

You should choose a control sample that contains known quantities of the components of 
interest and is similar in composition to your samples. Add a row for the control sample in 
the Samples table and select the appropriate analysis method. Select Control Sample as the 
Sampling Height. 

NOTE: This option uses the sampling height set for Control Samples defined on the 
Autosampler Setup dialog. Alternatively, you can type a new value in the Sampling 
Height cell on the Samples table. 

When the batch has been completed, check the results to ensure that your system is working 
within acceptable parameters. If the results are outside acceptable limits, you may want to: 

· Run the Cell Contamination check, and consider cleaning the flow cell or changing the 
cleaning settings in OilExpress 4 software.  

· Check that the analysis method you are using is suitable for your samples and/or 
control sample, and that the correct Oil Type was selected. 

· Check that the correct pathlength normalization has been applied. 

· Check that the oil is representative of the whole sample.  
Review your sample preparation SOPs. 

· Check that the sample shuttle and spectrometer are working correctly. 

For more details, refer to Troubleshooting starting on page 128. 
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The FT-IR In-Service Lubricants Control Oil (part number N9308350) has been specially 
formulated to mimic the spectral signature of an in-service diesel motor oil, and contains 
known amounts of water, soot, oxidation (carbonyl-bearing compounds) and ethylene glycol. 
Each bottle of the oil is supplied with a certificate of analysis stating nominal values and 
uncertainties for several oil condition parameters, measured following the ASTM standards1.  

The bottle should be shaken vigorously for at least 2 minutes, and then left to stand for at 
least 5 minutes (to reduce air bubbles) before sampling. 

The oil should be analyzed using the ASTM E2412 direct-trending protocol, with the 
Petroleum Lubricant oil type, and with empty-cell correction enabled. If all the values are 
within the uncertainties stated on the certificate of analysis, the system is performing 
correctly.  

System Checks  

System Checks are used to demonstrate that your complete system is fit-for-purpose – a 
common requirement for regulatory compliance. When defining tolerances for System 
Checks, you should consider what the definition of that is for your individual application.  

NOTE: If you have a DUO system, the checks are run on the spectrometers independently. 

To run the tests: 

Ø Select System Checks from the View menu, select the appropriate spectrometer and 
the checks you want to run, and then click Start. 
If you want to modify any of the thresholds used during the system checks, or the 
Quant method used by the Cell Contamination check, click the appropriate Properties 
button. For the Cell Contamination check you are required to enter details of the sample 
location. 

 

– The Cell Contamination check collects the spectrum of a sample loaded from a 
position on the autosampler deck. 
If the cell is contaminated by soot, then the cell will absorb more than expected 
in the regions selected. You can enter details for up to three regions. The 
defaults correspond to regions that should be absent of peaks for n-heptane.  
The System Checks sampling height is used for the Cell Contamination check. 
If the Cell Contamination check fails, refer to Flow Cell Maintenance on page 96 
for cleaning instructions for your flow cell. 

NOTE: The addition of the OilExpress 4 System Liquid Additive (part number N9308354) to 
the system liquid has been found to reduce soot build-up on the flow cell windows. 
Refer to OilExpress 4 System Liquid Additive on page 32. 
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– The Noise Check collects a 16-accumulation background spectrum, followed by 
12 single-accumulation sample scans with an open beam, which are ratioed 
against the background spectrum and then averaged. The check then measures 
the RMS and Peak to Peak noise over a range and reports the baseline Trend. If 
the values are within limits defined during setup, the check passes.  

– The Abscissa Check collects a background spectrum and then collects the 
spectrum of a polystyrene reference sample (a polystyrene reference is installed 
in the internal filter wheel of the spectrometer). It then measures the 
wavenumber at the specified peaks. If the wavenumber value is within the 
tolerances defined during setup, the check passes.  

At the end of the tests a report containing the results will be displayed. It will be printed if 
the Checks Reports option was selected on the Reporting Options dialog. Refer to Reporting 
on page 80 for more information. 

NOTE: Refer to the OilExpress 4 on-screen Help for more information about running System 
Checks.  

 



 

Maintenance and 
Troubleshooting 

 



96 . OilExpress 4 System User's Guide 

Flow Cell Maintenance 

NOTE: The addition of the OilExpress 4 System Liquid Additive to the system liquid has been 
found to reduce soot build-up on the flow cell windows when analyzing engine oils 
with high soot contents (>0.5%). Refer to OilExpress 4 System Liquid Additive on 
page 32. 

The Cell Contamination System Check can be used to check the build-up of soot and other 
contaminants on the cell windows. Refer to System Checks on page 93. 

During an analysis the flow cell is cleaned and air dried between samples. This should minimize 
soot build-up for most samples. If you require additional cleaning, you can use the cleaning 
utilities in OilExpress 4 software. Refer to Cleaning Using OilExpress 4 Software below. 

If, however, the flow cell does become contaminated, it can be carefully dismantled to 
enable cleaning of the windows using lens tissues and heptane. Refer to Disassembling the 
Flow Cell for Deep Cleaning on page 103. 

Cleaning Using OilExpress 4 Software 

If you frequently run samples with high soot values, you can use the options on the 
Autosampler Control screen to Flush the fluid lines and flow cell(s) with additional solvent 
(Figure 52). Alternatively, you can Load a cleaning solution into the flow cell(s) and leave it 
in contact with the windows. 

 

Figure 52 Flush and Load options on the Autosampler Control screen 

If you have a DUO system and have selected Both flow cells, the same sample will be 
loaded into two disposable tips (compensating for sampling height). When you want to 
remove the sample, you have the option to simply air dry the cell, flush the cell with system 
liquid, or rinse the cell with other liquids. Refer to the topic Autosampler Control in the 
OilExpress 4 on-screen Help for more information. 

If after trying these procedures the flow cell is still contaminated, then dismantle the flow cell 
to clean the windows. Refer to Disassembling the Flow Cell for Deep Cleaning  on page 103. 



Maintenance and Troubleshooting . 97 

CAUTION 

Ensure that any cleaning solutions will not damage the ZnSe windows. 
Also ensure that they are compatible with the materials used in the 
OilExpress 4 system fluid path. Refer to Appendix 4: Fluid Path Materials 
on page 149. 

Never use strong acids or bases, or oxygen-containing solvents such as 
aldehydes, ketones or ethers, with the system without first checking 
compatibility, as these liquids may cause immediate and severe damage. 
Ethyl and isopropyl alcohol may be used safely. 
 

Removing and Installing the Flow Cell 

You may want to remove the flow cell for disassembly and cleaning, or to install another cell. 
Ensure that you wear appropriate protective gloves when handling fluid lines that may 
contain harmful materials. 
 

 

 
WARNING 

Take care not to touch the zinc selenide (ZnSe) windows when handling 
the flow cell, or wear protective gloves. Zinc selenide is toxic by 
ingestion. Avoid contact with skin or eyes.  

1. Ensure that the flow cell is empty. 
If required, use the Flush option on the Autosampler Control screen to flush and dry 
the flow cell. 

2. Exit OilExpress 4 software. 

3. Disconnect the autosampler, spectrometer(s) and FCM(s) from the mains power supply. 

4. Disconnect the liquid presence sensor(s) from the rear of the FCM(s). 
Refer to Figure 30 on page 50 for details of the connections on the FCM. 

5. If you have a DUO system and want to replace the lower flow cell, push the 
spectrometer and FCM stacking system away from the autosampler, and then follow the 
instructions from Step 5 in Removing the Sample Shuttle on page 122 to remove the 
sample shuttle from the lower spectrometer. 

NOTE: You will need to disconnect both flow cells from the injection station first. 



98 . OilExpress 4 System User's Guide 

6. Disconnect the tubing to the lower port of the flow cell from the injection station 
(Figure 53). 
Turn the lock hub on the Luer-lok connector approximately one half-turn counter-
clockwise, until loose, and then pull to remove from the port on the injection station. 

 

Figure 53 Disconnect Luer-lok connection at the injection station 

7. Unfasten the thumbscrew on the shuttle hinged arm securing clip (Figure 54).  

 

Figure 54 Flow cell installed in sample shuttle 

Securing clip 



Maintenance and Troubleshooting . 99 

8. Lift the clip up, and gently loosen the upper port tubing so that it is no longer trapped in 
the groove (Figure 55). 

 

Figure 55 Shuttle hinged arm securing clip open 

9. Rotate the hinged arm slightly clockwise, while carefully releasing the lower port tubing 
from the groove, to move the liquid presence sensor clear of the slide holder. 
Ensure that the tubing is not trapped in the groves (Figure 56). 

 

Figure 56 Shuttle hinged arm open and tubing clear 

10. Remove the flow cell from the shuttle, taking care not to catch the tubing on the 
shuttle. 
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11. Place the flow cell on the bench (Figure 57). 
Do not to stretch the tubing between the FCM and the upper port of the flow cell. You 
may find it easier to disconnect the tubing from the FCM. 

 

Figure 57 Flow cell removed from sample shuttle  

12. Unscrew (counter-clockwise) the blue connectors and pull gently to remove the tubing 
from the upper and lower ports of the flow cell. 

NOTE: Take care not to lose the ferrule from the end of the tubing. Check that the ferrule 
has not remained inside the metal front of the flow cell. The narrow end of the 
ferrule points inwards, towards the connector (Figure 58). 

 

Figure 58 Tubing showing blue nut connector and ferrule 

13. Perform any maintenance on the cell, or locate a new cell. 

To replace the flow cell in the system: 

1. Ensure that the blue nut connector and the ferrule are correctly fitted to the end of the 
tubing. 
The narrow end of the ferrule should point inwards, as shown in Figure 58. 

NOTE: If the threads on the connector are damaged, replace it with a new connector and 
ferrule to prevent leaking. A poor seal at the lower fitting can cause air to be 
introduced into the flow cell with the sample, which can affect the quality of the 
analysis. A poor seal at the upper fitting could lead to problems in effectively cleaning 
the cell between samples. 

2. Hold the tubing in one hand and push the end of the tubing into the upper port of the 
flow cell, so that the ferrule is pushed up to the inside of the cell. 

Lower (intlet) 
port 

Upper (outlet) 
port 
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3. Maintaining pressure, screw the blue nut connector clockwise with your other hand until 
the tubing is secured (Figure 59). 

 

Figure 59 Securing tubing to the upper port of the flow cell 

The connector should be initially hand screwed onto the flow cell until finger-tight. Then 
apply an additional tightening of 1/8 of a turn using the 5.5 mm wrench supplied 
(part number 09923411). 

4. Repeat Step 1–3 to connect the tubing from the injection station to the lower port of 
the flow cell. 

5. Place the flow cell into the shuttle. 
The shuttle hinged arm should be open (pushed back) and the securing clip should be 
open and lifted up. 

6. Rotate the shuttle hinged arm back into place, feeding the tubing into their respective 
grooves in the liquid presence sensor as you do so. 

7. Ensure that the tubing to the injection station is sited correctly in the lower groove, and 
that the tubing to the FCM is sited correctly in the upper grove. 
Refer to Figure 54. 

8. Close the catch, ensure that the tubing is not stretched or crimped, and then secure the 
screw. 
 

CAUTION 

Ensure that no tubing or cabling is loose on or around the sample 
shuttle or spectrometer on the open side towards the autosampler. This 
is to avoid damage to the system during movement of the autosampler 
arm or the sample shuttle. 

9. If you are replacing the lower flow cell on a DUO system, then replace the sample 
shuttle and push the stacking system back onto the connections at the FCM. 

10. Reconnect the tubing from the lower port of the flow cell to the connection at the 
injection station. 

11. Reconnect the tubing from the upper port of the flow cell to the connection at the FCM. 
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12. Reconnect the liquid presence sensor to the rear of the FCM. 

13. Reconnect the autosampler, spectrometer(s) and FCM(s) to the mains power supply. 

14. Start OilExpress 4 software. 

15. If replacing an existing flow cell, ensure that the correct Flow Cell Serial No is selected 
on the Spectrometer Setup dialog. 

 

OR 

If installing a new flow cell, add the new flow cell to the drop-down list. 
Refer to “Adding a new flow cell” in the Spectrometer Setup topic in the OilExpress 4 
on-screen Help. 

16. For a new flow cell, or if an existing flow cell has been disassembled, collect a new 
empty flow cell spectrum using Spectrum software. 
Refer to Empty Cell Spectrum on page 105. 

17. Prime the system using the Prime option on the Autosampler Control screen to clear the 
system of air bubbles and check for leaks. 

NOTE: After any maintenance on the fluid lines, inspect them for leaks before running an 
analysis or leaving the system unattended. 

18. For a new flow cell, or if an existing flow cell has been disassembled, perform a 
pathlength calibration. 
Refer to Calibrating the Pathlength of the Flow cell on page 109. 

19. Run the Cell Contamination System Check. 
Refer to System Checks on page 93. 

20. Check the performance of the system using a control sample. 
Refer to Control Samples on page 92. 
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Disassembling the Flow Cell for Deep Cleaning  

The following procedure describes how to disassemble, clean and reassemble the flow cell.  

You can purchase the optional Flow Cell Maintenance Kit (part number L1272495) which 
contains replacement ZnSe windows and a cell gasket kit. Windows and gaskets are also 
available separately – refer to Spares and Consumables on page 141.  

Alternatively, you can arrange for your flow cell to be refurbished by PerkinElmer (Flow Cell 
Refurbishment L1272490R). Contact your PerkinElmer Customer Care representative for 
more information. 

 

 

 
WARNING 

Take care not to touch the zinc selenide (ZnSe) windows when handling 
the flow cell, or wear protective gloves. Zinc selenide is toxic by 
ingestion. Avoid contact with skin or eyes. DO NOT use strong acids or 
bases to clean the windows, as these can damage the windows. Reaction 
with acids will release a toxic and irritating gas (H2Se). Keep away from 
oxidizing materials. 
 

NOTE: The torque driver (part number L9003631) and 3 mm hexagonal bit 
(part number L9003632) supplied must be used to reassemble the flow cell. Using 
other tools could cause the flow cell windows to crack or break. 

1. Follow the procedure in Removing and Installing the Flow Cell on page 97 to remove 
the flow cell from the sample shuttle. 

2. Using a 3 mm hexagonal wrench, undo and remove the four hexagonal screws from the 
front of the flow cell (Figure 60) to disassemble the flow cell.  
If the rubber gasket does not come away from the back window and back of the cell, 
you can clean the back window with it in place. 
However, if you need to replace the gasket, leave the cell dismantled for a few hours 
for the gasket to relax. If you still cannot remove it, then carefully insert the tip of a 
scalpel between the gasket and the back of the cell and move round the edge of the 
gasket until it comes free. 
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Figure 60 Disassembling or assembling the flow cell 

3. When the flow cell is disassembled, use a lens tissue and a suitable solvent, for example 
heptane, to clean the flow cell. 
 

CAUTION 

DO NOT use paper products such as standard laboratory tissues, as these 
are likely to scratch the ZnSe windows. Take care not to crease the 
wedged PTFE spacer during cleaning as this may reduce its effectiveness 
at suppressing interference fringes, and may also alter the pathlength. 

4. Reassemble the flow cell in the following order: 

– The former 

– The rubber gasket 

– The back window (smooth on both faces and has no holes in it) 

– The PTFE spacer (wedged, with thicker end at bottom of cell)  

– The front window (engraved on one face and has two holes in it) 

– The PTFE gasket (refer to Step 5) 

– The front of the cell (refer to Step 6) 

5. Align the two holes in the PTFE gasket with the two holes in the front window. 

6. Lay the front of the cell on top of the gasket. 

Front of cell 

Back of cell 

Rubber gasket 

PTFE gasket 

Spacer (wedged, with thicker end at bottom) 

Former 

Back window (both faces smooth) 

Front window (engraved side facing inwards) 

Orientation of washers on screw 
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7. Align the hole in the front of the cell with the holes in the gasket and front window. 

8. Insert and tighten the four screws using a hexagonal wrench until the screws just touch 
the front of the cell. 
 

CAUTION 

The windows in the flow cell are brittle and easily broken. Ensure that 
you do not tighten the screws holding the flow cell together too tightly. 

Ensure that the three conical washers on each screw are oriented as 
shown in Figure 60 to prevent leakage from the cell. 
 

9. Use a torque driver to tighten each screw one-quarter turn, in the sequence shown 
(Figure 61), until a torque value of 24 cNm is reached. 

NOTE: The sequence in which you tighten the screws is important. The sequence shown 
below is designed to prevent unequal pressure being applied to the flow cell, and 
thereby help prevent any damage being caused. 

 

Figure 61 Flow cell securing sequence 

10. Follow the procedure for reinstalling the flow cell in the sample shuttle described in 
Removing and Installing the Flow Cell starting on page 97. 
Before using the system, collect the spectrum of the empty flow cell and then 
recalibrate the flow cell pathlength. 
The empty cell spectrum should be collected before any system liquid or sample is 
loaded into the flow cell. Refer to Empty Cell Spectrum on page 105. 
It is essential that the pathlength of the flow cell is recalculated after the cell has been 
dismantled. Failing to carry out this procedure will seriously affect the results obtained 
using the OilExpress 4 System. 

Empty Cell Spectrum 

The empty cell spectrum was collected for each flow cell installed with your OilExpress 4 
System by your PerkinElmer Service Representative. However, after refurbishing your flow 
cell, or before using a new flow cell, you will need to collect a new empty cell reference 
spectrum.  

The empty cell spectrum is specific to the spectrometer and flow cell combination, so if you 
have a DUO system you will need to collect an empty cell spectrum for each spectrometer. 

Screw 1 

Screw 2 

Screw 4 

Screw 3 
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If enabled, the empty cell spectrum is used to correct sample spectra for contributions by the 
flow cell, such as reflection losses. If you do not chose to include an empty cell correction for 
your spectra, reported soot values may be different between instruments and have an 
upwards bias.  

It is important that the empty cell spectrum is collected while the cell is clean and dry and, 
therefore, this must be done before you prime the autosampler or before you perform a 
pathlength calibration.  

The empty cell spectrum is collected using a Macro in Spectrum software.  

NOTE: The macro was installed to the C:\pel_data\macros folder during your OilExpress 4 
System installation, and has the file name OilExpress Empty Cell.prc.  

To collect a new empty cell spectrum: 

1. Ensure that the sample shuttle and flow cell are installed in the spectrometer. 

2. Exit OilExpress 4 software. 

3. From the Start menu select Programs; the PerkinElmer Applications group; the 
Spectrum sub-group and then the Spectrum application. 

OR 

Double-click the Spectrum shortcut icon  on the desktop. 
The Spectrum start-up splash-screen is displayed, followed by a dialog that may require 
your login details: 
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4. If required, enter your User name and Password, and then click OK. 
These are the same user name and password that you use with OilExpress 4 software.  
The Instrument Connection dialog is displayed. 

NOTE: If Auto-Connect is enabled, then Spectrum will automatically connect to a 
spectrometer and the Instrument Connection dialog is not displayed. If you are not 
connected to the correct spectrometer, chose Select Instrument from the 
Instrument sub-menu of the Setup menu within Spectrum to display the Instrument 
Connection dialog. 

 

5. Select the Instrument from the drop-down list and then click Connect. 
If you have a DUO system, you need to ensure that you select the appropriate 
spectrometer.  
Spectrum starts and connects to the spectrometer.  

6. Select OilExpress Empty Cell from the Macros sub-menu of the Process menu. 
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The OilExpress Empty Cell prompt screen is displayed. This provides information about 
the steps you need to follow to collect the spectrum. 

 

7. Click Continue. 
The Sample table is displayed, containing one sample. The Sample ID for the empty 
cell spectrum is entered automatically, but you can change it if you want – for example, 
if you have DUO system you might want to save it as Empty Cell - Upper. 

 
The Measurement bar is also updated to include the Macro Data Collection controls. 
You can use these to stop the macro running.  

 

8. In the Sample Table, enter the flow cell serial number. 
The flow cell serial number is printed on the front of the cell. 

9. Click Background on the Measurement bar to collect a background spectrum. 
The shuttle will automatically move to the background position. 

10. Click Scan to collect the spectrum of the flow cell. 
The shuttle will automatically move to the sample position. The empty cell spectrum is 
collected and saved to C:\pel_data\spectra\OilExpress Empty Cell\Corrected\  
The result of the test is displayed.  
If the test passes, continue at Step 11. 
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OR 

If the test fails, follow the instructions on the dialog and then repeat the test. 
In the following dialog, the test has failed because the baseline level was too low. Other 
failures are that the contamination level was too high, or the fringe amplitude was too 
high. 

 

NOTE: If the test continues to fail, contact your PerkinElmer Service Representative for 
assistance. 

The corrected Spectrum is saved to C:\pel_data\spectra\OilExpress Empty 
Cell\Corrected\ 

11. Click Continue to exit the macro. 
The results of the macro are displayed in the Results Table. 

12. Exit Spectrum software, and start OilExpress 4 software. 

13. Select Spectrometer from the Instrument sub-menu of the Setup menu. 
The Spectrometer Setup dialog is displayed. 

14. Click the Browse button beside the Empty Cell Spectrum field for the appropriate 
spectrometer, and then browse to the corrected empty cell spectrum. 

 
If you are using Reference Spectra with your spectral-subtraction method, then you can 
also use the empty-cell correction – although it is not critical, it may improve the 
accuracy of your results. However, your reference spectra must also be empty-cell 
corrected. To do this, you can use the Reference Spectrum analysis method with  
empty-cell correction enabled in OilExpress 4 software to collect your reference spectra. 

Calibrating the Pathlength of the Flow cell 

NOTE: If you require a new empty cell spectrum, you MUST collect it before calibrating the 
pathlength of the flow cell. Refer to Empty Cell Spectrum on page 105. 

Your PerkinElmer Service Representative will have calibrated your flow cell(s) as part of the 
OilExpress 4 system installation. However, after any flow cell maintenance, or if you 
purchase a new cell, the pathlength must be calibrated if you want to correct for differences 
in pathlength between flow cells. 

If you already know the pathlength of your flow cell, you can simply enter it in the 
Pathlength field on the Spectrometer Setup dialog. Or you can use the Pathlength 
Calibration tool to determine the pathlength using a Quant method. 
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The Quant methods supplied with your system (Pathlength - squalane.qmd and 
CELLPATH.md) were generated for 0.1 mm ZnSe cells. The Pathlength - squalane.qmd 
method is selected by default.  

The Pathlength - squalane.qmd method requires OilExpress 4 Pathlength Calibration Fluid 
(part number N9308377), and the calibration should be run using 4 cm−1 resolution . The 
CELLPATH.md method requires high-purity n-heptane, and the calibration should be run 
using 8 cm−1 resolution.   

NOTE: The recommended system liquid is technical-grade heptane. This usually consists of a 
mixture of isomers and will not give acceptable results with the CELLPATH method. 

You can generate your own calibration model using Quant+ or Spectrum Quant software 
applications. The method must return the pathlength value in millimeters (mm) and contain a 
single property (component) for determination. 

To determine the pathlength of the cell: 

1. Dispense a sample appropriate for your Quant method into a sample container. 
The sampling height used for the pathlength calibration is the System Checks 
sampling height, as defined on the Autosampler Setup dialog. Ensure that the value set 
on that dialog is appropriate for the amount of sample.  

2. Select Spectrometer from the Instrument sub-menu of the Setup menu. 
The Spectrometer Setup dialog is displayed. 

 

3. Ensure that the appropriate cell is selected in the Flow Cell Serial No drop-down list 
for the spectrometer, or select Add Cell from the drop-down list to create a new flow 
cell. 

4. Enter the details for your new cell, if applicable. 
Refer to “Adding a new flow cell” in the Spectrometer Setup topic in the OilExpress 4 
on-screen Help. 
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5. Click Calibrate next to the Pathlength field. 
The Pathlength Calibration dialog is displayed. The location of the flow cell (Upper or 
Lower) is provided in the dialog title. 

 

6. Load your calibration sample into a rack on the autosampler deck and set the Rack ID 
position on the Pathlength Calibration dialog accordingly. 
The Rack ID drop-down list shows the options for the number of racks available for the 
system. The sample must be loaded in position 1 of the sample rack. 
For information about the numbering of racks for your specific deck layout, refer to the 
OilExpress 4 on-screen Help. 

7. If you want to flush the fluid lines and flow cell using the system liquid at the end of the 
calibration, select the Clean fluid lines after calibration check box. 
Clean fluid lines after calibration is selected by default.  
The flow cell and fluid lines are always dried after the calibration check is completed. 
This option only controls if you want to flush the lines with your system liquid (usually 
technical-grade heptane) before the fluid path is dried.  

8. If you want to change the Quant method from the default, or adjust the thresholds 
defined for the calibration, then select Properties. 
The Pathlength Calibration Properties dialog is displayed. The options displayed on the 
dialog will depend on the type of Quant method you have selected. 

 
If you want to select a different Quant method, select the Import button. You can add 
Quant+ (*.md) or Spectrum Quant (*.qmd) methods.  
The default Quant method (Pathlength - squalane.qmd) is installed to 
C:\pel_data\quant\methods. The default other Quant method supplied (CELLPATH.md) 
is installed to C:\quant\pls1\methods. 
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The default Lower and Upper thresholds are 0.09 and 0.12, respectively. The default 
Residual Threshold, if applicable, is 25. 

9. When you are satisfied that you have the correct parameters, click OK. 

10. Click Start to begin the calibration. 
The Pathlength Initialization dialog is displayed. Follow the instructions on the dialog to 
ensure that you have prepared the system correctly. 

 

11. Inspect the fluid lines for air bubbles and, if required, enable Prime autosampler on 
initialization. 
As you have performed maintenance that may have introduced air into the fluid lines, a 
prime should be run before the pathlength measurement is performed. However, if you 
have already primed the system using the controls on the Autosampler Control dialog, 
priming at this point may not be necessary. 

12. If you want to review or reset the tip count, click Reset Tip Boxes. 

NOTE: The system will use the next available clean tip. If the tip count indicates that the tip 
boxes need to be refilled (or the used tip boxes emptied) before the pathlength 
calibration started, then the Reset Tip Boxes dialog will be displayed automatically. 

13. When you have completed the actions, click Start to continue. 

The system will perform a background scan, aspirate the calibration sample, fill the flow 
cell and collect a sample spectrum. If the appropriate option was selected, then the flow 
cell and fluid lines will then be flushed with system liquid (usually technical-grade 
heptane). The flow cell and fluid lines are then air dried. 

The Quant method is run against the spectrum to calculate the pathlength. If the 
pathlength is outside the thresholds defined in Step 9, the calibration will fail. At the 
end of the Calibration a report is displayed. The report will be printed if one of the 
Check Reports print report options was enabled on the Reporting Options dialog 
(Figure 49). The report contains some instrument parameters, the result of the 
calibration (Passed or Failed) and the user-defined thresholds. 
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If the Pathlength Calibration passed, the Pathlength value is displayed on the 
Pathlength Calibration dialog. 

 

14. Click OK to accept the Pathlength value and exit the dialog. 
The Pathlength value is saved for that flow cell and will be used to normalize any 
spectra collected. The new value is displayed on the Spectrometer Setup dialog and on 
the Status bar.  

OR 

Click Cancel to exit the dialog without saving the Pathlength. 

NOTE: To view the pathlength associated with a spectrum in the Results Browser, display 
the Analysis Spectrum. Right-click on the Sample ID in the Information Pane beneath 
the spectrum, and then select Status from the shortcut list. The Comments include 
the pathlength and the flow cell serial number. 

If the pathlength check fails, check the following and then repeat the steps described above: 

· The correct calibration sample was used, and the sample is not contaminated. 

· The correct resolution was used for the Quant method (4 cm−1 resolution for the 
Pathlength – squalane method or 8 cm−1 resolution for the CELLPATH method). 
Using a 4 cm−1 resolution for the CELLPATH method will give high residual ratio values. 

· The thresholds defined for the pathlength calibration (on the Pathlength Calibration 
Properties dialog) are appropriate. 

· The physical pathlength of the cell is within the range modeled by your Quant method. 

· If you are using the CELLPATH method with high-purity n-heptane, and the test fails 
with a high residual ratio value, disable Clean fluid lines after calibration. Then repeat 
the test twice. This serves to flush the fluid lines with high-grade heptane before 
performing the calibration. The residual ratio value should decrease. 

· The flow cell is clean. 

· The beam of the spectrometer is not obstructed. 

· The cell is mounted correctly in the sample shuttle. 

If you are unable to resolve the issue, contact your PerkinElmer Service Representative. 
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Installing the Flow Cell / Injection Station Fluid Lines 

For this procedure you require the Flow Cell / Injection Station Tubing Kit 
(part number L1600350). The kit contains the connectors and tubing to replace the fluid lines 
to both flow cells in a DUO system, or to replace the fluid lines twice to the flow cell in a  
single-spectrometer system. Retain the spare parts for future use.  
 

CAUTION 

The material and dimensions of the tubing are critical for the correct 
operation of the OilExpress 4 System. DO NOT alter the lengths. DO 
NOT attempt to use alternative tubing. 

The following procedure describes the steps for one flow cell. If you have a DUO system, 
repeat the steps, as required. Ensure that you wear appropriate protective gloves when 
handling fluid lines that may contain harmful materials. 
 

 

 
WARNING 

Take care not to touch the zinc selenide (ZnSe) windows when handling 
the flow cell, or wear protective gloves. Zinc selenide is toxic by 
ingestion. Avoid contact with skin or eyes.  

1. If installed, remove the flow cell from the shuttle and remove all connections as 
described in Removing and Installing the Flow Cell, starting on page 97. 
Ensure that the FCM is disconnected from the mains power, and that the liquid 
presence sensor is disconnected from the FCM. 

2. Fit a blue nut connector as shown inFigure 62 to each end of the pieces of tubing 
provided in the kit.  
Feed the blue nut connector onto the tubing first. The narrow end of the ferrule should 
point inwards, towards the connector. 

 

Figure 62 Tubing showing connector and ferrule 

3. Hold the tubing in one hand and push the end of the 250 mm tubing into the lower port 
of the flow cell, so that the ferrule is pushed up to the inside of the cell. 

4. Maintaining pressure, screw the blue nut connector clockwise with your other hand until 
the tubing is secured. 
The connector should be initially hand screwed onto the flow cell until finger-tight. Then 
apply an additional tightening of 1/8 of a turn using the 5.5 mm wrench supplied 
(part number 09923411). 
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5. Hold the tubing in one hand and push the end of the 650 mm tubing into the upper port 
of the flow cell, so that the ferrule is pushed up to the inside of the cell. 

6. Maintaining pressure, screw the blue nut connector clockwise with your other hand until 
the tubing is secured (Figure 63). 
The connector should be initially hand screwed onto the flow cell until finger-tight. Then 
apply an additional tightening of 1/8 of a turn using the 5.5 mm wrench supplied 
(part number 09923411).  

 

Figure 63 Flow cell with tubing connected to both ports 

7. Place the flow cell into the shuttle. 
The shuttle hinged arm should be open (pushed back) and the securing clip should be 
open and lifted up (Figure 64). 

 

Figure 64 Shuttle hinged arm open 

Lower (intlet) 
port 

Upper (outlet) 
port 
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8. Rotate the hinged arm back into place, carefully feeding the tubing into their respective 
grooves as you do so (Figure 65). 

 

Figure 65 Shuttle hinged arm closed; tubing in grooves 

9. Ensure the tubing to the injection station is positioned correctly in the lower groove, 
and that the tubing to the FCM is positioned correctly in the upper grove. 

10. Close the securing clip and tighten the screw (Figure 66). 

 

Figure 66 Flow cell installed in sample shuttle 

11. If you have a DUO system and are replacing the tubing to the lower flow cell, follow the 
instructions in Installing the Sample Shuttle on page 124 to install the sample shuttle in 
the lower spectrometer, taking care not to trap the loose tubing from the flow cell. 

12. Direct the (longer) tubing from the upper port of the flow cell across the front of the 
spectrometer towards the FCM, ensuring that there are no loops or crimps in the tubing. 

13. Screw the blue nut connector (clockwise) into the CELL connection on the side of 
mounting block on the rear of the FCM. 
Ensure that the tubing does not kink. For details of the connections on the rear of the 
FCM refer to Figure 31, which shows a blue nut connector already installed in the 
mounting block. 

Securing clip 
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14. Screw the blue nut connector from the tubing from the lower port of the flow cell into a 
red Luer-lok connector. 

15. Connect the tubing from the lower port of the flow cell to the appropriate fill cup on the 
injection station. 
For a single-spectrometer system, the tubing is connected to Fill Cup 1 (shown in 
Figure 67), which is to the rear of the autosampler deck. For a DUO (dual-spectrometer) 
system, lower flow cell is connected to Fill Cup 1, and the upper flow cell is connected 
to Fill Cup 2. 
Push the Luer-lok connector into the connection on the injection station, then turn the 
lock hub on the Luer-lok connector approximately one half-turn clockwise Figure 68). 

 

Figure 67 Connecting tubing to Fill Cup 1 

 

Figure 68 Tubing connected to Fill Cup 1 
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Autosampler Maintenance 

Daily Preventative Maintenance 

Priming the System 

We recommend that you Prime the system to remove any residue, deposits or air bubbles 
daily or whenever you observe air in the syringes or tubing to the VersaTips. Refer to Priming 
the System on page 74. 

Cleaning the Autosampler, Adaptor Plates, Racks and Tip Boxes 

We recommend that you clean the autosampler deck daily to remove dust and oil. Remove 
racks and boxes to clean the surface using a soft cloth dampened with detergent or 
degreasant. Wipe all boxes, racks, adaptor plates, drip trays and waste troughs, as required, 
before returning them to the deck. 

You should empty the drip trays on the used tip boxes frequently to ensure that they do not 
contain levels of oil that might prevent the tips from sitting at the correct level. Ensure also 
that the openings of the used tip boxes are not blocked by dirt or grease. Replacement waste 
trays are available (part number L1610028). 

Wipe the deck clean immediately after a spillage to prevent liquid draining through the 
locating holes. Any liquid that passes through the holes will be collected in drip trays 
underneath the deck plates. These can be removed by undoing the screws at each corner of 
the deck plate. 
 

CAUTION 

If a serious spillage occurs, then remove the deck plates to access the 
drip trays. However, removing the deck plates may invalidate the deck 
calibration, which could lead to an autosampler collision.  

We recommend that you contact your PerkinElmer Service 
Representative to check if recalibration is required. 
 

Cleaning the Injection Station 

Residues from samples may be deposited on the injection station. We recommend that you 
wipe it clean using a lint-free cloth dampened with heptane, if necessary. 

We recommend that you empty the waste trough frequently, and rinse with a suitable 
detergent or degreasant, as necessary. Replacement waste troughs are available 
(part number 6008103/6008104). 

Checking the System Liquid Container 

Levels in the system liquid container should be checked before every batch to ensure that 
there is sufficient liquid remaining to complete the analysis. 
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Checking the Waste Liquid Container  

The waste liquid container should be emptied regularly. Dispose of all liquid waste according 
to accepted laboratory practices. 

We recommend that you use a waste container that is larger than the system liquid 
container. If you routinely empty the waste container whenever you refill the system liquid 
container, the waste container will not overflow.  

NOTE: The system liquid container available with the OilExpress 4 system is 2 L 
(part number L9004516) and the waste container is 5 L (part number L9004517). 

Cleaning the VersaTips 

Check the VersaTips daily for dirt or damage. The VersaTips are cleaned when the 
instrument is primed. Refer to Priming the System on page 74. 

NOTE: If a tip is damaged, contact your PerkinElmer Service Representative. 

Weekly Preventative Maintenance 

Priming the System  

If the system has been unused for any extended period, you should Prime the system using 
the control on the Autosampler Control dialog. This is done to remove any residue, deposits 
or air bubbles. Refer to Priming the System on page 74. 

At the end of the prime, check the fluid lines from the system liquid container to the 
VersaTips for any air bubbles. You may need to prime the system two or three times before 
you run an analysis. 
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Inspecting the Fluid Path (Tubing and Syringes)  
 

 

 
WARNING 

DO NOT attempt to adjust any connections while the autosampler is in 
operation. Ensure that you wear appropriate protective gloves when 
handling fluid lines that may contain harmful materials. 
 

Air in the lines after priming can indicate a leak.  

Check that all the tubing is clean and free of crimps. Look out for dents or scratches, liquid 
on the outside of the tubing, air gaps, and any blockages or stationary pockets of liquid. 
Tighten the connections between the flow cell and the injection station, and between the 
injection station and the FCM. If you need to replace the tubing, refer to Installing the Flow 
Cell / Injection Station Fluid Lines on page 114. To replace all other tubing or components, 
contact your PerkinElmer Service Representative. 

Check for leaks around the syringe valves (Figure 69) and ensure that they are tight. If 
required, tighten them by turning counter-clockwise. Ensure that the upper port (without 
tubing) is sealed correctly. 

 

Figure 69 Checking connections to the syringe 
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Spectrometer Maintenance 

CAUTION 

You must use the appropriate Replacement Wizard in OilExpress 4 or 
Spectrum software to replace the source, desiccant or sample 
compartment windows. During the maintenance procedure, the internal 
temperature of the instrument is maintained to prevent the ingress and 
condensation of water vapor, which could damage the optics. 
 

Several spectrometer maintenance tools can be accessed from the Adjustments Toolbox. If 
you have a dual-spectrometer system, then the maintenance procedures in the Adjustments 
Toolbox are run independently for the two spectrometers. 

Ø Select the Toolbox option for the appropriate instrument on the Spectrometer Setup 
dialog to display the Adjustments Toolbox. 

 

NOTE: After replacing the source using the Source Replacement Wizard, we recommend that 
you run the Source Matching Wizard for optimal lifetime of your source. 

For a full description of user-maintenance procedures for the Spectrum Two spectrometer, 
refer to the Spectrum Two User’s Guide (part number L1050228) supplied with your 
instrument. It describes: 

· Cleaning the spectrometer 

· Replacing the desiccant (using the Replacement Wizard) 

· Purging the sample area (not possible with the sample shuttle installed) 

· Purging the instrument optics 

· Replacing the sample compartment windows (using the Replacement Wizard) 

· Replacing the source (using the Replacement Wizard) 

· Replacing the main board air filter 
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Changing to a Single-spectrometer System (DUO 
Systems Only)  

If you have DUO system and one of your spectrometers or FCM(s) requires maintenance, you 
can switch to a single-spectrometer system to continue analyzing samples. 

1. Select Spectrometer from the Instrument sub-menu of the Setup menu. 
The Spectrometer Setup dialog is displayed. 

 

2. Deselect the appropriate spectrometer, Lower or Upper. 
If the FCM has failed, you must ensure that you disable the spectrometer at the same 
level in the stacking system. 

3. Disconnect the spectrometer and corresponding FCM from the mains power supply. 

Removing the Sample Shuttle 

Ensure that you wear appropriate protective gloves when handling fluid lines that may 
contain harmful materials. 

To remove the sample shuttle from the sample compartment of the spectrometer: 

1. Ensure that the flow cell is empty. 
If required use the Flush options on the Autosampler Control screen to flush and dry the 
flow cell. 

2. Exit OilExpress 4 software. 

3. Disconnect the spectrometer and FCM from the mains power supply. 
If you have a DUO system, this should be the FCM connected to the appropriate 
spectrometer. 

4. Disconnect the liquid presence sensor from the rear of the FCM. 

5. Disconnect the power cable from the front of the sample shuttle. 
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6. Disconnect the tubing to the lower port of the flow cell from the injection station 
(Figure 70). 
Turn the lock hub on the Luer-lok connector approximately one half-turn counter-
clockwise, until loose, and then pull to remove from the connector on the injection 
station. 

 

Figure 70 Disconnect Luer-lok connection at the injection station 

7. Disconnect the tubing to the upper port of the flow cell from the CELL port on the rear 
of the fluid control module. 
Unscrew (anticlockwise) the blue nut connector from the mounting block on the rear of 
the FCM. Refer to Figure 31, which shows a blue nut connector already installed in the 
mounting block. 

8. If you are removing the sample shuttle from the lower spectrometer in a DUO system, 
then push the spectrometer and FCM mounting system away from the autosampler, 
until you have sufficient access to reach inside the sample compartment. 

NOTE: You will need to disconnect both flow cells from the injection station first. 

9. Reach your hand into the spectrometer sample compartment and, grasping the molded 
shape on the base of the shuttle, ease the shuttle away from the connector at the rear 
of the sample compartment. 
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10. When you feel the spectrometer come free of the connector, pull the front of the 
sample shuttle towards you and upwards, clear of the sample compartment (Figure 71). 

 

Figure 71 Pull the sample shuttle clear of the sample compartment 

Installing the Sample Shuttle 

NOTE: Before installing the sample shuttle, inspect the base of the sample compartment for 
sample leaks or dirt. If required, wipe the sample compartment and shuttle clean 
with a damp cloth and a suitable detergent or degreasant to remove dust and oil. 

Ensure that you wear appropriate protective gloves when handling fluid lines that may 
contain harmful materials.  

To return the sample shuttle to the sample compartment: 

1. Position the sample shuttle accessory on the ledge in the sample compartment and slide 
it into position.  
Push it firmly home to ensure that the multi-way connector on the rear of the sample 
shuttle accessory mates properly with the spectrometer connector. The shuttle should 
“click” into place. 

2. If required, push the spectrometer and FCM mounting system back against the 
autosampler so that the pins on the mounting system fit into the buffers on the side of 
the autosampler. 

3. Reconnect the tubing from the flow cell to the FCM and injection station, in the reverse 
order to the procedure described above. 

4. Reconnect the power cable to the sample shuttle. 

5. Reconnect the liquid presence sensor to the rear of the FCM. 

6. Connect the spectrometer and FCM to the mains power. 
When the sample shuttle is connected to mains power, it will initialize itself (where the 
shuttle moves from the “in” to the “out” position several times). 
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NOTE: After any maintenance on the fluid lines, inspect them for leaks before running an 
analysis or leaving the system unattended. 

 

 

 

 
WARNING 

When the sample shuttle initializes, take care that your fingers, tie, etc. 
are not trapped by the movement. 
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Fluid Control Module Maintenance 

Clean the outside of the fluid control module (FCM) using a soft cloth dampened with 
detergent or degreasant. Always perform a patch test on an inconspicuous area. Check the 
connections on the rear of the FCM for leaks, and tighten the connectors, if required. Ensure 
that all tubing is free of crimps. 

Avoid spilling liquid onto the FCM. Clean all external spills immediately.  
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Moving the System 

If you move your OilExpress 4 System, we recommend that you contact your PerkinElmer 
Service Representative to check the autosampler deck calibration before using the system 
again.  
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Troubleshooting 

 

Problem Possible Cause Corrective Action 

Starting OilExpress 4 Software 

Connecting to spectrometer 
– OilExpress 4 fails to 
connect to one or more 
spectrometers 

Spectrometer is not powered on Check that the spectrometer (and 
shuttle) is connected to the mains 
power and that the green LED is lit 

 Spectrometer is not connected to 
the PC (via powered USB hub) 

Check that the spectrometer is 
connected to the USB hub, and 
that the USB hub is connected to 
the PC and mains power 

NOTE: The hub should not be 
connected to the USB 
expansion card fitted to the 
PC for the optional 
Ultrasonic Liquid Level 
Sensor Bar 

Spectrometer is not selected on 
the Spectrometer Setup dialog 

Confirm that the correct 
spectrometer is selected on the 
Spectrometer Setup dialog – 
especially if you have recently 
changed from dual- to single-
spectrometer mode 

Connecting to spectrometer 
– service warnings, indicating 
spectrometer error 

Service message  The applicable spectrometer is due 
a service 

Contact your PerkinElmer Service 
Representative to arrange a service 
visit 

Desiccant message The applicable spectrometer is due 
replacement desiccant 

Run the Replace Desiccant Wizard. 
Refer to Spectrometer Maintenance 
on page 121 

 Humidity error The applicable spectrometer 
requires replacement desiccant 

Run the Replace Desiccant Wizard. 
Refer to Spectrometer Maintenance 
on page 121 
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Connecting to spectrometer 
– service warnings, indicating 
spectrometer error 
(continued) 

All other errors Run Component Checks in 
Spectrum software for the 
applicable spectrometer 

Refer to the Spectrum Two User’s 
Guide (part number L1050228)  

Contact your PerkinElmer Service 
Representative. Supply the log file, 
if required 

Start Analysis (from Samples screen) 

OilExpress 4 fails to connect 
to the FCM 

FCM is not connected to mains 
power 

Connect FCM to the mains power 
and ensure that the ON/OFF switch 
is set to ON 

Refer to Electrical Connections on 
the FCM on page 50 

 FCM is not connected to the PC 
(via powered USB hub) 

Check that the FCM is connected to 
the USB hub, and that the USB hub 
is connected to the PC and mains 
power 

NOTE: The hub should not be 
connected to the USB 
expansion card fitted to the 
PC for the optional 
Ultrasonic Liquid Level 
Sensor Bar 

Refer to Electrical Connections on 
the FCM on page 50 

Initialization and Analysis (Start, from Initialization dialog)  

Autosampler error Autosampler is not powered on Ensure that the autosampler is 
connected to mains power and that 
the ON/OFF switch is ON 

Refer to Connection Panel on 
page 30 

 Autosampler is not connected to 
the PC 

Ensure that the USB cable is 
connected (directly) to the PC 

NOTE: The autosampler should 
not be connected to the 
powered hub or the USB 
expansion card fitted to the 
PC for the Ultrasonic Liquid 
Level Sensor Bar 

Autosampler hardware failure Contact your PerkinElmer Service 
Representative 

FCM fails fit-for-purpose test Liquid already present in fluid 
lines between the fill cup, flow 
cell and the FCM 

Use the Flush options on the 
Autosampler Control dialog to 
flush, and then dry, the fluid lines 
and flow cell 
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FCM fails fit-for-purpose test 
(continued) 

FCM hardware failure Contact your PerkinElmer Service 
Representative 

Provide the log file for the FCM 
that failed, if required 

Refer to Fluid Control Module on 
page 48 

Valve or Pump failure – 
Possible short circuit or 
overcurrent 

FCM hardware failure Contact your PerkinElmer Service 
Representative 

Ultrasonic Liquid Level 
Sensor Bar fails to calibrate 

Items on deck other than 
allowed labware 

Check that the labware is located 
in the correct positions for the 
current configuration 

Clear the deck of any obstruction 

Items off deck, to the left of the 
calibration bar 

Remove any items 

Sensor bar hardware failure Contact your PerkinElmer Service 
Representative 

Ultrasonic Liquid Level 
Sensor Bar fails to detect 
heights 

Sample level too low Check that all sample levels are 
above the minimum height for the 
sample container 

 Sample not present Ensure that all containers contain 
samples and are loaded into the 
sample racks in the correct 
sampling order 

 Sensor bar is not connected to 
the PC (via additional card)  

Ensure that the sensor bar is 
connected to the USB expansion 
card fitted to the PC 

 Sensor bar hardware failure Contact your PerkinElmer Service 
Representative 

System liquid tubing contains 
air after priming 

 

System liquid tubing is not 
immersed in system liquid 

Check the tubing is immersed in the 
system liquid. Refill the system 
liquid container, if required 

Use the Prime button on the 
Autosampler Control dialog to 
Prime system 2–3 times more (until 
there is no air in the tubing) before 
running a batch. Refer to Priming 
the System on page 74 
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System liquid tubing contains 
air after priming (continued) 

 

System liquid tubing has a leak 
or a blockage 

Inspect lines for blockages. Tighten 
tubing and connections to the 
syringes 

Refer to Inspecting the Fluid Path 
(Tubing and Syringes) on page 120 

If you are unable to resolve the 
issue, contact your PerkinElmer 
Service Representative 

Syringe to VersaTip fluid 
lines contain air after priming 

System not primed after 
maintenance 

Use the Prime button on the 
Autosampler Control dialog to 
Prime system 2–3 times more (until 
there is no air in the tubing) before 
running a batch. Refer to Priming 
the System on page 74 

 Syringe or tubing has a leak or a 
blockage 

Inspect lines for blockages. Tighten 
tubing and connections to the 
syringes 

Refer to Inspecting the Fluid Path 
(Tubing and Syringes) on page 120 

If you are unable to resolve the 
issue, contact your PerkinElmer 
Service Representative 

 System liquid tubing is not 
immersed in system liquid 

Check the system liquid tubing is in 
the liquid. Refill system liquid, if 
required 

Use the Prime button on the 
Autosampler Control dialog to 
Prime system 2–3 times more (until 
there is no air in the tubing) before 
running a batch. Refer to Priming 
the System on page 74 

Shuttle error Sample shuttle is not connected 
to mains power 

Connect sample shuttle to splitter 
cable from Spectrum Two. Check 
that the spectrometer is connected 
to the mains power and that the 
green LED is lit 

Refer to Connections on the 
Spectrometer on page 46 

 Sample shuttle obstructed Remove any obstruction 

Check the hinged arm is in the 
correct position 

Refer to Removing and Installing 
the Flow Cell on page 97 

 Sample shuttle hardware failure Contact your PerkinElmer Service 
Representative 
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FT-IR error – source failure Source must be replaced Run the Source Replacement 
Wizard. Refer to Spectrometer 
Maintenance on page 121 

FT-IR error – other – Contact your PerkinElmer Service 
Representative 

Tip pickup error Deck layout does not match 
software – VersaTips are not in 
position over the correct tip box 

Click Stop Analysis 

Check the options selected on the 
Autosampler Setup dialog match 
the deck configuration (refer to 
Labware Configurations on 
page 33) 

Check that the tip boxes are 
located correctly on the deck for 
the current configuration 

Before starting a new batch, review 
the Reset Tip boxes dialog 

Check that the tip boxes contain 
tips. Refill tip boxes, as required. 
Update the Reset Tip Boxes dialog, 
as required 

If this fails to resolve the problem, 
contact your PerkinElmer Service 
Representative 

Tips in tip boxes do not match 
software count – VersaTips are 
in position over the tip box, but 
there are no tips 

If the next position contains tips, 
click Retry. If not, remove any tips 
that are fitted to the VersaTips, 
confirm this action by selecting the 
Disposable tips have been 
removed from the 4-tip arm check 
box, and then click Stop Analysis 

CAUTION 

Failure to remove 
disposable tips from 
the VersaTips may 
lead to a collision 
that could cause 
damage to your 
autosampler 

Before starting a new batch, review 
the Reset Tip boxes dialog 

Check that the tip boxes contain 
tips. Refill tip boxes, as required. 
Update the Reset Tip Boxes dialog, 
as required 

Refer to Reset Tip Boxes on 
page 40 

FCM – Timed out waiting for 
the fluid line to achieve 
cavitation 

Sample is outside viscosity range 
supported by the system 

Check the viscosity of the sample 
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FCM – Timed out waiting for 
the fluid line to achieve 
cavitation (continued) 

Tubing to cell or FCM has a leak 
or blockage 

Check connections and tighten, if 
required 

Refer to Inspecting the Fluid Path 
(Tubing and Syringes) on page 120 

If you are unable to resolve the 
issue, contact your PerkinElmer 
Service Representative 

 FCM hardware failure Contact your PerkinElmer Service 
Representative 

Provide the log file for the FCM 
that failed, if required 

Refer to Fluid Control Module on 
page 48 

FCM – Timed out 
equilibrating the waste 
transfer container 

Exhaust tubing is in the waste 
liquid or is blocked 

Remove tubing from the liquid, if 
required. Empty the waste 
container, if required  

Check connections and tighten, if 
required 

 FCM hardware failure Contact your PerkinElmer Service 
Representative 

Provide the log file for the FCM 
that failed, if required 

Refer to Fluid Control Module on 
page 48 

FCM – Timed out transferring 
from the waste container to 
the external waste bottle 

Tubing from the FCM to the 
external waste container has a 
leak or blockage 

Check all the connections at the 
FCM 

 Waste and/or exhaust tubing is 
in the waste liquid 

Remove tubing from the liquid 

Empty the waste container, if 
required 

 FCM hardware failure Contact your PerkinElmer Service 
Representative 

Provide the log file for the FCM 
that failed, if required 

Refer to Fluid Control Module on 
page 48 

DUO system operates as a 
single-spectrometer system 
only 

Both spectrometers are not 
setup on the Spectrometer Setup 
dialog 

Confirm that the correct 
spectrometers are selected on the 
Spectrometer Setup dialog  
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Sample not loaded into the 
flow cell during a System 
Check or Load operation 

Sample was not in correct 
position on the autosampler deck 

Check that all sample racks are 
located correctly on the deck for 
the current system configuration. 
Ensure that all sample containers 
are loaded into the sample racks in 
the correct sampling order 

Actual height of sample in 
container does not correspond to 
sampling height in the software 

Check the System Check sampling 
height on the Autosampler Setup 
dialog  

OR 

Check the Load sampling height on 
the Autosampler Control screen 

Problems with sample 
preparation: 

Sample is outside the viscosity 
range supported by the system 

Sample contains large particles 

Check the viscosity of the sample. 
Ensure that the sample was filtered 
to remove any large particles 

Refer to Sample Preparation on 
page 73 

Liquid presence sensor is not 
connected to the rear of the FCM 

NOTE: The LED on the liquid 
presence sensor is not lit 

Disconnect the FCM from mains 
power and then connect the liquid 
presence sensor. Refer to Electrical 
Connections on the FCM on 
page 50 

Then reconnect the FCM to the 
mains power  

DO NOT connect the liquid 
presence sensor while the FCM is 
connected to mains power 

Tubing from injection station is 
not seated correctly inside the 
sensor  

Check that the tubing is seated 
correctly in the liquid presence 
sensor 

Refer to Removing and Installing 
the Flow Cell on page 97 

Liquid presence sensor failure 

NOTE: The LED does not 
change to green when 
the sample reaches the 
sensor, or is always 
green 

Check that the sensor is correctly 
connected to the rear of the FCM 

If this fails to resolve the issue, 
contact your PerkinElmer Service 
Representative 

 Air is leaking into the system Check all the connections to valves 
and syringes, the injection station 
and the flow cell. Prime the system 
until there is no air in the tubing 
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Tip drop error Deck layout does not match 
software – VersaTips are not in 
position over the correct used tip 
box (tips dropped on deck) 

Check the options selected on the 
Autosampler Setup dialog match 
the deck configuration (refer to 
Labware Configurations on 
page 33) 

Check that the tip boxes are 
located correctly on the deck for 
the current configuration 

Before starting a new batch, review 
the Reset Tip boxes dialog 

Check that the tip boxes are 
empty. Empty tip boxes, as 
required. Update the Reset Tip 
Boxes dialog, as required 

If this fails to resolve the problem, 
contact your PerkinElmer Service 
Representative 

 Arm fails to drop disposable tips Contact your PerkinElmer Service 
Representative 

Autosampler collision The positioning of labware was 
incorrect for the selections made 
on the Autosampler Setup dialog 

After serious a collision your 
autosampler should not be used 
until a PerkinElmer Service 
Representative has checked the 
deck calibration 

Contact your PerkinElmer Service 
Representative 

 Sample containers over the 
allowed height were used 

 Deck layout does not match 
software tip count 

 The system was moved or 
modified and the deck requires 
recalibration 

Liquid is not dispensed 
during a flush 

System liquid tubing is not 
immersed in system liquid 

Click Stop Analysis  

Check the system liquid tubing is in 
the liquid. Refill system liquid, if 
required 

Use the Prime button on the 
Autosampler Control dialog to 
Prime system 2–3 times more (until 
there is no air in the tubing) before 
running a batch. Refer to Priming 
the System on page 74 
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Liquid is not dispensed 
during a flush (continued) 

Syringe or tubing has a leak or a 
blockage 

 

Click Stop Analysis  

Inspect lines for blockages. Tighten 
tubing and connections to the 
syringes 

Refer to Inspecting the Fluid Path 
(Tubing and Syringes) on page 120 

If you are unable to resolve the 
issue, contact your PerkinElmer 
Service Representative 

 System is not primed Click Stop Analysis 

Use the Prime button on the 
Autosampler Control dialog to 
Prime system 2–3 times more (until 
there is no air in the tubing) before 
running a batch. Refer to Priming 
the System on page 74 

Liquid welling out of fill cup Waste container has become 
pressurized 

Waste tubing is in the waste liquid 

Release pressure  

Empty the waste container, if 
required 

Fill cup blocked Clean fill cup 

 FCM is not connected to the 
correct fill cup 

Check that the tubing from the fill 
cup on the injection station is 
connected to the flow cell, and that 
the tubing from the flow cell is 
connected to the FCM 

End of Analysis 

Sample not detected by 
liquid presence sensor 

Sample was not aspirated 

(Sample was not in correct 
position on autosampler deck) 

Check that all sample racks are 
located correctly on the deck for 
the current system configuration 

Sample was not aspirated 

(Actual height of sample in 
container does not correspond to 
sampling height in the software) 

Check the sampling heights on the 
Autosampler Setup dialog, and in 
the Samples screen (if specified) 

Problems with sample 
preparation: 

Sample is outside viscosity 
range supported by the system 

Sample contains large particles 

Check the viscosity of the sample. 
Ensure that the sample was filtered 
to remove any large particles 
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Sample not detected by 
liquid presence sensor 
(continued) 

Liquid presence sensor is not 
connected to the rear of the FCM 

NOTE: The LED on the liquid 
presence sensor will not 
be lit 

Disconnect the FCM from mains 
power and then connect the liquid 
presence sensor. Refer to Electrical 
Connections on the FCM on 
page 50 

Then reconnect the FCM to the 
mains power  

DO NOT connect the liquid 
presence sensor while the FCM is 
connected to mains power 

 Tubing from the injection station 
is not seated correctly inside the 
sensor  

Check that the tubing is seated 
correctly in the liquid presence 
sensor 

Refer to Removing and Installing 
the Flow Cell on page 97 

 Liquid presence sensor failure 

NOTE: The LED does not 
change to green when 
the sample reaches the 
sensor, or is always 
green 

Check that the sensor is correctly 
connected to the rear of the FCM 

If this fails to resolve the issue, 
contact your PerkinElmer Service 
Representative 

 Air is leaking into the system Check all the connections to valves 
and syringes, the injection station 
and the flow cell. Prime the system 
until there is no air in the tubing 

The results obtained for one 
or more properties are 
unexpected / unacceptable 

The wrong Oil Type and Analysis 
method was entered in the 
Samples screen 

Ensure the correct Oil Type and 
Analysis method was selected 

NOTE: For the FT-IR In-Service 
Lubricants Control Standard 
the Oil Type is Petroleum 
Lubricant in the ASTM 
E2412 Direct Trending 
method 

The method may not be 
appropriate for your sample 

Check the results for a control 
sample 

Ensure that the analysis method is 
appropriate for your samples. If 
required, create a new configurable 
method 

The oil is not representative of 
the whole sample 

Ensure that the portion sampled 
was collected and, if applicable, 
filtered appropriately 

Samples containing particles in 
suspension should be shaken 
vigorously for at least 2 minutes, 
and then left to stand for at least 
5 minutes (to remove air bubbles) 
before sampling 
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The results obtained for one 
or more properties are 
unexpected / unacceptable 
(continued) 

Air was aspirated with sample 
(using fixed heights, actual 
height of sample in container 
was slightly different from 
sampling height in the software) 

Check the sampling heights on the 
Autosampler Setup dialog, and in 
the Samples screen (if specified) 
against the actual sample heights 

NOTE: The Cell Fill Check (enabled 
by default) can be used to 
identify when the flow cell 
has not been filled 
adequately. Check the 
settings on the Batch 
Options dialog 

 Background was collected with 
flow cell in the beam – sample 
shuttle is not installed correctly 

Install the sample shuttle in the 
Spectrum Two. Refer to Installing 
the Sample Shuttle on page 124 

Ensure that the sample shuttle 
connects properly with the 
connection on the rear of the 
Spectrum Two sample 
compartment 

  Empty cell correction is not 
configured correctly  

If using the empty cell correction, 
check that the appropriate empty 
cell spectrum is selected. If 
required, repeat the empty cell 
spectrum 

NOTE: If using the FT-IR  
In-Service Lubricants 
Control Standard, the 
empty-cell correction must 
be enabled to achieve the 
specifications on the 
certificate provided 

 The flow cell pathlength is not 
correct 

Check the results for a control 
sample. If these are not correct, 
check the flow cell pathlength has 
been calibrated 

Refer to Calibrating the Pathlength 
of the Flow cell on page 109 

If required, dismantle the flow cell 
for cleaning. Reassemble the flow 
cell, repeat the empty cell 
spectrum and then calibrate the 
flow cell 

Refer to Flow Cell Maintenance 
starting on page 96 

 The flow cell is dirty or has a 
build-up of material on the 
windows 

Check the results for a control 
sample. If these are not correct, 
run the Cell Contamination Check. 
Refer to System Checks on page 92 

If required, clean the flow cell. 
Refer to Flow Cell Maintenance 
starting on page 96  
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The results obtained for one 
or more properties are 
unexpected / unacceptable 
(continued) 

Incorrect reference spectrum 
selected for a spectral-subtraction 
method 

Check the reference spectrum that 
was used. If required, reprocess 
the results using the correct 
reference spectrum 

 Incorrect fuel calibration used 
(Synthetic Oil or Mineral Oil 
methods) 

Check the fuel calibration and, if 
required, reprocess results 

 Incorrect Dilution Factor used  Check the Dilution Factor entered 
and, if required, reprocess the 
results 

No results obtained for the 
sample / Cell Fill Check fails 

Air was aspirated with sample 
(using fixed heights, actual 
height of sample in container 
was slightly different from 
sampling height in the software) 

Check the sampling heights on the 
Autosampler Setup dialog, and in 
the Samples screen (if specified) 
against the actual sample heights 

Air is leaking into the system Check the system for leaks, 
particularly between the injection 
station and the lower port of the flow 
cell 

Sample is outside viscosity range 
supported by the system 

Check the viscosity of the sample 

Thresholds for the Cell Fill Check 
are not appropriate for the 
sample 

Check the scan range and the 
threshold defined for the Cell Fill 
Check on the Batch Options dialog 

OilExpress 4 software 
operations are very slow or 
occasionally come to a halt 
unexpectedly 

Results database size greater 
than 500 MB 

Use the OilExpress 4 Archive Tool 
to archive your database 

Refer to the topic Archive Tool in 
the OilExpress 4 on-screen Help. 

System Checks and Calibrations 

Cell Contamination Check 
fails 

Windows are contaminated Refer to Flow Cell Maintenance on 
page 96 

Contact your PerkinElmer Service 
Representative if you require a cell 
refurbishment 

Noise Check fails – Remove the sample shuttle from 
the spectrometer, and repeat the 
test. Refer to Removing the Sample 
Shuttle on page 122 

Contact your PerkinElmer Service 
Representative 

Abscissa Check fails – Remove the sample shuttle from 
the spectrometer, and repeat the 
test. Refer to Removing the Sample 
Shuttle on page 122 

Contact your PerkinElmer Service 
Representative 
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Empty Cell Spectrum macro 
fails repeatedly 

Refer to the message box for the 
cause of the failure 

Follow the suggestions on the 
message box. Refer to Empty Cell 
Spectrum on page 105 

If, after taking any appropriate 
action, the Empty Cell Spectrum 
macro continues to fail, then 
contact your PerkinElmer Service 
Representative 

Pathlength Calibration fails 
repeatedly 

Refer to Calibrating the 
Pathlength of the Flow cell on 
page 109 for possible causes 

Refer to Calibrating the Pathlength 
of the Flow cell on page 109 for 
possible solutions 

If, after taking any appropriate 
action, the Pathlength Calibration 
continues to fail, then contact your 
PerkinElmer Service Representative 

AVI Calibration fails Beam is partially or completely 
blocked 

Check the sample compartment 
and ensure that the beam path is 
clear. Repeat the calibration 

Spectrometer hardware failure Contact your PerkinElmer Service 
Representative 

If any of these problems persist, or if there are any other problems that you cannot correct, 
contact your local PerkinElmer office or agent. 
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Spares and Consumables 

Item Part Number 

OilExpress 4 Sampling Convenience Pack 
(contains 4 packs 17-mm polypropylene tubes [4800], 
and 1 pack of 1-ml disposable tips [4800])  

N9300904 

Tips and tip boxes 

Wide Bore Disposable Tips, 1 mL (10 × 96) L1610022 

Wide Bore Disposable Tips, 1 mL (50 × 96) L1610023 

Drip Tray For Used Tip Box L1610028 

Hanging Tip Box 7007537 

Sample Tubes, Bottles and Racks 

Polypropylene Tubes, 17 mm × 100 mm, 15 mL  
(pack of 1200) 

N0777167 

Plugs for 17-mm Tubes (pack of 1200) N0777599 

Polypropylene Tubes, 16 mm × 67 mm, 15 mL  
(pack of 1000) 

L1191079 

4-oz Bottles (pack of 600) N9308900 

2-oz Bottles (pack of 600) N9308901 

96-position Sample Rack (17 mm × 100 mm tubes)  L1610015 

96-position Sample Rack (16 mm × 67 mm tubes)  L1610027 

32-position Sample Rack (4-oz or 2-oz bottles) L1610016 

Standards, Samples and System Liquid 

OilExpress 4 Installation Kit 
(contains N9308350, N9308351, N9308352, N9308354 
and N9308377) 

N9300850 

FT-IR In-Service Lubricants Control Oil (100 mL) N9308350 

OilExpress 4 120 cSt Oil (500 mL) N9308351 

OilExpress 4 360 cSt Oil (100 mL) N9308352 

OilExpress 4 System Liquid Additive (100 mL) N9308354 

OilExpress 4 Pathlength Calibration Fluid (100 mL) N9308377 

V-Solv ICP Solvent (1 gallon) N9308265 
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Item Part Number 

Flow Cell Spares 

Flow Cell L1272490 

Flow Cell Maintenance Kit 
(contains a pair of ZnSe windows and a gasket set) 

L1272495 

Flow Cell Refurbishment *  L1272490R 

ZnSe Cell Windows kit L1272496 

Flow Cell Gasket Set L1272498 

Flow Cell / Injection Station Tubing Kit  L1600350 

Spare Connectors and Ferrules Kit L1600511 

Torque Driver L9003631 

Hexagonal Bit 3.0 mm  
(for use with Torque Driver L9003631) 

L9003632 

System Liquid and Waste 

Injection Station Waste Trough (pack of 25/50) 6008103/6008104 

System Liquid Container (2 L) L9004516 

Waste Container (5 L) L9004517 

Spectrum Two Spare Parts ** 

Spectrum Two Source Replacement Kit L1600243 

Spectrum Two Desiccant Replacement Kit L1600244 

Spectrum Two ZnSe Window Replacement Kit L1600242 

Spectrum Two KBr Window Replacement Kit L1600241 

System Upgrades and Accessories 

Ultrasonic Liquid Level Sensor Bar (field fit – 17 mm tubes) L1610020 

Ultrasonic Liquid Level Sensor Bar (field fit – 4 oz bottles) L1610030 

OilExpress 4 Single to DUO KBr FT-IR Upgrade L160001E 

OilExpress 4 Single to DUO ZnSe FT-IR Upgrade L160001F 

WinPREP Oil Dilution Application Software L1610024 

http://lassgna10/pdm/Parts/Official_Specification.aspx?Type=Part&Part=L1272490&Rev=01
http://lassgna10/pdm/Parts/Official_Specification.aspx?Type=Part&Part=L1272495&Rev=01
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Item Part Number 

Laboratory Bench (80” × 30”, fixed height) 
(accommodates the autosampler, spectrometer, PC, 
monitor and keyboard) 

5085685 

* Contact your PerkinElmer Customer Care Representative for more information. 
** Refer to the Spectrum Two User’s Guide (part number L1050228) for a full list of Spectrum Two 
replacement parts. 
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Appendix 1: Decontamination 

Before using any cleaning or decontamination methods except those specified by 
PerkinElmer, users should check with PerkinElmer that the proposed method will not damage 
the equipment. 

Customers wishing to return instrumentation and/or associated materials to 
PerkinElmer for repair, maintenance, warranty or trade-in purposes are advised 
that all returned goods must be certified as clean and free from contamination. 

The customer’s responsible body is required to follow the “Equipment Decontamination 
Procedure” and complete the “Certificate of Decontamination”. These documents are 
available on the PerkinElmer public website:  

http://las.perkinelmer.com/OneSource/decontamination.htm 

Alternatively, if you do not have access to the internet contact Customer Care: 

Customer Care USA: 1-800-762-4000 (inside the USA) 

(8:30 a.m. – 7 p.m. EST ) (+1) 203-925-4602 (outside the USA) 

Customer Care Canada: 800-561-4646  

Customer Care EU: 0800 40 858 (Brussels) 

 0800 90 66 42 (Monza) 

If you are located outside of these regions, please call your local PerkinElmer sales office for 
more information. 
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Appendix 2: WEEE Instructions for PerkinElmer 
Products 

 or  

A label with a crossed-out wheeled bin symbol and a rectangular bar indicates that the 
product is covered by the Waste Electrical and Electronic Equipment (WEEE) Directive and is 
not to be disposed of as unsorted municipal waste. Any products marked with this symbol 
must be collected separately, and in accordance with the regulatory guidelines in your area. 

The objectives of this program are to preserve, protect and improve the quality of the 
environment, protect human health, and utilize natural resources prudently and rationally. 
Specific treatment of WEEE is indispensable in order to avoid the dispersion of pollutants into 
the recycled material or waste stream. Such treatment is the most effective means of 
protecting the customer’s environment. 

The requirements for waste collection, reuse, recycling, and recovery programs are set by 
the regulatory authority in your location. Contact your local responsible person (such as your 
laboratory manager) or authorized representative for information regarding applicable 
disposal regulations. Contact PerkinElmer at the web site listed below for information specific 
to PerkinElmer products. 

Web address: 

http://las.perkinelmer.com/OneSource/Environmental-directives.htm 
 

Customer Care USA: 1-800-762-4000 (inside the USA) 

(+1) 203-925-4602 (outside the USA) 

Customer Care EU: 0800 40 858 (Brussels) 

0800 90 66 42 (Monza) 

Products from other manufacturers may also form a part of your PerkinElmer system. These 
other manufacturers are directly responsible for the collection and processing of their own 
waste products under the terms of the WEEE Directive. Please contact these manufacturers 
directly before discarding any of their products.  

Consult the PerkinElmer web site (above) for manufacturer’s names and web addresses. 

http://las.perkinelmer.com/OneSource/Environmental-directives.htm
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Appendix 3: Liquid Handling 

The autosampler uses a method of sampling referred to as “aspirate and dispense”. System 
liquid is used as hydraulic fluid in the instrument. Before the sampling tips can aspirate liquid, 
the system must be primed with the system liquid.  

The system liquid, once primed through the tubing and sampling tips, acts like  
non-compressible hydraulic fluid in a braking system. The syringe pump moves the syringe 
plunger up and down in the syringe barrel like a piston. The movement of the syringe 
plunger moves the system liquid. The motion of the system liquid pulls and pushes sample 
liquids, and other fluids, into and out of the sampling tip. 

A small volume of air is aspirated between the system liquid (the system air gap) and the 
sample to minimize contamination/dilution of sample with the system liquid. The sample is 
then aspirated. A small volume of sample (100 µL) is aspirated as “waste volume”. The first 
sample aspirated may come into contact with tiny droplets of system liquid inside the 
VersaTip and tubing, and so the leading part of the sample may pick up these droplets, 
becoming diluted. A small amount of air known as a transport gap is aspirated to prevent the 
sample from dripping from the tip. The sample volume is dispensed into the fill cup. The 
waste volume and the system air gap are then dispensed into the waste trough. 

NOTE: Dripping from the tip could indicate a leak in the system. 

The aspirate and dispense volumes, aspirate and dispense rates, and air gaps have been 
optimized and pre-defined for OilExpress 4 FT-IR analysis, and cannot be adjusted by the 
user. However, if you would like to read a more detailed account of the principles behind this, 
you can refer to the JANUS® Automated Liquid Handling System User Manual (Document 
Number 1694282H). If you have purchased an OilPrep 4 system, you can also refer to the 
OilPrep Oil Dilution System Operation Manual (Document Number 8860042). 
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Appendix 4: Fluid Path Materials 

Ensure that any sample or cleaning materials loaded into the flow cell are compatible with 
the ZnSe flow cell windows and the materials in the fluid path (Table 6). 
 

CAUTION 

Never use strong acids or bases, or oxygen-containing solvents such as 
aldehydes, ketones or ethers, with the system without first checking 
compatibility, as these liquids may cause immediate and severe damage. 
Ethyl and isopropyl alcohol may be used safely. 
 

Table 6 Materials in fluid path in contact with samples  

System Component Material 

Injection Station Fill Cups Polyether ether ketone  

Injection Station Male to Female Luer 
Connector 

Polypropylene 

Flow Cell / Injection Station Tubing 
Material 

Fluorinated ethylene propylene  

Red Luer-lok Connector Ethylene tetrafluoroethylene  

Blue Nut Connector Polypropylene 

Ferrule Ethylene tetrafluoroethylene 

Fluid Control Module Internal Tubing Viton® 

Waste Liquid Container (L9004517) 

Bottle 

Cap 

 

Polypropylene 

Polypropylene 

4-oz Bottles (N9308900) Acrylonitrile butadiene styrene 

17-mm Test Tubes (N0777167) Polypropylene 

Flow Cell ZnSe windows 
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