
 

Performance Verification and
Best Practices for

Performance Qualification



The information in this publication is provided for reference only. All information 
contained in this publication is believed to be correct and complete. Thermo Fisher 
Scientific shall not be liable for errors contained herein nor for incidental or consequential 
damages in connection with the furnishing, performance or use of this material. All 
product specifications, as well as the information contained in this publication, are subject 
to change without notice. 
 
This publication may contain or reference information and products protected by 
copyrights or patents and does not convey any license under our patent rights, nor the 
rights of others. We do not assume any liability arising out of any infringements of patents 
or other rights of third parties. 
 
We make no warranty of any kind with regard to this material, including but not limited 
to the implied warranties of merchantability and fitness for a particular purpose. 
Customers are ultimately responsible for validation of their systems. 
 
© 2007-2008 Thermo Fisher Scientific Inc. All rights reserved. No part of this publication 
may be stored in a retrieval system, transmitted, or reproduced in any way, including but 
not limited to photocopy, photograph, magnetic or other record, without our prior written 
permission. 
 
For technical assistance, please contact: 
Technical Support 
Thermo Fisher Scientific 
5225 Verona Road 
Madison, WI  53711-4495 
U.S.A. 
 
Telephone:  1 800 532 4752 (U.S.A.) or +1 608 273 5017 (worldwide) 
Fax:  +1 608 273 5045 (worldwide) 
E-mail:  us.techsupport.analyze@thermofisher.com 
World Wide Web:  http://www.thermo.com/spectroscopy 
 
 
Trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries.  
 
 
269-228000, Rev A 
 



 Performance Verification and Best Practices for Performance Qualification i 

Contents 

Introduction.........................................................................................1 
Conventions used in this manual .............................................................. 1 

Verifying Instrument Performance .......................................................2 
Testing frequency...................................................................................... 2 
Wavelength Accuracy................................................................................ 2 

Test: Mercury Lamp Accessory .............................................................. 3 
Test: Deuterium Lamp .......................................................................... 5 
Test: Holmium Oxide Solution Standard .............................................. 6 
Test Holmium Oxide Solution (CVC) .................................................. 7 
Test: Holmium Oxide Filter (CVC) ...................................................... 8 
Test: Holmium Oxide and Didymium Glass (Standard)........................ 8 
Test: Far-UV Standard (Standard) ....................................................... 10 

Wavelength Repeatability (CVC)............................................................ 11 
Test: Wavelength Repeatability (CVC) ................................................ 11 
Test: Wavelength Repeatability (standard) ........................................... 11 

Photometric Accuracy ............................................................................. 12 
Test: Sealed Potassium Dichromate Solutions (Standard) .................... 13 
Test: Photometric Accuracy (CVC) ..................................................... 14 
Test: UV Absorbance Accuracy (CVC) ................................................ 14 
Test: Neutral Density Glass Filters (Standard) ..................................... 15 
Test: Sealed Nicotinic Acid (Far-UV Absorbance Standards) ............... 16 

Absorbance Repeatability ........................................................................ 16 
Test: Absorbance Repeatability (CVC) ................................................ 16 
Test Absorbance Repeatability (Standard)............................................ 17 

Bandwidth Accuracy ............................................................................... 18 
Test: Bandwidth Accuracy (Accessory)................................................. 18 

Resolution............................................................................................... 19 
Test: Resolution (Standard) ................................................................. 19 

Baseline Flatness...................................................................................... 19 
Test: Baseline Flatness (Instrument Test) ............................................. 19 

Stray Light .............................................................................................. 20 
Test: Sealed Solution of Potassium Chloride (Standard) ...................... 21 
Test: Sealed solution of Sodium Iodide ................................................ 21 
Test: Sealed Solution of Sodium Nitrite............................................... 21 
Test: Stray Light (CVC) ...................................................................... 22 

Noise ...................................................................................................... 22 
Test: Noise (CVC)............................................................................... 22 



 

ii Performance Verification and Best Practices for Performance Qualification  

Test: Noise (Instrument Test) ..............................................................23 
Photometric Stability / Drift ...................................................................23 

Test: Photometric Stability / Drift .......................................................24 

Calibration Laboratory Information ..................................................25 
What is traceability? ................................................................................25 
What does traceability achieve? ...............................................................25 
Thermo Fisher Scientific Standards Laboratory.......................................25 

NPL Traceable Reference Materials .....................................................26 
NIST Traceable Reference Materials (NTRM™) ..................................26 
Recalibration service.............................................................................27 
Care and handling of reference materials..............................................27 

Good Spectroscopic Practice ..............................................................29 
Making measurements ............................................................................29 
Specification of cells ................................................................................30 
Alignment and filling of cells...................................................................30 
Cell corrections .......................................................................................31 
Sample & standard replication quantitative assays ...................................31 
Solvents...................................................................................................31 
Electronic storage of ‘standards’ data .......................................................32 
Data control for regulatory compliance ...................................................33 
 

 



 Performance Verification and Best Practices for Performance Qualification 1 

Introduction 

A spectrophotometer must have a specification matching its intended use. 
Once installed and in use, it is necessary for the user to ensure that the 
instrument continues to perform to specification, and demonstrate that the 
instrument continues to perform to factory specifications. A planned 
program of preventive maintenance will help to ensure that optimal 
performance is sustained throughout the lifetime of the instrument. This 
document provides guidelines for testing the performance of the 
instrument and best practices for spectroscopic measurements. Where 
appropriate, these procedures should be used to aid construction of 
required Standard Operating Procedures (SOPs) and developing a 
performance qualification (PQ) plan. After the initial validation of the 
system using the installation qualification plan provided in the 
UV Validator, routine OQ and ongoing performance verification should 
be documented. Routine performance issues should be documented using 
the appropriate forms in the Template Masters section of the 
UV Validator CD. 

Regular performance verification (PV) testing will demonstrate continued 
performance to factory specifications. Intervals between successive rounds 
of testing and the documentation of test results should be specified in SOPs 
developed by the user to meet the requirements of a specific application. 
Documented performance trends are informative and a vital component of 
any preventive maintenance program, therefore, PV tests are included in 
the preventive maintenance checklists. PV test results should be saved and 
optionally hard copies archived in the UV Validator log book when 
applicable. A template for summarizing the results of PV tests can be found 
in the Template Masters section of the UV Validator CD. 

Conventions used in this manual 
This manual includes safety precautions and other important information 
presented in the following format: 

 Note Notes contain helpful supplementary information.  

 Notice Follow instructions labeled “Notice” to avoid damaging the system 
hardware or losing data. 
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Verifying Instrument Performance 

Testing frequency 
We recommend the following performance tests be performed routinely in 
accordance with: 

• A Standard of Procedure (SOP) 

• A Performance Qualification (PQ) procedure 

• When instrument has been disturbed or serviced 

• When malfunction is suspected 

If routine data shows the performance of the instrument has been reliable 
and stable over a 12-month period, then the interval between performance 
testing may be extended up to 6 months if the operating environment has 
not changed. Immediately after repair or servicing, compliance with 
performance criteria must again be demonstrated. Local performance 
monitoring programs must be set up to adequately mimic laboratory usage. 
The frequencies presented here are to be regarded as minimum and some 
tests may be carried out on a more frequent basis. Recommendations are 
given in specific sections of this manual. 

Test data should be documented and stored securely. 

Wavelength Accuracy 
Recommended frequency: Bi-weekly. 

Several methods for testing wavelength accuracy are available and 
recognized by regulatory agencies worldwide. These methods are specified 
below in order of preference. Methods 1 and 2 employ primary standards 
that require not calibration and are fundamental constants; therefore, these 
methods are preferred. 

1. Emission lines from a mercury lamp.  

2. Emission lines from a deuterium lamp.  

3. Calibrated traceable solution of holmium oxide.  
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4. Wavelength Accuracy by Holmium Filter (CVC).  

5. Calibrated and traceable holmium and didymium glasses.  

6. Rare earth oxides in acid solution, for wavelength accuracy in the 
deep-UV. 

Physical shock 

Wavelength accuracy may be affected if the spectrophotometer is jolted 
violently, dropped, or subjected to severe or prolonged vibration. 

Temperature 

Wavelength Accuracy is affected by changes in ambient temperature. Errors 
in wavelength calibration can occur if the operating temperature is 
significantly different from the temperature at which the 
spectrophotometer was last calibrated. All instruments are calibrated at 
room temperature and wavelength differences of between 0.1 and 0.3 nm 
per 10°C are typical. It is essential that instruments are properly warmed up 
to normal operating temperature (1-2 hours) before performing any 
instrument verification test. 

Replacement of key optical components 

The instrument requires verification of wavelength accuracy and potentially 
recalibration if key optical components are replaced. 

Test: Mercury Lamp Accessory 

The emission spectrum of a mercury lamp has a number of intense lines 
that cover the UV and visible spectrum (see diagram below). The emission 
wavelengths of mercury lamps are inherent, fundamental, physical property 
of the source element, and are therefore invariant. A mercury lamp 
emission spectrum is a primary wavelength standard. 
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Wavelength Accuracy PV tests verify the position of peaks on the 
wavelength axis of the UV-Visible spectrum. The wavelength accuracy of 
the instrument can be determined using a Mercury Lamp accessory, if 
available, spectrophotometers.  

For more information on wavelength accuracy measurements see Technical 
Note #51171. 

Standard – Mercury lamp. 

Traceability – Primary standard. 

Test Method – Scans to determine the peak absorbance at fundamental 
mercury emission wavelengths. 

Calculations – Measured value is compared to the value of the standard 
and the instrument specification. 

VISION PV Test Reporting – The between the Measured value and the 
Actual value of the peak value of standard is determined and reported in the 
Difference column. The Tolerance column represents the instrument 
specification. Specification values are inclusive. 
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Test: Deuterium Lamp 

Wavelength verification and recalibration can be performed using the 
deuterium lamp in UV-Visible spectrophotometers having a deuterium 
lamp source. 

The emission lines produced from a deuterium lamp are characteristic of 
deuterium and function as a fundamental physical standard; therefore, 
these wavelengths are invariant. Two characteristic lines are available for 
wavelength accuracy testing. These are at 486.0 and 656.1 nm (see diagram 
below). 

 

Wavelength accuracy PV tests verify the position of peaks on the 
wavelength axis of the UV-Visible spectrum. The wavelength accuracy can 
be determined using the spectrophotometer’s deuterium lamp.  

For more information on wavelength accuracy measurements see Technical 
Note #51171. 

Standard – Deuterium lamp. 

Traceability – Primary standard. 

Test Method – Scans to determine the peak absorbance at fundamental 
mercury emission wavelengths. 

Calculations – Measured value is compared to the instrument specification. 
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VISION PV Test Reporting – The between the Measured value and the 
Actual value of the calibrated standard is determined and reported in the 
Difference column. The Tolerance column represents the instrument 
specification. Specification values are inclusive. 

Test: Holmium Oxide Solution Standard 

A calibrated solution of holmium oxide in acidic solution is the preferred 
standard if fundamental standards (mercury or deuterium lamps) are 
unavailable. 

The use of holmium oxide in perchloric acid is an established and well 
recognized method for the validation of the wavelength scale of a 
spectrophotometer in the UV and visible regions. When prepared in 
perchloric acid, holmium oxide gives a spectral scan containing a series of 
characteristic peaks. However, these values vary in each preparation and 
their position is dependent on the spectral bandwidth of the 
spectrophotometer. 

We provide heat-sealed solutions are prepared according to "Holmium 
Oxide Solution Wavelength Standard From 240 to 640 nm – SRM 2034” 
(NIST Special Publication 260-54). 

The following example is a typical holmium oxide in perchloric acid 
solution scan: 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

245 295 345 395 445 495 545 595 645

Wavelength (nm)

A
bs

or
ba

nc
e

249.7

278.1 361.2

385.3

485.1

536.4

640.3

 



 

 Performance Verification and Best Practices for Performance Qualification 7 

This standard does not allow for recalibration of the instrument; however, 
it is ideal for verifying wavelength accuracy. 

Standard - Holmium oxide in acidic solution. 

Traceability - Provided with the certificate accompanying the standard. 

Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 
The uncertainty in the wavelength values is given on the certificate. 

 Note Holmium oxide solutions should not be used on instruments with a 
spectral bandwidth greater than 2.0 nm.  

 

Test Holmium Oxide Solution (CVC) 

The wavelength accuracy of an instrument can be determined using a 
certified holmium oxide solution in the CVC.  

Standard - Holmium oxide in acidic solution 

Traceability - Heat sealed solutions are prepared according to "Holmium 
Oxide Solution Wavelength Standard From 240 to 640 nm – SRM 2034” 
(NIST Special Publication 260-54). 

Test Method - Absorbance maximum at wavelength(s) stored on the CVC 
data disk 

Calculations - Measured value is compared to the instrument specification. 

VISION PV Test Reporting - The between the Measured value and the 
Actual value of the calibrated standard is determined and reported in the 
Difference column. The Tolerance column represents the instrument 
specification plus the uncertainty in the calibration of the filter. The total 
tolerance value is determined by the Root Sum Square (RSS) method. 
Specification values are inclusive. 
 



 

8 Performance Verification and Best Practices for Performance Qualification  

Test: Holmium Oxide Filter (CVC) 

The wavelength accuracy of an Evolution 600 instrument can be 
determined using a certified holmium filter in the CVC.  

For more information on wavelength accuracy measurements see Technical 
Note #51171. 

Standard – Holmium oxide glass filter. 

Traceability – Calibrated for wavelength values of absorption peaks against 
a NIST calibrated standard of similar value(s). The uncertainty in the 
wavelength values is ±0.3 nm. 

Test Method – Absorbance maximum at wavelength(s) stored on the CVC 
data disk. 

Calculations – Measured value is compared to the instrument specification. 

VISION PV Test Reporting – The between the Measured value and the 
Actual value of the calibrated standard is determined and reported in the 
Difference column. The Tolerance column represents the instrument 
specification plus the uncertainty in the calibration of the filter. The total 
tolerance value is determined by the Root Sum Square (RSS) method. 
Specification values are inclusive. 

Test: Holmium Oxide and Didymium Glass (Standard) 

This standard uses glasses manufactured by fusing the appropriate rare 
earth oxide in silica. The two most frequently used are holmium and 
didymium (a mixture of neodymium and praseodymium). While 
manufacturing can cause batch to batch variation in these standards, this is 
overcome by calibration each standard glass against certified reference glass 
from the NPL or NIST as required. 

This standard does not allow for recalibration of the instrument, however, 
it is ideal for routine checking of the wavelength accuracy. 

 Note On a variable bandwidth instrument, the lowest available spectral 
bandwidth should be used.  

 Note Rare earth glass standards should not be used on instruments with a 
spectral bandwidth greater than 4.0 nm.  
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The following example is a typical holmium glass scan: 

 

The following example is a typical didymium glass scan: 

 

Standard – Holmium filter. 

Traceability – Calibrated for wavelength values of absorption peaks against 
a NIST calibrated standard of similar value(s). The uncertainty in the 
wavelength values is ±0.3 nm. 

Test Method – Provided with the certificate accompanying the standard. 

Calculations – Provided with the certificate accompanying the standard. 
The uncertainty in the wavelength values is given on the certificate. 
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Test: Far-UV Standard (Standard) 

This standard consists of a solution of a rare earth oxide dissolved in dilute 
sulfuric acid, supplied in a permanently heat-sealed far UV quartz cell. The 
use of rare earth oxides dissolved in acid is a well-established, recognized 
method for the validation of the wavelength scale of a spectrophotometer 
in the UV and visible regions. When prepared in sulfuric acid, the 
absorbance spectrum of this rare earth contains a series of characteristic 
peaks extending into the far UV region. 

The table below shows typical wavelength values obtained: 

SBW(nm) Peak 1 
(nm) 

Peak 2 
(nm) 

Peak 3 
(nm) 

Peak 4 
(nm) 

Peak 5 
(nm) 

1.10 201.14 211.76 222.92 240.00 253.56 

0.20 201.16 211.96 222.92 240.44 253.80 

0.50 200.98 212.00 222.86 240.26 253.58 

1.00 201.44 211.72 223.02 240.48 253.74 

1.50 201.34 211.96 222.86 240.38 253.58 

2.00 201.34 212.00 223.02 240.72 253.52 

3.00 201.34 211.96 222.86 240.72 253.64 

 

Standard – Rare earth oxide in dilute sulphuric acid. 

Traceability – Primary instrumental wavelength calibration is established 
using the emission lines from mercury and deuterium sources. Additional 
traceability links to NIST primary materials are established using SRM 
2034 holmium oxide (4% m/v) in perchloric acid (10% v/v). 

Test Method – Provided with the certificate accompanying the standard. 

Calculations – Provided with the certificate accompanying the standard. 
Uncertainty provided with the certificate accompanying the standard. 
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Wavelength Repeatability (CVC) 
This test measures the ability of the instrument to consistently place the 
monochromator at the same position, generating a consistent wavelength 
axis. The Wavelength Repeatability test uses either an instrument lamp or a 
Mercury Lamp accessory. 

Test: Wavelength Repeatability (CVC) 

Standard - Instrument lamp or Mercury Lamp. 

Traceability - Primary Standard. 

Test Method - Wavelength position determined by 10 measurements of 
the standard. The test is performed at the minimum spectral bandwidth of 
the instrument and 2.0 nm.  

Calculations - Each of the 10 measurements is compared to the value of 
the standard to ensure the Wavelength Accuracy specification is met for 
each measurement. 

The minimum and maximum observed values are used to determine the 
Range, which must meet the instrument Specification. The standard 
deviation (STDEV) of the ten measurements is calculated, and this value 
must pass the instrument specification. Specification values are inclusive. 

VISION PV Test Reporting - The Difference column reports 
(MIN - MAX) – Tolerance, where the Tolerance represents the instrument 
specification. Frequently the values of Min and Max are identical leading to 
a negative Difference. Specification values are inclusive. 

Test: Wavelength Repeatability (Standard) 

The Wavelength Repeatability test can be performed using a traceable 
wavelength accuracy standard (see Wavelength Accuracy section). 

Standard - traceable wavelength accuracy standard. 

Traceability - Varies by wavelength accuracy standard selected. 
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Test Method - Determine the wavelength position(s) of the standard 
material determined by ten (10) successive scanning measurements of the 
standard. The test should be performed at the minimum spectral 
bandwidth of the instrument and other spectral bandwidths as desired.  

Calculations - The peak results from each of the ten scanning 
measurements is compared to the value of the standard to ensure the 
wavelength accuracy specification is met for each measurement. 

The minimum and maximum observed values are used to determine the 
Range, which must meet the instrument Specification. The standard 
deviation (STDEV) of the ten measurements is calculated, and this value 
must pass the instrument specification. Specification values are inclusive. 

Photometric Accuracy 
Recommended frequency: Monthly. 

Several methods for testing photometric accuracy (also called Absorbance 
Accuracy) are available and recognized by regulatory agencies worldwide. 
These methods are specified below in order of preference for validation of 
Thermo Scientific spectrophotometers. 

The following methods are: 

• Sealed potassium dichromate solutions 

• CVC test for Absorbance Accuracy (Evolution / Helios) 

• CVC test for UV Absorbance Accuracy (Evolution / Helios) 

• Neutral density glass filters 

• Sealed solutions of nicotinic acid solutions, for testing in the deep-UV 
 

 Notice Calibrated, traceable neutral density glass filters are suitable for use in the 
visible region of the spectrum only.  

 Notice If absorbance accuracy measurements in the UV are required, it will be 
necessary to use either solutions of potassium dichromate or nicotinic 
acid.  
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Test: Sealed Potassium Dichromate Solutions (Standard) 

This standard consists of solutions of potassium dichromate in dilute 
perchloric acid, supplied in permanently heat-sealed UV quartz cells. The 
use of such solutions is a well-established, recognized method for validation 
of the absorbance scale and linearity of spectrophotometer in the UV 
region. 

The absorption spectrum of potassium dichromate dissolved in 0.001 M 
perchloric acid shows characteristic peaks at 257 nm and 350 nm, and 
valleys at 235 nm and 313 nm. 

When measured with a spectrophotometer with spectral bandwidth of 
2 nm or less, and a linear absorbance scale, the absorbance of potassium 
dichromate solutions will be linear as a function of concentration, within 
the range 20 100 mg/l. 

 

Standard – Potassium dichromate from NIST (SRM 935a) in 0.001M 
perchloric acid. 

Traceability – Potassium dichromate cells are prepared using the solid 
NIST primary material (SRM 935a), prepared at the solution 
concentrations described in and Use of Acidic Potassium Dichromate 
Solutions as an Ultraviolet Absorbance Standard - SRM 935" (NIST 
Special Publication 260-54). Primary instrumental linearity is established 
using the Double Aperture method. Additional traceability links to NIST 
primary materials are established using SRM 930e and SRM 1930 neutral 
density glass filters. 

Test Method – Provided with the certificate accompanying the standard. 

Calculations – Provided with the certificate accompanying the standard. 
Uncertainty provided with the certificate accompanying the standard. 
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Test: Photometric Accuracy (CVC)  

The CVC Absorbance (Photometric) Accuracy test uses a calibrated, 
traceable absorbance filter. 

CVC Standard – NIST Traceable Calibrated Neutral Density Filter 
calibrated at 546 ± 0.3 nm against a NIST calibrated filter of 
corresponding value. Uncertainty of measurement is ±0.0020 AU. 

Traceability - Prepared using the solid NIST primary material (SRM 
935a), prepared at the solution concentrations described in SRM 935 
(NIST Special Publication 260-54). Primary instrument performance is 
established via ISO 17025 procedure. 

Test Method - Absorbance at approximately 1.0 AU is measured. 

Calculations - Measured value is compared to the value of the calibrated 
standard stored on the CVC data disk. 

VISION PV Test Reporting - The difference between the Measured value 
and the Actual value of the calibrated standard is determined and reported 
in the Difference column. The value of the Difference must be within the 
Tolerance specification. The Tolerance value represents the instrument 
specification plus the uncertainty in the calibration of the filter. The total 
tolerance value is determined by the Root Sum Square (RSS) method. 
Specification values are inclusive. 

Test: UV Absorbance Accuracy (CVC)  

This test measures the accuracy of absorption measurements in the 
ultraviolet (UV) region of the spectrum. The Absorbance (Photometric) 
Accuracy test uses a calibrated, traceable absorbance filter in the CVC. 

Standard – Potassium Dichromate solution in perchloric acid. 

Traceability - Prepared using the solid NIST primary material 
(SRM 935a), prepared at the solution concentrations described in 
SRM 935 (NIST Special Publication 260-54). Primary instrument 
performance is established via ISO 17025 procedure. 

Test Method - Absorbance at the wavelengths specified in the CVC data 
disk is measured. 
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Calculations - Measured value is compared to the value of the calibrated 
standard stored on the CVC data disk. 

VISION PV Test Reporting - The difference between the Measured value 
and the Actual value of the calibrated standard is determined and reported 
in the Difference column. The value of the Difference must be within the 
Tolerance specification. The Tolerance value represents the instrument 
specification plus the uncertainty in the calibration of the filter. The total 
tolerance value is determined by the Root Sum Square (RSS) method. 
Specification values are inclusive. 

Test: Neutral Density Glass Filters (Standard) 

The neutral density glass has a flat spectrum in the region of the calibration 
wavelengths (NPL/NIST 546 nm, NTRMs 440, 465, 546.1, 590 and 
635 nm), making the filters insensitive to small wavelength inaccuracies 
when measured on a spectrophotometer with a bandpass of up to 2,0 nm.  

 

Standard – NIST and NPL Traceable Calibrated Neutral Density Filter 
calibrated against a NIST calibrated filter of corresponding value.  

Traceability - Primary instrumental linearity is established using the 
Double Aperture method. Fundamental traceability links to NIST primary 
materials are established using SRM 930e and SRM 1930 neutral density 
glass filters as appropriate. 

Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 
Uncertainty provided with the certificate accompanying the standard. 
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Test: Sealed Nicotinic Acid (Far-UV Absorbance Standards) 

These standards consist of solutions of nicotinic acid dissolved in dilute 
hydrochloric acid, supplied in permanently heat sealed UV quartz cells. 
The use of such solutions is a well established, recognized method for 
validation of the absorbance scale and linearity of a spectrophotometer in 
the far UV region. 

When measured with a spectrophotometer with spectral bandwidth 2.0 nm 
or less, and a linear absorbance scale, the absorbance of nicotinic acid 
solutions will be a linear as a function of concentration, within the range 
5 - 25 mg/l. 

Standard – Nicotinic acid in 0.1M hydrochloric acid. 

Traceability - Primary instrumental linearity is established using the 
Double Aperture method. Additional traceability links to NIST primary 
materials are established using SRM 935a potassium dichromate, 
SRM 930e and SRM 1930 neutral density glass filters. 

Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 
Uncertainty provided with the certificate accompanying the standard. 

Absorbance Repeatability 
Recommended frequency: Monthly. 

This test measures the ability of the instrument to make consistent 
absorption measurements. The Absorbance Repeatability test can be 
performed using either calibrated, traceable standards or the CVC 
accessory. 

Test: Absorbance Repeatability (CVC) 

Standard – NIST Traceable Calibrated Neutral Density Filter. 

Traceability - Standard calibrated at 546 ± 0.3 nm against a NIST 
calibrated filter of corresponding value. Uncertainty of measurement is 
±0.0020 AU. 
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Test Method - Absorbance at approximately 1.0 AU is measured 10 times. 

Calculations - Each of the 10 measurements is compared to the value of 
the calibrated standard stored on the CVC data disk to ensure the 
Absorbance Accuracy specification is met for each measurement. The 
minimum (Min) and maximum (Max) observed values are determined. 

VISION PV Test Reporting - The difference column reports the 
following: 

( ) ToleranceMinMax −−  

where the Tolerance value represents the instrument specification plus the 
uncertainty in the calibration of the filter. The total tolerance value is 
determined by the Root Sum Square (RSS) method. The value of the 
Difference must be within the Tolerance specification. Frequently the values 
of Min and Max are identical leading to a negative Difference (see equation 
above). Specification values are inclusive. 

Test Absorbance Repeatability (Standard) 

The Absorbance (Photometric) Repeatability test can be performed using 
any standard with photometric traceability. Recommended standards can 
be found in the Photometric Accuracy section. 

Standard - Traceable Calibrated Photometric Accuracy Standard. 

Traceability - Provided with the certificate accompanying the standard. 

Test Method - Measure the photometric absorbance at the specified 
wavelengths 10 times. 

Calculations - Compare each of the 10 measurements to the value of the 
value of the calibrated standard stated o the certificate. Verify that each of 
the individual measurements fall within the instrument specification. 
Determine the absolute minimum (Min) and maximum (Max) values. 
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Determine the overall absorbance repeatability by the following: 

( ) ToleranceMinMax −−  

where the Tolerance value represents the instrument specification plus the 
uncertainty in the calibration of the filter. The total tolerance value is 
determined by the Root Sum Square (RSS) method. The value must be 
within the Tolerance specification. 

Frequently the values of Min and Max are identical leading to a negative 
value (see equation above). Specification values are inclusive. 

Bandwidth Accuracy 
This test measures the accuracy of the spectral bandwidth of the 
spectrophotometer. The Bandwidth Accuracy test uses either a Mercury 
Lamp accessory or a deuterium lamp. 

Test: Bandwidth Accuracy (Accessory) 

Standard – Mercury Lamp Accessory or Deuterium Lamp. 

Traceability - Primary Standard, no traceability required. 

Test Method - A peak from the primary standard is obtained by scanning 
in Intensity or Single beam mode. This test is performed using the 
minimum spectral bandwidth of the instrument and 1.5 nm is tested. 

The Bandwidth Accuracy at other spectral bandwidths can be performed 
by scanning over a peak in single-beam or Intensity mode. 

Calculations - The full-width at half maximum (FWHM) of a known 
primary emission line is determined. 

VISION PV Test Reporting - The Measured value is reported along with 
the Minimum and Maximum tolerance specifications for the instrument. 
Specification values are inclusive. 
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Resolution 
Recommended frequency: Quarterly. 

Resolution is primarily governed by the physical slit width of the 
instrument, in combination with the dispersion within the system. 
Reducing the physical slit width decreases the spectral bandwidth thus 
improving the ability of the instrument to resolve closely spaced peaks. 

Test: Resolution (Standard) 

Standard – Sealed 0.02% v/v solution of Toluene in Hexane. 

Traceability - Primary instrumental linearity is established using the 
Double Aperture method. Primary instrumental wavelength calibration is 
established using the emission lines from mercury and deuterium sources. 
Additional traceability links to NIST primary materials are established 
using SRM 2034 holmium oxide (4% m/v) in perchloric acid (10% v/v), 
SRM 930e and SRM 1930 neutral density glass filters. 

Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 

Baseline Flatness 
Recommended frequency: Monthly. 

The baseline flatness test verifies the baseline is without defect and is 
positioned at 0 AU. This PV test does not require an external standard. 

 Note Perform the baseline flatness test only on a stabilized instrument after a 
minimum 1 hour warm-up.  

Test: Baseline Flatness (Instrument Test) 

Standard – None. 

Traceability - None. 

Test Method - With clear sample and reference beams and an empty 
sample compartment, a background and scan is collected. 

Calculations - The RMS variation of the scan is determined. 
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VISION PV Test Reporting - The Measured value of the RMS variation is 
reported. This value is compared to the Specification to determine the 
Difference. Specification values are inclusive 

 Note On a stabilized instrument (allow two hour warm up), perform the 
preprogrammed Baseline Flatness PV test.  

Stray Light 
Recommended frequency: Monthly. 

Stray light (or Stray Radiant Energy (SRE)) is the measured quantity of 
light that reaches the detector that is of a wavelength other than that 
selected. Therefore, stray light causes the measured transmittance to be 
erroneously high. 

While a precise measurement of the total stray light (due to combination of 
hardware and sample effects) present in a spectrophotometer is tedious, the 
fraction (due to hardware effects) of stray light in a spectrophotometer is 
easily evaluated. Stray light can be monitored using stray light cut-off filters 
to ensure stray light is not affecting absorption measurements on a given 
sample. Both solid and liquid cut-off filters can be used to measure stray 
light; however, solution filters are highly preferred.  

Several standards for measuring stray light are available and recognized by 
regulatory agencies worldwide. These methods are specified below in order 
of preference. 

• Sealed solution of potassium chloride (198 nm). 

• Sealed solution of sodium iodide (220 nm). 

• Sealed solution of sodium nitrite (340 nm). 

• Stray Light with CVC. 

For more information on stray light measurements see Technical 
Note #51170. 
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Test: Sealed Solution of Potassium Chloride (Standard) 

Standard – Sealed 1.2% aqueous solution of potassium chloride. Measures 
instrumental stray light between 198 and 200 nm. 

Traceability - Primary instrumental linearity is established using the 
Double Aperture method. Primary instrumental wavelength calibration is 
established using the emission lines from mercury and deuterium sources 
Additional traceability links to NIST primary materials are established 
using SRM 2034 holmium oxide (4% m/v) in perchloric acid (10% v/v), 
SRM 930e and SRM 1930 neutral density glass filters. 

Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 

Test: Sealed solution of Sodium Iodide 

Standard – Sealed 1.0% aqueous solution of sodium iodide. Measures 
instrumental stray light at 220 nm. 

Traceability - Primary instrumental linearity is established using the 
Double Aperture method. Primary instrumental wavelength calibration is 
established using the emission lines from mercury and deuterium sources 
Additional traceability links to NIST primary materials are established 
using SRM 2034 holmium oxide (4% m/v) in perchloric acid (10% v/v), 
SRM 930e and SRM 1930 neutral density glass filters. 

Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 

Test: Sealed Solution of Sodium Nitrite 

Standard – Sealed 5.0% aqueous solution of potassium chloride. Measures 
instrumental stray light at 340 nm. 

Traceability - Primary instrumental linearity is established using the 
Double Aperture method. Primary instrumental wavelength calibration is 
established using the emission lines from mercury and deuterium sources 
Additional traceability links to NIST primary materials are established 
using SRM 2034 holmium oxide (4% m/v) in perchloric acid (10% v/v), 
SRM 930e and SRM 1930 neutral density glass filters. 
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Test Method - Provided with the certificate accompanying the standard. 

Calculations - Provided with the certificate accompanying the standard. 

Test: Stray Light (CVC) 

Standard – WG295 and WG340 filters in CVC. 

Test Method - Stray light measurements are made by measuring the 
absorbance at the cut-off wavelengths of each filter. 

Calculations - The absorbance for each filter at the appropriate wavelength 
is reported. 

VISION PV Test Reporting - The Measured value is reported at each 
wavelength. This value is compared to the Specification to determine the 
Difference. The Measured value must be greater than the Specification value 
for the test to pass. Specification values are inclusive. 

Noise 
Recommended frequency: Monthly. 

The noise test determines the noise present in measurements. This test can 
be performed using only the instrument lamp(s) at 0A and, if desired, at 1A 
using a calibrated filter. 

Test: Noise (CVC) 

Recommended frequency: Monthly. 

Standard – NIST Traceable Calibrated Neutral Density Filter of CVC, if 
installed. 

Traceability – Photometric absorbance filter calibrated at 546 ± 0.3 nm 
against a NIST calibrated filter of corresponding value. Uncertainty of 
measurement is ±0.0020 AU. 

Test Method - Fixed wavelength measurements are used to collect 
photometric data. This data may either be collected with an empty sample 
compartment or with a neutral density filter in the sample beam. 

Calculations - The drift corrected RMS variation of the fixed wavelength 
measurements is determined. 
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Reporting - The Measured value of the RMS variation is reported. The 
Absorbance where the test was conducted is reported. The Measured value is 
compared to the Specification to determine the Difference. Specification 
values are inclusive. 

On a stabilized instrument (allow at least two hours warm up), set a fixed 
wavelength measurement using a wavelength of 500 nm, a bandwidth of 
1.5 nm and an integration time of 10 seconds. When measured over a 
period of 3 minutes, the noise should be within the specification for the 
instrument. 

Test: Noise (Instrument Test) 

Standard – None. 

Traceability – None. 

Test Method - Fixed wavelength measurements are collected with a clear 
beam. 

Calculations - The drift corrected RMS variation of the fixed wavelength 
measurements is determined. 

VISION PV Test Reporting - The Measured value of the RMS variation is 
reported. The approximate Absorbance where the test was conducted is 
reported. The Measured value is compared to the Specification to determine 
the Difference. Specification values are inclusive. 

On a stabilized instrument (allow at least two hours warm up), set a fixed 
wavelength measurement using a wavelength of 500 nm, a bandwidth of 
1.5 nm and an integration time of 10 seconds. When measured over a 
period of 3 minutes, the noise should be within the specification for the 
instrument. 

Photometric Stability / Drift 
Recommended frequency: Monthly. 

The drift test determines the stability of the instrument over time. This test 
ensures the accuracy of data collected and relates the performance of the 
instruments to the conditions under which it is operated. This test is 
built in to most spectrophotometers and does not require an external 
standard. 
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Test: Photometric Stability / Drift 

Standard – None. 

Traceability - None. 

Test Method - With clear sample and reference beams and an empty 
sample compartment, fixed wavelength measurements are made at regular 
time intervals. The total test time is one hour. 

Calculations - The absorbance difference between each data point and the 
starting data point is determined. 

VISION PV Test Reporting - The Measured value is the last measurement 
made after approximately one hour. Measurements are made more 
frequently and compared to the initial value. If a value outside of the 
specification is obtained during the test, this value is reported and the test 
fails. This value is compared to the Specification to determine the 
Difference. Specification values are inclusive. 

On a stabilized instrument (allow at least two hours warm up), set a fixed 
wavelength measurement using a wavelength of 340 nm, a bandwidth of 
1.5 nm and an integration time of 10 seconds. Ensure constant ambient 
temperature and make a reading every minute for at least an hour. The 
measured drift should be within the specification for the instrument. 
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Calibration Laboratory Information 

What is traceability? 
By working together, national standards laboratories (i.e., The National 
Physical Laboratory (NPL), The National Institute of Standards and 
Technology (NIST)) have agreed on a common definition for 
measurement units, called the International System of Units (SI) 
(e.g., kilogram, second, meter, ampere, candela). The standards laboratories 
then ‘realize’ units from internationally agreed ISO definitions to establish 
primary national measurement scales. 

Traceability is the property of the result of the measurement of the value of a 
standard whereby it can be related to stated references, usually national or 
international standards, through an unbroken chain of comparisons, all having 
stated uncertainties. 

Robust traceability requires suitable written procedures accredited through 
an ISO/IEC Standard 17025 based scheme. 

What does traceability achieve? 
Measurements are made against a consistent set of units and there is 
international equivalence of national measurement scales. Compatible 
measurements are made across national borders, resulting in unambiguous 
and reliable communication of specifications. 

Thermo Fisher Scientific Standards Laboratory 
An accredited calibration is carried out by our UK calibration laboratory, 
which has been accredited as conforming to ISO17025, the international 
standard for calibration. The laboratory has all its process’s and 
measurement abilities independently assessed by a third party, both UKAS 
for the UK and NVLAP for the USA. Therefore, a measurement carried 
out by our laboratory is independently verified and has a guarantee of 
accuracy. 
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ISO17025 certification ensures that the process used for producing 
standards has been verified by an independent third party. The 
accreditation covers the standards and the procedure used in the laboratory. 
An accredited measurement is more acceptable to an auditor as it has been 
assessed by a third party. 

Standards are certified using a UV4 double-beam spectrophotometer for 
the certification of wavelength accuracy. The wavelength accuracy of the 
UV4 is tested using NIST SRM 2034. Photometric accuracy certification is 
performed on an Evolution 500 double-beam spectrophotometer using 
NIST calibrated SRMs. 

NPL Traceable Reference Materials 

Some Thermo Fisher Scientific reference materials are, where applicable, 
traceable to NPL (National Physical Laboratory) certified reference 
materials. 

Our NPL traceable reference materials are supplied with a certificate of 
calibration showing their traceability to master filters, which have been 
calibrated at the National Physical Laboratory (UK). The traceability is 
established by an ISO/IEC Standard 17025 accredited process, UKAS 
calibration laboratory No 0521. 

NIST Traceable Reference Materials (NTRM) 

Thermo Fisher Scientific reference materials are, where applicable, traceable 
to NIST certified reference materials which have been calibrated at the 
National Institute for Standards and Technology (USA). 

Our NIST traceable reference materials are supplied with a certificate of 
calibration showing their traceability to certified reference materials. If 
certified by our accredited certification laboratory, the traceability is 
established by an ISO/IEC Standard 17025 accredited process, UKAS 
calibration laboratory No 0521. 
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We are one of the few vendors that also offer NTRMs (NIST Traceable 
Reference Material), which are commercially produced reference materials 
with a well-defined traceability linkage to existing NIST standards. This 
traceability linkage is established via criteria and protocols defined by 
NIST. These reference materials are produced in our Reference Materials 
Laboratory which meets the requirements of ISO/IEC 17025, and is 
audited by the National Voluntary Laboratory Accreditation Program 
(NVLAP registration number 200462) to ensure the integrity of the 
calibration. 

Recalibration service 

To ensure the validity of the calibration values of certified or traceable 
reference materials it is recommended that they be re-calibrated at regular 
intervals. The time interval between recalibrations is under the control of 
the user, and is specific to the procedures of the laboratory in which the 
reference materials are used. 

To establish a statistical basis for determining the interval between 
recalibrations, it is suggested that a reference material is returned for 
recalibration every 12-24 months for at least the first four years of use, and 
thereafter at a frequency deemed suitable for the laboratory environment. 

Care and handling of reference materials 

• Always keep reference materials in their storage box when they are not 
in use. 

• Handle reference materials with extreme care, as you would handle any 
fragile component. 

• Remove dust from the optical faces by blowing dry air onto the 
surface(s). 

• Any other contamination should be removed ONLY with dry optical 
tissue. General purpose tissues are NOT suitable. 
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• Scratching of the optical surface, cracking, or breakage voids the 
certification. 

• Cell based reference materials should be handled only by the circular 
top. 

• Do not exert any side load or twisting force on the reference material. 
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Good Spectroscopic Practice 

Making measurements 
Cuvettes or cells must be carefully cleaned before use and stored in a 
manner to avoid possible contamination when not in use. Cracked or 
scratched cells must not be used. 

The reference cell must contain the same solvent used in the sample and 
must be measured against the sample cell at all wavelengths over which 
measurements are performed. Corrections for the differences between cells 
must be applied to absorbance readings from the solutions under 
examination. The maximum allowable correction is ±0.01 absorbance 
units. The same cell must always be used in the reference beam and the 
same face must always be incident to the light beam. It is recommended the 
sample cell be flushed at least three times with sample solution before the 
final filling.  

The liquid in both the sample cell and the reference cell must be free from 
bubbles and particles. If flowcells are used, incomplete or lack of degassing 
of some solvents may result in air bubbles being formed in the cell. 
Immiscible solvents should be recognized and avoided to ensure accurate 
measurements. 

The cells may be carefully wiped with a soft, lint free lab tissue or cloth 
before they are placed in the spectrophotometer. This procedure should 
only be used if there are visual signs of contamination on the measuring 
faces. Only laboratory- quality wipes should be used as some commercial 
tissues contain lanolin, optical brighteners, etc., which absorb the UV 
region.  

When several sample cells are used against one reference cell, it is 
recommended they be identical in their geometry and have similar 
transmission properties. 

Wherever possible, measure standards at the same time as samples, making 
measurement under the same environmental, instrument, preparation and 
measurement conditions to minimize the bias. 
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Specification of cells 
The cell must be made of an appropriate material for the wavelength range 
of the measurement. 

The cell material must transmit at least 80% over the entire measurement 
range of the analysis. 

If you do not know the material (glass or silica) of a cell, simply measure 
the transmission of the empty cell in the spectrophotometer and use the 
spectra below to determine the material and to determine if the cell is 
appropriate for the measurement. 
 

 

Alignment and filling of cells 
Cells must always be used with the same face incident to the light beam. 
Most cells have an identification engraved on one face; this marking can be 
used to ensure consistent orientation. If individual cell holders are used 
with the instrument, these must be always used in the same beam. Cells 
must be handled as little as possible and never by the transparent surfaces. 
Once cells have been cleaned, it is preferable to insert them in the cell 
holders, check for proper alignment, and then to determine cell correction 
and sample absorbance without further handling. 

Carefully avoid the inside walls of the cuvette when using pipettes as the 
surfaces of the cells are easily scratched. To add or remove sample, the 
cuvette should be removed from the instrument whenever possible. Avoid 
spilling liquids on the outside surface of the cells to minimize the risk of 
contamination. 
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Cell corrections 
Differences in the optical transparency between individual cells will 
introduce a systematic bias unless accounted for by a cell correction. 

To determine cell corrections, fill both cells with the appropriate solvent 
and measure the difference in absorbance at the required analytical 
wavelengths. 

It is preferable to determine preliminary cell corrections, clean the cells, 
and check again to ensure that differences in absorbance are due to the cells 
and not to contamination. Repeat the cleaning and measurement steps 
until consistent results are obtained. Any appreciable change in cell 
correction must be investigated, since it indicates contamination, damage 
to the cells or incorrect adjustment of the instrument. 

Sample & standard replication quantitative assays 
A minimum of 2 standard solutions must be prepared from independent 
weighing. If using replicate standards, it is not satisfactory to produce 
replicate standards by dilution of a single stock solution. A similar 
restriction is applied to samples. Agreement between standards must be 
better than 1.5% and preferably 1%. 

 Note If only 2 standard solutions are used, both solutions must have an analyte 
concentration >0 (A 0 concentration standard can be used as a third 
standard, if desired. 

 Note If data of replicate standards disagree by more than 1.5%, the standards 
should be disposed and new standard replicates prepared.  

Solvents 
The solvent chosen must be free from significant absorbance in the 
wavelength range of measurement. When organic solvents are used, the 
absorbance of the solvent must be checked against distilled water. The 
solvent should not be used if the absorbance exceeds 0.20 at any 
wavelength at which absorbance readings are specified for quantitative 
analysis. 

Each batch of solvent must be tested before use. Always use the same batch 
of the solvent for the reference and measure volatile solvents in stoppered 
cells. 
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Caution must be exercised in the selection of solvents when comparing 
spectra (e.g., a spectrum may be dramatically altered depending upon the 
solvent). 

Chlorinated solvents absorb strongly at short wavelengths; therefore, 
solvents like chloroform should not be used below 245 nm. 

When storing organic solvents, glass bottles with inert (fluorinated 
polymer) caps should be used. Water should be deionized and HPLC grade 
(i.e., free from organics). This is usually achieved by placing an organic 
scavenger cartridge in the purification chain after the ion exchange resins. 
As for any solvent, water quality can be checked by scanning and 
comparing against a known quality sample (using air as the reference). 

The spectrum of a solvent can be significantly altered by dissolved gases, 
such as oxygen and carbon dioxide. Dissolved oxygen may cause errors 
below 200 nm. To determine if oxygen is causing false readings, degas the 
solution with nitrogen or argon and repeat the scan measurement. 
Carbonates absorb strongly below 240 nm and will be produced rapidly by 
carbon dioxide absorption if the solution is alkaline. 

Potential problems with dissolved gases can be minimized by the use of 
stoppered cells. 

Electronic storage of ‘standards’ data 
Data obtained on samples used as ‘reference standards’ may be stored 
electronically. Validation criteria for this data must be established as part of 
method development. The data used to derive those standards must have 
been based on an experimental design to ensure the absence of operator 
and time bias. The revalidation frequency for such standards will depend 
upon experience, but every three months may be appropriate until 
confidence is established. Revalidation intervals will depend on the 
requirements of the regulatory regime in operation but would not normally 
be expected to exceed 12 months. 
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Data control for regulatory compliance 
For each spectrophotometer, there must be a log book or other uniquely 
identifiable record of the performance checks carried out in accordance 
with the relevant Standard Operation Procedure (SOP). Such records will 
be maintained as part of regulatory compliance. In addition to the 
archiving of this performance data, servicing lamp changes, or any action 
likely to affect the performance of the spectrophotometer (e.g., moving) 
must be logged. 

 Note It is recommended that the performance check data be plotted and 
subjected to trend analysis as part of the routine procedure.  

These records must be reviewed on an ongoing basis and an annual review 
of all spectrophotometers in a given area must be made available to the 
appropriate management personnel. 
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