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Standard Practice for
Describing and Measuring Performance of Ultraviolet and
Visible Spectrophotometers1

This standard is issued under the fixed designation E275; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

In developing a spectrophotometric method, it is the responsibility of the originator to describe the
instrumentation and the performance required to duplicate the precision and accuracy of the method.
It is necessary to specify this performance in terms that may be used by others in applications of the
method.

The tests and measurements described in this practice are for the purpose of determining the
experimental conditions required for a particular analytical method. In using this practice, an analyst
has either a particular analysis for which he describes requirements for instrument performance or he
expects to test the capability of an instrument to perform a particular analysis. To accomplish either
of these objectives, it is necessary that instrument performance be obtained in terms of the factors that
control the analysis. Unfortunately, it is true that not all the factors that can affect the results of an
analysis are readily measured and easily specified for the various types of spectrophotometric
equipment.

Of the many factors that control analytical results, this practice covers verification of the essential
parameters of wavelength accuracy, photometric accuracy, stray light, resolution, and characteristics
of absorption cells as the parameters of spectrophotometry that are likely to be affected by the analyst
in obtaining data. Other important factors, particularly those primarily dependent on instrument
design, are also covered in this practice.

1. Scope

1.1 This practice covers the description of requirements of
spectrophotometric performance, especially for test methods,
and the testing of the adequacy of available equipment for a
specific method (for example, qualification for a given appli-
cation). The tests give a measurement of some of the important
parameters controlling results obtained in spectrophotometric
methods, but it is specifically not to be concluded that all the
factors in instrument performance are measured, or in fact may
be required for a given application.

1.1.1 This practice is primarily directed to dispersive spec-
trophotometers used for transmittance measurements rather
than instruments designed for diffuse transmission and diffuse
reflection.

1.2 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular
Spectroscopy and Separation Science and is the direct responsibility of Subcom-
mittee E13.01 on Ultra-Violet, Visible, and Luminescence Spectroscopy.
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2. Referenced Documents

2.1 ASTM Standards:2

E131 Terminology Relating to Molecular Spectroscopy
E168 Practices for General Techniques of Infrared Quanti-

tative Analysis
E169 Practices for General Techniques of Ultraviolet-Visible

Quantitative Analysis
E387 Test Method for Estimating Stray Radiant Power Ratio

of Dispersive Spectrophotometers by the Opaque Filter
Method

E958 Practice for Estimation of the Spectral Bandwidth of
Ultraviolet-Visible Spectrophotometers

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms used in this practice, refer to

Terminology E131.

4. Significance and Use

4.1 This practice permits an analyst to compare the general
performance of an instrument, as it is being used in a specific
spectrophotometric method, with the performance of instru-
ments used in developing the method.

5. Reference to This Practice in Standards

5.1 Reference to this practice in any spectrophotometric test
method (preferably in the section on apparatus where the
spectrophotometer is described) shall constitute due notifica-
tion that the adequacy of the spectrophotometer performance is
to be evaluated by means of this practice. Performance is
considered to be adequate when the instrument can be operated
in a manner to give test results equivalent to those obtained on
instruments used in establishing the method or in cooperative
testing of the method.

5.2 It is recommended that the apparatus be described in
terms of the results obtained on application of this practice to
instruments used in establishing the method. This description
should give a numerical value showing the wavelength
accuracy, wavelength repeatability, photometric accuracy, and
photometric repeatability found to give acceptable results. A
recommended spectral bandwidth maximum should be given
along with typical spectra of the components to be determined
to indicate the resolution found to be adequate to perform the
analysis. If it is considered necessary in a particular analysis,
the use of only the linear portion of an analytical curve
(absorbance per centimetre versus concentration) may be
specified, or if nonlinearity is encountered, the use of special
calculation methods may be specified. However, it is not
permissible to specify the amount of curvature if a nonlinear
working curve is used, because this may vary significantly both
with time and the instrument used.

6. Parameters in Spectrophotometry

6.1 Any spectrophotometer may be described as a source of
radiant energy, a dispersing optical element, and a detector
together with a photometer for measuring relative radiant
power. Accurate spectrophotometry involves a large number of
interrelated factors that determine the quality of the radiant
energy passing through a sample and the sensitivity and
linearity with which this radiant energy may be measured.
Assuming proper instrumentation and its use, the instrumental
factors responsible for inaccuracies in spectrophotometry in-
clude resolution, linearity, stray radiant energy, and cell con-
stants. Rigorous measurement of these factors is beyond the
scope of this practice. The measurement of stray radiant energy
is described in Test Method E387 and resolution in Practice
E958.

6.2 Modern spectrophotometers are capable of more accu-
racy than most analysts obtain. The problem lies in the
selection and proper use of instrumentation. In order to ensure
proper instrumentation and its use in a specific spectrophoto-
metric method, it is necessary for an analyst to evaluate certain
parameters that can control the results obtained. These param-
eters are wavelength accuracy and precision, photometric
accuracy and precision, spectral bandwidth, and absorption-
cell constants. Unsatisfactory measurement of any of these
parameters may be due to improper instrumentation or to
improper use of available instrumentation. It is therefore first
necessary to determine that instrument operation is in accor-
dance with the manufacturer’s recommendations. Tests shall
then be made to determine the performance of an instrument in
terms of each of the parameters in 6.1 and 6.2. Lastly,
variations in optical geometry and their effects in realizing
satisfactory instrument performance are discussed.

7. Instrument Operation

7.1 In obtaining spectrophotometric data, the analyst must
select the proper instrumental operating conditions in order to
realize satisfactory instrument performance. Operating condi-
tions for individual instruments are best obtained from the
manufacturer’s literature because of variations with instrument
design. A record should be kept to document the operating
conditions selected so that they may be duplicated.

7.2 Because tests for proper instrument operation vary with
instrument design, it is necessary to rely on the manufacturer’s
recommendations. These tests should include documentation
of the following factors in instrument operation, or their
equivalent:

7.2.1 Ambient temperature,
7.2.2 Response time,
7.2.3 Signal-to-noise ratio,
7.2.4 Mechanical repeatability,
7.2.5 Scanning parameters for recording instruments, and
7.2.6 Instrument stability.

7.3 Each of the factors in instrument operation is important
in the measurement of analytical wavelength and photometric
data. For example, changes in wavelength precision and
accuracy can occur because of variation of ambient tempera-
ture of various parts of a monochromator. The correspondence

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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