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Introduction

Across the wide range of material and chemical
production industries, there is an increasing need
forimproved quality assurance and quality control
processes.

As the regulation and quality requirements become
stricter in these industries, there is a stronger focus on
developing cost-saving and time-efficient methods.
There are three main drivers for companies to volun-
tarily implement more of these practices:

= Cost pressure — testing can reveal costly
out-of-spec products, allowing production
to be stopped in plenty of time

= Increased competition — quality practices
provide a competitive edge and can
be used as a marketing tool to raise
brand value

= Scarcity of resources — qualified staff
are difficult to find; therefore, checks
that can be carried out by non-specialists
are invaluable

Near-infrared (NIR) spectroscopy is a method that ad-
dresses the above drivers and is particularly suited for
making quality control more efficient and cost-effec-
tive. This application eBook provides you with an over-
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view of the basic principles of NIR spectroscopy and
how it works, the benefits of this technique over tra-
ditional alternatives, selected application examples in
several key industries, plus a detailed evaluation of
the cost savings and impact on data integrity.

Understanding NIR spectroscopy and its potential
For over 30 years, NIR spectroscopy has been an es-
tablished method for fast and reliable quality control
within different industries.

However, companies often seem unprepared for the
demands of implementing this method, whether due
to a lack of awareness regarding application possibil-
ities or a general hesitation to adopt new methods.
The white paper NIR spectroscopy: how does it work
and how to implement provides a brief introduction
to this fascinating technology, followed by implemen-
tation guidelines according to ASTM E1655.

Multiple parameters in just one measurement
One major advantage of NIR spectroscopy is the de-
termination of multiple parameters, in just 30 seconds,
with no sample preparation. The non-invasive inter-
action of light with matter is influenced by the phys-
ical and chemical properties of the sample, making
NIR spectroscopy a suitable method for the determi-
nation of both property types. Here, we provide an
array of application notes that outline real applica-
tion examples across the petroleum, polymer, and
chemical industries.

Reduce your running costs by up to 90%

The cost of chemicals and toxic reagents is often a
major pain point for those conducting wet chemical
analysis. Both the purchasing costs and the process of
chemical disposal amount to a significant expenditure

and these factors have an impact on total quality
assurance and control costs, which in turn affects over-
all product margins. As a non-destructive, chemi-
cal-free technology, NIR spectroscopy has the poten-
tial to significantly reduce these costs. The white paper
Boost efficiency in the QClaboratory: How NIRS helps
reduce costs up to 90% explores the economic advan-
tage of NIR spectroscopy compared to more conven-
tional methods.

Data integrity: What does it mean,

how can | improve it?

The white paper Data integrity with NIR spectroscopy
provides an overview of the key requirements men-
tioned by the FDA in its data integrity guidelines, plus
a comprehensive presentation on how these individ-
ual aspects, summarized within the acronym ALCOA
(attributable, legible, contemporaneous, original and
accurate) and ALCOA +, are covered by Metrohm'’s

Vision Air spectroscopy software.
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WHITE PAPER

NIR spectroscopy: How does it work
and how to implement it

N

1.1 When light hits matter

The interaction between light and matter is well-
known process—just recall the last time your skin was
sunburned. Depending on the applied light intensity
and energy, the interaction can be destructive (e.g.
sunburn) or benign (e.g. radio waves). Light used in
spectroscopic methods is typically not described by
the applied energy, but in many cases by the wave-
length. The relationship for both quantities is de-
scribed by:

with £ = light energy, ¢ = Planck constant; ¢ = light
constant, and A =wavelength of the light. Since energy
and wavelength are inversely proportional, higher
wavelengths correspond to lower energies. Therefore
UV (ultraviolet) light (10-300 nm) is higher in energy
compared to near-infrared (NIR) light (800-2500 nm),
which is one of the reasons behind the non-destructive
nature of NIR spectroscopy as an analytical method.

A NIR spectrometer such as the Metrohm DS2500
measures this interaction to generate spectra as
displayed in Figure 1. NIRS is especially sensitive to
the presence of certain functional groups like CH,
NH, OH, and SH. Therefore, NIR spectroscopy is an
ideal method to quantify chemical parameters like
water content (moisture), hydroxyl value, Acid
Number, amine content, or octane number to name
just a few. Furthermore, the interaction is also de-
pendent upon the matrix of the sample itself, which
allows also the detection of physical parameters such
as density, viscosity, melt flow rate, or the flash point.
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Figure 1. Nylon and polyethylene spectra resulting from the
interaction of NIR light with the respective samples.

All of this information is contained in just one spec-
trum, making this method suitable for quick multi-pa-
rameter analysis. The workflow of spectra collection
and a more detailed description of the advantages
of this technology is given in the next chapter.



1.2 NIR Spectroscopy: sample handling

and measurements

A good starting point to understand the benefits of
NIR spectroscopy is to look at how these spectra are
measured. NIR spectroscopy can be used to analyze
different types of samples, such as solids, liquids,
creams, and suspensions. However, different instru-
mentation is required depending on the sample type.
Choosing the right measurement method, and respec-
tive accessory is the most important step to develop
robust NIR operating procedures. Below, the different
measurement modes (diffuse reflection, transmission,
and transflection) are shown for various sample types.

1.2.1 SOLID SAMPLE MEASUREMENT

Solid samples (such as powders) are secured within
an appropriate container or vial (Figure 2a) then
placed as-is on the analyzer. Heterogeneous samples,
such as polymer pellets, can be analyzed using larger
measurement cups (Figure 2b).

Figure 2. Solid sample placement for NIR spectra measurement.
a) Direct measurement of powder substance in a vial. b) Large
heterogeneous samples can be analyzed using large sample cups.

The measuring mode typically used for these kinds of
samples is referred to as diffuse reflection, generally
an appropriate procedure for analyzing granulates,
fibers, flakes, and both coarse and fine powders. For
diffuse reflection (Figure 3), the NIR light, which comes
from below the sample, penetrates into and interacts
with it, while being partially absorbed. Unabsorbed
NIR light reflects back to the detector. In less than 1
minute, the measurement is completed and the results
are displayed.

Figure 3. Schematic display of the light path interacting with
a sample during diffuse reflection.

1.2.2 LIQUID SAMPLE MEASUREMENT

As Figure 4a illustrates, for liquid measurements with
NIR spectroscopy, a vial or cuvette is used as a sample
vessel for the analysis. Disposable vials are typically
used for convenience reasons, removing any need for
sample cleaning, and allowing a full analysis in less
than 2 minutes, comparable to the measurement of
solid samples. The measuring mode of choice
for liquid analysis is known as transmission. In this
case, the NIR radiation travels through the solution
before reaching the detector (Figure 4b).

222, °

Figure 4. a) Measurement of liquids are typically done in vials.
b) The measurement mode is known as transmission, where
light travels through the sample while being absorbed (from
left to right in the schematic).

1.2.3 A SPECIAL CASE: CREAMS, PASTES,
AND GELS

The transflection measuring method is most suitable
to measure creams, pastes, and gels. This technique
isa combination between transmission and reflection.
A reflector is placed behind the sample, which ref-
lects any unabsorbed NIR light back to the detector
(Figure 5b). Wide open sample cups (Figure 5a) sup-
port the eventual cleaning step, which is another
important aspect to achieve a fast and convenient
analysis.
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Figure 5. a) Display of setup for measuring creams. The gold
reflector is placed on top of the sample to reflect unabsorbed
light. b) lllustration of the transflection measuring principle.

1.2.4 SUMMARY

Three different measuring methods are common
in NIR spectroscopy, which depend heavily on the
sample type. Table 1 displays an overview with sug-
gestions for measurement methods and instruments
based on the sample type to be analyzed.

Sample Measurement Recommended

type method instrument

Solids Diffuse Reflection DS2500 Solid Analyzer
Liquids Transmission DS2500 Liquid Analyzer
Slurries, Creams Transflection DS2500 Solid Analyzer

Table 1. Overview of commonly used measurement methods
for different sample types.

The procedure to obtain NIR spectra already highlights
two major advantages of NIR spectroscopy: simplicity
regarding sample measurement and speed:

= Fasttechnique with results in less than 2 minutes.
= No sample preparation required — solids and
liquids can be measured in original forms.

Other advantages of NIR spectroscopy are listed below
and will be discussed later:

= Low cost per sample — no chemicals or solvents
needed.

= Environmentally friendly technique — no waste
generated.

= Non-destructive — precious samples can be reused
after analysis.

= Easy to operate — inexperienced users are imme-
diately successful.

The next section explains in more detail how a
NIR spectroscopy prediction model is developed and
implemented in the laboratory workflow.



1.3 How to implement NIR spectroscopy in your

laboratory workflow

NIR spectroscopy is a secondary technique, which
means a prediction model (based on values from a
primary technique) is required first prior to beginning
any routine analysis. This is similar to other analytical
methods, for example HPLC. To quantify a substance
with HPLC, a series of standard solutions of the analyte
must be prepared and measured to create a calibrat-
ion curve spanning a certain concentration range.
Unknown samples are subsequently measured, and
their concentrations are calculated based on their
detector response along with the calibration curve.

A similar procedure is required when implementing
NIR spectroscopy. Initially, spectra with known con-
centrations or known parameter values (gathered with
a primary method such as titration) are collected. This
set of spectra, known as a calibration set, is the basis
to create prediction models, which can be done using
the provided spectroscopy software, e.g. Metrohm
Vision Air Complete. The prediction models are then
embedded in an operating procedure (OP), which

o Create calibration set

Create and validate prediction
models

° Routine analysis

includes all measurement specific settings such as
definition of sample vessel type or number of scans.
The usage of such OPs allows operators to conduct
their routine analysis at the push of a button with
no necessity to run the primary methods anymore.

The following section describes a more detailed work-
flow for the implementation of NIR spectroscopy in a
QC laboratory environment in accordance with the
ASTM E1655 guideline. For illustrative purposes, the
workflow is described using a real example.

Alaboratory at a company which produces polymeric
material has purchased a NIR analyzer with the
intention to use it for rapid moisture measurements (as
an alternative to Karl Fischer titration), and for the
determination of the intrinsic viscosity (as an alterna-
tive to viscometry measurements). According to chap-
ter 1.2.1, a calibrated Metrohm DS2500 Analyzer mea-
suring in diffuse reflection is the suitable analyzer
configuration. The workflow is summarized in Figure 6.

.

Moisture % 3.70 3.69
Relative viscosity  2.425 2.424

Figure 6. Workflow for NIR spectroscopy method implementation.

1.3.1 STEP 1 - CREATE CALIBRATION SET

A calibration set is required to create prediction
models, as mentioned earlier. This set is used to
“train” the system to correctly interpret spectra (e.g.
moisture content and intrinsic viscosity) measured
during routine analysis. These calibration set samples
must cover the complete expected concentration
range of the parameters tested for the method to be
robust. This reflects other techniques (e.g. HPLQ)
where the calibration standard curve needs to span
the complete expected concentration range. There-
fore, if you expect the moisture content of a substan-
ce to be between 0.35% and 1.5%, then the training/
calibration set must cover this range as well.

In this example, 10 polymer samples with moisture
levels between 0.38-1.43% and intrinsic viscosity
values between 2.51-3.60 are measured using both
the DS2500 Analyzer and the respective primary
methods (KF titration and viscometry). The obtained
spectra are then linked with the moisture and viscosity
values using the Vision Air Software (Figure 7). Sub-
sequently, this data set (known as a calibration set)
is used for prediction model development.

1.3.2 STEP 2 - CREATE AND VALIDATE
PREDICTION MODELS

The next step is to identify spectral regions that cor-
relate with the moisture and viscosity value, respec-
tively. To enhance the visibility of these differences,
mathematical calculations such as the first or second
derivative are applied (Figure 8).

Once visually identified, the software will attempt to
correlate the selected spectral regions with the values
sourced from the primary method(s). The result is a
correlation diagram for water detection along with
the respective figures of merit, including the Stan-
dard Error of Calibration (precision) and the correla-
tion coefficient (R2) shown in Figure 9. The same
procedure is carried out for the second parameter
discussed here, intrinsic viscosity.

Again, this process is similar to the general working
procedures with techniques like HPLC. When creating
a calibration curve with HPLC, typically the peak
height or peak intensity (surface) is linked with a
known internal standard concentration. Here, only
one variable is used (peak height or surface) there-

Time Sample number | Intrinsic Viscosity | Intrinsic Viscosity Ref. | Moisture Content [%] | Moisture Content Ref.

3/2/2020 1:10:28 PM Sample 10

3/2/2020 1:10:17 PM - Sample 9 =
3/2/2020 1:10:06 PM  Sample 8 —
3/2/2020 1:09:56 PM Sample 7 =
3/2/2020 1:09:46 FM Sample 6 —
3/2/2020 1:09:34 PM  Sample 5 =
3/2/2020 1:09:24 PM  Sample 4 —
3/2/2020 1:09:12 PM  Sample 3 =
3/2/2020 1:09:06 PM  Sample 2 —

3/2/2020 1:08:55 PM  Sample 1 =

271 = 1.35
3.12 — 1.43
3.15 = 1.21
2.70 — 045
3.00 = 112
3.15 — 0.87
3.60 = 0.96
3.40 — 0.63
3.39 = 0.38

Figure 7. Display of 10 NIR measurements linked with intrinsic viscosity and moisture reference values obtained with Karl Fischer titration

and viscometry.



fore this procedure is known as univariate data ana-
lysis. To create the correlation for NIR spectroscopy,
a spectral range (approximately 1900-2000 nm for
the water peak) and therefore multiple absorbance
values are used. Therefore, NIR spectroscopy is known
as a multivariate data analysis technology.

Absorbance / arb.units

I ! | ! | ! | ! |
1860 1910 1960 2010 2060
Wavelength / nm

The ideal number of spectra in a calibration set
depends on the variation in the sample (particle size,
chemical distribution, etc.). In this example, we used
10 polymer samples, which is a good starting point
to check the application feasibility. However, to build
a robust model which covers all sample variations,

b) peak visibility improved

2nd derrivative absorbance / arb.units

Peak differences intensified
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Figure 8. Example of the intensifying effect on spectra information by using mathematical calculation: a) without any mathematical opti-
mization and b) with applied second derivative highlighting the spectra difference at 1920 nm and intensifying the peaks near 2010 nm.
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Figure 9. Correlation plot and Figures of Merit (FOM) for the prediction of water content in polymer samples using NIR spectroscopy.
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more sample spectra are required. As a rule, appro-
ximately 40-50 sample spectra will provide a suitable
prediction model in most cases.

This data set comprised of 40-50 spectra is also used
to validate the prediction model. This can be done
using the Vision Air Complete software, which splits
the data set into two groups of samples:

1) Calibration set 75%
2) Validation set 25%

As before, a prediction model is created using the
calibration set, but the predictions will now be
validated using the validation set. Results for the
polymer samples are shown in Figure 10 and display a
correlation plot with the respective figures of merit,
which include the Standard Error of Calibration (pre-
cision of the calibration set prediction), Standard
Error of Validation (precision of the validation set
prediction), and R2.

Users that are inexperienced with NIR model creation
and do not yet feel confident with it can rely on
Metrohm support, which is known for its high quality
service. They will assist you with the prediction model
creation and validation.

14| @ Calibration Data Set
@ Validation Data Set [ ]

Moisture content NIR value / %

L I L ]
04 0.6 0.8 1.0 1.2 14
Moisture content lab value / %

1.3.3 STEP 3 - ROUTINE ANALYSIS

The beauty of the NIRS technique comes into focus
now that the prediction model has been created and
validated.

Polymer samples with unknown moisture content
and unknown intrinsic viscosity can now be analyzed
at the push of a button. The NIRS DS2500 Analyzer
will display results for those parameters in less than
a minute. Typically, the spectrum itself is not shown
during this step—just the result—sometimes high-
lighted by a yellow or red box to indicate results with
a warning or error as shown in Figure 11.

Another display possibility is the trend chart, which
allows for the proactive adjustment of production
processes. Warning and action limits are highlighted
here as well (Figure 12).

In summary, the maximum effort needed to imple-
ment NIR spectroscopy in the laboratory is in the
beginning of the workflow, during collection and
measurement of representative samples that span
the complete concentration range. The prediction
model creation and validation, as well as implemen-
tation in routine analysis, is performed with the help
of the Metrohm Vision Air Complete software and
can be completed within a short period. Additional-
ly, our Metrohm NIR spectroscopy specialists will
happily support you with the prediction model crea-
tion if you require assistance.

Figures of Merit Value
R2 0.985
Standard Error of g
Calibration 0:0%
Standard Error of 0.05%

Validation

Figure 10. Correlation plot and Figures of Merit (FOM) for the prediction of water in polymer samples using NIR spectroscopy. The
split set function in Vision Air Complete allows generation of a validation data set, which is used to validate the prediction model.
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At this point, take note that there are cases where
NIR spectroscopy can be implemented directly without
any prediction model development, using Metrohm
pre-calibrations. These are robust, ready-to-use ope-
rating procedures for certain applications (e.g. viscosity
of PET) based on real product spectra. Visit the Me-
trohm pre-calibration website or contact your local

a A" F [ == 9 Operating procedure Time

Metrohm sales representative for more information.
In the next chapter, a selection of handpicked appli-
cations from the chemical, polymer, petrochemical,
and personal care industry is presented to provide
an overview of the many possibilities with NIR spec-
troscopy.

Sample number Intrinsic Viscosity Moisture Content [%]

[ﬁﬂl B/ % Polymer Analysis 3/2/2020 4:03 PM  Sample 19 3.02 1.02

[&EI B & Polymer Analysis 3/2/2020 4:02 PM  Sample 18 2.56 1.20

% Polymer Analysis 3/2/2020 401 PM  Sample 17

Sample event

I Moisture Content: 0.06% is below operating procedure action limit 0.30%

[&EI B & Polymer Analysis 3/2/2020 4:01 PM  Sample 16 384 058
=] B & Polymer Analysis 3/2/2020 4:01 PM  Sample 15 310 0.80
[ﬁﬂl B & Polymer Analysis 3/2/2020 4:00 PM  Sample 14 280 050

Figure 11. Overview of a selection of NIR predicted results, with clear pass (no box) and fail (red box) indications.

Moisture Content [36] W Current = 0.80
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I
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Figure 12. Trend chart of NIR moisture content analysis results. The parallel lines indicate defined warning (yellow) and action (red) limits.
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NIR APPLICATION NOTE NIR-022

Quality control of gasoline

Rapid determination of RON, MON, AKI, aromatic content,
and density

In recent years, there has been a significant push to reduce the environmental impacts of fuels through
improvements to fuel quality. This requires engines to be more efficient, along with increasing the octane
content of fuel so higher compression engines can be utilized. The determination of key quality parameters of
gasoline, namely research octane number (RON, ASTM D2699-19), motor octane number (MON, ASTM D2700-
19), anti knock index (AKI), aromatic content (ASTM D5769-15), and density, conventionally requires several
different analytical methods, which are laborious and need trained personnel. This application note
demonstrates that the XDS RapidLiquid Analyzer, operating in the visible and near-infrared spectral region (Vis-

NIR), provides a cost-efficient and fast solution for the multiparameter analysis of gasoline.

13



EXPERIMENTAL EQUIPMENT

Gasoline samples were measured with the XDS
RapidLiquid Analyzer (RLA) in transmission mode
over the full wavelength range (400-2500 nm).
Reproducible spectrum acquisition was achieved
using the built-in temperature controlled sample
holder. For convenience, disposable vials with a path
length of 8 mm were used, which made a cleaning
procedure unnecessary. The Metrohm software
package Vision Air Complete was used for data

acquisition and prediction model development.

Table 1. Hardware and software equipment overview

RESULT RON VALUE

RON NIR value

1004
98-
96
944
92+
904

90 92 94 96 98 100
RON lab value

Figures of Merit Value
R2 0.989
Standard Error of

Calibration 0.26
Standard Error of Cross- 0.29

Validation

Figure 1. XDS RapidLiquid Analyzer and 8 mm disposable vial filled

with a gasoline sample.

Equipment Metrohm number
RESULT

XDS RapidLiquid Analyzer 2.921.1410

Disposable vials, 8 mm 6.7402.000 The obtained Vis-NIR spectra (Figure 2) were used to

diameter, transmission create prediction models for the determination of

Vision Air 2.0 Complete 6.6072.208 several key fuel parameters. The quality of the
prediction models was evaluated using correlation
diagrams, which display a correlation between the
Vis-NIR prediction and primary method values. The
respective figures of merit (FOM) display the
expected precision of a prediction during routine
analysis.
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Figure 3. Correlation diagram and the respective figures of merit for the prediction of the RON value in gasoline using a XDS RapidLiquid

Analyzer. The reference lab values were determined according to CFR engine tests under controlled conditions.

RESULT MON VALUE
88+
S
= 86
=
1 -
E 84
5 8-
=
80+
L] L] 1 L] L]
80 82 84 86 88
MON lab value

Figures of Merit Value
R2 0.889
Standard Error of

Calibration 050
Standard Error of Cross- 053

Validation

Figure 2. This selection of gasoline Vis-NIR spectra was obtained using a XDS RapidLiquid Analyzer and 8 mm disposable vials. For display

reasons a spectra offset was applied.
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Figure 4. Correlation diagram and the respective figures of merit for the prediction of the MON value in gasoline using a XDS RapidLiquid

Analyzer. The reference lab values were determined according to CFR engine tests under controlled conditions.

RESULT AROMATICS CONTENT

Aromatics NIR value / vol%

504

40-

30+

20+

T
20

30

T
40

T
50

Aromatics lab value / vol%

Figures of Merit Value

B2 0.974
Standard Error of R
Calibration 0.97 vol%
Standard Error of Cross- I

Validation

Figure 5. Correlation diagram and the respective figures of merit for the prediction of the aromatics content in gasoline using a XDS

RapidLiquid Analyzer. The lab values were determined with gas chromatography/mass spectrometry techniques.
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RESULT DENSITY CONCLUSION

method UOP326-17 (Table 2), the time to result is a

0.804 . This application note shows the feasibility of NIR
o Figures of Merit Value . _ _ major advantage of NIR spectroscopy, since a single
2 0784 spectroscopy for the analysis of diene value in
-~ , ) i ] measurement is performed within one minute.
E 0.76+ R? 0.973 pyrolysis gasoline. In comparison to the wet chemical
[1v] .
=
o Standard Error of
Z 0749 I 0.0021 kg/L
= Calibration _ . . .
= 0.72 AT Table 2. Time to result with conventional testing methods
8 e 0.0023 kg/L _
— T T T 1 Validation Parameter Method Time to result
0.72 0.74 0.76 0.78 0.80
Density lab value / kg/L RON CFR engine test ~30 minutes per sample
Figure 6. Correlation diagram and the respective figures of merit for the prediction of gasoline density using a XDS RapidLiquid Analyzer. MON CFR engine test ~30 minutes per sample
The lab values were determined using a density meter.
AKI CFR engine test ~30 minutes per sample
Aromatic content Gas Chromatography ~45 minutes per sample
RESULT AKI VALUE
Figures of Merit Value To view the information for all key parameters and to get the latest information, please check out our pre-
o calibrations:
= R2 0.945
[
é SHEntard. Eiioror www.metrohm.com/pre-calibrations
=z o 0.45
< Calibration
< Standard Error of Cross- 0.46
Validation '

Ll 1 L] I I I
84 86 88 90 92 94
AKI lab value

Figure 7. Correlation diagram and the respective figures of merit for the prediction of AKl value in gasoline using a XDS RapidLiquid Analyzer.

The reference lab values were determined according to CFR engine tests under controlled conditions.

Analytes: RON, MON, AKI,
Aromatics content, Density

Matrix: Gasoline

Industry: Petrochemical Industry
Standards: ASTM D2699
ASTM D2700-19
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https://www.metrohm.com/content/metrohm/en/products/near-infrared-spectroscopy/ds2500-analyzers/pre-calibrations-for-vision-air-vis-nir-spectroscopy-software.html

NIR APPLICATION NOTE NIR-060

Quality Control of Polyamides

Determination of viscosity, functional groups, and moisture

within one minute

Functional group and viscosity analysis (ASTM D789) of polyamides can be a lengthy and challenging process

due to the sample’s limited solubility.

This application note demonstrates that the DS2500 Solid Analyzer operating in the visible and near-infrared
spectral region (Vis-NIR) provides a cost-efficient and fast solution for a simultaneous determination of the
intrinsic viscosity as well as the amine, carboxylic, and moisture content in polyamides. With no sample

preparation or chemicals needed, Vis-NIR spectroscopy allows for the analysis of polyamides in less than a minute.

18

EXPERIMENTAL EQUIPMENT

Polyamide pellets were measured with a DS2500
Solid Analyzer in reflection mode over the full
wavelength range (400-2500 nm). A rotating
DS2500 Large Sample Cup was employed to
overcome the distribution of the particle sizes and
chemical components. This allowed for an
automated measurement at different sample
locations for a reproducible spectrum acquisition. As
displayed in Figure 1, samples were measured
without any preparation. The Metrohm software
package Vision Air Complete was used for all data

acquisition and prediction model development.

Table 1. Hardware and software equipment overview

Equipment Metrohm number

DS2500 Analyzer 2.922.0010

DS2500 Large Sample Cup  6.7402.050

Vision Air 2.0 Complete 6.6072.208

Absorbance

Figure 1. DS2500 Solid Analyzer and polyamide pellets present in
the rotating DS2500 Large Sample Cup.

RESULT

The obtained Vis-NIR spectra (Figure 2) were used to
create prediction models for quantification of the
intrinsic viscosity and amine end group, carboxylic
end group, and moisture content in polyamides. The
quality of the prediction models was evaluated using
correlation diagrams, which display the relationship
between Vis-NIR prediction and primary method
values. The respective figures of merit (FOM) display
the expected precision of a prediction during routine

analysis.

v 1 v 1 v 1
400 700 1000 1300

1 v 1 v 1 v 1
1600 1900 2200 2500

Wavelength / nm

Figure 2. Selection of polyamide Vis-NIR spectra obtained using a DS2500 Analyzer and a rotating DS2500 Large Sample Cup. For display

reasons spectra are shown with an offset applied.
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RESULT INTRINSIC VISCOSITY RESULT MOISTURE CONTENT

Q40+ 1.6+
;—E Figures of Merit Value RS | Figures of Merit Value
x 354 o 124
= =
- R2 0.986 o 1 R2 0.991
% 3.0+ o 0.8-
@ L
2 Standard Error of =z 1 Standard Error of 5
S 254 Callration DERts £ 04+ Calibration G
‘® » o
£ Standard Error of Cross- o Standard Error of Cross- 0
= 2.0 T T T T T Validation 0.055 = 00 T T T 1 Validation DoeEd%
20 25 30 35 40 00 04 08 12 16
Intrinsic viscosity lab value Moisture lab value / %
Figure 3. Correlation diagram and the respective figures of merit for the prediction of the intrinsic viscosity in polyamides using a DS2500 Figure 6. Correlation diagram and the respective figures of merit for the prediction of moisture content in polyamides using a DS2500 Solid
Solid Analyzer. The intrinsic viscosity lab value was evaluated using viscometry. Analyzer.
RESULT CARBOXYL END GROUP CONTENT CONCLUSION
@ . . .
S K : il chemical methods (Table 2), the time to result is a
S 140 Figures of Merit VT This study demonstrates the feasibility of NIR . |
x 1204 spectroscopy for the analysis of some key quality major advantage of NIR spectroscopy, since all
=z . . .
@ m100- R2 0.972 parameters of polyamides. In comparison to wet parameters are determined in a single measurement
3 < 80~ i i
% S o Standard Brrorof PP in less than a minute.
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NIR APPLICATION NOTE NIR-035

Quality Control of Polyols

Chemical-free determination of Hydroxyl Number according
to ASTM D6342-12

Toxic and corrosive chemicals such as p-toluenesulfonyl isocyanate (TSI) and tetrabutylammonium hydroxide

are used for the Hydroxyl Number analysis of polyols by titration according to ASTM D4274-16.

This application note demonstrates how the XDS RapidLiquid Analyzer operating in the visible and near-infrared
spectral region (Vis-NIR) provides a cost-efficient and fast solution for the determination of the hydroxyl (OH)
number of polyols. With no sample preparation or chemicals needed, Vis-NIR spectroscopy allows for the analysis

of polyols in less than a minute.
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EXPERIMENTAL EQUIPMENT

Polyol samples were measured with a XDS
RapidLiquid Analyzer in transmission mode over the
full wavelength range (400-2500 nm). Reproducible
spectrum acquisition was achieved using the built-in
temperature control (at 30°C) of the XDS
RapidLliquid Analyzer. For convenience, disposable
vials with a path length of 4 mm were used, which
made cleaning of the sample vessels unnecessary.
The Metrohm software package Vision Air Complete
was used for all data acquisition and prediction

model development.
Table 1. Hardware and software equipment overview

Equipment Metrohm number

XDS RapidLiquid Analyzer 2.921.1410

Disposable vials, 4 mm 6.7402.010
diameter, transmission

Vision Air 2.0 Complete 6.6072.208

Absorbance

Figure 1. XDS RapidLiquid Analyzer and a polyol sample presentin

a4 mm disposable vial.

RESULT

The obtained Vis-NIR spectra (Figure 2) were used to
create prediction models for quantification of the
hydroxyl number in polyol samples. The quality of
the prediction models was evaluated using
correlation diagrams, which display the relationship
between the Vis-NIR prediction and primary method
values. The respective figures of merit (FOM) display
the expected precision of a prediction during routine

analysis.

400 700 1000 1300

| ! | ! I ! |
1600 1900 2200 2500

Wavelength / nm

Figure 2. Selection of polyol Vis-NIR spectra obtained using a XDS RapidLiquid Analyzer and 4 mm disposable vials. For display reasons a

spectra offset was applied.
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RESULT HYDROXYL NUMBER

Fgures of Mett Value Boost efficiency in the QC laboratory:
¢ How NIRS helps reduce costs up to 90%
%é 120~ Zﬁ%‘:i{%ﬁ"‘” of 1.28 mg KOH /kg
gh BO-I N \S};;’:jd;irgnError of Cross- 1.42 mg KOH /kg

80 120 160 200

Hydroxyl number lab value
/ mg KOH/g

Figure 3. Correlation diagram and the respective figures of merit for the prediction of the hydroxyl number in polyols using a XDS RapidLiquid

Analyzer. The hydroxyl number lab value was evaluated using HPLC-MS.

CONCLUSION
The following application note demonstrates the chemical methods, running costs are significant
feasibility of NIR spectroscopy for the analysis of the lower when using NIR spectroscopy (Figure 3).

hydroxyl number in polyols. In comparison to wet

Running Costs / Year Lab method NIR method Nicolas Rﬂh', Ph.D. and
$60,000 .y =
. Number of analyses (per day) 10 10 Alyson LanCIkIl PhD-
$40,000 N .
= Cost of operator (per houn) $25 $25 Underestimation of quality control (QC)
$20,000 processes is one of the major factors leading
' Costs of consumables and $6 §1 to internal and external product failure,
I - m chemicals OH-Number which have been reported to cause a loss
$0 - T . s oo o of turnover between 10-30%. As a result,
1 2 3 Ime spent per analysis min min many different norms are put in place
: to support manufacturers with their QC
B Cumulative costs Jab method Total running costs (per year) $18,188 $2,063 processr.) However, time to result and the
B Cumulative costs NIR method associated costs for chemicals can be quite
Savings excessive, leading many companies to
implement near-infrared spectroscopy (NIRS)
Figure 4. Comparison of running costs for the determination of the hydroxyl number with titration and NIR spectroscopy. in their QC process. This paper illustrates

the potential of NIRS and displays cost
saving potentials up to 90%.
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Quality Control with NIR Spectroscopy -

A sustainable boost in efficiency

«Good quality is expensive.» One could argue that high
product prices are often due to costly production processes,
which result from extensive quality control (QC) and quality
assurance (QA) measures. However, as a QA/QC Manager,
you might disagree and refer to personal examples and
scientific studies outlining the consequences of poor quality
control measures. The following white paper provides a
short summary about the importance of QC and QA, while
illustrating action points to improve existing QC processes.
Furthermore, near-infrared (NIR) spectroscopy is presented as
a powerful analysis technique to increase QC efficiency while
maintaining the accuracy and precision of the existing analysis
method.

The importance of QC and QA
Two main failure costs are addressed and mitigated with a
reasonable QC/QA framework in place:

e Avoidance of internal failure
e Avoidance of external failure

Internal failure costs are associated with internal errors (e.g. re-
inspection, rework, or scrapping). External failures are related
to product defects found after delivery to the customer. These
are expensive and involve a significant risk because they
can affect brand reputation or even induce a loss of market
share. Follow-up actions such as warranties, repairs, or recalls,
require a great expenditure and therefore will significantly
reduce revenues.

To avoid these failures and their related costs, it is advisable
to invest reasonably into prevention measures. One such
activity is the continuous monitoring of used raw materials,
intermediate products, and final products. More commonly,
companies prefer to gamble by under-investing in this area
and neglect the negative implications, which can result in a
loss of turnover between 10-30%.[1]

Aside from implementing the appropriate checks along
the complete production process, companies should also
challenge their existing QC processes and setups in order
to discover how to further increase production efficiency.
Possible approaches include:

e Reduce budget for testing and inspection

* Increase efficiency of production equipment
e Improve productivity of the operators

¢ Make manufacturing easier
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One strategy could be to analyze each of these action points
individually, in order to find any major gaps as well as to define
the respective countermeasures. Alternatively, companies can
also take advantage of more modern QC technologies which
have the potential to address all four of these approaches
directly.

Near-Infrared Spectroscopy (NIRS) is an example of a modern
QC method which significantly boosts the efficiency of QC
labs. In the following section, this technology and its benefits
are presented and discussed.

Near-Infrared Spectroscopy (NIRS)

All spectroscopic methods determine sample properties by
analyzing the specific interaction between light and matter.
This interaction varies in dependence of the applied light
source, and therefore the different spectroscopic technologies
are defined by the applied light energy (i.e. wavelength), and
by the type of interaction. With NIRS, for example, instruments
detect the quantity of absorbed (absorbance spectroscopy)
near-infrared light (NIR = 800-2500 nm respectively
12500-4000 cm™, see Figure 1) by functional groups such as
-CH, -NH, -SH, or -OH.

9 H
N\/\/\N M
(0] Hip n
Nylon Polyethylene

Figure 1. Comparison of spectra taken from Nylon and polyethylene
in the near-infrared wavelength region. The differences seen are due
to their different chemical structures — Nylon contains nitrogen func-
tional groups whereas polyethylene does not.

Since the NIR light-matter interaction is by nature fast and non-
destructive, NIRS-based analytical methods offer significant
advantages over conventional approaches. Samples are
analyzed as-is without time-consuming preparative steps, and
remain undamaged. All NIR-sensitive information is gathered
by a single measurement in less than one minute, and is
displayed in the spectroscopy software as a spectrum.

The action of acquiring a quick and complete overview of
information is identical to the experience of capturing the
image of an object with a camera. A single picture includes
all sorts of information about the object e.g. color, size,
shape, position, etc. Analogous to the picture, a spectrum
is @ complete scan which includes numerous information
about the sample (e.g. the water content, OH-Number,
viscosity, or the acid number). For both the camera image
and sample spectra, the only necessary action is to interpret
the data, which in the case of NIRS is performed by the
provided manufacturer spectroscopy software.

Currently, manufacturers of NIR instruments pay particular
attention to the convenience of system operation, resulting
in standardized analyzers and easily defined operating
procedures. Both facets simplify the implementation of NIR
spectroscopy into daily QC operations, even across multiple
locations, requiring only minimal training of the operators.

In regards to the action points to improve QC efficiency on
the previous page, it is apparent that companies which have
implemented NIRS methods into their routine QC testing
are able to reduce their testing budget and improve their
operators’ efficiency at the same time. Table 1 and Figure 2
present the potential return on investment (ROI) by comparing
analysis costs per year between the commonly used methods
of titration and viscometry versus near-infrared spectroscopy.

Running Costs / Year

$500,000
$400,000 I I
$300,000 I I
$200,000 I | I
$100,000 I | I I

o mahhhbhhhh

1 2 3 4 5 6 7 8 9 10

= Cumulative costs: Primary === Cumulative costs: NIR Savings

Figure 2. Possible return on investment as related to running costs
when analyses are conducted with NIRS vs primary methods.

Table 1. Overview of estimated costs for the analysis of different parameters with primary methods vs NIRS. The full ROl is achieved within

11 months.

Total analyses per day

Cost of operator per hour

Cost of Analyzer
DS2500 Analyzer

Total initial costs

Determination of H,0 content (ISO 15512)
Determination of functional groups
Determination of viscosity (ISO 307)

Total costs consumables and/or chemicals: per year

Time spent per analysis (minutes)
Determination of H,O content (ISO 15512)
Determination of functional groups
Determination of viscosity (ISO 307)

Total yearly labor costs

Total running costs

Running costs consumables and/or chemicals: per analysis

10 10
$25 $25
Primary Method Near-Infrared Spectroscopy
— $ 55,000
$0' $ 55,000
S5 S0
$5 S0
$6 S0
$ 35,100 $0.00
5.0 0.5
5.0 0.5
15.0 0.5
$ 23,438 S 469
$ 58,538 $ 469

'Assumption that the instrument had previously been purchased, and therefore this cost is not included in the ROI calculation.
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Application Examples

Some key parameters have already been mentioned in the
previous chapter, however a complete list of possible NIRS
applications would exceed the scope of this paper. Typical
industries where NIRS is an established analytical QC method
include:

e chemicals

e |ubricants

e petrochemicals

e polymers

e paint, inks, and dyes

e pulp and paper

e pharmaceuticals

e personal care and cosmetics
e food and feed, agriculture

In the following section, three different industries and
application examples are described. However, it is important
to note that the precision values are a function of the chosen
concentration range. Therefore, selecting lower concentration
ranges will most likely further enhance the precision of the
results.

Chemical Industry — Polyols

Polyols, a class of organic compounds characterized by the
presence of two or more hydroxyl groups, are crucial starting
materials for the production of polyurethanes. Both the
reaction behavior of polyols and the composition of the final
product are highly dependent on the number of hydroxyl
groups, which makes the analysis of this functional group so
important. The reactivity of polyols also depends upon their
moisture content and the acidity represented by the number
of attached carboxylic acid groups.

NIRS is an established technology for the analysis of polyols
(ASTM D6342), able to precisely determine all three
parameters within 30 seconds as shown in several applications
[2]. Table 2 presents some key results from a polyol analysis
utilizing NIR spectroscopy.

Absorbance

400 700 1100 1300 1600 1900 2200 2500
Wavelength / nm

Figure 3. NIR spectra taken of polyol samples with varying OH num-
ber values.
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Table 2. Overview of typical parameters measured in the polyol
industry which can also be analyzed by NIR spectroscopy.

Precision

Parameter (unit)
Hydroxyl Value (mg KOH/g) | 70.00-125.00 | 0.68

10.10-800  |038 |
| 75-400 52 |

| Acid Value (mg KOH/g)

| Moisture content (mg/L)

220

200

180

160

140

120

100

Hydroxyl Number NIR value: mg KOH/g

80
80 100 120 140 160 180 200 220

Hydroxyl Number lab value: mg KOH/g

Figure 4. Correlation plot comparing NIRS to a primary laboratory
method.

Polymer Industry —
Polyethylene terephthalate

Polyethylene terephthalate (PET) is one of the most produced
polymers worldwide, next to polyethylene and polypropylene.
Raw materials for the production of PET include diethylene
glycol along with either dimethyl terephthalate or terephthalic
acid during transesterification and esterification reactions.

Product quality is primarily determined by the content of
diethylene glycol (DEG) and isophthalic acid (which reduces
the crystallinity of PET). Additionally, the intrinsic viscosity (IV)
(ASTM D4603) and the acid number (AN) are important
parameters to control in order to avoid external failures. NIRS
has proven its validity as an analytical method which reliably
determines these parameters. Table 3 displays the respective
concentration ranges and precision values for this application
as described in the Metrohm Application Note NIR-023 [3].

Table 3. Overview of typical parameters measured in the polymer
industry which can also be analyzed by NIR spectroscopy.

Parameter (unit) Precision
Diethylene glycol content (%) | 1.4-2.0 0.066
| Isophthalic acid content (%) | 1.8-4.5 | 0.143 |
| Intrinsic viscosity 105-09 10024 |
| Acid number 11260 0143 |

2.5

2.1

DEG NIR value: %

1.3
1.3 1.7 2.1 2.5

DEG titration value: %

4.5

IPA NIR value: %
w
o

1.5
1.5 3.0 4.5

IPA titration value: %

6.0
5.0
4.0

3.0

AN NIR value

2.0
1.0
1.0 2.0 3.0 40 50 6.0
AN titration value
Figure 5. Correlation plots for NIRS compared to laboratory primary

methods for diethylene glycol (DEG), isophthalic acid (IPA), and acid
number (AN).




Petrochemical Market —
Gasoline

Gasoline is one of several end products resulting from a
complex production chain starting with the refinement of
crude oil. This fuel product requires intensive checks on several
quality parameters which need to be within specification
before commercialization. These parameters, which can also
be controlled by NIR analysis include the Research Octane
Number (RON) and Motor Octane Number (MON), the olefins,
oxygen, aromatic content, and the density.

The importance of measuring these values precisely is not
just related to regulations, but this also offers manufacturers
further potential to save costs. As an example, RON values
exceeding the requirement will still be accepted by the market,
but these products include a higher amount of lucrative long-
chain organic molecules. This so-called «RON give away»
(Figure 6) is estimated at approximately 0.5 RON per
barrel, resulting in 2.25 million USD/month in lost revenue
for a production of 100,000 barrels per day.

Ready-to-use NIRS systems are available for monitoring
several gasoline parameters, which cover varied ranges and
their respective precisions, shown in Table 4. Additionally,
the manufacturers of NIRS analyzers usually offer application
support to extend these ranges or improve upon the precision.

ASTM Reproducibility
Supplier Testing Margin
Refinery Site Precision
ASTM Repeatability
ASTM Report interval

EN228 Specification

Recipient Testing Margin I

94.0 94.2 94.4 946 94.8

Table 4. Overview of typical parameters measured in the
petrochemical industry which can also be analyzed by NIR

spectroscopy.
Parameter (unit) Precision
RON 85.00-94.00 0.68
MON 81.00-100.00 0.53
Olefins (%) 1.0-25.0 1.3
Oxygen (%) 0.200-2.000 0.045
Aromatics (%) 20.0-45.0 1.1
Density (g/cm?) 0.7400-0.7600 0.0024

Give Away range

95.0 95.2 95.4 95.6 95.8
RON

Figure 6. Overview of typical RON give aways in relation to different methods.
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Summary

At first glance, investment into quality control might increase
product costs. However, this reduces costs related to external
and internal failures, which are of higher magnitude and have
the potential to reduce up to 30% of the turnover.

Besides enforcing a reasonable quality control program,
the efficiency of the QC and QA department is required to
produce materials cost-effectively. One way to achieve this is
to implement modern, easy to use, fast QC methods. NIRS is
an established methodology used across different industries.
This technique combines these requirements and provides
significant potential to reduce costs and increase operator
efficiency.
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Data Integrity is currently a hot topic issue that has
created much attention and has raised concern within
companies working in regulated environments. This
White Paper explains some of the key terms used in
the context of Data Integrity and outlines how the
requirements of Data Integrity can be understood and
implemented.

Metrohm International Headquarters; Herisau, Switzerland
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Introduction

Recent news about various Data Integrity violations revealed
by governing bodies has created much attention and has
raised concern within companies operating active in regulated
environments. Figure 1 shows the increase in violations of data
integrity aspects during cGMP (current good manufacturing
practice) inspections. (1)
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Figure 1. Number of data integrity violations over the last
years.

To help understand the topic Data Integrity and its require-
ments, this White Paper provides an overview of important
terms used in this context and presents examples of software
functionalities which help to fulfill requirements stipulated in
the FDA guidelines for data integrity. (2)

Data Integrity Terms — An explanation

ALCOA/ALCOA+

Data integrity includes several aspects which are summarized
under the acronym ALCOA and ALCOA+. ALCOA stands for
the requirements attributable, legible, contemporaneous,
original, and accurate. This set of requirements has been
recently extended by the aspects complete, consistent, endur-
ing, and available (ALCOA +). A detailed explanation of these
requirements with examples can be found in the chapter The
ALCOA Principle.

Data and Metadata

The FDA distinguishes in their Data Integrity guideline
between “data” and “metadata”. Data is understood as a
collection of facts, which can, for example, be a number, a list
of measurements, or a record. Metadata, or contextual data,
on the other hand, provides additional information describing
data, for example, by whom and when a measurement was
done. For Data Integrity and more specifically for the require-
ments of transparency, consistency, and reproducibility, both
data types are always required (see figure 2).

‘General Information Sample Information Values

Instrument: DS2500 Instrument CC Spec & Name Value
P User Lars
Analysis Time: 28/06/2018 4:24:35 PM
P Batch Number
Operating Procedure:  PET Analysis Quant & Ident & Method Small cup - Auto Registration

@ Operating Procedure Code PET Analysis Qu & ID

Sample Number: Sample-042

Scan Stored: Transferable data

Details

Predicted Values = Sample Events = Reference Values Instrument Protocol = Parameter Protocol 4 b

Absorbance Spectra

Zoom: use mouse wheel or select area)

400 900 1400 1900 2400

‘Wavelength [nm]

Figure 2. Display of metadata in Vision Air for a single
measurement. Time stamps, user names, operating procedure
type, to name only a few, are displayed together with the
collected spectrum and the predicted results.

Dynamic and static data

Apart from the distinction between data and metadata, data
can be classified as being dynamic or static. Static data
includes all non-changeable data, such as records on paper or
stored as PDF. Electronic records, on the other hand, where
user have the possibility to make changes, are defined as
dynamic. While the latter offers users convenience, it also
involves a risk to lose transparency. This risk needs to be
accounted for, e.g., by means of automatic history tracking.

Figure 3 shows a typical example of how dynamic data can be
tracked. Signing events (signing on different levels, adding
comments, or withdrawing signatures) are recorded auto-
matically in the Vision Air software.

Details

Events  Dota  Files | Instrument Protocol RS0t

Signature Timestamp UserID Name Reason. Comment

Withdrawn 7/3/20181:36:55 PM admin MaxMasimus Rejected Certificate for used standard sxpired

Level 2 /3/20181360) PM nrue Nicolas Rahl ~ Reviewed

Level 1 7/3/2018 13517 PM admin MaxMaximus Instrument ready to use Insirument test conducted according to SOP
Configuration - Level 2 7/3/2018 121:3) PM nrue Nicolas Rohl  Agproved

Configuration - Level 1 7/3/2018 1:21:22 PM admin MaxMaximus Agproved

Figure 3. Display of changes for dynamic data. All signing
and withdrawing steps are clearly documented, allowing
users to track the individual steps performed.
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The ALCOA Principle

The ALCOA and ALCOA+ requirements are the basis to
achieve data integrity. All these requirements have a signifi-
cant overlap with requirements stated in the FDA 21 CFR Part
11 regulation. Therefore, when trying to achieve Data
Integrity, it is advisable to use software which has been devel-
oped in accordance with 21 CFR Part 11 requirements to
simplify the effort. However, it is important to highlight that
similar to achieving compliance with the 21 CFR Part 11
guideline, software functionalities do only cover parts of
these requirements, more precisely technical ones. That's the
reason why compliant-ready software can only act as a solid
base to achieve Data Integrity. To achieve Data Integrity pro-
cess, aspects must also be defined within the company, which
is typically done by implementing standard operating proce-
dures.

In the following chapters, each aspect is first explained briefly
and then a practical example based on Metrohm's Vision Air
software is presented.

Attributable — When did who do what?

To conform with Data Integrity requirements, workflows
need to be traceable. As mentioned in the previous chap-
ter, a combination of both data and metadata is required.
The requirement of attributability focuses on the availabil-
ity of metadata, specifically the user ID and the time stamp
for each measurement.

Figure 4 shows the typical sample registration information
field created for each measurement in Vision Air. Each mea-
surement follows a predefined operating procedure, which
provides guidance to the operator. The time stamp and user
information by whom and when a measurement was per-
formed is tracked. The user is identified by his unique user ID
and a user name. For additional information, user-defined
fields can be added. In this example, an input field for a batch
number was created.

Sample Registration :: Details : :

Operating procedure =) “sample number

: Tablet Analysis Quant ¥ Sample-012
Sample comment

Origin: Vision Air Local

Date: 9/27/2018

Time: 1:50:38 PM

Sample signature:  FA3E-72CF B¥

Database ID: 34

Sample type: Narmal

Analyzed by: Nicolas Rahl (nrue) Batch Number

Electronic signature: None X2487-V56FG A
< >

Figure 4. Sample registration window during routine
analysis in Vision Air. Both automatically created and user-
entered metadata are available for each measurement.
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Legible — Do data remain readable through
the complete lifecycle?

The requirement of legibility states that data and metadata
be readable and permanent. While this may sound trivial,
the implementation can be challenging, especially with
regard to long-term readability. A common approach for
this requirement is to offer the possibility to print or to
export data into frequently used formats.

Vision Air provides export options for reports (PDF, XML, and
CSV). Furthermore, the Vision Air automatic backup scheduler
offers users a convenient way to back up the entire database,
which can be reimported at any time (see Figure 5). Both
features guarantee long-term readability.

Auto backup

Enable auto backup: |:|

Time of day to run backup: 12:00 AM v
Intervals between backup (days): 1 v
Number of backups to keep: 3 v

Backup destination: C:\Metrohm\Backups

Figure 5. Automatic backup screen scheduler in Vision Air.
Vision Air allows users to define an automatic backup proce-
dure to ensure long-term readability.

Contemporaneous —
Are records created at the time of the activity?

The paper-based documentation approach, which was
common in the past, enabled back-dated entering of data.
This approach always involves a significant risk of unprecise
and false documentation, since information can be forgot-
ten or misremembered. The nowadays more established
form of electronic documentation eliminates this risk by
creating records ideally at the time an activity takes place.

In Vision Air, each measurement is instantly stored in the SQL
database. Successful storage is clearly displayed with icons
(see figure 6). In comparison to a file-based system, the
storage location and the data structure is set automatically,
which guarantees full functionality of the system.

Samples

& ¥ L. b= g/ Operating procedure  Time Sample number API 1 [%]

[ 7 Tablet Analysis Quant 28/09/2018 11:12AM  Sample-002 291

For each measurement the successful
storage into the database is displayed

Figure 6. Visual display of successful storage of data. In the
sample history view in Vision Air, an icon displays the success-
ful storage of data in the SQL database.

Original — Is this the first recorded observation or a verified,
true copy?

Result values collected during analyses are typically dyna-
mic data sets, thus allowing post- or reprocessing activi-
ties. In NIR spectroscopy, post-processing is more common
than reprocessing, which is a typical activity performed, for
example, for titration or ion chromatography data sets.
Typical post-processing operation of data in NIR spectros-
copy are slope/bias correction or general post-calculation.
For the sake of transparency, each of these calculations
and the individual results must be clearly displayed.

In Vision Air, users have the possibility to display both the
unprocessed (raw) result and the processed result. If config-
ured, post-processing is done automatically during result
calculation, thus avoiding human errors or manipulations.
Figure 7 shows a typical detailed result display in Vision Air,
where the raw, unprocessed result and the post-processed
result from a slope/bias adaptation is clearly displayed for the
parameter moisture.

List of all configuration changes done for
this instrument. Green checkmarks
indicate succesfully reviewed and applied
configuration change.

Timestamp
10/1/2018 5:00:34 PM nrue

onfiguration Change ARSI Instrument Updates
O Name Created
= " Instruments
[ Konfigurationsanderung 0020 von admin _|9/20/2018
B Instrument Name -

@ Konfigurationsanderung 0019 von admin 7/3/20%"

User ID

10/1/2018 5:00:26 PM admin Max Maximus Configuration reviewed

LS MCCREINE  Sample Events |~ Reference Values = €

Entity L= @ Intrinsic Viscosity Moisture

sasomper |||

Raw Result = Unprocessed

S 27 Reported Result = Processed Result
Reported Result 274 e.g. modified Slope/Bias

Min 2.738 2.786

Max 2738 2.786

Figure 7. Detail result display. In the detail view in Vision Air,
the unprocessed and the post-processed result (e.g., a slope
and bias correction) are displayed for each measurement.

Accurate — Is data stored correctly and
are modifications clearly documented?

Alteration of data, if allowed, e.g., of dynamic data, has to
be documented transparently. For configuration changes of
the instrument, extensive review functionalities, typically a
two-level signing function as recommended in the 21 CFR
Part 11 regulation, should be in place to ensure and help
with accurate documentation.

Vision Air Pharma, which was developed to fulfil the require-
ments of the FDA 21 CFR Part 11 regulation, includes a
two-level signing system for every configuration change (see
figure 8). Successful application of a configuration change is
displayed using unambiguous icons, and each configuration
change is listed in a table for later review. Comments can be
entered for each modification made to increase further trans-

parency.

Reason oragent

Name

Nicolas Ruhl  Approved

safigurationsanderung 0018 von admin DS2500 Pharma A
@ Konfigurationsanaeromy 00

@ Konfigurationsanderung 0016 von admin
@ Konfigurationsanderung 0015 von admin  7/3/2018 -
@ Konfigurationsanderung 0014 von admin  7/3/2018 *
@ Konfigurationsanderungen 0013 von admin 7/3/2018 1
@ Konfigurationsanderungen 0012 von admin 6/28/2018

been signed.

@ Konfigurationsanderungen 0011 von admin 6/28/2018 : Update details
@ Konfigurationsanderungen 0010 von nrue  5/22/2018 &
@ Konfigurationsanderungen 0009 von nrue  5/22/2018: -
5 i

Licenses

(78 Instruments
Oy rrstimPrsees e
T Prediction models New Value
15 parameter profiles
Rart Number
@ Methods
User-Defined Fields ¢

—~ .
e Configuration Change Update of instrument DS2500 Pharma

Vision Air displays clearly the signature
level and offers possibility to review who,
and when a configuration change has

View signatures...

Display: | Difference with previous update ¥

Old Value
Feature
66072201
8/12/2018 11:59:59 P!

Overview of all changes for the selected
configuration change. For each change a
comment can be added for furhter

clarification.

Figure 8. Configuration change viewer in Vision Air. The configuration change viewer in
Vision Air allows users to track all changes of the system in a transparent manner.
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The ALCOA + extension
ALCOA+ extends the requirements to include aspects such as
completeness, consistency, and availability of data:

Complete — Is all relevant data properly stored?

With the change to electronic documentation, assessing
whether data has been properly stored becomes more dif-
ficult. For both kinds of storage (file-based as well as a
data-based), the software support users by showing clearly
that data storage was successful.

The SQL database which is used in Vision Air for data storage
has the advantage to provide a higher level of data security as
opposed to a file-based concept. The risk of corrupted data
sets or unauthorized data manipulations can be significantly
reduced by using a database system rather than a file-based
system. In the Vision Air software, each measurement is linked
with a unique signature (see figure 9) indicating that data is
not only correctly stored within the database but has also not
been modified.

Samples

&l Filew Operating procedure  Time Sample number API 1 [%]
—

[ Tablet Analysis Quant 28/09/2018 11:12AM  Sample-002

Each measurement obtains automatically an unique
signature ID which is removed with any unauthorized
attempt of modification

Figure 9. Visual feedback of correct storage of data in the
database. The icon highlighted with a red circle indicates a
correct hash signature.

Consistent — Can the operation workflow be reconstructed?

The above mentioned requirements all seek to make sure
workflows are transparent. However, not only from the
point of view of transparency, but also from the point of
view of efficiency, workflows should be consistent and
easily reconstructible.

Workflows in Vision Air can be easily defined by using
so-called operating procedures guiding operators during
measurement. Each operating procedure consists of a set of
prediction models and an element called method, which
defines exactly how measurements are to be conducted (see
figure 10).
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Method Prediction Model Operating Procedure

Figure 10. Structure of operating procedures in Vision Air.
An operating procedure defining how a measurement is done
consists of prediction models and a method which specifies
different measurement parameters.

A method can, for example, specify the sample tempera-
ture for a measurement (see figure 11), which input fields are
accessible, and which input fields are mandatory to be filled.

Setting Groups

Analysis

" o Is used to define settings specific for the RLA
Display options

Liquid setup.

Blank correction:
Repetitions
Sample numbering Temperature control:
Storage options Eaquil Temp (© 2

Delay before scanning (seconds): 30

Figure 11. Method setting options for liquid analysis. In the
settings for a method, different measurement parameters can
be set. For example, the temperature of the sample vessel for
liquid analysis.

Enduring - Does stored data remain available
longtime? Available - Is data accessible / readable /
printable?

The final two aspects mentioned in the FDA Data Integrity
guideline are enduring and available. Enduring and avail-
able further highlights the importance of longtime avail-
ability of stored data and the possibility to access and read
data in common ways.

Both aspects are covered by the previously mentioned SQL
database storage approach and the availability of audit trails
(see figure 12), backup functionalities, and automatic print
functions. In the Vision Air audit trail, all relevant activities can
be easily reviewed using the integrated filter features.

WP-042EN, published November, 2018

Samples | Diagnostics [0t

=) Filter eptions

Event type: Protocol
Message: logged

Limit number of events: 500

Period
@ Today and last |30 days

O From: | 9/21/2018 (|| 12:00 AM To (]

Timestamp
9/27/201... User Max
9/6/2018... User Max
9/6/2018... User Max
9/5/2018... User Max Maxi
9/5/2018... Use
9/27/201... Use
8/21/201... Use
8/31/201... User XX XX (XX} logged off from Vi ir Routine System 65

R7A0/201_ Vlser XY XX (XX Inaned in on Visinn Air Boutine  Suste -

-0 -

Figure 12. Audit trail view for login events. In Vision A,
different filter settings can be set to find events easily, for
example, all events which refer to a login or logout.

Summary of important software functionalities
for Data Integrity

The previous chapter discussed many different software func-
tionalities. In general, it can be said that one of the most
important software functions to achieve and maintain oper-
ation transparency are audit trails. Audit trails allow for the
reconstruction of operations performed by clearly display-
ing by whom, when, and why actions were taken. Besides
automatically generated information, such as user ID and
time stamps, functions such as comment fields in combina-
tion with preselected reasons of action should be available.
Besides transparency, data safety is an important aspect of
data integrity. This includes mainly data storage and manip-
ulation control. Increased data security can be achieved by
following a database approach rather than file-based
approaches, where files, f or e xample, c an b e more easily
deleted or modified. D atabases furthermore a llow for
easier tracking of data manipulation using unique signatures
for each collected data.

Literature:
(1)[http://www.nsf.org/newsroom_pdf/pb_data_integrity_
closer_look.pdf] (accessed November 30, 2018)
(2)[https://www.fda.gov/downloads/drugs/quidances/
ucm495891.pdf] (accessed November 30, 2018)
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Featured products

. | QMo
£ Metrohm ems

DS2500 LIQUID ANALYZER

The compact DS2500 Analyzers offer accuracy across
a broad wavelength range of 400 to 2500 nm and are
designed for routine analysis of liquid (DS2500 Liquid)
or solid (DS2500 Solid) samples along the entire pro-
duction chain.

38

DS2500 SOLID ANALYZER

Created as high-performance instruments for harsh
production environments the DS2500 Analyzers are
robust, easy-to-use and IP65 certified. They withstand
humidity, dust, vibrations, and temperature fluctua-
tions.

VISION AIR SPECTROSCOPY SOFTWARE

A universal software for Vis-NIR spectroscopy, Vision
Air is designed to account for the unique needs of
each type of instrument user. Analyses with Vision Air
are completely traceable and fulfill all the require-
ments of the FDA 21 CFR Part 11. This intuitive,
powerful, and flexible software promises a
consistent user experience for routine analysis,

data management, and method development.

Additional Resources

THE PETROLEUM INDUSTRY

Quiality control of pyrolysis gasoline
Quality control of diesel

Quality Control of lubricants

Bromine number in pyrolysis gasoline
TBN determination in lubricants

THE POLYMER INDUSTRY

Quality control of PET

Quality Control of Polypropylene
Quality control of HDPE, LDPE, and PP
Quality control of PVC foils

Quality control of PVC granulate

THE CHEMICAL INDUSTRY

Quality control of isocyanates

Quality control of palm oil

Quality control of shampoo

Quality control of ammonuium nitrate
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