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Editorial

Like every analytical method, (NIR) spectroscopy has its limits: 
Many substances do not absorb in the near-infrared range and limits 
of detection are usually higher than those of traditional wet chemis-
try methods. Moreover, calibration is complex and the interpretation 
of the spectra is difficult for the analysis of substance mixtures.

The most suitable analysis method should be selected for the re-
spective analytical task: NIR spectroscopy offers additional analytical 
options and can identify a sample’s physical as well as its chemical 
properties. Often a combination of several methods is needed to 
achieve the objective; the NIR system is often calibrated by titration 
or ion chromatography.

So why use NIR spectroscopy from Metrohm? The new 
«Metrohm NIRSystems» product line enhances the range of our ana-
lytical equipment, offering the customer many advantages. With NIR 
spectroscopy, Metrohm is investing in a fast and practical method 
that does not require any chemicals and complies with the sustain-
able «Green Chemistry» principles of the United States Environmental 
Protection Agency.

Not even Metrohm can simply come up with a new analytical 
method from scratch. It is for that reason that Metrohm has formed 
a strategic alliance with FOSS, a Scandinavian company with decades 
of experience in spectroscopy. Metrohm is now the exclusive world-
wide distributor of FOSS NIR spectroscopy devices for the chemical, 

Dear Readers,

The fogs of winter are receding, and from my window I can 
see the silhouette of Mt. Säntis beginning to emerge. This mountain 
has a very distinctive outline and everyone in eastern Switzerland 
immediately recognizes its contour.

When a sample is exposed to light of a defined wavelength 
range, a portion of this light will be absorbed. If the remaining 
spectrum resembles an alpine mountain chain, the chances are 
very good that it is an NIR spectrum (NIR = near-infrared). Light in 
the NIR wavelength range triggers vibration in molecules with a 
changeable (asymmetric molecule) or inducible dipole moment and 
is absorbed in the process. Pure substances have very characteristic 
spectra. If these substances are diluted or are of a lesser purity, these 
spectra will change. It would attract attention if another peak were 
to appear next to the Säntis … Here is a concrete example: Is the 
pill on the nightstand aspirin or glucose? The NIR spectrum has that 
information. How high is the water content in aspirin: 5, 10 or even 
15%? The NIR spectrum provides the answer.

NIR spectroscopy is one of many spectroscopic methods and 
offers many advantages: It provides a quick response to analytical 
questions, given that measurement takes less than a minute. It does 
not require any additional reagents or wet chemistry because sample 
measurement is direct and nondestructive. The measurement is very 
simple to do and can also be performed by trained staff – «Anyone 
can do NIR spectroscopy!» 



INFORMATION | 2 | 2013

03

petrochemical, and pharmaceutical industries as well as for training 
and environmental analysis. Through this alliance, FOSS can focus 
more strongly on the food and agricultural products markets.

In addition to the names Metrohm, Metrohm Applikon, and 
Metrohm Autolab, in the future you will also see the name «Metrohm 
NIRSystems – designed by FOSS.» We are your expert partner when 
it comes to solutions for all your analytical challenges, whether in 
industry processes or in the laboratory.

I hope you enjoy this special edition of Metrohm Information 
with its many interesting details about the company’s new methods. 

Dr. Kai Henning Viehweger
Director and Head of Sales and Marketing in the Metrohm Group
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New: further applications & electronic edition
The electronic edition of our customer magazine Metrohm 

Information and the archive with all editions from 2005 to 2013 is 
available on www.metrohm.info. 
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Many instruments for near-infrared spectroscopy (NIR spectros-
copy or NIRS) are added to Metrohm’s product portfolio. For the 
customer, this offers even more options to choose from and find the 
perfect solution for their analytical tasks in the lab and in the process. 
To be able to offer the finest solutions for NIR spectroscopy, Metrohm 
entered into a strategic alliance with the Danish manufacturer FOSS. 
While Metrohm will become the sole global distributor of FOSS NIR 
instruments for the chemical, petrochemical, pharmaceutical, and 
environmental sectors, FOSS can focus its activities on the food and 
agricultural industry. This will strengthen the two companies’ leading 
positions in their respective markets. The U.S.-based daughter com-
pany FOSS NIRSystems will become Metrohm NIRSystems. The FOSS 
company will continue to manufacture the instruments and software 
for Metrohm NIRSystems so they can further benefit from the strong 
R&D program of FOSS in NIR technology.

In this special edition of Metrohm Information, you will get to 
know what exactly NIR spectroscopy is, what applications you can 
benefit from and which solutions you can purchase from Metrohm. 
Lets start first with some general considerations about this «new» 
analysis method.

History and importance of NIR spectroscopy
Near-infrared spectroscopy is a versatile analytical technique. 

It was first used by the United States Department of Agriculture 
(USDA) in the mid-1960s to detect the internal qualities of apple 
crops  blighted with a devastating condition called «water core». 
From these beginnings, NIR spectroscopy was launched as a popular 
method to perform rapid, nondestructive analyses on a wide variety 
of matrices in many industries.

In the pharmaceutical and chemical industries, NIR analysis has 
been successfully implemented for around 30 years now. Initial appli-
cations focused on raw material testing. More recently, attention has 
turned to analyzing solid and liquid chemical formulations for  product 
quality and in-process control (IPC) of manufacturing operations. 
In this regard, NIR spectroscopy is also a main spectroscopic tool 
used for process analytical technology (PAT), a regulatory framework 
issued by the FDA (United States Food and Drug Administration) 
for the pharmaceutical industry. For material inspection, samples 
are scanned as received and the identity and quality of a material 
is confirmed using pattern recognition algorithms. As an in-process 
test and measurement tool, NIR spectroscopy (in conjunction with 
statistical regression techniques) provides near real-time chemical 
information for control of chemical production processes and sol-
vent recovery systems as well as drying, blending, and extrusion 
operations. To ensure that the most appropriate analysis strategy 
is implemented and robust NIR methods are developed, the optical 
characteristics of the sample, the analyte’s sensitivity and selectivity, 
and the production and control requirements must be considered.

NIR spectrum and absorption bands
Near-infrared spectroscopy is based on absorption measured 

in the near-infrared region of the electromagnetic spectrum (800– 
2500 nm or 12500–4000 cm-1), that extends from the end of the 
visible to the mid-infrared (MIR) spectral region. The fundamental 
absorption bands of the functional groups of chemical substances 
are situated in the MIR region and are very strong. In order to bring 
the absorbances down to the linear range of a detector, very small 
path lengths have to be used or samples need to be diluted. No 
sample preparation is needed when the weaker combination ab-
sorption bands or the so called overtone absorption bands of these 
fundamental bands are used. They are situated in the NIR spectral 
region.

Some of the participants of the NIRS training held in Herisau in March 2013
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Names as «overtone vibrational spectroscopy» and 
«anharmonic vibrational spectroscopy» illustrate that the 
understanding of the NIRS theory is by far not easy. 
Although it is beyond the scope of this special NIRS edition 
to provide an overview of the theoretical background of 
vibrational spectroscopy, it cannot do without delving into 
some basic principles that facilitate spectra interpretation. 

Interaction of light and physical matter
Spectroscopy uses light – electromagnetic radiation – to analyze 

materials by describing the energy transfer between light and matter. 
The energy of a single photon – the light particle – is defi ned as:

Generally, wavenumbers are indicated in cm-1. To convert the 
wavelength in wavenumbers, the reciprocal of the wavelength in nm 
is multiplied by 107. Eq. 1 shows that the shorter the wavelength, the 
higher the wavenumber and the higher the energy of the photon. 

The electromagnetic spectrum is divided into several regions. 
 Every region stands for a specifi c kind of molecular or atomic transi-
tion and thus for a specifi c spectroscopic technique. Gamma rays and 
X-rays have wavelengths in the pm and low nm range and are very 
harmful, because they break chemical bonds and ionize molecules. 
UV radiation covers the region 190–350 nm and visible radiation 
(VIS) the region 350–780 nm. Photon absorption in the UV/VIS range 
transfers electrons from low-energy to high-energy molecule orbitals 
and returning to the ground state easily proceeds via fl uorescence. 
Radiation referred to as near-infrared defi nes the range between 
about 780 and 2500 nm. Molecules can absorb infrared light without 
later reemission by exciting certain vibrational frequencies. The sam-
ple absorbs the frequencies of polychromatic light that corresponds 
to its molecular vibrational transitions. 

Theory

Theory – a fi rst approach

Planck constant in m2·kg/s

frequency of the light in s-1

speed of light in m/s

wavelength of the light in m

wavenumber of the light in m-1

(Eq. 1)
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Harmonic oscillator – the ideal case

These molecular vibrations can be described using the classical 
physics model of the harmonic diatomic oscillator as the simplest 
vibrating system. Two vibrating masses connected with a spring with 
a given force constant lead to changes in the internuclear distance. 
Combing Hook’s law with Newton’s force law, the vibrational fre-
quency corresponds to:

 

According to Hook’s law, the potential energy V of the harmonic 
oscillator is a quadratic function of the displacement of the vibrating 
atoms. The parabolic function is symmetrical about the equilibrium 
bond length re.

Quantum mechanical considerations using the Schrödinger 
equation only allow transitions between neighboring and equidistant 
energy levels. Precondition for the absorption of a light photon is 
that the frequency of the light photon equals the energy difference 
between two vibrational states of the bond. But that’s not all that is 
required for energy absorption. 

Energy absorption according to the resonance theory 
According to the resonance theory, a way has to be found to 

successfully transfer the energy to the molecule (e.g., by exerting 
physical contact). For molecular vibrations, this transfer occurs via the 
molecular polarity, that is, that interaction of infrared radiation with a 
vibrating molecule only occurs when the vibration is accompanied by 
a change of the dipole moment μ. 

According to Eq. 4, only heteronuclear, diatomic molecules 
show (vibrational-spectral) transitions between the photons of the 
light and the molecule vibrations. The hydrogen atom is the lightest 
atom. Therefore, bonds with hydrogen exhibit the largest vibrations 
(C–H, N–H, O–H, and S–H). However valuabale the harmonic oscil-
lator model may be, in many ways it fails to describe reality. 

Anharmonic oscillator – the reality
According to the model of the harmonic oscillator, infi nite 

energies can be stored in the molecule without bond breaking. 
Experience teaches, however, that all molecules dissociate, when 
only enough energy is applied and the vibrating bond is extended. 
Moreover, strong repelling forces are observed, when the atoms are 
pressed together. Due to this mechanical so-called anharmonicity – 
bond dissociation and Coulombic repulsion –, the classical ball and 
spring model has to be modifi ed. 

Moreover, the anharmonicity allows transitions between non-
contiguous energy states were ∆v = ± 2, 3, ... Additionally, the vibra-
tional energy levels are no longer equidistant and energy differences 
decrease with increasing quantum number v. 

Implications for NIRS
To sum up, the occurrence and the spectral properties of NIR 

absorption bands are – besides the dipole moment change – due 
to the large mechanical anharmonicity of the vibrating atoms. This 
is refl ected in 
• overtone transitions that correspond to quantum numbers 

greater than one and that appear as multiples of the fundamental 
vibrational frequency. Overtone transitions appear between about 
780 and 2000 nm. First and higher overtones are much less likely 
than the fundamental vibrational frequency. That’s the reason 
why the bands are weaker.
• combination modes that appear in polyatomic molecules, where 

multiple vibrational modes interact. They are the sum of multiples 
of each interacting frequency. Their absorption bands emerge 
between 1900 and 2500 nm.
• the nonequidistant energy states of a vibration. This means that 

allowed transitions become smaller in energy.
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bond frequency of absorption 
band

force constant of the bond
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(Eq. 2)

(Eq. 3)

(Eq. 4)
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NIR spectral region
From the aforesaid, it is obvious that the most prominent 

absorption bands occurring in the NIR region are related to the over-
tone and combination bands (Figure 1, Table 1) of the fundamental 
molecular vibrations of C–H, N–H, O–H, and S–H functional groups 
observed in the mid-IR spectral region.

Theory
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Figure 1: Major analytical bands and relative peak positions for prominent near-infrared absorptions. Most chemical and biological products exhibit unique 
absorptions that can be used for qualitative and quantitative analysis.

Wavelength Wavenumber Assignment

[nm] [cm-1]

2500 4000 combination S–H stretching

 2200–2460 4545–4065 combination C–H stretching

2000–2200 5000–4545 combination N–H stretching; 
 combination O–H stretching

1620–1800 6173–5556 first overtone C–H stretching

1400–1600 7143–6250 first overtone N–H stretching; 
first overtone O–H stretching

1300–1420 7692–7042 combination C–H stretching

1100–1225 9091–8163 second overtone C–H stretching

950–1100 10526–9091 second overtone N–H stretching; 
second overtone O–H stretching

850–950 11765–10526 third overtone C–H stretching

775–850 12903–11765 third overtone N–H stretching

Table 1: Wavelengths in nm and wave numbers in cm-1 of some 
near-infrared bands of organic compounds and sulfur compounds

NIRS, MIR, and Raman
Spectroscopic techniques excel by their possibility to gain rapid 

and accurate information from the high-resolution spectra of solid 
and liquid samples without prior (NIRS) or reduced (Raman) sample 
preparation. 

The advantages of NIRS, mid-infrared (MIR), and Raman are 
numerous (Table 1). All three spectroscopic techniques are economic 
and facilitate qualitative and quantitative as well as noninvasive and 
nondestructive analysis. Further advantages include that they are re-
agent- and waste-free and require no additional auxiliary chemicals. 
For all these reasons, spectroscopic techniques are ideally suited for 
industrial quality control and process monitoring. For nearly every 
application, there is the right technique. 

The most flexible technique, however, is NIRS. Especially the 
availability of efficient chemometric evaluation tools and software 
as well as light-fibre optics has made NIRS an invaluable tool for 
academic research and industrial quality control. NIRS allows the 
determination of multiple values in a single determination. In the 
process environment, NIRS stands out by the possibility of on-site 
measurements and remote sampling – not least because the spec-
trometer can be placed far away from the sampling point. 

NIRS can analyze through some translucent packaging materials 
and is thus ideally suited for quality control of raw materials. The 
penetration depth also allows to analyze bulk material. Inter  molecular 
hydrogen bondings and dipole interactions alter vibrational energy 
and thus lead to shifts in existing absorption bands or even the 
formation of new absorption bands. The fact that the spectra are 
strongly impacted by physical parameters (e.g., particle size, density, 
and moisture content) is on the other hand exactly the reason, why 
NIRS is ideally suited for capturing these characteristics. 
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NIRS – more than MIR and Raman – belong to indirect or 
secondary methods. To obtain information, their spectra have to be 
compared to primary or reference methods. Therefore, mathe matical 
means are applied to the spectra to establish a NIR «predictive  model» 
to forecast the composition of the investigated sample.

Multivariate data evaluation using chemometrics
NIR absorption spectra are often complex and normally possess 

broad overlapping NIR absorption bands. Chemical, physical, and 
structural properties of all species present in a sample influence the 
measured spectra. Also small sample-to-sample differences of a 
sample series can cause very small spectral differences. This means 
that the NIR absorption data obtained (measured spectra) depends 
on more than one variable simultaneously and thus is multivariate.

Chemometrics uses mathematical and statistical procedures for 
multivariate data analysis to filter information that correlates to a 
certain property from a very big amount of data. In qualitative and 
quantitative NIR analysis, the relevant part from the multivariate NIR 
spectral data is extracted without losing important information and 

to get rid of unwanted information (e.g., interferences or noise). NIR 
models describe how the measured multivariate spectral features 
(e.g., absorption values of samples measured at many different 
wavelengths) are related to properties of the analytes (e.g., the 
concentrations of the analytes).

Reference analytical methods required
A comprehensive NIR data analysis starts with the classification 

and identification of a measured sample followed by qualification 
and quantitation. Quantitative and qualitative analysis methods 
require prior calibration and validation. Representative samples as 
well as accurate results from reference analytical methods (e.g., con-
centrations of analyzed samples) are needed to calibrate and validate 
NIR absorption data. When it comes to determine the water content 
using NIR spectroscopy, for example, Karl Fischer titration can be 
used as a reference analytical method. For identification, qualifica-
tion, and quantification, the sufficient number of samples needed to 
cover normal variation between sample to sample depends on the 
complexity of the sample matrix and/or the interference caused by 
the matrix on the signal of the analyte of interest.

Raman MIR NIR

Wavenumber 50–4000 cm-1 200–4000 cm-1 4000–12500 cm-1

Bonds homonuclear bonds such as 
C–C, C=C, S–S

polar bonds such as 
C=O, C–O, C–F

H-containing bonds such as 
C–H, O–H, N–H, S–H

Absorption bands due to scattered radiation absorbed radiation
(basic vibration)

absorbed radiation
(overtones and combination)

Absorption strong weak weak

Absorption bands well-resolved, assignable to 
specific chemical groups

well-resolved, assignable to 
specific chemical groups

series of overlapping bands

Signal intensity poor good good

Quantification intensity (I) ~ concentration log I0/I ~ concentration
(Lambert-Beer law)

log I0/I ~ concentration
(Lambert-Beer law)

Excitation conditions change of polarizability a change of dipole moment μ change of dipole moment μ

Selectivity high high low, requires calibration and 
chemometrics

Interference broad fluorescence baseline water Water, physical attributes (e.g., 
sample size, shape, and hardness)

Particle size independent dependent dependent

Applicability for atline, online, 
and inline

good poor good

Radiation source Monochromatic 
(laser vis/NIR region)

Polychromatic by globar tungsten Polychromatic by globar tungsten

Sample preparation none reduced (except ATR*) none

*ATR = attenuated total reflection

Table 2: Some characteristics of NIR, MIR, and Raman spectroscopies
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PCA mathematically decomposes the originally correlated 
variables (absorptions at many wavelengths) into a much smaller 
set of uncorrelated latent variables (principal components that are 
vectors). The appropriate set of principal components represents the 
most common variations in the data set analyzed. The first principal 
component of this set is calculated such that it accounts for most 
of the variance in the data. Each succeeding principal component 
needed has to be orthogonal to the preceding principal component 
and is calculated to have the highest remaining variance possible; this 
is done until only noise remains. «Overfitting» (choosing too many 
principal components so that one or more of them only  represent 
noise or unwanted interferences) has to be carefully avoided as it 
is detrimental for the robustness and prediction performance of 
the involved model. Similarly, «underfitting» should also be avoided 
as important information could be lost by using too few principal 
components.

Linear regression models
Calibration is performed by using appropriate models that 

describe the relationship between dependent and independent vari-
ables. As an example, this procedure is first described using univariate 
data of single wavelength measurements. There, the independent 
variable is the measured absorbance at one single wavelength 
(X) that is measured for a number of calibration standards whose 
concentrations (dependent variable, Y) have been determined by a 
reference analytical method. Provided that the Lambert-Beer law is 
followed, the relationship Y = f(X) can be expressed by univariate 
calibration using linear regression. The calculated model parameters 
«slope» and «intercept» are used for the prediction of new samples.

Multivariate data require multivariate calibration, which follows 
the same basic principle as just described for univariate data. The 
independent variables are the absorbances at a number of wave-
lengths and more than one dependent variable (concentration 
values) can be accounted for. There are a number of tried and tested 
regression models that can be used for multivariate calibration.  

Theory

Data pretreatment
Sample-to-sample variations in the overall path length that the 

photons have to travel before they reach the detector originate from 
nonhomogeneous distribution of particles in a sample, particle size 
differences, sample density variations, sample morphology  dif ferences 
(shape and roughness of sample surface), … These  influence the 
measured NIR spectra and result in baseline shifts as well as scaling 
variations (intensity variations). If gaining information on the physical 
appearance of a sample is not of interest, then NIR raw data has 
to be pretreated to prevent inaccurate results. Out of a number of 
tested pretreatments, the optimal pretreatment is  characterized by 
the lowest statistical errors obtained in the data analysis step (linear 
regression). Classical methods of pretreatment include mean cen-
tering, detrending, first- and second-order derivatives, smoothing, 
auto-scaling, … Pretreatment based on second-order derivatives 
is very popular and can help to resolve nearby peaks and improve 
spectral resolution (Figure 2).

Data reduction techniques
Identification, calibration, and validation are based on spectra 

from dozens to hundreds of similar samples. Each NIR sample spec-
trum consists of data collected at hundreds to thousands of different 
wavelengths which sums up in a vast amount of NIR spectral infor-
mation that has to be processed.

The measured absorptions of a spectrum are not independent 
of each other but are highly correlated. This is referred to as mul-
ticollinearity and can pose problems (poor prediction) with linear 
regression models used for calibration. Calibrations are developed 
through regressions of the measured NIR spectral data against the 
values of analyte concentrations determined by reference analytical 
methods (e.g., regression of measured absorptions against reference 
analyte concentration data). Principal component analysis (PCA) is a 
very popular method for data compression  and is used as an unsu-
pervised pattern recognition technique in qualitative NIR analysis. It is 
performed on pretreated data.

Figure 2: Moisture determination in ethanol: (a) NIR spectra of ethanol samples containing different water amounts; (b) corresponding second-derivative 
spectra; (c) enlarged section of second-derivative spectra between 1828 and 1972 nm (first overtone O–H vibration of water).
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A popular regression model used by the Vision® software of Metrohm 
NIRSystems is multiple linear regression (MLR) that is applied on 
 second-derivative spectra on a calibration set of samples. To over-
come the multicollinearity problem and to obtain a strong and robust 
predictive model, the number of wavelengths used for the analysis 
is cut down considerably. Normally, using MLR implies considering 
only two to ten carefully selected wavelengths. They belong to a 
representative part of the recorded spectra, that is not at all or at 
least less infl uenced by interferences. 

Another popular calibration technique is partial least squares 
(PLS) regression. Compared to MLR, PLS allows to include more infor-
mation in the calibration model and is not limited by multicollinearity. 
The PLS regression method performs the dimensionality reduction 
of the X matrix and the regression simultaneously. In analogy to the 
principle components of PCR (principal component regression), PLS 
uses so-called «PLS components» that are determined to maximize 
the covariance between the spectral data (independent variables) 
and the concentrations (dependent variables).

Practical approach to NIR data analysis and further 
information

The Application Notes and the Application Bulletin from 
 Metrohm NIRSystems provide a detailed practical approach on how 
to successfully evaluate NIR spectroscopic measuring data using ba-
sic chemometric procedures built into our Vision® software. We will 
take a closer look at those documents further down in this special 
edition of Metrohm Information. Nevertheless, it is always benefi cial 
to broaden the knowledge from what is necessary for pure «blackbox 
operation» and to get to know some background information, here 
especially on chemometrics. A good overview about chemometrics 
and NIR spectroscopic  analysis in general can be obtained from our 
monograph written in English. It sheds light on theoretical aspects 
of NIR spectroscopy and is full of practical tips. The monograph can 
be downloaded free of charge from www.metrohm.com/com/
Search/ by entering the article number 8.108.5026EN in the search 
fi eld.
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The following pages give you a short overview of 
the capabilities of the Metrohm NIRSystems analyzers. 
For further information, please take a look at our Web 
pages www.metrohm-nirs.com or consult our product 
brochures.

Laboratory and atline analyzers
Metrohm NIRSystems laboratory analyzers with their patented 

monochromator can be operated in QC, R&D, and plant laborato-
ries. Modular sampling accessories allow for analyses of powders, 
 granules, solids, slurries, gels, pastes, and turbid or clear liquids. 
Since NIR analyses are performed on unmodified samples, presenting 
the samples to the instrument is the most important aspect of NIR 
analysis. The modular design of Metrohm NIRSystems laboratory 
analyzers ensures that analyses are optimized for specific sample 
types. The NIRS XDS MasterLab Analyzers perform true transmission 

and  reflectance measurements on whole solid dosage forms. The 
NIRS XDS RapidContent Analyzer performs reflectance analysis on 
mate rials in bags, vials, or sample cups and transflectance analysis of 
liquids in beakers. The NIRS XDS RapidContent Analyzer with Solids 
Module provides large area sampling for inhomogeneous powders, 
fibrous materials, flakes, and pellets. The NIRS XDS Rapid Liquid 
Analyzer performs temperature-controlled transmission analysis 
of liquids in cuvettes or vials. The NIRS XDS SmartProbe Analyzer 
enables analyses of solids and liquids to be performed directly in 
shipping containers. Fiber optic probes permit the use of laboratory 
instruments for scale-up and reaction monitoring as well.

As no sample preparation is needed, laboratory NIR analyses can 
be performed rapidly and reproducibly by a number of staff. Speed, 
cleanliness, and simplicity make NIR the ideal test method for the 
plant floor. Methods developed in the lab move easily on-site for 
raw material inspection and atline testing. Online NIR methods are 
developed using fiber optics as a window into the process. 

The patented Metrohm NIRSystems’ scanning technology 
permits an optimum choice of wavelengths, efficient calibration de-
velopment and straightforward implementation. XDS NIR tech nology 
offers the most advanced analyzer performance and instrument 
matching to enhance method development, minimize implementa-
tion time, and ensure seamless method transferability.

Identification, qualitative and quantitative methods are easily 
derived with the advanced, user-friendly, networkable Vision® soft-
ware. Precise and accurate analysis is accomplished with the press of 
a key or click of a mouse.

Instruments and software

Instruments and Vision® software

Profit from our extended support
Metrohm NIRSystems makes incorporation of NIR spec-

troscopy to your analytical techniques easy and offers support 
for a carefree operation of your instruments. You can book an 
optional NIRS XDS instrument operation and method develop-
ment training (3½ days course) at the Metrohm facility and/or 
subscribe for an  optional service training where you learn how to 
maintain your NIRS XDS analyzer. You can also buy our Vision® 
validation documentation on CD or let a certified engineer do the 
instrument performance certification semi-annually at your site.

Metrohm NIRSystems 
Family 

 Lab 

NIRS XDS 
Analyzer 

NIRS XDS RapidContent 
Analyzer 

NIRS XDS RapidContent 
Analyzer – Solids 

  SDX SRIN
MultiVial Analyzer 

  SDX SRIN
MasterLab Analyzer 

  SDX SRIN
SmartProbe Analyzer 

  SDX SRIN
Interactance 

OptiProbe Analyzer 

  SDX SRIN
Transmission 

OptiProbe Analyzer 

  SDX SRIN
RapidLiquid Analyzer 

NIRS DS2500 
Analyzer 

Process 

NIRS Analyzer PRO 

NIRS Analyzer PRO –
DirectLight/NonContact 

NIRS Analyzer PRO – 
ContactReflection  

NIRS Analyzer PRO – 
FiberSystem 

NIRS XDS Process 
Analyzer 

  SDX SRIN
Process Analyzer – 

SingleFiber SinglePoint 

  SDX SRIN
Process Analyzer – 

SingleFiber 4 Channels 

  SDX SRIN
Process Analyzer – 

SingleFiber 9 Channels 

  SDX SRIN
Process Analyzer – 

Microbundle 
SinglePoint 

  SDX SRIN
Process Analyzer – 

Microbundle 4 
Channels 

  SDX SRIN
Process Analyzer – 

Microbundle 9 
Channels 

  SDX SRIN
Process Analyzer – 

DirectLight/NonContact 
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NIRS XDS RapidContent Analyzer
The NIRS XDS RapidContent Analyzer can be used for rapid 

nondestructive measurements of solid and liquid chemical and 
 pharmaceutical formulations.

With the RapidContent Analyzer you can replace routine tests, 
reduce product hold time and virtually eliminate quarantine time.
Composition or material identification testing is performed either in 
the laboratory or atline, on samples contained in their original vials, 
bags, or bottles.

The Solids Module extends analysis to virtually any solid form 
from fine powders to coarse granular materials, pellets, and flakes. 
An optional variable spot-size feature enables the sample illumination 
to be adjusted based on the physical properties of your samples.

Instruments and software

Metrohm NIRSystems 
Family 

 Lab 

NIRS XDS 
Analyzer 

NIRS XDS RapidContent 
Analyzer 

NIRS XDS RapidContent 
Analyzer – Solids 

  SDX SRIN
MultiVial Analyzer 

  SDX SRIN
MasterLab Analyzer 

  SDX SRIN
SmartProbe Analyzer 

  SDX SRIN
Interactance 

OptiProbe Analyzer 

  SDX SRIN
Transmission 

OptiProbe Analyzer 

  SDX SRIN
RapidLiquid Analyzer 

NIRS DS2500 
Analyzer 

Process 

NIRS Analyzer PRO 

NIRS Analyzer PRO –
DirectLight/NonContact 

NIRS Analyzer PRO – 
ContactReflection  

NIRS Analyzer PRO – 
FiberSystem 

NIRS XDS Process 
Analyzer 

  SDX SRIN
Process Analyzer – 

SingleFiber SinglePoint 

  SDX SRIN
Process Analyzer – 

SingleFiber 4 Channels 

  SDX SRIN
Process Analyzer – 

SingleFiber 9 Channels 

  SDX SRIN
Process Analyzer – 

Microbundle 
SinglePoint 

  SDX SRIN
Process Analyzer – 

Microbundle 4 
Channels 

  SDX SRIN
Process Analyzer – 

Microbundle 9 
Channels 

  SDX SRIN
Process Analyzer – 

DirectLight/NonContact 

NIRS XDS MultiVial Analyzer
The NIRS XDS MultiVial Analyzer provides the next generation 

of dedicated NIR analysis for rapid nondestructive measurements of 
solids in vials. 

With the MultiVial Analyzer, you can replace routine tests, 
reduce product hold time, and virtually eliminate quarantine time. 
Composition or material identification testing is performed either in 
the laboratory or atline, on samples in vials. The analyzer supports 
acquisition of spectra in an unattended mode, freeing the operator 
to prepare other samples, analyze data, etc. 

The versatile sampling mechanism of the MultiVial Analyzer 
offers a movable (X-Y) sampling platform, suitable for handling a tray 
of multiple vials. An integrated variable spot-size feature enables the 
sample illumination to be adjusted based on the diameter of the vials 
being used. The sample centering iris is provided for single sample 
analysis, while the optional coarse granular cell extends analysis to 
virtually any solid form from fine powders to coarse granular mate- 
rals, pellets, and flakes.

13
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NIRS XDS MasterLab Analyzer
The NIRS XDS MasterLab Analyzer can be used for rapid nonde-

structive measurements of tablets, solids, and liquids.

With the MasterLab Analyzer, you can replace routine tests, 
reduce product hold time, and virtually eliminate quarantine time. 
The analyzer supports acquisition of spectra in an unattended mode, 
freeing the operator to prepare other samples, analyze data, etc. 

The MasterLab Analyzer offers pharmaceutical manufacturers a 
rapid, reliable test method covering the full array of solid dosage 
forms: layered, coated or cored tablets, capsules, caplets, gel tabs, 
and gel caps. The versatile sampling mechanism of the MasterLab 
Analyzer offers an automated and unattended reflectance or trans-
mission analysis of a tray of multiple tablets or vials. 

Simply load the tray, insert it into the MasterLab Analyzer and let 
the movable (X-Y) sampling mechanism properly position and analyze 
each tablet/vial. An integrated variable spot-size feature enables the 
sample illumination to be adjusted based on the diameter of the 
vials being used. The optional coarse granular cell extends analysis to 
nonhomogeneous solid forms ranging from fine powders to coarse 
granular materials, pellets, and flakes by averaging over a large area. 

NIRS XDS SmartProbe Analyzer
The NIRS XDS SmartProbe Analyzer can be used for rapid 

nondestructive measurements of liquid and solid chemical and 
 pharmaceutical formulations.

With the SmartProbe Analyzer, you can replace routine tests, 
reduce product hold time, and virtually eliminate quarantine time. 
The SmartProbe Analyzer is ruggedly manufactured for either the 
warehouse or plant environments. Sensitive identity and quality 
tests of liquid or solid actives are performed directly in the original 
shipping container.

The ergonomic, hand-held design is straightforward; simply 
place the probe in the sample and press the trigger. Pass/fail results 
are displayed on the handle after each test.

Instruments and software
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NIRS XDS Interactance OptiProbe Analyzer
The NIRS XDS Interactance OptiProbe Analyzer is designed to 

replace routine tests, reduce product hold time, and minimize labo-
ratory analysis time. The Interactance OptiProbe Analyzer is designed 
for laboratory reaction monitoring and as a method development 
bench for scale-up process applications.

With the Interactance OptiProbe Analyzer, you receive both 
reflectance and immersion probes for a wide variety of sample types. 
The reflectance probe is used for scanning solids, highly scattering 
liquids and slurries. The immersion probe analyzes aqueous products, 
clear liquids and solvents. The fiberoptic design of the Interactance 
OptiProbe Analyzer allows it to be directly interfaced in difficult and 
hazardous sampling environments.

NIRS XDS Transmission OptiProbe Analyzer
With the NIRS XDS Transmission OptiProbe Analyzer, you can 

replace routine tests, reduce product hold time, and minimize labo-
ratory analysis time.

The Transmission OptiProbe Analyzer is designed for laboratory 
monitoring of aqueous products, clear liquids and solvents, as well as 
viscous samples. The Transmission OptiProbe Analyzer is well suited 
for scale-up process applications and atline measurements.

Viscous samples can be easily analyzed with this analyzer using 
disposable vials, which reduces the amount of cleanup time. With 
the optional Vial Heater Module, the system also provides unattend-
ed sample temperature equilibration (up to 200 °C) prior to data 
analysis, which increases laboratory efficiency.

NIRS XDS RapidLiquid Analyzer
The NIRS XDS RapidLiquid Analyzer can be used for rapid non-

destructive analysis of liquid chemical and pharmaceutical formula-
tions. The XDS Rapid Liquid Analyzer is designed to provide rapid 
quantitative and qualitative results for quality control and assurance.

With the RapidLiquid Analyzer, virtually any liquid or suspension 
can be analyzed in both laboratory and atline situations. Samples 
are effortlessly analyzed in quartz cuvettes or disposable vials for 
trouble-free clean up. A temperature-controlled sample chamber 
provides the stable sample environment essential for precise mea-
surements.

NIRS DS2500 Analyzer
With this instrument, NIR analysis has taken yet another step 

into the future of routine analysis. The analyzer offers exceptional 
accuracy across a broad wavelength range of 400 to 2500 nm. 
Robust, easy-to-use and IP65 certified, it withstands humidity, dust, 
vibrations, and temperature fluctuations. This high level of solidity 
makes the NIRS DS2500 suitable for atline use by anyone in any 
production plant. The DS2500 complies with pharma regulations and 
supports the workflows of nutraceutical industry.

Instruments and software
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Process Analyzers
Process NIR analyzers provide near real-time chemical 
process information while operating in harsh manufacturing 
conditions. The process sample interface is dictated by the 
sample type and process conditions. Contact transmission 
and reflectance probes are used for analyzing clear to 
opaque liquids and solids. 

Noncontact reflectance measurements are performed on mate-
rials transported in hoppers, transport and conveyor lines. Generally, 
NIR light from the instrument is transferred to the process sample in-
terface using fiber optics. To maintain analytical performance, as the 
light scattering properties of the process sample increases, the num-
ber of fibers used in the fiber optic bundle is increased (Table 3). Sin-
gle fiber process NIR analyzers are typically employed to analyze clear 
liquids. Microbundle process NIR analyzers monitor slightly scattering 
liquid media, suspensions, and drying processes. Full-bundle process 
NIR analyzers are used for the most challenging of applications such 
as monitoring the drying of hydrated media or analysis of low-level 
constituents. The length of the fiber optic interface can be from 1 m 
(large fiber bundle) to 150 m (single fiber optic). The use of longer 
fiber optic lengths enables a process analyzer to be located outside 
of electrically classified or safety classified areas, or harsh operating 
conditions such as those with large temperature variations. Up to 
nine separate process streams or sampling points can be monitored 
using a multiplexed process NIR analyzer from Metrohm NIRSystems. 
Multiplexing decreases both the costs per measurement point and 
the overall implementation costs for a process NIR analyzer.

Metrohm NIRSystems analyzers, software, application support, 
and services meet a full range of process industry needs – process 
development, raw materials testing, process monitoring, endpoint 
determination, fluid bed drying, quality control and stability testing.

NIRS XDS Process Analyzer – SingleFiber
The NIRS XDS Process Analyzer – SingleFiber provides the 

next generation of process analyzers for real-time analysis in the 
pharmaceutical and chemical industries. Nondestructive, accurate 
measurements are performed directly in the process line or in the 
reaction vessel.

Typical measurements include reaction monitoring and endpoint 
determination in refinery, petrochemical and polymer processes, 
 solvent recovery in pharmaceutical API plants, and analysis of extrud-
ed polymer films and coatings.

The use of single fiber optics and the associated probes and flow 
cells allows for cost-effective analysis of a wide variety of sample 
types such as clear liquids to transparent films.

The analyzer is available as a single point or a multiplexer. Two 
multiplexer process analyzer configurations provide for up to either 
four or nine sampling points. This economical way of performing 
remote measurements enables the analyzer to be installed in an 
unrestricted area, reducing installation and operation costs.

Instruments and software
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NIRS XDS Process Analyzer – MicroBundle
The NIRS XDS Process Analyzer – MicroBundle provides the 

next generation of process analyzers for real-time analysis in the 
pharmaceutical and chemical industries. Nondestructive, accurate 
measurements are performed directly in the process line, granulator, 
dryer, or reactor.

Process analyzers are used throughout the process stream to en-
sure optimum performance for widely varying samples. The 80-fiber 
count (40 illumination/40 collection fibers) allows for cost-effective 
analysis of sample types ranging from clear liquids to suspensions and 
solids. Configure the analyzer with a reflectance probe, an immersion 
probe, or a transmission probe pair for an optimized interface to your 
particular sample type.

The XDS Process Analyzer – MicroBundle is available as a single 
point or a multiplexer configuration for measurement of up to either 
four or nine sampling points. This economical way of performing 
remote measurements enables the analyzer to be installed in an 
unrestricted area, reducing installation and operation costs.

The patented, robust design of XDS Process Analyzers supplies a 
new level of consistent, dependable, and reliable instrument perfor-
mance and analysis while operating in harsh industrial environments. 
Monitoring with near-infrared (NIR) fits in well with process analytical 
technology (PAT) initiatives as proposed by the FDA.

NIRS XDS Process Analyzer – DirectLight/NonContact
The NIRS XDS Process Analyzer – DirectLight/NonContact 

provides the next generation of noncontact process analyzers for 
real-time analysis. Nondestructive, accurate measurements are per-
formed wherever a product is moving and accessible, for instance, 
above a conveyor belt, Web, or sheet.

Noncontact reflectance measurement can provide indepth 
chemical analysis for loose to densely packed, homogeneous or non-
homogeneous solid products. Noncontact measurement is used for 
quality control of fibers, sheets, laminates, and Web-based products 
like plastics, papers, and textiles.

The measurement head is attached at the terminal end of an 
optical fiber. A high-intensity light source contained in the sensor 
head illuminates the sample. Light interacts with the sample and is 
reflected back to the sensor head, picked up by the collection fiber 
bundle, and passed on to the instrument for dispersion and signal 
detection.

Instruments and software

Fiber optic interface Fiber size/count Fiber length [m] Sample type Mode

Single fiber 600 μm, 
1 illumination/1 collection

1–150 Clear liquids, thin films, gases Transmission

Small fiber bundles 200 μm, 
40 illumination/40 collection

1–75 Turbid liquids and suspensions Transmission

Small fiber bundles 200 μm, 
40 illumination/40 collection

1–75 Powders and films Reflectance

Large fiber bundles 200 μm, 
210 illumination/210 collection

1–15 Pastes, slurries, pellets, fibers Reflectance

Table 3: Comparison of fiber optic interface, fiber bundle size, and measurement mode. To maintain analytical performance, 
fiber count is increased as the turbidity of process sample increases.
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NIRS Analyzer PRO 
The NIRS Analyzer PRO is a process analysis system based on 

high-resolution diode array technology. It provides nondestructive 
analysis of products such as granules, powders, slurries, or opales-
cent substances directly in the process line without bypass.

The analyzer is housed in a robust cabinet mounted at the rele-
vant location in the production area. Measurements are displayed in 
the control room and results can be fed into a regulation system for 
closed-loop automatic control. 

Additionally, the analyzer helps to optimize the use of raw mate-
rials and to consistently run production closer to target specifications.

Precise instrument matching enhances method development, 
minimizes implementation efforts and ensures calibration model 
transferability between analyzers.

The NIRS Analyzer PRO is available with dedicated interfaces 
based on reflectance or transmittance technology whichever is best 
suited for each application area. Measurements are done directly on 
the moving sample in the process stream. A high-intensity dual-lamp 
light source illuminates the sample directly or through an optical fiber. 
The light interacts with the sample and the reflected or transmitted 
light is measured by the diode array sensor.

The backup lamp in the dual lamp system secures uptime and 
analytical accuracy is unchanged even after switching to a new lamp.

The complete wavelength range is measured instantaneously 
enabling measurements also on fast moving samples with high 
accuracy. Calibrations are transferable between units ensuring easy 
expansion to other measurement points. Integration to process reg-
ulations systems can be done through the Metrohm OPC interface.

Window reflectance
Inline analysis of paste, granulates, powdered products etc. in 

pipes or transport systems without bypass can be performed. The 
products pass over the interface window. The window reflection in-
terface can easily be installed into the production line using standard 
GEA Tuchenhagen flow cells or welding an interface flange into the 
wall of the pipe/transport system.

Direct light
Inline analysis of products where direct contact with the  product 

is not a technically feasible solution, i.e., product transported on a 
conveyer belt.

Instruments and software
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Instruments and software

Vision® software
Vision® software for NIR data analysis

The Metrohm NIRSystems’ Vision® software for chemical/phar-
maceutical NIR data analysis is available as a single- or multi-user 
version.

Vision® SC/SP Single-User Vision for Chemical/
Pharmaceutical Analysis

Spectral acquisition, method development, and routine analysis 
software for chemical/pharmaceutical analysis. This version provides 
single-user access to NIR instruments on a network (one copy of 
Vision® per instrument). The pharmaceutical version of the software 
can be fully validated and is 21 CFR Part 11 compliant.

Vision® MC/MP Multi-User Vision for Chemical/
Pharmaceutical Analysis

Multiple-user Vision® spectral acquisition, method development, 
and routine analysis software for chemical/pharmaceutical analysis. 
This version allows for centralized database management for all 
spectral databases and includes 5 workstation licenses. The pharma-
ceutical version of the software is fully validated and 21 CFR Part 11 
compliant.
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The application specialists of Metrohm NIRSystems have 
prepared a selection of Application Bulletins and Notes 
that show the advantages of the nondestructive NIR 
method: very fast measurements that require practically 
no sample preparation and do not need any costly or toxic 
reagents. This application literature can be downloaded 
from www.metrohm.com/com/Applications; an overview 
is given below. Additionally, some important branches are 
presented, where near-infrared spectroscopy is extensively 
used and suggestions are given which Metrohm NIRSystems 
instruments we recommend for the lab and the process. 

Application Bulletin
AB-358: Analysis of residual moisture in a lyophilized 
pharmaceutical product by near-infrared spectroscopy 
(NIRS)

This Application Bulletin describes an approach for developing 
near-infrared methods for the determination of residual moisture in 
typical lyophilized pharmaceutical products. A calibration sample set 
was prepared by spiking sample vials with varying amounts of water. 
Refl ectance near-infrared spectra of these calibration samples were 
acquired and multiple linear regression (MLR) algorithms applied 
to correlate spectral changes to experimentally measured moisture 
values as determined by Karl Fischer titration.

Applications

Application Notes
AN-NIR-001: Determination of active ingredients in 
solid (pharmaceutical) dosage forms utilizing solid-state 
standard additions

Two of the leading pain remedies, aspirin and acetaminophen, 
are compared with generic samples for content uniformity testing 
using near-infrared spectroscopy. The method of standard addition 
is used for quantifi cation. To reduce most of the effects that stem 
from particle size and packing differences, second-derivative spectra 
are used.

AN-NIR-002: Nondestructive, single tablet analysis using 
the NIRS XDS RapidContent Analyzer

This Application Note shows the potential of NIRS as a rapid 
(< 30 s) and nondestructive screening tool for solid dosage forms 
(e.g., tablets). NIRS requires neither sample preparation nor solvent 
use. Interferences that derive from scattering are minimized by con-
verting to second-derivative spectra.

AN-NIR-003: Analysis of copolymer levels in polymer 
pellets by near-infrared spectroscopy

This Application Note describes the determination of copolymer 
levels in polyethylene (PE) and polyvinylacetate (PVA) pellets using 
NIRS. Without any sample preparation and within less than 30 s, NIRS 
determines the composition of the polymer blends investigated. By 
using second-derivative spectra and linear least squares regression, 
straightforward quantitative analyses are possible.

Applications
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Applications

AN-NIR-004: Determination of additives in polymer pellets 
by near-infrared spectroscopy

This Application Note shows that NIR spectroscopy is an excellent 
tool for determining low levels of additives in finished polypropylene 
pellets. This is demonstrated by monitoring the UV stabilizer Tinuvin 
770 and the antioxidant Irganox 225. Multiple linear least squares 
regression (MLR) models compensate for path length variations and 
interferences in the polymer pellets.

AN-NIR-005: Determination of finish on nylon fibers by 
near-infrared spectroscopy

This Application Note demonstrates the feasibility of NIR spec-
troscopy to quantify the amount of (oil) finish on nylon fiber surfaces. 
Scattering differences that derive from the finish can be eliminated by 
using second-derivative spectra; partial least squares (PLS) regression 
analysis was used to develop the calibration equation. NIRS offers 
real-time results – an analysis is done in less than 30 s – and requires 
neither sample preparation nor reagents.

AN-NIR-006: Near-infrared analysis of polyols
This Application Note describes a fast, nondestructive, and 

reliable NIRS method for the determination of the hydroxyl number 
in polyols. Results are available in real time, for which reason NIRS is 
highly suited for in-process quality control. Second-derivative spectra 
and linear least squares regression provided hydroxyl numbers that 
comply with those obtained by titration.

AN-NIR-007: Near-infrared analysis of polyols: process 
monitoring in a hostile environment

During polymerization, real-time determination of hydroxyl and 
acid numbers of polyols provide important information about the 
molecular weight and the reaction endpoint. This Application Note 
sheds light on the practical aspects of process monitoring in a polyol 
batch process using NIRS methodology. 

Real-time process monitoring with NIRS is the key to lower 
production costs and better product quality.

AN-NIR-008: Analysis of lignin in wood pulp
This Application Note describes how NIR spectroscopy can 

be used to determine the residual lignin content in wood pulp. 
Using the major absorbance peaks of both lignin and cellulose in 
the  second-derivative spectra, a two-wavelength equation can 
be  developed to monitor the residual lignin content in wood pulp 
during paper production.

AN-NIR-009: Determination of hardwood/softwood 
content in wood products by near-infrared spectroscopy

Near-infrared spectroscopy is ideally suited to monitor the 
hardwood and softwood content in pulp and paper products. The 
herein described method bases on the fact that the changes in 
hardwood and softwood content are reflected in the intensity of 
cellulose absorption bands in the NIR spectrum. A linear least squares 
regression on second-derivative spectra provided results that show a 
very good correlation with lab methods. Fast analysis time (< 1 min) 
allows manufacturing processes to be controlled on a real-time basis.
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The impetus to develop globally accepted standards 
is greater than ever before. Standards are technical 
documents of agreed-upon solutions that have already 
been time-tested and proven. Norms and standards 
help translate research results into products and processes 
with a short time-to-market.

Pharmacopeias ensure safety of drugs
Specifications and test methods for the commonly used active 

ingredients and excipients are monographed in detail in national 
pharmacopeias in more than 38 states according to the World 
Health Organization (WHO). NIRS has emerged as a powerful tool 
for analysis of pharmaceuticals including qualitative and quantitative 
evaluation of ingredients, additives, or water contents. Moreover, it 
can be used for the evaluation of physical properties and for con-
trolling the pharmaceutical manufacturing process. 

As a secondary test method, NIRS appears in the European 
Pharmacopoeia (2.2.40), the Japanese and the US Pharmacopeia 
(USP<1119>).

NIRS methods cited in standards
Every year several tens of million NIRS analyses are performed 

in the pharmaceutical, (petro-)chemical, and polymer laboratories 
worldwide. The potential of this former «sleeping giant» is by far not 
yet exhausted. The success of NIRS is linked with the understanding 
of chemometrics and the applied predictive models. The more NIRS 
finds its way into international standards, the more the unique 
strength of this diagnostic tool emerges. Table 4 shows a selection of 
some international standards where NIRS is used. 

Standards

Standard Title Industry

ASTM D 6122 Standard practice for validation of the performance of multivariate online, atline, and 
laboratory infrared spectrophotometer based analyzer systems

Instrumentation

ASTM E 1655 Standard practices for infrared multivariate quantitative analysis General

ISO 11151 Lasers and laser-related equipment – standard optical components – part 1: components for 
the UV, visible and near-infrared spectral ranges 

Instrumentation

ISO/TS 10868 Nanotechnologies – characterization of single-wall carbon nanotubes using ultraviolet- 
visible-near infrared (UV-Vis-NIR) absorption spectroscopy

Nanotechnology

ISO 15063 Plastics – polyols for use in the production of polyurethanes – determination of hydroxyl 
number by nir spectroscopy

Polymers

Table 4: A selection of international standards that use NIRS
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Metrohm 
NIRSystems
Metrohm extends its portfolio to  
in  clude solutions for Near-Infrared 
Spec  troscopy. Metrohm NIRSystems

• offers leading-edge NIR technology
• over 40 years of NIR expertise
• serviced and supported by 

Metrohm

www.metrohm-nirs.com
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Biotechnology
In bioreactors, product titer yield can be enhanced by predicting 

key analytes in real time, allowing for timely control and optimization 
of nutrient levels as well as checking ammonia and lactate con-
centration. Both mammalian and microbial cell cultures have been 
monitored with our laboratory and process instruments with the 
accuracy and reliability of offline chemistry methods. 

Common biotechnology analytes include: glucose, lactate, 
ammonia, glutamine, glutamate, product titer, acetate, and biomass.

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Process Analyzer – MicroBundle

Chemistry
NIR is extremely sensitive to the O–H absorbance; moisture 

determination is therefore a common application. Additionally, NIR is 
sensitive to N–H, C–H, and S–H bond absorbance, for what reaction 
monitoring and endpoint determination are good applications for 
organic chemistry reactions and processes. Many applications that 
have historically been measured with physical property testing, like 
viscosity, may be measured with NIR if it is dependent on an intrinsic 
chemical characteristic, such as chain length or cross linking.

Common chemical applications include the determination of the 
acid value, hydroxyl number, adhesive content, antioxidant and UV 
inhibitor content, cure, melt index, HDPE/LDPE, melamine content, 
plastic identification, polymer analysis, alcohol detection/analysis and 
residual solvent detection.

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS SmartProbe Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Interactance OptiProbe Analyzer
• NIRS XDS Transmission OptiProbe Analyzer
• NIRS XDS Process Analyzer – MicroBundle
• NIRS XDS Process Analyzer – SingleFiber
• NIRS Analyzer PRO

Education, R&D
Although NIR is primarily used in production-related applica-

tions, it has found widespread use in research and development 
facilities. Pharmaceutical R&D often uses NIR in pilot plant operations 
to help evaluate daily processes. Work aims at understanding blend 
uniformity, granulation drying, dissolution profile prediction, and 
lyophilization processes. Chemical R&D facilities use NIR to optimize 
process performance and product quality.

Common R&D parameters measured include: moisture content, 
coating thickness, roller compaction hardness, blend uniformity, 
granulation, particle size verification, and prediction of dissolution 
profile.

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Process Analyzer – MicroBundle

Industry sectors
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Petrochemistry
In petrochemistry, monitoring of the blending process by NIR 

has proven huge economical savings, since crucial properties such 
as water content, density, viscosity, additive content, and hydroxyl 
number can be measured in less than one minute. 

Gasoline parameters measured with NIR cover research octane 
(RON, ASTM D 2699), motor octane (MON, ASTM D 2700), and 
road octane number (RdON), and volume percentage or even mole 
percent of individual components (paraffins, isoparaffins, aromatics, 
naphthenes, and olefins; PIANO). Common diesel parameters mea-
sured with NIR include specific gravity, viscosity, flash point, cold filter 
plugging point (CFPP), pour point, and cloud point.

Recommended Analyzers
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Transmission OptiProbe Analyzer
• NIRS XDS Process Analyzer – MicroBundle
• NIRS XDS Process Analyzer – SingleFiber
• NIRS Analyzer PRO

Pharma
The manufacture of pharmaceutical products from raw material 

identification to the measurement of content uniformity of dosage 
forms can be assisted by the implementation of NIR methods. The 
FDA and European Union health guidelines have increased the 
workload and rigor associated with receiving inspection, blending, 
and content assay. With the advent of 100% container testing for 
receiving inspection of raw materials in Europe and Canada, NIR 
technology can reduce the time and skill level required to meet the 
increased challenge of compliance.

With the PAT (process analytical technology) initiative, the FDA 
aims to bring about an increase in efficiency in pharmaceutical pro-
duction, including a trend away from final checks towards real-time 
process analysis and control. The initiative requires rapid analytical 
techniques that allow comprehensive online and inline monitoring 
of the manufacturing process. To this end, NIRS is the most powerful 
analytical tool that is currently dominating all PAT projects. 

Common pharmaceutical applications using NIR include: receiv-
ing inspection of excipients and active pharmaceutical ingredients 
(API), blend uniformity, granulation, drying and coating, and particle 
size verification analysis. Additionally, NIR is an invaluable tool for 
the detection of counterfeit drug products and the determination of 
water and residual solvent content. NIRS is described in the European 
(Ph.Eur.) and Japanese (JP) Pharmacopoeia as well as in the United 
States Pharmacopeia (USP).

Application literature
• AB-358 Analysis of residual moisture in a lyophilized 

pharmaceutical product by near-infrared spectroscopy
• AN-NIR-001 Determination of active ingredients in solid 

(pharmaceutical) dosage forms using solid-state standard 
additions
• AN-NIR-002 Nondestructive, single tablet analysis using  

the NIRS XDS RapidContent Analyzer

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS MasterLab Analyzer
• NIRS XDS SmartProbe Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Process Analyzer – MicroBundle
• NIRS XDS Process Analyzer – SingleFiber
• NIRS Analyzer PRO
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Polymers
Polymer attributes have been measured with NIR since the 

1950s. Due to NIR requiring no sample preparation and being non-
destructive, many polymer and plastic attributes can be measured 
rapidly inline or atline for qualitative as well as quantitative param-
eters. Thermoplastics production, raw material purity, and moisture 
content can be analyzed with NIR. The disappearance of double 
bonds can be monitored real time in reactions using inline process 
NIR. Residual solvents and monomers can also be detected using 
NIR analysis. Additives like antioxidants, UV inhibitors and ones that 
prevent discoloration are measured using NIR. It is an excellent tool 
for determining the incoming raw materials and reaction endpoints, 
reducing over-processing of product and improving production 
consistency. As in other sectors, it facilitates the quick determination 
of the moisture content.

NIRS analysis also allows for the determination of physical 
properties such as molecular weight, degree of branching, tacticity, 
melting point, particle size verification, density, and viscosity. More-
over, the hydroxyl number as well as acid and amine value can be 
determined.

Application literature
• AN-NIR-003 Analysis of copolymer levels in polymer pellets  

by near-infrared spectroscopy
• AN-NIR-004 Determination of additives in polymer pellets  

by near-infrared spectroscopy
• AN-NIR-005 Determination of finish on nylon fibers  

by near-infrared spectroscopy
• AN-NIR-006 Near-infrared analysis of polyols
• AN-NIR-007 The near-infrared analysis of polyols:  

process monitoring in a hostile environment

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Process Analyzer – MicroBundle
• NIRS Analyzer PRO

Paper and Pulp
The paper and pulp industry has used NIR analysis for many 

years providing qualitative and quantitative information about in-
coming timber materials and lignin content. Discriminant NIR analysis 
can be used to determine species, hardwoods from softwoods, and 
sapwoods from heartwoods. 

Common paper and pulp attributes measured with NIR include: 
kappa number, lignin content, kraft pulp yield, tall oil, moisture, 
resin, brightness, wood species, hardwood/softwood ratio, coatings, 
and component analysis (clay, titanium dioxide, fillers, ash, etc.).

Application literature
• AN-NIR-008 Analysis of lignin in wood pulp
• AN-NIR-009 Determination of hardwood/softwood content  

in wood products by near-infrared spectroscopy

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Process Analyzer – MicroBundle
• NIRS XDS Process Analyzer – DirectLight/Noncontact
• NIRS Analyzer PRO

Industry sectors
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Textiles (Polymers)
NIR has been long used in the textile industry to differentiate 

fiber types for carpet recycling. Blend analysis of different polymer 
fibers can be analyzed with NIR. Real-time analysis of the application 
of polyvinyl alcohol (PVA or PVOH) sizing to warp yarn has been done 
with NIR online process analyzers.

Common fiber identified with NIR include: cotton/linen, 
merchandized cotton, acrylic, modified acrylic, acetate, triacetate, 
Nomex®, Kevlar® (K-29, K49, and K129), nylon-6, nylon-6,6, silk, 
polyester, cationic and disperse dyeable polyester, polypropylene, 
PVA and PVC.

Application literature
• AN-NIR-005 Determination of finish on nylon fibers  

by near-infrared spectroscopy

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS Process Analyzer – DirectLight/NonContact

Other NIR Applications
Many applications for NIR do not fall under common headings. 

NIR can be applied nondestructively and with no sample preparation 
to many different fields. NIR applications work best on materials 
that have strong OH, CH, NH, or SH absorbers. Because NIR models 
are empirically developed, NIR is most useful in applications, where 
the same product is measured on a routine basis. Wood products 
industries that make particle board panels and products use NIR for 
moisture analysis and adhesive content analysis.

Further applications in the NIR measurements include: moisture 
in soaps, adhesive level in particle board chips. Moreover, there is an 
increasing demand to combine NIR imaging techniques with well- 
established brain imaging techniques such as magnetic resonance 
imaging and positron emission tomography.

Additionally, there are several applications in the environmental 
as well as in the cosmetics and toiletries sector.

For more information, please contact your Metrohm sales 
 representative!

Application literature
• AN-NIR-005 Determination of finish on nylon fibers  

by near-infrared spectroscopy

Recommended Analyzers
• NIRS XDS RapidContent Analyzer
• NIRS XDS MultiVial Analyzer
• NIRS XDS MasterLab Analyzer
• NIRS XDS SmartProbe Analyzer
• NIRS XDS RapidLiquid Analyzer
• NIRS XDS Interactance OptiProbe Analyzer
• NIRS XDS Transmission OptiProbe Analyzer
• NIRS XDS Process Analyzer – MicroBundle
• NIRS XDS Process Analyzer – Single Fiber
• NIRS XDS Process Analyzer – DirectLight/NonContact
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