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Over the past twenty years the use of the near infrared (NIR) region of the spectrum for a 
wide variety of the analytical procedures has grown precipitously.  There are a number of 
instrument manufacturers providing a variety of instruments ranging from sophisticated 
costly spectrometers to recently introduced lower cost portable models.   There are 
frequent seminars devoted to NIR use in different industrial areas.  And because of the 
nature of NIR analytical data, a great deal of effort has gone into developing methods to 
sort out useful information from the generally weak and overlapping absorption material 
typical of NIR data. 
 
While NIR spectroscopy has found many broad applications in industrial process 
management NIR advocates have sometimes tended to become overzealous in applying 
NIR to all industrial analyses while in some cases other procedures such as Raman and 
mid-IR spectroscopy could provide more useful analytical data more readily.  After all, it is 
the mid-IR spectral region where most of the fundamental structural information is 
produced and when measurements in that region can be made on a particular class of 
samples, it may well be the method of choice.  It is the purpose of the following sections to 
describe the overall characteristics of both spectral regions - the minuses as well as the 
plusses - to help the perspective user to select the spectral region best suited to his or her 
perspective uses. 
 

 
NIR and Mid-IR Strengths and Weaknesses 

 
NIR Strengths 
 

1. Higher energy levels because radiation levels from black body emitters peak at 
shorter wavelengths. 

2. High sensitivity photo conductive detectors function in the NIR but not in the mid-
IR. 

3. Water is reasonably transparent in this region making it possible to use it as a 
solvent for some applications. 

4. Perhaps most important, low cost materials such as glass and quartz transmit NIR 
radiation and can be used as cell windows, focusing lenses and optical fibers. 

NIR Weaknesses  
 
The major weakness of the NIR region is that the absorption bands occurring there are 
the overtones of the fundamental bands residing in the mid-IR region.  As a result, they 
are relatively weak and not clearly delineated.  This makes quantitative calculations 
complex and calibration procedures quite laborious and not transferable from one 
instrument to another. 
 
 
 
 



NIR Applications 
 
In spite of the above limitations, NIR equipment is becoming widely used in such 
applications as diffuse reflection measurements on foods, monitoring pharmaceutical 
processes, in-situ biomedical applications, to name a few. 
 
Mid-IR Strengths 
 

1. Organic functional groups have characteristic and well delineated absorption 
bands in this spectral region. 

2. Since molecules differ from each other by having different combinations of 
functional groups, their mid-IR spectra can be used to identify them and 
characterize their structure. 

3. Mid-IR spectra of mixtures are additive.  Absorption bands associated with 
individual components in a mixture are frequently isolated from other bands and 
can be used to quantify the individual components by the strength of their 
absorption. 

4. Calibration data in the mid-IR is much more generic than that in the NIR and thus 
is more readily transferable from instrument to instrument. 

 
 
Mid-IR Weaknesses 
 

1. As a result of the afore mentioned black body radiation curve, available energy in 
the mid-IR decreases substantially with wavelength. 

2. Mid-IR transmitting materials are more expensive and in some cases less 
chemically resistant.  Mid-IR optical fibers tend to be very expensive and quite 
difficult to manipulate. 

3. Most materials are strongly absorbing in the mid-IR and therefore cells with 
extremely short effective pathlengths – in neighborhood of 10 - 100µm – must be 
used. 

 
Mid-IR Applications 
 
Mid-IR is best suited for materials identification for example “white powders”, incoming 
raw material verification, etc.;  process monitoring through the increase or decrease of a 
functional absorption band, i.e., the carbonyl 5.7 um band; determination of a specific 
component in a mixture such as concentration of trans fatty acid in vegetable oil, alcohol 
levels in beverages; gas analysis in general.  
 

Typical Uses of Infrared Analysis by Industry 
 
Infrared in the Pharmaceutical Industry 
 
With the recent directives from the FDA that pharmaceutical processes should be 
monitored stage by stage (PAT, Process Analytical Technology) infrared procedures, both 
NIR and mid-IR have found expanding applications.  NIR, because of its ability to 



penetrate deeply into materials, is especially useful for QC measurements on pills and 
powders while mid-IR, through the use of attenuated total reflection (ATR), works best in 
following reactions in liquid process streams and reaction vessels. 
 
Infrared in Food Processing 
 
While the food industry has lagged the pharmaceutical industry in applying analysis in the 
food processing plant, the availability of portable, environmentally sound instruments both 
NIR and mid-IR plus new government regulations is creating new uses for IR in general 
for better quality control.  Among the NIR applications are protein levels in grain by diffuse 
reflectance, online moisture levels, fat content in meats.  Developing mid-IR uses are 
trans fatty acid in vegetable oils, alcohol, carbonation and sugar in beverages.  Many 
other uses for both spectral regions will become apparent as the industry appreciates the 
applicability and ruggedness of the new portable instruments.   
 
Infrared in the Chemical Industry 
 
Infrared along with chromatography and mass spectrometry have long been the analytical 
mainstays of chemical processing though usually carried out in the laboratorys.  IR, both 
near and mid is the best suited analytical method to move analysis out of the laboratory 
into the plant because, unlike other techniques, infrared is non-destructive.  With the new 
linear variable filter array spectrometers, optical filters, rugged and sensitive non cooled 
detectors among other developments, infrared devices of all wavelengths (including UV 
and vis!) are being used more and more both for in-line and at-line monitoring. 
 
Environmental Monitoring 
 
Mid infrared techniques have long been widely used for such uses as measuring 
petroleum hydrocarbons and fats, oil and grease in wastewater and soil because of its 
specificity  
and sensitivity. 
 
Nearly all non-diatomic gases have characteristic absorption bands in the seven to 
fourteen micrometer region of the mid-IR spectrum.  Mid-IR gas analyzers with long path 
gas cells are the basic tool for toxic vapor monitoring in ambient air. 
 

NIR and Mid-IR Together make a Powerful Team 
 
The purpose of this discussion is not to prove that mid-IR is more useful than NIR or visa 
versa but to demonstrate that infrared analysis in general is an increasingly powerful 
procedure that is finding increasingly wide usefulness both because of its fundamental 
characteristics and as a result of newly developed instrument components.   
 
Table I is a completely random listing of sample categories that have proved amenable to 
various types of infrared sampling approaches. Those engineers charged with the 
responsibilities of applying analytical procedures to their particular processes should do so 
with open minds: not determined to make only NIR work or only mid-IR but to study the 



problem objectively to determine how to go about solving it.  All infrared procedures will 
play key roles in the future in PAT and other at-line and in-line monitoring applications. 
 
 

Sample Type Sampling Method Spectral Region
Protein in Grain diffuse reflection NIR 
Moisture in Vegetable Matter diffuse reflection NIR 
Trace Water in Solvents trans ATR mid-IR 
Fat in Meat transmission NIR 
Fat in Homogenized Milk ATR mid-IR 
Trans Fat in Vegetable Oil ATR mid-IR 
Pill Composition – known components trans or diffuse reflection NIR 
Pill Composition – unknown components ATR mid-IR 
Powder Identification ATR mid-IR 
Coatings on Metal – thin specular reflection mid-IR 
Coatings on Metal – thick diffuse reflection NIR 
Reaction Monitoring – liquid ATR mid-IR 
Reaction Monitoring – powders diffuse reflection NIR 
Fluid in containers transmission NIR 
Gas Analysis  transmission mid-IR 
Minerals specular reflection or ATR mid-IR 
 
Table I.  A Random Listing of Samples Amenable to Infrared Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
  
 
 
 
Figure 1.  A portion of the electro magnetic spectrum showing the relationship between NIR 
and mid-IR. 
 
 

 
 

 
 
Figure 2.  Typical near and mid spectra of food stuff. 
 
 



 

 
 
Figure 3.  The new trend in portable PAT instruments:  Top NIR spectrometer from Ocean 
Optics; Bottom mid-IR spectrometer from Wilks Enterprise Inc. 


