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Near Infrared Spectroscopy Basics

Near Infrared Spectroscopy uses a material’s response to electromagnetic radiation just below 

the visible spectrum ( 800-2500 nm) as a method of chemical analysis

• The NIR region gives overtone absorptions of C-H, O-H, N-H … bonds. 

• With limitations it is possible to use NIR for qualitative (identification) and quantitative 
analyses in many organic systems

• NIR Absorptions are: 

• Often broad and overlapped

• Much smaller absorption coefficients

• Lack of selective bands in NIR region requires multivariate calibration for quantitative 

analysis

• Calibrated models of NIR frequency response utilizing a Primary analytical method are 
required to accurately quantify response variable

•
Th. Rohe etal, J. Near Infrared Spectroscopy, 16, 325-332 (1998)

In situ monitoring of polyolefin extrusion using NIR.  Models developed for polymer 
composition, moisture content, reaction status, viscosity, and MFI

A. Khettry etal, Polymer Engineering and Science, 36, 9, 1232-1243 (1996)

Ethylene Vinyl Acetate was studied as a function of VA content using NIR.   Results 
showed lower costs, improved quality, and waste reduction
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Near Infrared Technological Advantages

Advantages

• Fast  (< 30 sec)

• Often no sample preparation, simple 

to operate

• No reagents required

• No waste, no pollution

• Simultaneous determination of 

multiple components

• Highly precise and accurate

• Measure through glass or packaging 

possible

• Transferable methods, instrument 

independence

• Real time process monitoring

Concerns

• Not a “primary” method 

• Primary method of analysis concerns:

• Consistent, stable, accurate

• Wide range of samples – from process to 

be analyzed include process outliers to 

build model

• Remove some process variations w/ 

multiple samples

• Consistent sampling/sample presentation 

– many factors influence NIR spectra

• Avoid lab induced variations

• Samples – stable

Continuous monitoring of NIR using 

primary method IS A MUST



4

NIR Dehydrated Nitrocellulose

• NIR methods use statistical analysis 

of frequency response mapped to a 

known value to generate a calibrated 

model with which to quantify desired 

analytes

• Primary Method:  Karl Fischer Oven
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NIR Model Response for Nitrocellulose

• Investigated Nitrogen Content, Solubility, and Viscosity

• Properties of Nitrocellulose are driven by ONO2:OH ratio or degree of substitution

Can a correlation between  Primary 

Method and NIR be developed that 

provides analytical model(s) that 

are able to predict bulk properties 

of NC?
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NIR Model:  Nitrogen Content

• Primary Method:  Ferrous Ammonium 

Sulfate Titration

• Sample Size: n=150

• Samples ranged from ~12% N2 to 13.6% N2

• Linear Regression displays good agreement 

between predicted and actual results

• Investigation of “residuals” plot reveals no 

trends

• Validation that regression model is 

suitable
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NIR Model:  Percent Solubility

• Primary Method:  Ether Alcohol 

Solubility; Filtration Method

• Sample Size: n=117

• Samples ranged from very low solubility 

to ~40%

• Linear Regression displays less than ideal 

agreement between predicted and 

actual results

• Investigation of “residuals” plot reveals 

no trends

• Validation that regression model is 

suitable
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NIR Model:  Viscosity

• Primary Method:  Falling Ball Viscosity in 

Acetone

• Sample Size: n=150

• Concentrated sample range

• Linear Regression displays less than ideal 

agreement between prediction and actual 

results

• Investigation of “residuals” plot reveals no 

trends

• Validation that regression model is 

suitable
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NIR and Nitrocellulose:  Is there Evidence to go forward

• 1st iteration models have shown the following

• To measure the nitrogen content of Nitrocellulose using NIR is straightforward

– Successful using both straight nitrated components and blends, model appears robust

• Solubility predictions did not agree with actual results as well as desired

– Variation of >2% displayed consistently between the model and measured

– Method requires further refinement with more samples 

• Prediction of Viscosity displays significant  variation and requires further investigation

– Variation between predicted and actual values is greater than desired

– Larger sample size with greater viscosity variation may improve predictions
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Extending NIR into the Propellant Plant

• Primary Method:  Solvent Extraction/Gas 

Chromatography

• Single base model constructed on in-

process propellant

• Data shows excellent linear regression 

between actual and predicted data

• Comparison of primary method with 

predicted NIR results shows later iterations 

of model resulted in improved 

measurement predictability 
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Future of Near Infrared Spectroscopy 

• Establishment of Water and Alcohol Content in Nitrocellulose is a proven technology 

– Used by several NC manufacturers worldwide

• Prediction of Nitrocellulose Properties shows promise 

– Nitrogen Content is accurately predicted using NIR

– Ether/Alcohol Solubility and Falling Ball Viscosity require further refinement

• NIR is able to accurately predict moisture content of propellant 

– Low levels of solvent content make an accurate prediction diffcult

NEAR INFRARED SPECTROCOPY has potential uses 

across the propellant facility


