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This report is part of your lab portfolio. Portfolio consists of three independent lab reports and will be marked out of 100 %. This mark contributes 50% to the final mark of the module. This work will be assessed for the accuracy of your observations and depth of discussion. 
Remember to provide a list of supporting literature. 

READ THIS HANDOUT CAREFULLY AND ADDRESS ALL QUESTIONS !!!

ATTACH THE ORIGINAL DATA SHEET in the appendix!!!






What to include in the report:
· Aim of the Experiment
· State the purpose and main tasks of the FT-IR investigation.
· Expected Spectral Characteristics
· Identify the functional groups and predict their characteristic absorption bands.
· Theory (Background Information)
· Explain the principles of FT-IR spectroscopy, molecular vibrations and functional-group identification.
· Discuss applications of FT-IR in OME.
· Support with relevant literature.
· Chemicals, Equipment and Procedure
· List the chemicals, equipment and sampling technique.
· Record instrument settings (spectral range, resolution, number of scans).
· Briefly describe the procedure and any deviations.
· Results and Observations
· Present FT-IR spectra for all four samples.
· Record key peak positions, intensities, shapes and assignments in the provided tables.
· Include library match results and scores.
· Attach the original data sheet in the appendix.
· Discussion and Critical Evaluation
· Compare observed peaks with predicted and literature values.
· Justify each compound identification using diagnostic bands from the functional-group and fingerprint regions.
· Evaluate library matches, spectral quality and possible errors.
· Discuss limitations of FT-IR and its relevance to OME.
· Answer all analytical questions in the handout.
· Conclusions 
· Summarise the findings, supporting evidence and reliability of identification.
· References (IEEE)
· Appendix: scan of original data sheet completed during the experiment

DATA SHEETS to RECORD OBSERVATIONS
	STUDENT’s NAME: ____________________________________________
PARTNERS’ NAMES: ____________________________________________________



Introduction
Fourier-Transform Infrared (FT-IR) spectroscopy is a vibrational spectroscopic technique used to study the molecular structure of organic compounds. By directing an infrared beam at a sample, FT-IR excites molecular vibrations: chemical bonds absorb particular amounts of energy and produce a characteristic absorption pattern (a “molecular fingerprint”). These patterns let analysts identify functional groups / substituents (e.g. O–H, N–H, C=O, NO₂), confirm compound identity, and detect contaminants or degradation products. FTIR  is a common, non-destructive sampling mode for solids and powders in manufacturing process.
FT-IR is primarily a qualitative technique (it identifies what is present) but it can also be used semi-quantitatively with care (e.g. comparing peak areas against standards). It excels for organic, non-reflective materials, plastics, oils, pharmaceuticals, organic explosives, propellant residues and other formulation components but is not suitable for analysing bulk metals or metal salts (ionic bonding and strong reflectivity make IR absorption weak or uninformative). FT-IR is widely used across industries: pharmaceuticals, forensics, defence, environmental monitoring, motorsport and healthcare.
In the context of OME, FT-IR (together with complementary techniques such as Raman) is an essential rapid tool across the explosives lifecycle.
Because many energetic precursors and degradation products share similar functional groups, learning to read FT-IR spectra and to correlate spectral features with structure is a high-value skill for forensic reporting, regulatory advice, and safe handling decisions.

Briefing
To demonstrate the effectiveness of spectroscopic methods and the capabilities of the equipment, you are given the following scenario.
“Following a site inspection at a small materials-testing facility, inspectors recovered a series of labelled reference powders that were reportedly being used in the evaluation of new energetic formulations. The materials are common industrial or laboratory chemicals, but each represents a different class of functional group frequently encountered in the design, manufacture, or degradation of energetic compounds. Before the samples can be cleared for safe disposal, confirmation of their identity and chemical functionality is required.” 

As the analytical chemist, your task is to acquire and interpret FT-IR spectra, identify the characteristic functional groups, verify the chemical identities using reference spectra, and critically evaluate the reliability and limitations of your conclusions.:

	Sample
	Compound
	Relevance / functional features

		?
	Guanidine
[image: ]
	
	Models nitrogen-rich ionic species common in energetic salts and precursor chemistry; shows salt/ionisation spectral effects.

	?
	Acetaminophen
[image: ]

	  Represents an amide / phenol structure; analogue for stabilisers, binders or organic contaminants.

		
?
	Ascorbic acid
[image: ]

	Poly-hydroxy lactone; models oxidation-sensitive species and ageing studies.

		?
	Methyl 3-nitrobenzoate
[image: ]

	Aromatic nitro-ester; analogue for nitrated aromatic intermediates.



Objectives
1. Acquire high-quality FT-IR spectra (4000–650 cm⁻¹) for each solid sample.
2. Identify diagnostic absorption bands for the key functional groups/substituents         (–OH, –NH₂, C=C, C=O, C–O, NO₂, etc.).
3. Compare observed spectra with literature or library data and comment on any shifts or intensity differences.
4. Produce a professionally structured report to verify compound identity and justify relevance of the method to OME.




Results – observation and analysis
Observe and record major peak positions (cm-1),  peaks shapes (broad, sharp), intensities (strong, medium, weak), and assignments (functional groups). Analyse both general and fingerprint regions. 
After identifying key functional groups and peaks, run a library search and record the match score. Do not rely solely on the library match, but provide manual peak-based justification (cite at least three diagnostic features) for each identification.

Result table:
Sample A: 
	Wavenumber (cm⁻¹)
	Intensity (strong/medium/weak)
	Shape sharp/broad
	Identity of the group

	
	





	
	



Compound identification: ______
Library match score: ______
Three key diagnostic features supporting identification: ______
Any discrepancies or unexplained features: ______




Sample B: 
	Wavenumber (cm⁻¹)
	Intensity (strong/medium/weak)
	Shape sharp/broad
	Identity of the group

	
	




	
	



Compound identification: ______
Library match score: ______
Three key diagnostic features supporting identification: ______
Any discrepancies or unexplained features: ______

Sample C: 
	Wavenumber (cm⁻¹)
	Intensity (strong/medium/weak)
	Shape sharp/broad
	Identity of the group

	
	





	
	



Compound identification: ______
Library match score: ______
Three key diagnostic features supporting identification: ______
Any discrepancies or unexplained features: ______

Sample D: 
	Wavenumber (cm⁻¹)
	Intensity (strong/medium/weak)
	Shape sharp/broad
	Identity of the group

	
	





	
	



Compound identification: ______
Library match score: ______
Three key diagnostic features supporting identification: ______
Any discrepancies or unexplained features: ______
Questions:
1. Compare your manual peak assignments with the library search results. Discuss any discrepancies and evaluate whether the evidence is sufficient to support each compound identification.

2. Explain how FT-IR could be used to support the identification of energetic materials or the investigation of chemical ageing during storage. What information could it provide, and what are its limitations?


Useful data:
[image: See the source image]
N–H / C=N / C–N: 3400–3000; 1680–1550; 1300–1000 cm⁻¹.
Amide / phenol: ~3300; 1665–1645; 1560–1510; 1240–1170 cm⁻¹.
Polyhydroxy / lactone: 3600–3000; 1750–1730; 1200–1000 cm⁻¹.
Ester / NO₂: 1735–1715; 1535 & 1355; 1260–1210 cm⁻¹
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O-H 3650-3590
N-H 3500-3300 1650-1590 900-650
=CH-H 3100-3070 1420-1410 900-880
=C-H 3100-3000 2000-1600
C-H 2900-2700 1440-1320
=-CH3 2880-2860 2970-2950 1380-1370 1470-1430
O-H 2700-2500 1320-1210 950-900
C=C 2140-2100
C=0 1750-1700
C=C 1600-1500
C-N 1340-1250
C=0-C 1200-1180
-C-H 770-730
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