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FTIR and Raman Analysis of Unknown Compound
Introduction
FTIR (Fourier Transfer Infra-Red Spectroscopy) and Raman Spectroscopy are complementary analytical techniques used to study the molecular structure of organic compounds. Both methods rely on vibrational spectroscopy , but they differ in their interaction with light. FT-IR measures the absorption of infrared light, while Raman spectroscopy detects inelastic scattering of light. These techniques are widely applied in industries such as pharmaceuticals, forensic, defence and environmental monitoring. is an analytical technique specialised in the qualitative analysis of organic compounds. The technique is widely used in multiple industries such as pharmaceuticals, forensics, ecology, motorsports, defence and healthcare.
FT-IR technique works by exciting the bonds between atoms in organic molecules, causing them to vibrate. These bonds absorb specific amounts of energy from the incoming infrared beam, and the remaining energy that is transmitted or reflected is unique to each bond. This absorption pattern allows us to identify the molecular structure and composition of the sample. 
Raman Spectroscopy is based on the inelastic scattering of light, also known as Raman scattering. When a laser beam is directed at a sample, most of the light is elastically scattered (Rayleigh scattering), but a small portion of the light interacts with the vibrational modes of the molecules, causing a shift in energy. This shift, or the "Raman shift," is unique to the specific molecular bonds and provides a fingerprint for identifying the compound. Unlike FTIR, which measures absorption of infrared light, Raman spectroscopy detects these scattered photons to reveal information about the vibrational modes, which helps identify organic and inorganic compounds alike.
FTIR works best on organic, non-reflective samples and thus is not suitable for the analysis of metals. This is partially due to the type of bonds that metals create with other elements (that of ionic bonding). The FTIR excels at plastics, oils, medications and organic explosives/ propellant traces.
Raman spectroscopy, on the other hand, excels in studying samples that are difficult to analyse using FTIR, including aqueous solutions and compounds where fluorescence might interfere with IR readings. Raman spectroscopy can also be used on a wider range of materials, including metallic and inorganic substances.
In the context of OME, both FTIR and Raman techniques are excellent tools for the analysis of the organic components of an explosive device (primarily nitrates but also long chain hydrocarbons and alcohols). This can be particularly useful for analysing environmental damage left from poorly stored munitions, intelligence gathering from IEDs or homemade explosives and for analysing components from recovered foreign munitions.    
Briefing
To outline the effectiveness of the spectroscopic methods and the capabilities of the equipment, you are given the following scenario.
“During a raid on a suspected terrorist cell in the UK, a large amount of apparent bomb-making equipment was found, alongside this equipment was discovered evidence to suggest that these were designed to disseminate a finely grained white powder into the atmosphere (of which many bags were found strapped to completed devices). The white powder seems to originate from large packs of tablets. The relatively low amount of actual explosives found strongly indicates a delivery method rather than the explosives being the primary method of causing damage. Due to the lack of protective equipment found it is surmised that the idea behind these is a testbed or proof of concept for the dispersal device.” 
You are tasked with finding out what the powder is via FTIR and Raman spectroscopy to enable this intelligence to be put into a report to the home office.
Method
You are given a small sample of the pills that were located alongside the devices designated A B and C. Crush the pills in the mortar and pestle provided into a fine powder and transfer to a plastic weigh boat. 
FT-IR: Take the weigh boats to the FTIR, ensure the machine is setup with the following specifications
· Absorption mode
· 10 scans
· 10 seconds duration per scan
Once this has been confirmed, clean down the machine with IPA and blue roll. Once cleaned then you may begin the test proper. 
Take a background scan to eliminate background contamination from the sample. Add your first sample to the sample UATR unit and clamp down. Once clamped, name the new sample and run a scan. 
Observe the peaks and note down anything you feel is important (large peaks, broad, narrow etc).
Repeat until all samples are done, you should aim for 3 repeats of each sample.
Save a picture of your spectra lines.
Begin to identify the peaks and then the functional groups in the general and fingerprint zones.
After you have identified key functional groups and peaks you will then use the library function to find out if the sample can be identified from existing spectra in the database.
Raman Spectroscopy: Ensure the Raman spectrometer is calibrated and set with an excitation wavelength appropriate for organic materials (e.g., 532 nm or 785 nm). Perform at least three scans per sample, ensuring the laser power and exposure time are adjusted to avoid sample degradation.

Results
	Results table

	Sample ID
	Key general peaks/ functional groups
	Key Fingerprint peaks/ functional groups

	
	
	






Identify the main group peaks (present in all samples, inc approx. numbers) using the table provided below.
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Major Functional Group

Absorption Frequency Region

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





