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Introduction to FT-IR Analysis
Fourier Transform Infrared Spectroscopy (FT-IR) is an analytical method used to identify compounds by producing a spectrum of the compound’s behaviour in response to infrared radiation. The compound of interest is irradiated with a broad spectrum of infrared light, and the response is measured, as either absorbance or transmittance of each wavelength of light, usually reported as the wavenumber (inverse of wavelength) [1].
Identification of the compound present from the spectra is possible due to the function groups within the compound having distinct peaks within the spectra. These occur due to the vibrational modes of each bond, which is dependent on the bond type, bonded elements and the molecular environment the bond is within. These factors all affect the resonant frequency of the bond and the possible vibrational modes (stretching, bending, twisting) it can undergo.
Within the OME sector FT-IR is used throughout the lifecycle. FT-IR can identify impurities or decomposition products in an explosive, or forensically to determine the identity of explosives that have been seized, or post-blast [2].

Method and equipment
The following method was utilised to produce spectra of four unknown powders, such that they could be identified using the produced spectra.
The experiments were run on a Perkin Elmer Spectrum 2 FT-IR spectrometer, configured as follows. The spectrometer was configured to use an Attenuated Total Reflectance (ATR) attachment, in lieu of the KBr method, as this removed the need of the production of carefully formed potassium bromide disks. The ATR crystal in this attachment was diamond. The spectrometer was connected to a computer running the Perkin-Elmer Spectra IR software to record the produced spectrum. 
The spectrometer collected absorbance data in the 4000 – 450 cm-1 wavenumber spectral range, at the default resolution. The scanning regime was programmed to perform 15 background scans before the introduction of the sample to produce a baseline, and 15 scans of the sample to produce a smooth, averaged spectrum. 
The process for collecting the spectra was as follows. Personal Protective Equipment (PPE), in the form of a lab coat, nitrile gloves and lab specs was worn, as the powders were unknown so were assumed to be hazardous. The ATR lens and the foot of the anvil on the spectrometer were cleaned with Isopropyl alcohol (IPA) and blue roll to ensure they were clean before any analysis was conducted. A background was then gathered. Use a spatula, a small amount of the sample was placed onto the lens, and the anvil was tightened down to the required pressure by use of its ratcheting torque fixture to prevent under- or over-tightening. The spectrum of the sample was then gathered. The sample was removed from the spectrometer using dampened blue roll, and the foot and lens were again cleaned with IPA. The contaminated blue roll could be disposed of via the domestic waste route due to the small size of the sample. 
No post-processing of the spectra was required, as the 15 scans produced a clear spectrum, with obvious characteristic peaks and a low noise level. A library search was conducted on the integrated Perkins-Elmer library, with a confidence threshold set at 95%, however, the matching reference spectra are not available for this report.

Results and discussion
The four unknowns analysed are on of four possible candidates, given in table 1. Using the characteristic peaks of the functional groups in each molecule, the unknown compounds were identified. 
	Name
	Structure

	Guanidine
	[image: ]

	Acetaminophen
	[image: ]

	Ascorbic Acid
	[image: ]

	Methyl-3-nitrobenzoate
	[image: ]


Table 1 - The four possible sample identities

The spectrum for sample A (fig. 1) shows peaks for functional groups that line up with those present in guanidine (Table. 2).  There are differences in some of the peaks as guanidine is provided in salt form, and this affects its structure. It was not possible to determine the particular guanidine salt from this spectrum.  Guanidine is a reagent used in the production of nitroguanidine, a common component of propellant formulations [3].
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Figure 1 - FT-IR Spectrum for sample A

	Bond
	Peak range / cm-1
	Peak appearance
	Reported peak/ cm-1

	C=N 
	1640-1690
	strong
	1653.13

	C-N 
	1020-1250
	medium
	1111,22, 1022.77

	N-H
	3300-3400
	Medium, sharp
	3311.63


Table 2 - Peak identities for sample A [4]
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Figure 2 - Reference Spectrum for guanidine nitrate [5]
The spectrum for sample B (fig. 3) shows peaks for functional groups that line up with those present in ascorbic acid (Table. 3). Ascorbic acid has appeared as a component of homemade  black powders and flash powders as a fuel, due to its ease of acquisition [6].
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Figure 3 - Spectrum for Sample B

	Bond
	Peak range / cm-1
	Peak appearance
	Reported peak/ cm-1

	C=O
	Approx. 1680
	Strong, sharp
	1661.32

	O=H
	3200-3550
	Strong, broad
	3326.52

	
	2700-3200
	Weak, broad
	2820.04

	
	1330-1420
	medium
	1346.95

	C-O
	1163-1210
	Strong, sharp
	1210.64

	C=C
	960-980
	strong
	956.93


Table 3 - Peak identities for sample B [4]
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Figure 4 - Reference Spectrum for Ascorbic acid [5]
The spectrum for sample C (fig. 5) shows peaks for functional groups that line up with those present in methyl-3-nitrobenzoate (Table. 4). Methyl-3-benzoate contains a nitrated phenyl group and as an ester, has a large synthetic useability for the production of energetic molecules [7].
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Figure 5 - Spectrum for Sample C
	Bond
	Peak range / cm-1
	Peak appearance
	Reported peak/ cm-1

	C=O
	1735-1750
	Strong, sharp
	1714.90

	N-O
	1500-1550
	Strong,
	1526.05

	C-O
	1250-1310
	Strong, sharp
	1267.71

	
	1163-1210
	Strong, sharp
	1193.67

	C-H
	3000-3100
	Medium
	3092.34

	
	2840-3000
	medium
	2961.24

	
	1650-2000
	weak
	1787.58

	
	730-770
	Strong
	717.63


Table 4 - Peak identities for Sample C [4]
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Figure 6 - Reference Spectrum for Methyl-3-nitrobenzoate [8]
The spectrum for sample D (fig.7) shows peaks for functional groups that line up with those present in acetaminophen (Table. 5). Acetaminophen contains an amide functional group, with amides being an important component of propellant mixtures, as they can act both aa a stabiliser or burn-rate modifier [9] 
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Figure 7 - Spectrum for sample D
	Bond
	Peak range / cm-1
	Peak appearance
	Reported peak/ cm-1

	C=O
	1680 or 1650
	Strong, sharp
	1651.68

	C-N 
	1020-1250
	medium
	1172.08

	
	1266-1342
	strong
	1327.12

	N-H 
	1580-1650
	Medium
	1609.87

	
	3310-3350
	Medium, sharp
	3323.08

	O-H
	2700-3200
	Weak, broad
	3159.61

	
	1310-1390
	medium
	1327.32

	C-O
	1087-1124
	Strong, sharp
	1107.92

	C-H
	790-830
	Strong
	807.44


Table 5 - Peak identities for sample D [4]
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Figure 8 - Reference Spectrum for Acetaminophen [8]
Conclusion
All spectra generated for the unknown compounds displayed additional peaks, and peak shift, from the expected spectrum for each of the four possible compounds. This is indicative of impurities or contaminants within the powders. This is likely, as the providence and purity of the samples are not known. As an example of this, 3 of the generated spectra featured a “hump” around 3000 cm-1, a characteristic indication of moisture ingress into a sample [10]. The provided reference spectra, also do not exactly match those generated. This is for tow main reasons, a difference in scaling and output between the two traces, and the use of two different spectrometers to produce the spectra. Hence, it is important to use a spectra library that is generated by the same type of spectrometer. 
These issues highlight the need to use multiple techniques when attempting to identify an unknown substance, as reliance a single method does not provide enough evidence to guarantee a correct identification. 
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