


1. Abstract

Time in the Laboratory was organised with the intention of showing how samples of unknown substances may be identified using Fourier Transform Infrared (FTIR) Spectroscopy and previously acquired knowledge. An experiment was conducted, the results collated, conclusions reached and a critique of this experiment written. 
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1. Introduction

As previously stated, four samples of unknown composition were provided to be analysed. It was made known that each sample was one of the following options, and the task was to establish which sample was which. 
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Sample 1 – Guanidine  	Sample 2 – Acetaminophen (commonly known as Paracetamol)
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Sample 3 – Ascorbic Acid			Sample 4 – Methyl 3 Nitrobenzoate (commonly known as Vitamin C) 

To analyse the provided substances, several tools were provided; chief among these was a Perkin-Elmer Spectrum II Spectroscope [Figure 1] connected to a Desktop running Spectrum IR Software, along with Isopropanol Alcohol (IPA), Wipes, Spatula and the four substances to be tested. 
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Figure 1 – Perkin-Elmer Spectroscope (annotated)

To use the Spectroscope, certain actions must be performed in specific order to create a usable set of Results and they are as follows: 
0. Clean the Plate and Foot with IPA and Wipes: this to ensure there is no residue from previous analyses that could interfere with the accuracy of the current test. 

0. Align the Arm to the centre of the Plate and tighten the Knob until it clicks: the Arm is ratcheted to ensure that the sample is firmly secured and can be analysed but cannot be overtightened (which runs the risk of damaging the machine or causing compressive ignition in volatile substances).

0. Run a Background Scan: this establishes a Baseline which can be later subtracted from the Sample’s results to create an accurate picture of the substance’s absorption spectrum [1].

0. Undo the Knob, move the arm from the Plate and place a Sample in the centre of the Plate. Step 2 can then be repeated. 

0. Set the Computer to “Scan”, which will generate a set of results that can then be analysed to determine the chemical composition of the Sample.

0. The process can then be repeated by returning to Step 1.

0. Once finished, the Wipes can then be disposed of in accordance with Disposal Regulations for the chemicals used.

The FTIR Spectrometer is a powerful and sensitive tool that can provide detailed  Results, but it is not without flaw: being highly sensitive means it is subject to interference from Samples that may not have been sufficiently cleaned from the Plate during last use, it may not have been calibrated which will skew results or simple user error: the Knob may not be tight enough an “air gap” between the Foot and Sample, also inducing inaccuracies. 

It was hypothesised that the Spectrometer would be able to analyse what the chemical composition of the Samples are, but it would then be down to the User to determine what the substance is. This hypothesis was reached due to Results being presented in graphical form, which must then be cross-referenced with charts of Wavenumbers to find the answer rather than being told what the Sample is. 

1. Experiment Conditions

It must be understood how FTIR works. First, a  Sample is placed in an FTIR Spectrometer which has an IR source, an Interferometer and a Detector. The Sample then has IR Radiation passed through it, some Radiation is absorbed and some is reflected. An Interferometer collects all the light data as a single signal, known as an Interferogram. A Fourier Transformation (hence the name FTIR) converts the Interferogram into readable results as a Graph, with Signal Intensity on the Y Axis and Frequency on the X Axis, the resulting linear graph is the Sample’s Wavenumber. From this, the Graphs shows the types of bonds between atoms in the material, which can than then be used to identify the Sample.
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Figure 2 – Internals of a FTIR Spectrometer [2]
The IR Spectrum is divided into three bands based on Wavenumbers: 
1. Far IR: Less than 400

2. Mid IR: Between 400 and 4000

3. Near IR: Between 4000 and 13000 
[image: A graph of a graph showing a double bond

AI-generated content may be incorrect.]Mid IR is most widely used for FTIR analysis, but Near and Far are also used on occasion. Mid IR is also divided into three subsections that indicate the kind of bonds present in the substance. Single Bonds occupy the 2500 – 4000 Wavenumber region, while Double Bonds occupy 1500 – 2000 and Triple Bonds are shown by having 2000 – 2500 Wavenumbers present. 
Figure 3 – Bonds to Wavenumber Graph [3]

1. Experiment Results

The experiment was conducted in accordance with the Steps highlighted in Para ii and produced the following set of Graphs: 
[image: ]Figure 4 – Results of Sample A
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Figure 5 - Results of Sample B
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Figure 6 - Results of Sample C
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Figure 7 - Results of Sample D

1. Analysis of Results

Cross-referencing the Results obtained in Para iv with the Reference Table below  and the diagrams of the Samples in Para ii, concrete answers can be reached.   

	Chemical Bonds
	Wavenumber

	O-H
	3650 – 3590

	N-H
	3500 – 3300 , 1650 - 1590 , 900 - 650 

	=CH-H
	3100 – 3070 , 1420 – 1410 , 900 – 800

	=C-H
	3100 – 3000 , 2000 - 1600

	C-H
	2900 – 2700 , 1440 – 1320

	=-CH3
	2880 – 2860 , 2970 – 2950, 1380 – 1370  

	O-H
	2700 – 2500 , 1320 – 1210 , 950 – 900

	C≡C
	2140 – 2100 

	C=O
	1750 – 1700 

	C=C
	1600 – 1500 

	C-N
	1340 – 1250 

	C=N
	3400 – 3000 

	C-O-C
	1200 – 1180 

	N=O
	1360 – 1290 

	-C-H
	770 – 730 



Sample A displays peaks of 1022, 1312, 1653, 1752, 2981, and 3524. Cross referencing these figures with the Table, this indicates that there are O-H (3524 & 1312), C-H (2981), C=O (1752), C=C (1653) Bonds and a dominant peak of 1022 which indicates presence of another O-H Bond but falls outside of the Wavenumber bands. It is worth noting that the Table represents idealised figures and that a real-world Analysis like this one may not precisely match. As this sample contains O-H and C-H Single Bonds, C=C and C=O Double Bonds and no Nitrogen, then it can only be the Ascorbic Acid.

Sample B shows wildly different behaviour, with peaks occurring at 3324, 3194, 1660, 1577, 1343 and 532. The Table shows that there are N-H Bonds (3194, 1660, 1577), C-N Bonds (1343) and C=N Bonds (3324). 532 is the “Fingerprint” Region, which is a complex area of the IR Spectrum where the Bonds between Atoms and is beyond the scope of this experiment. From the Results obtained, presence of a C=N Double Bond, C-N and N-H Sing Bonds indicate that this sample is the Guanidine. 

There are large peaks of Sample C at 1715, 1526, 1349, 1267, and a large peak 717. This large peak at 717, as well as smaller peaks at 3092 and 1526 are characteristic of Compounds containing Benzene [4], presence of C=O at 1715 and the peaks of 1349 and 1267 indicate a presence of N=O [5]. The only Sample that has all of these bonds is the Methyl-3 Nitrobenzoate and therefore, Sample C is Nitrobenzoate.

By process of elimination, Sample D must be Paracetamol (Acetaminophen). However, if this were not the last Sample, it would be identified as such because it displays the same behaviour as Sample C. Having a large peak at 682 and smaller ones at 3160 and 1505 is characteristic of Benzene, which both Sample C and D share. Multiple Peaks between 683 and 836 indicate C-C Bonds, which Acetaminophen has multiple of, the other cluster of peaks between 1609 to 1225 indicate this Compound has C-H, N-H and -CH3 Bonds, all of which this sample has and therefore Sample D cannot be anything other than Acetaminophen.

1. Conclusions

FTIR can be used to quickly analyse unknown substances, each Sample only took a manner of minutes to create results for and very little other equipment was used, so analysis can be performed cheaply too. 

It was not expected that the FTIR machine would also be able to precisely say what the Samples where, use of the Elmer-Perkins internal chemical library was able to tell the User exactly what each substance was and communicate its purity too. 95% was the criteria of purity and all of the Samples (bar one) resulted in 99% purity and the Group could definitely say the sample was what the Spectrometer said it was. 

FTIR can be used in OME to determine the chemical makeup of unknown explosives that may be encountered and from this it can be determined how this explosive may behave based on it’s Oxygen Balance (and therefore explosive power), percentage of any stabilisers present (and  how Safe it is for use) and Age, which may shed light into an enemy’s technological capabilities, which is crucial in any military campaign. 
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