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[bookmark: _Toc212763469]Introduction
FTIR Spectroscopy is Fourier Transform Infra-Red Spectroscopy and is used as a method of characterizing unknown chemical compounds [1]. It works by measuring the amount of light a molecule will absorb at a range of wavelengths. Different bonds will absorb different amounts of light producing a spectrum which can be used to determine the chemical make up of a molecule provided the user has a library of data of known molecules and bond absorption data. In this experiment the data was compared to the online library in the Spectrum IR software used to process the data captured.
[bookmark: _Toc212763470]Aim of Experiment
This experiment was designed to give the user a glimpse of a technique used in the characterisation of explosive and other unknown molecule types, so that they can be more informed if they are ever to encounter an unknown substance.
With the use of the equipment provided the user is going to analyse four unknown samples and using the techniques learnt in the lectures, read the spectra produced to try and determine the chemical make up of the four unknown samples.


[bookmark: _Toc212763471]What is the Expected Result of the Experiment?
At the end of the experiment the user should have four clearly defined substances that they can match spectra to and show what peaks correspond to each bond in the substance backing up their choice for the unknown samples. 

[bookmark: _Toc212763472]Variables of the Experiment
[bookmark: _Toc212763473]Fixed Variables
Fixed variables of this experiment were the equipment used and number of scans of the unknown sample taken, this is to reduce the variability in the results gained from the scans. 15 scans of the sample were taken to ensure the accuracy of the results as the more scans taken the higher quality the results gained are, another reason is to match the number of background scans taken to measure a baseline for the experiment so that background noise can be removed from the results.

[bookmark: _Toc212763474]Dependent Variables
The dependent variables of this experiment were the different molecules being scanned to determine the structure of the molecule as well as the presence of different bonds within the structure
[bookmark: _Toc212763475]Independent Variables
The experiment required a spectral range to be determined for the molecule to be measured between. A range of 4000-450cm-1 was determined as most structures produce peaks at less that 4000cm-1 and greater than 450cm-1, leaving the graph still readable. On a graph the spectra are read with the larger value on the left hand side of the graph closer to the axis, this is to improve readability and to in keep with the standard format for graph design used in published papers.

[bookmark: _Toc212763476]Equipment 
Before the experiment can take place the user of the equipment must don a lab coat, a pair of correctly fitting nitrile gloves and a set of safety goggles. This is required as some of the samples used may cause harm if ingested or if rubbed into the eyes of the user.
This experiment was conducted using the laboratory equipment provided by the university. For the experiment a Perkin Elmer Spectrum 2 ATR-FTR with a diamond crystal loaded and evaluation software Spectrum IR was used. A diamond was used as it is durable enough to be used in a setting like a university laboratory where a lot of inexperienced users handle the machine.

A cleaning solvent of IPA was used to sterilise the crystal before each sample could be analysed, this is so that no contamination is present. Each sample was in a small sample dish and a metal spatula was used to decant the samples and place them on the crystal.

Four different sample were used in this experiment. Guanidine, as it is a nitrogen rich molecule that can commonly be found in a wide variety of explosive substances. Acetaminophen, this molecule was used as its structure resembles that of an amine and a phenol structure which are both regularly used as binding agents. Ascorbic Acid, is an oxygen rich molecule so models a molecule that would be sensitive to oxidisation and would be used in aging studies of explosive compounds. Methyl 3-nitrobenzene, this aromatic nitro-ester is used as an intermediary in the nitrating of other explosive molecules.

[bookmark: _Toc212763477]Method
The method for obtaining a result from using the FTIR scanner are as follows:
1. The user first must prepare scanner for experiment

2. Clean crystal of scanner using a solvent

3. The user can then collect background scans to be able to reduce the noise of the sample (this must be taken as close to the time that the sample is measured as possible to ensure data is relevant)

4. Equip PPE as stated in the equipment section

5. The user can use a metal spatula to collect a small amount of sample and place it on the crystal for scanning

6. The user turns the press to secure sample on the crystal, tightening the press until the ratchet engages

7. The user uses Spectrum IR software to scan the sample

8. The user must save the spectrum produced using an approved naming convention and file format


9. The user can then identify the peaks of the spectrum and compare against a list of spectra to determine similarities to characterize the molecule





[bookmark: _Toc212763478]Results
The user was provided with a list possible of options that the samples could be as well as a list of absorption frequency values for major functional groups that can be found in the list of potential molecules that the samples could be.
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[bookmark: _Toc212763485]Figure 1 - List of Samples
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[bookmark: _Toc212763486]Figure 2 - Absorption Frequency Values
[bookmark: _Toc212763479]Sample 1 – Ascorbic Acid
[image: ]
[bookmark: _Toc212763487]Figure 3 - Sample 1 (Ascorbic Acid)
The graph in figure 3 shows a peak at around 1752cm-1 this indicates that there could be a C=O bond within the molecule of Sample 1, this removes the possibility of Guanidine being Sample 1 as that has no C=O bonds within its structure. There is a broad peak at 2981cm-1 suggesting an intramolecularly bonded -OH group, as only Ascorbic can be seen to have this that implies that Sample 1 is Ascorbic Acid.

[bookmark: _Toc212763480]Sample 2 – Guanidine 
[image: ]
[bookmark: _Toc212763488]Figure 4 - Sample 2 (Guanidine)
Figure 4 shows a large peak at roughly 3326cm-1 which indicates there is a large presence of N-H bonds within the molecule. This removes Ascorbic Acid which has already been observed to be Sample 1 and also removes Methyl 3-Nitrobenzoate as that has no N-H bonds as the singular nitrogen atom is bonded to two oxygen atoms and a carbon atom. The lack of any significant peaks around the zones of O-H groups suggests that there might not be any in this molecule, meaning that Sample 2 is most likely Guanidine.

[bookmark: _Toc212763481]Sample 3 – Methyl 3-Nitrobenzoate
[image: ]
[bookmark: _Toc212763489]Figure 5 - Sample 3 (Methyl 3-Nitrobenzoate)
As Sample 1 and 2 have been observed to be Ascorbic acid and Guanidine that leaves two possible molecules that this spectrum (Figure 5) could represent. The difference between Acetaminophen and Methyl 3-Nitrobenzene is that Methyl 3-Nitrobenzoate has no -OH group so as Figure 5 shows almost no peaks above 1750cm-1 that implies that it has no -OH group.
[bookmark: _Toc212763482]Sample 4 – Acetaminophen 
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[bookmark: _Toc212763490]Figure 6 - Sample 4 (Acetaminophen)
The deductions gained from the analysis of the spectra of the other samples leads Figure 6 to be a spectrum of the results gained from scanning a sample of Acetaminophen. This is confirmed by the presence of peaks at 3323cm-1 showing the presence of a N-H group and peak at 1225cm-1 suggesting there is an -OH group.

[bookmark: _Toc212763483]Conclusion
The results show that the different molecules can be clearing distinguished between each other when presented with a finite number of possibilities that the molecules could be. If this experiment were to be repeated but the list of possibilities was increased or removed outright, then this task becomes much more difficult.
If I were to complete this experiment again, I would increase the number of scans in the hope that it goes some way into making the bonds clearer so that reading the differences between the peaks is clearer. I would also endeavour to clean the crystal better as the results may show some contamination causing the spectra to be more varied.
[bookmark: _Toc212763484]References 
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