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1. [bookmark: _Toc212389597]Introduction (approx. 150–200 words)
Fourier-Transform Infrared Spectroscopy (FT-IR) has been used to identify a variety of substances in a broad range of research fields (ranging from the food industry through to forensic science).  FT-IR works by exposing a sample to infrared radiation which then passes through it. The material will then absorb light energy matching with specific molecular vibrations as a result it provides information on molecular structure of the material. As the IR radiation passes through the sample, the changes in the absorption intensity (as a function of wavelength) can be measured using an IR Spectrometer. This produces a spectral fingerprint of each compound. Where the absorbance level of infrared radiation can be compared to the wavenumber, the spectra obtained enables key functional groups of the molecules to be identified, when compared to an electronic library to identify the material [1] [2] [3] [4] [5].
Functional Groups are identified by their absorbance of IR radiation, and result in peaks across the absorption band (1400-1500 cm⁻¹ to 4000 cm⁻¹) and across the fingerprint region (1500-4000 cm⁻¹) [6] [7] [8]. This information can then be used to identify key elements of the molecule and aid in the analysis of samples. Examples of the absorption bands can be seen in Figure 1 below.
[image: ]
[bookmark: _Ref212059578][bookmark: _Toc212389613]Figure 1: Approximate IR Absorption Ranges [7]








2. [bookmark: _Toc212389598]Aim: 
The Aim of the Experiment was to acquire high-quality FT-IR spectra (4000–650 cm⁻¹) for each solid sample; to Identify diagnostic absorption bands for the key functional groups/substituents (–OH, –NH₂, C=O, C–O, NO₂, etc.); to compare observed spectra with literature or library data and comment on any shifts or intensity differences; and to produce a report to verify the identity of compound.

2.1. [bookmark: _Toc212389599]Samples:
[image: A chemical structure with letters and numbers

AI-generated content may be incorrect.]
[bookmark: _Toc212389614]Figure 2: Sample A: Ascorbic acid [9]

[image: A structure of a chemical compound

AI-generated content may be incorrect.]
[bookmark: _Toc212389615]Figure 3: Sample B: Guanidine [4]

[image: A chemical structure with black text

AI-generated content may be incorrect.]
[bookmark: _Toc212389616]Figure 4: Sample C: Methyl 3-nitrobenzoate [7]

[image: A black and white drawing of a hexagon with a circle and a black line

AI-generated content may be incorrect.]
[bookmark: _Toc212389617]Figure 5: Sample D: Acetaminophen [5]
2.2. [bookmark: _Toc212389600]Hypotheses: and key variables
The samples used in this experiment should have clearly identifiable features across the spectra. As their chemical structures differ, certain features should be identifiable within specific absorbency bands in the spectra generated. Information on the functional groups, structure and behaviour of the bonds should be identified within certain absorbance bands specific to each sample.
A brief description of what should be expected from each sample can be found below:
Ascorbic Acid – a long rise with several peaks across the spectra from 2500-3600 cm-1, relating to the structure of the single bond structures present. There should be a number of high peaks in the fingerprint areas of the spectra, which should identify hydroxyl bands in and around 1650-1675 cm-1 and 1330 cm-1 [10].
Guanidine – Bonds relating to the =NH, -NH2, and -H2N groups should be characterised by peaks between the absorbance frequency regions 1653-1570cm-1  with C-N bonds in the 1340-1250cm-1 regions [11] [12].
Methyl 3-nitrobenzoate – the C=C bonds in the benzene/aromatic ring should be indicated by two sharp absorption bands, one at ~1600 cm-1 and one at 1500-1430 cm-1 [8]. Presence of these should confirm that the sample possesses these bonds.
Acetaminophen – The spectra should result in a rise across the absorbance frequency range 3000-3500 cm-1 with two discernible peaks around 3100cm-1  and 3400cm-1, with multiple spikes around the fingerprint region, providing information about the aromatic ring, and associated C=C bonding. There should also be a series of sharp peaks/spikes across the range 1300-1600 cm-1, with 2x clear peaks around the 800-900 cm-1  range [13].














[bookmark: _Toc212389601]3. Results 
The results for each sample are shown below.
[bookmark: _Toc212389602]Sample A: Ascorbic acid
[image: A graph of a person

AI-generated content may be incorrect.]
[bookmark: _Toc212389618]Figure 6 - Spectra Sample A - Ascorbic acid
Across the range of 2500-3500 cm-1 Sample A showed a long low peak with clearly identifiable sharper peaks at 3311 cm-1, 3407 cm-1 and 3524 cm-1 respectively. Several prominent peaks were visible in the fingerprint region, with readings of 988 cm-1, 1023 cm-1, 1111cm-1, 1312 cm-1 and a broader spike around 1653 cm-1.
[bookmark: _Toc212389603]Sample B: Guanidine
[image: A graph of a person's reaction

AI-generated content may be incorrect.]
Across the range of 3100-3400 cm-1 Sample B showed a broad peak with 2 identifiable sharper peaks at 3194 cm-1 and 3325 cm-1. Several sharp peaks were prominent in the fingerprint region. Key peaks were observed at 532 cm-1, 821cm-1, 1159cm-1, 1343 cm-1, 1550cm-1, 1570cm-1 and 1660cm-1. Of interest was a broader section between the peaks fo 821cm-1 and 1343cm-1.
[bookmark: _Toc212389604]Sample C: Methyl 3-nitrobenzoate
[image: A graph of a person's body
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There were multiple prominent sharp peaks located in the fingerprint area(?) for Sample C. These were located at 717.5, 823, 925, 875, 1134, 1267, 1349, 1488, 1526 and 1715. Of interest were several small peaks in the range 2869cm-1 to 3092cm-1.

[bookmark: _Toc212389605]Sample D: Acetaminophen 
[image: A graph showing a number of numbers
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There were numerous sharp peaks identified in the fingerprint region for Sample D. Starting with two sharp peaks in close proximity at 503cm-1 and 518cm-1. There were 2 prominent groups of peaks present, with one between 600-900cm-1  and 2000-2800cm-1. The first broad peak contained multiple sharp spikes at 603cm-1, 682cm-1, 712cm-1, 795cm-1, 807cm-1 and 834cm-1. The second broad peak contained prominent spikes at 1225-1258cm-1, 1435cm-1, 1505cm-1,1562cm-1, 1609cm-1 and 1651cm-1.


[bookmark: _Toc212389606]4. Discussion
Once results had been obtained for each sample, they were compared to the library held on record. From comparing the samples to those held on record, matches were found for 3x of the samples above the acceptance threshold. These are discussed below:
Sample A: Ascorbic Acid:
Peaks visible in the spectra associated with the C=O bond was identified at 1751cm-1, which fits with the absorption frequency region. Several peaks associated with the Polyhydroxy/lactone absorbency regions were also present. Cross reference similarity with the Perkin Elmer Database (PED) provided confirmation that the sample was above the acceptance threshold.
Sample B: Guanidine:
Peaks from this sample indicated C-N bonding at 1343cm-1  in the fingerprint region, and at 1660cm-1 representative of N-H bonds were also visible. These fell withing expected absorbency parameters to confirm the existence and behaviour of these bonds. With a match of 95.3% this was above the acceptance threshold when compared to the PED. A peak at 1343cm-1 was seen which is associated with NO2 symmetric bonding of the structure. The sample in the PED was for Nitroguanidine, and had some differences in the Fingerprint region, but key features of guanidine were clearly visible through direct comparison.
Sample C: Methyl 3-nitrobenzoate:
Where three key peaks were identified at 1715 cm-1, 1526 cm-1 and 1349 cm-1, these were in the vicinity of the absorbance frequency regions and confirmed the presence of a Nitrate Ester group. Where a low peak was identified at 2961cm-1  in the Functional Group region, this was between 2970-2950 cm-1 and could be interpreted to show the presence of a =OCH3 group. Where there was no match in the PED for Methyl 3-nitrobenzoate, a 52.3% match was returned for Ethyl 4-Nitrobenzoate. The resulting spectra could be explained by either poor manufacture methods resulting in impurities of the material sample, or degradation of the material sample in storage.
Sample D: Acetaminophen:
Key absorbency peaks were identified at 1651cm-1 and 1609cm-1, within the 1650-1590cm-1  range  indicative of the -NH Functional groups associated with the bonds and structure of Acetaminophen. Peaks identified at can also be associated with the -CH3 bonds can also be seen at 1370cm-1  and 1435cm-1. When compared to the PED a return was shown for Acetaminophen with a 99.3% match, which was 4.3% above the 95% acceptance threshold.
Where there were no identical samples identified on the PED, differences in sample origins, synthesis methods, and source of materials may explain the differences.


[bookmark: _Toc212389607]5. Conclusion 
FT-IR was used to confirm the identify of three of four of the samples. There were clear identifiable peaks associated with the bonds and structure of the materials being tested, with identifiable peaks within the ranges of absorbency frequencies associated with critical fractures of the molecular structure. 
Where sources were consulted to confirm FT-IR results, it became clear that only accessing the Perkins Elmer Database was a limiting factor. Having access to a broader results database would have been beneficial, as FT-IR results vary based on factors associated with manufacture, storage, age, and purity.
Using FT-IR as a standalone method to identify a sample was expeditious and provided rapid results. It should be acknowledged that it provides fast results when used in a quality and assurance role [14]. It is able to provide an extremely high level of accuracy in relation to the molecular composition of a sample [15]. It should be noted that whilst it provides rapid high quality results, it should not be used in isolation. FT-IR and Raman Spectroscopy are considered to be complimentary techniques and provide further information about the molecular bonds of a sample [16] and future analysis should account for utilisation of more than one method to improve accuracy.
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[bookmark: _Toc212389609]7. Appendix: 

[bookmark: _Toc212389610]7.1 Method 
(complete every field. Where asked to justify a choice, give a short reason,1–2 sentences.)
1. Safety & sample handling (tick / fill)
PPE required: [ ] Lab coat   [X] Nitrile gloves   [X] Safety glasses   [ ] Fume hood if dusty
Hazard notes (brief):
PPE recommended as precaution. Information relating to materials can be found on the Material Sample Data Sheet (MSDS) for each sample.
Waste route (how samples / wipes will be disposed):
Samples A, B and D can be disposed of via normal means (routine waste). Sample C should be disposed of via contaminated waste.  This will be disposed of via burning to ensure any energetic waste is appropriately disposed of. 
2. Equipment & consumables (list model where applicable)
	Item
	Make / model (if known)
	Qty / Notes

	ATR-FTIR spectrometer
	Perkin Elmer Spectrum 2

	1 

	ATR crystal (type)
	☐ Diamond 
	______

	Cleaning solvent
	(IPA / EtOH / other) 
	(Isopropyl Alcohol) Sufficient quantity required for cleaning equipment

	Micro-spatula / tissue
	Standard Micro-spatula 
Clean tissue  
	Ensure that Micro-spatula is cleaned between uses. Ideally use a clean spatula for each sample (if resources allow). 
Tissue should be disposed of once used to prevent contamination of samples.

	PC / software
	Perkin Elmer Spectrum IR
	1 

	Reference spectra files
	Internal Library
	Owner: Perkin Elmer 





3. Acquisition parameters (fill and justify)
Spectral range: 4000-450  cm⁻¹
Resolution:      N/A cm⁻¹ - Justification: ________________________
Background scans: __15__ scans - Justification: ________________________
Sample scans: __15__  scans - Justification: Statistically significant number (this should be as many – if not more than – sample scans) 
Apodization function:  N/A  - Justification: ___________
Pressure/force guidance: (how you will ensure consistent contact)
Tighten the torque screw on foot until audible clicks are observed. This will ensure the same pressure is maintained on the sample. This will then remain consistent throughout each sample. 
File naming convention: Sample to be labeled accordingly. (this will vary depending on individual company policy – eg. Date (year month day)/task or group number/sample – 20251010_2_Sample_A) 
Files to be saved: [ ] native format   [X ] .csv   [ ] .png/.pdf annotated

4. Step-by-step measurement procedure (numbered)
1. Clean the equipment  and surrounding area – this ensures that there will be no contaminants to interfere with results. 
2. Clean the Base Plate and Foot of the FTIR Equipment using IPA. 
3. Place foot ion contact with the sample area and run a Background Scan. Ensure results confirm a baseline setting. This will confirm that the system is clean.
4. Place sample on sample location on the Base Plate. 
5. Position Foot above sample and lower this onto sample. 
6. Tighten the foot until audible clicks are heard. 
7. Set program to “go”. 
8. Once complete results should be saved to appropriate file.
9. Dispose of waste in appropriate receptacles. 





5. Data processing & interpretation policy (state what you will do)
ATR correction: [ ] Apply   [X] Do not apply - Reason: Not Required
Baseline correction: [ ] Yes   [X] No - Method / settings: Not Required
Smoothing: [X] None   [ ] Savitzky-Golay (window = ___, poly = ___) - Reason: __
Peak-picking rules: (e.g., pick top 5 peaks > X% absorbance, tolerance ± Y cm⁻¹)
Not to be automated – this will be done manually following FT-IR analysis.
Library search use: [X] Will run library search - acceptance threshold: 95%
Manual justification requirement: (state how many diagnostic peaks you will cite) ___

6. Quality control / validation checks (tick and comment)
Background collected at start - time: ______ - comment: ____________________
Blank collected after each sample - comment: None –  This is not a forensic examination, and no Carrier Suspension used.
Replicate acquisition performed on sample: [ ] A   [ ] B   [ ] C   [ ] D - results OK? [ ] Yes   [X] No - notes:____________________________________________________________________
ATR crystal cleaned between samples - method: Yes – IPA used to clean between samples. 
S/N check - main peaks S/N ≥ ______ - measured at _____ cm⁻¹ - value: _____
If any check fails, describe corrective action: Sample A – failed on first attempt. Corrective methods were to clean and reset equipment. Ensured that background scan was run before retesting. Once confirmed that baseline readings were correct, the test was retaken. This was factored in and applied to every sample tested.

7. Troubleshooting (two likely problems and mitigation)
Problem 1: Poor cleaning resulting in no match. 
Action: Clean thoroughly using IPA and Re-test. 
Problem 2: Ratchet/Torque not tight enough. 
Action: Tighten and Re-test sample.
Additional problems may arise if using Acetone as cleaning solution. This can leave a sticky residue that may interfere with results. In this eventuality, the equipment should be thoroughly cleaned, and any samples should be re-tested.
If the computer crashes whilst running the test, this should be rebooted and the test run again.

7.2 Results Sheet (Original)
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