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After completing the two observations, please answer the questions below. Support your answers by relevant and properly cited literature. 
Do not exceed 400 words. 

DATE: 12/11/222
STUDENT NUMBER & NAME: 2111487 Josh Gourlay

1) Explain in further detail how the FTIR gets readings from the samples presented. 25p
A beam of polarised Infrared (IR) Radiation is shone through a diamond and into the sample being tested. The diamond splits the incoming IR beam, where half is transmitted to a fixed mirror, and half is transmitted to a moving mirror. The two beams then converge and enter the test sample. The IR radiation is then absorbed by the bonds causing them to vibrate from their ground vibrational state to an excited vibrational state. There are two types of vibrations that occur, stretching and bending. When a bond stretches, the length between atoms will change which can be either Symmetric or Asymmetric. Bending occurs when the bond angle is affected, the type of bending can be classed as rocking, scissoring, twisting, or wagging. Different bonds will absorb certain frequencies of IR radiation causing the bonds to move to their excited vibrational state. Any frequencies of light not absorbed are transmitted to the detector, thus this absorbance is shown as a peak on the FTIR spectra. [1] [2] [3]
[1] C. Science, "The Basics of Infrared Spectrophotometry," [Online]. Available: https://conductscience.com/the-basics-of-infrared-spectrophotometry/#:~:text=The%20two%20types%20of%20the,transform%20infrared%20spectrometer%20(FTIS).
[2] M. El-Azazy, "Introductory Chapter: Infrared Spectroscopy - A Synopsis of the Fundamentals and Applications," in IntechOpen, 2018.
[3] S. Thain, "IR Spectroscopy and FTIR Spectroscopy: How an FTIR Spectrometer Works and FTIR Anlysis," Technology Networks - Analysis & Separations, 2022.

2) What sort of elements/ compounds are not suitable for FTIR analysis – suggest an alternative analysis for explosive residues and justify your choice. 20p
FTIR is not a suitable method for detecting metallic elements and compounds. Additionally, it cannot detect pure non-metal elements or diatomic gases such as O2 or Cl2 [4]. An alternative analysis method is Inductively Coupled Plasma/Optical Emission Spectrometry (ICP/OES) in which excited electrons emit light of a certain frequency as the electrons fall to lower energy levels and from this the concentration of elements in a sample can be calculated [5] [6]. Unlike FTIR, ICP/OES can identify metals as well as organic compounds and gas/liquid samples can be directly placed into the apparatus. Solid samples can also be tested, although acid digestion is required first. Another benefit of ICP/OES is that it has fewer interferences compared with other commonly used spectrometry techniques. 
FT-IR is not suitable for non polar molecules

[4] C. Hawley, Hazardous Materials Monitoring and Detection Devices, Jones & Bartlett Learning, 2018.
[5] "An Introduction to The Fundamentals of Inductively Coupled Plasma - Optical Emission Spectroscopy," Agilent, [Online]. Available: https://www.agilent.com/en/support/atomic-spectroscopy/inductively-coupled-plasma-optical-emission-spectroscopy-icp-oes/icp-oes-faq#:~:text=The%20ICP%2DOES%20principle%20relies,of%20a%20very%20specific%20wavelength.
[6] X. H. a. B. T. Jones, "Inductively Coupled/Optical Emission Spectrometry," in Encyclopedia of Analytical Chemistry, Chichester, John Wiley & Sons Ltd, 2000, pp. 9468 - 9485.

3) Suggest some false positives that could be found with the diphenylamine test. 25p
As demonstrated in the practical, burning of the cotton bud could easily be mistaken as the dark blue colour of a positive result. Additionally, small concentrations of nitrates are present in water, which could also produce a false positive should the sample being tested have come into contact with tap water.

4) Identify the main group peaks (present in all samples, inc approx. numbers) from the firearm discharge powder spectra onscreen using the table provided below. 25p
The peak at approx. 2850 in the main group in addition to the peak at approx. 1400 of the fingerprint region suggest the presence of a C-H bond. Additionally, the peak at approx. 1750 suggests the presence of a C=O group. 
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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
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