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1.Introduction

The purpose of this experiment is to confirm key functional groups of four unlabelled samples,
each corresponding to one of the following: guanidine, acetaminophen, ascorbic acid and
methyl 3-nitrobenzoate. Each of these compounds are often used in the design, manufacture or
disposal of energetic compounds. Confirmation of their identity will enable safe disposal by
preventing incorrect mixing of chemicals and reducing the risk of any unplanned reactions.
Analysis will be performed using Attenuated Total Reflectance - Fourier Transform Infrared

Spectroscopy (ATR-FTIR) and obtaining spectra for each of the samples.

1.1. Hypothesis

Four samples have been provided: guanidine, acetaminophen, ascorbic acid and methyl 3-
nitrobenzoate. By determining and comparing the specific functional groups of each compound,
each Fourier Transform Infrared Spectroscopy (FTIR) spectra will correspond to one of these

samples.

1.2. Predicted Outcome
The samples are expected to exhibit distinct functional groups on each spectrum, enabling

identification.

Figure 1, shows the structure of guanidine. It is expected to display bands for -NHz: (amino) and

C=Ngroups.
NH,
HN

Figure 1 Chemical structure of Guanidine [1]

Acetaminophen is expected to exhibit a band for a phenol group (-OH), an aromatic ring and an
amide group with both C=0 carbonyl group and a N-H bond, these groups can be seen in Figure

2.
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H

Figure 2 Acetaminophen structure (2]

Ascorbic acid, shown in Figure 3, is expected to exhibit a broad O-H stretching band due to four

hydroxyl groups, and a C=0 band characteristic of a lactone ring.

Figure 3 Structure of ascorbic acid (3]

Methyl 3-nitrobenzoate is expected to exhibit an ester group (-COOCHs) and a nitro-group (NO)

attached to an aromatic ring, as shown in Figure 4.

O
OCHg

NO»

Figure 4 Chemical structure of methyl 3-nitrobenzoate [4]

1.3. KeyVariables

Forthis experiment the variables are:
Independent — samples under test
Dependent - resulting ATR-FTIR spectra

Control - crystal type, instrument settings, cleaning method, sample contact pressure.




1.4. FTIR

FTIR is a widely used largely non-destructive method for the identification of compounds based
on the vibrations of functional groups when light is passed through the sample. The frequency at
which a sample absorbs radiation and the intensity of the absorption is measured to produce a
spectrum [5]. To do this, infrared radiation of a knownwavelength range is directed at the sample
through a beam splitter. The light is reflected by two mirrors, one of which is fixed while the other
can move. The reflected light recombines at the beam splitter and it them directed to the sample.
some of which will transmit through, while some is absorbed [6]. The transmitted light is
measured and a Fourier Transform applied to convertraw data into areadable spectrum of either
transmittance or absorbance [7][8]. The vibrations ofthe functionalgroups vary depending upon
the bonds in the compound, with each bond absorbing a different amount of energy and
producing a corresponding peak on the spectrum.

Fixed mirror

I

-
7

Beamsplitter

IR source

Movable mirror

[C———1 Sample

Detector X (cm) Computer A(em™)
Interferogram Spectrum

Figure 5 FTIR spectrometer features [9]
ATR-FTIR relies on total internal reflection of the beam, with the crystal having a higher refractive
index than the sample. When the beam strikes the internal surface of the crystal, at an angle
above the critical angle, it undergoes total internal reflection, producing an evanescent wave
which interacts with only the first few microns of the sample. Due to this, sample preparation is

minimal. [10], [11].




1.5. Importance of FTIR in Energetics

FTIR is commonly used in laboratories and in the field for the identification of explosive
compounds [12]. In field tests allow samples to be analysed without the need for transportation
and the potential increase in risk of an unplanned reaction or explosion. As FTIR is non-
destructive, itis valuable where there is limited quantity of sample available for test. FTIR canbe
used in manufacture and through-life monitoring of samples, due to the formation or loss of
functional groups. Additionally, it can detect contamination in samples, revealing impurities
which may impact the stability or reactivity of a compound [13]. This helps ensure the expected

stability, performance and reliability can be maintained.




2. Methodology

2.1.

2.2,

Equipment and Personal Protective Equipment (PPE)

Samples for analysis.

FTIR spectrometer and computer.
Laboratory coat.

Safety glasses.

Nitrile gloves.

Blue roll.

Isopropyl alcohol.

Bin for waste disposal.

Procedure

Before starting the experiment put on the required PPE. This experiment is considered

low risk; however, standard laboratory PPE should be worn.

Ensure the computer and Perkin Elmer Spectrum Two FTIR spectrometer are switched
on, with the Spectrum IR software running. If either ofthese are not ready to use, seek
assistance from the technician. The spectrometer will be in the configuration shown in
Figure 6. Background scans will have already been run therefore there is no need for the

student to conduct these.

Figure 6 FTIR Spectrometer




2. Select the correct anvil for the type of sample, referring to Figure 7 for guidance. These
are located at the back right on the machine behind the arm. Attach the anvil onto the

base of the arm, as shown in Figure 8, by firmly pushing.

Figure 7 Anvil options

Figure 8 Anvil fitted to arm

3. With alintfree tissue and isopropyl alcohol, clean the plate, crystal and anvil. Dry with a

cleantissue.




4. Using a spatula place enough sample on the crystal to completely coverit. The crystal is

shown in Figure 9.

Figure 9 Plate and crystal

5. Rotate the arm anticlockwise until it is over the sample. Turn the green knob clockwise
until the ratchet clicks over at the preset tension, indicating sufficient pressure and
contact with the sample.

6. In the Spectrum Two software check the number of scans is set to 15, under

‘accumulations’ - shown in Figure 10.

10




Figure 10 Number of sample scans (accumulations)

Click ‘preview scan’. This provides a quick overview of the sample showing if it is clean

and useable. If the preview returns a poor spectrum, refer to Appendix 1 for guidance.

With an acceptable preview scan, click ‘scan’ again to run a full scan. This will perform

15 individual scans in the spectral range of 4000 cm™ to 450 cm™ and negates the need

for manual repeat tests.

A high-quality spectrum should be produced, if this is not the case refer to Appendix 1.

The software automatically produces a transmittance spectrum; this is easily changed to

absorbance by clicking ‘absorbance’ - highlighted in Figure 11.

11




Figure 11 Absorbance spectrum button
10. Compare the spectrum to the library by clicking ‘search’ — shown in Figure 12. This has
been configured to search all 14466 samples held in the library. A search score will be
shown alongside potential material matches, indicating the confidence limit for the

sample to that material. A 95% match or higher is considered acceptable.

il

Figure 12 Search functio software

12




Search results and search score (percentage match) are shown in Figure 12.
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Figure 13 Library search results for acetaminophen
11. When finished with the sample, twist the green knob on the arm anti-clockwise to lift the
foot. Rotate the green arm clockwise to expose the crystal. Clean the plate, foot and
crystal with IPA and lint free tissue, ensuring all waste is disposed of through appropriate
routes. The FTIR and computer can be left running. Remove the anvil and place back on

the holder, cover the crystal with the arm (or alternative cover if provided).

A quick reference guide for the Perkin Elmer Spectrum Il can be found in Appendix 1.

13




L

05% 005

v a)dwes 4o wnioads Y4 pL 8N4

bW
0001 0051 0002 0052 D00E

Y0 0 160 ESTL
VL0 WIS LT

V0L 0 W9 EROL

VL0 U0y

10 WILL8LY

WFL0 1-Wo88 1§79

YOI 0 WIgg E9S

WEL 0 LWILE ESL

WS 0 LWIG8 [86

10 1wo9s el

’ VS0 0f 1-wags T84

- VIO 0 WIS LLEE

y e
YHO0 LWL L6 V900 '1-uidg0 916z VIO 0 L-WA0F 1862

YZL0 LWL £SO

WEL O W36 ZLEL

YOZO 1-WOZ LILL

WeZ 0 LWLl ZZ0L

V00 L-WIALZ FESE

Y00 1260 LOvE

lor 0
lzio ®
¥0
lot 0

el o

¥2 0

St 0

‘parege) Jaguinu aaemead yoes yiim sejdwes 1noy eyl JO Yoes 10} SUBDS 81 WOoJ) paulelqo enoeds ayl moys / | ainfi4 011 8indi4

S1)Nsay ‘¢




Sl

g a)dwes joj wnioads Yi4 G aindl4

LW
05F 005 0001 0051 0002 05T 000€ 005€ 000!

WEO'D 1306 SOFZ
VF00 1-WIg9 65LL

V800 'bwIr0 0282
HL O

Yrl 0 1wz 0Ze rsLo

VIL0 WIS ZILE

W6l 0 1-WaZ6 9ZEE
VEBL 0 LwIrI 0Lz
WVEL'D 1386 195 VEZZ 0 WG SELE

W6 0 VWIZL LIS 1520

VOEO L-WOZE 1991

VEE 0 w356 9¥El
PSED

VIE0 1-Wo96 2 “ED




aL

05+ 005

0 ajdwes Joj wnioeds YiL4 91 8.ndi4

w2

0002 0052 000£ 005¢ 000F

0 1worgegy  VHE|Y -wode 6Ll

0 VWIZT ET8

VEB D L-WIE9 1L

0 LwILE e

VO£ 0 w20 SL6

0 1wzZ

VEF 0 "IRUI80[DEZL
VP 0 w250 9254

VEF 0 W05 TELL

Y260 LWL b2l
VIS0 LWIGE ErEL

VZE O W06 FLLL

VP00 L-WILE 991 V0 0 "1wIGE 8982

VSO0 1wz 1Kt
VB00 VWA 1962

V600 'L-WIrE 260€

<0

£0

i}

50

190

80

20




Ll

05% 005 0004

g o)dwes Jo4 winnoads Yii4 /L 8ndi4

bW

0007
o

00 1w £9F

40 96
|

WL 9ER
10 LwIrr 08

VL0 w08 289

VB 0 WS LIS
VBl 0 1-wa7g 205

YELO L @ Tz VL

WELO puors sz

VIL O 1wr9 S22

Wi 03248 609

VPO '1-w289 1591
WEL Off w29 2951

VS0 LWIZ0pETL

VB0 1-WIr9 5051

0 '1-wI80 €2EE

VS0 0 128 GSLE

oo

HLO

Lo

10

Lo

ek o
L0




4.0bservations

Using information provided in the brief and literature, key general and fingerprint peaks were
identified in each spectrum from the four compounds analysed [14], [15], [16], [17], [18]. [19].
[20] [21]. This information is summarised in Table 1 showing the peak and the wave number -

noting that overlap and shifting of peaks may have introduced some error.

Table 1 Key peaks identified from FTIR spectra

Sample ID Key general peaks/function |[Wave number | Key fingerprint peaks/functional |Wave number
e groups {em™) groups (cm™)
A-ascorbic acid O-H broad stretch (hydroxyl) 3524, 3311 C-0 stretch (lactone) 1022-1312
C-H stretch 2916, 2981 0O-H bend 987
C=0 stretch (lactone) 1752 C-H bend 733
B - guanidine N-H stretch 3326, 3195 C-N 1346
C=N stretch 1661
C - methyl 3 benzoate |N-O asymmetric stretch (nitro) |1526 N-O symmetric stretch 1349
C=0 (ester) 1714 C-H bend (aromatic) 717
D - acetominophen N-H stretch 3323 C-N stretch (amide) 1258
0-H broad (phenol) 3159 C-H bend (aromatic) 807, 836
C=0 stretch 1609
N-H bend 1562

By identifying key peaks in both the general and the fingerprint region [22], it was possible to
determine which spectra likely corresponded to each sample. For example, methyl 3-
nitrobenzoate is the only compound in the tests to contain N-O bonds, while ascorbic acid is the
only compound that features a lactone ring. Guanidine and acetaminophen both contain N-H
bonds; however, guanidine lacks a benzene ring whereas acetaminophen contains one. The

peaks noted in Table 1 support the predicted outcomes from 1.2 Predicted Outcome.

By way of confirmation the library search results have been included in Appendix 2. The

percentage match from the library search is as follows:

e Ascorbic acid -99.4%
e Guanidine - 99.5% (to guanidine nitrate)
e Methyl 3-nitrobenzoate —-52.6%

e Acetaminophen-99.1%

Methyl 3-nitrobenzoate has a lower percentage match with compounds in the library than ideal.
It was noted during testing the library does not contain a reference spectrum for methyl 3-
nitrobenzoate, so a good match will not be possible. In this case it is possible to state this
compound is likely to be methyl 3-nitrobenzoate due to a partial match from the library,

identification of key functional groups from the spectrum and through a process of elimination

18




with the other samples, given the information in the brief states that one sample is methyl 3-

nitrobenzoate.

19




5.Discussion

Each of the identified compounds have applications to the energetic world.

Ascorbic acid has been used as a fuel substitute in black powder mixtures. It acts as a reducing
agent, reacting with potassium nitrate to produce gas and heat, burning cleaner than

conventional black powder [23][24].

Guanidine (nitrate) is an explosive precursor that can be nitrated into nitroguanidine using
sulphuric acid [25], [26]. It is used extensively in the energetic field from triple-base gun

propellants to shock insensitive high explosives [27].

Cranfield University has been studying the use of acetaminophen as an inert substitute for High
Melting Explosive (HMX), due to similar crystal properties [28]. This approach helps to establish

good research methods before applying the techniques to energetic materials.

Methyl 3-nitrobenzoate is used in the manufacture of explosives. Since the compound is a nitro

aromatic, it can be used as a precursor to a more energetic material [29] [30].

20




6. Conclusion

By examining FTIR spectra it was possible to determine the four unlabelled compounds, which
was confirmed through comparison of a spectral library search. Sample A was identified as
ascorbic acid, sample B as guanidine, sample C as methyl 3-nitrobenzoate and sample D as

acetaminophen.

These results highlight the effectiveness of FTIR in identifying unknown compounds, by
determination of key functional groups. The minimal sample preparation and rapid analysis is
particularly valuable in the detection of explosive compounds both in the laboratory and in the

field.

Future work could consider validation of the samples through a complementary technique such
as Raman spectroscopy or gas chromatography - mass spectrometry which would provide
additional structural information. This would provide additional confidence in any results

obtained.

21
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8.Append

ix1

Table 2 provides an overview of some common problems associated with ATR-FTIR and how they

might be resolved. In each case, seek guidance from the technician where further clarity or

assistance is needed.

Table 2 ATR-FTIR Troubleshooting Guide

Problem

Cause

Solution

Additional peaks

Sample contamination from residues
during collection, moisture or contact
with other materials

Obtain another sample where possible. If possible
clean the sample and remove contamination - seek
guidance from the technician.

Additional or wavey
peaks, weak signal

Improper cleaning

Properly clean and dry the crystal, plate and anvil,
ensures no residue, samples or fibre remains. Re-
run the sample.

Weak signal intensity

Inconsistent or incorrect pressure on
the sample from the arm causing
limited penetration of light into the
sample and/or scattering of the beam

Ensure the arm is correctly ratcheted down, turn
until the first click. Re-run the sample.

Weak signal intensity
or missing peaks

Crystal not covered, IR beam interacts
with sample and air

Ensure crystal is fully covered with sample and ratchet
is correctly applied. Re-run sample.

Table 3 provides a quick reference guide to the key parameters for the Perkin Elmer Spectrum Il

These should not need to be changed. Guidance fromthe technician should be sought if there is

a need for alternative settings or for help troubleshooting.

Table 3 Table 3 Quick reference guide to Perkin Elmer Spectrum Il settings

Quick Reference Guide
Waste route Provided bin
FTIR spectrometer Perkin Elmer Spectrum Il
Accessory ATR accessory
ATR crystal type Synthetic diamond
Software Spectrum IR
Cleaning solvent Isopropyl alcohol
Spectral range (cm™) 4000-450
Resolution {cm"] 0.5
Background scans 15
Sample scans 15
File type .CSV
Baseline correction None
Smoothing None
Library search Yes
Acceptance threshold (%) 95
Blank between samples No
Replicate acquisition Yes (automatic 15 scans)
Clean crystal between samples? Yes
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FTIR Lab

GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS
Engagement with Literature 12/15

Excellent range of refernces including online
materials and highh-quality academic or technical
FT-IR literature. Reference formatting is consistent,
but engagement remains largely descriptive.

Knowledge and Understanding 15/20

You demonstrate good understanding of FT-IR and
ATR principles, and your functional-group
predictions based on structure are correct.
However, the introduction incorrectly frames the
work around a hypothesis and variables, and skips
the SOP. Vibrational modes (stretching, bending,
rocking, wagging, twisting), the basis of IR
absorption, are not clearly explained. Identifying
functional groups directly on the spectra would
improve clarity.

Cognitive and Intellectual Skills 15/20

You identify the four unknown samples correctly
and use reasonable functional-group reasoning.
Structural diagrams help support your
interpretation. The discussion is thoughtful and links
chemical features to spectral evidence. However,
fingerprint-region analysis is limited, and some
reasoning is descriptive rather than analytical.

Practical Skills 18/30

relation to OME is recognised. The procedure is very
clear and well structured it still lacks the SOP-level
detail required by the brief. Missing parameters
include: baseline and smoothing information, scan
speed, QC criteria (clean background, S/N checks, re-
run triggers). Without these, the method cannot be
fully reproduced.

Transferable Skills 13/15

A well-presented report with excellent structure,
clear diagrams and professional formatting. Writing
is concise, and figures are well selected. Minor
issues with overlong sections and unnecessary
hypothesis framing, but overall very strong
presentation.
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