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Introduction
The analysis of low volatility impurities in a solid matrix can pose a significant
method development challenge. A trace level detection method can take weeks
to develop. Since FT-MRR spectra are measured at ideal pressures of 1-100 mTorr,
this highly selective spectroscopy technique can be used for gas phase detections
of low volatility species without chromatography. We present a method for
detecting acetamide (Pvap 1 Torr at 40 C) in thermally evolved gases from solid
matrixes using FT-MRR. First, a pure reference spectrum is measured by flowing
the sublimated vapor pressure of acetamide crystals through the spectrometer.
The detection level for broadband FT-MRR is 300 nTorr, or 30 pmol, or 2 ng. In a
50 mg sample, this a w/w % of 35 ppb. We extend the sampling method for the
reference measurement to an acetaminophen sample spiked with 0.5 %
acetamide in order to test the acetamide transfer efficiency. A spectral reference
matching algorithm detected the presence of several impurities that evolved at
the melting point of acetaminophen. The method detection limit without further
development is less than 200 ppm. With increased sample amount and transfer
volume, a targeted detection could be made at 2 ppm. Resolved FT-MRR mixture
spectra are presented and sampling methods are described to introduce the
feasibility of FT-MRR for chromatography-free, impurities analysis.

FT-MRR is ideal for addressing the challenge of low
volatility analysis, even in the gas phase because optimum
pressure ranges for FT-MRR spectroscopy are 1-100mTorr
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Broadband FT-MRR Sensitivity for Impurities in Solid Matrixes
Chemical
Mass
Detection Limit
(amu)
(pMol) | ng
Isopropanol
60
100 | 6
Dichloromethane
85
13 | 1
Diethyl Ether
74
220 | 16
Isobutylene(a)
56
Acetaldehyde
44
5 | 0.2
Formaldehyde
30
90 | 3
Sulfur Dioxide
64
40 | 3
Hydrogen Cyanide
27
0.2 | 6e-4

Detection Limit
ppb w/w, 50 mg
120
22
320
4.6
52
55
39

(a) Isobutylene was detected without a reference library measurement. It is structurally and spectrally
similar to acetone, which is in the reference library
Figure 3: Table of organic impurities from solid matrices and their associated detection limits using FT-MRR
spectroscopy. These analytes have been detected as impurities in solid products from pharmaceutical
manufacturing.

An Ideal Candidate for FT-MRR Detection
Molecular weight of <100 amu
Strong dipole moment ( > 1 Debye)
Toxic Organic Impurity
Acetamide 3D
Structure

Vapor pressure > 1 Torr at 40C
Conformational Rigidity
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Results: Sampling Method

A) Reference Spectrum
1. 500mg Acetamide vacuum purified by sublimation in Synthware 50mL High Vacuum
Glass Tube and condensation of crystals
2. The purified crystals were heated to 65 C and transferred to the spectrometer with
incremental N2 flow steps of 0.0, 0.2, 0.5, and 1.0 sccm.
3. The spectrometer vacuum cell is maintained at 40 C for a broadband FT-MRR
measurement.
B) Sampling Method
1. A sample of 0.5 wt. % acetamide spiked into acetaminophen was prepared. 50 mg
was transferred to the sample vessel (as above).
2. The sample was heated to 50, 80, and 144 C, for independent FT-MRR
measurements. The mixture melted at 144 C.
3. Headspace vapor was transferred to the spectrometer sample cell via a 5.2 mL
sample loop.
Figure 5: BrightSpec One 260-290 GHz
spectrometer pictured here as a detector
for direct gas analysis. The spectrometer
requires only mains power.

Results: Reference Spectrum
Effect of Flow Level on Spectral Signal
N2 Flow (sccm)
N2 Pressure Total
(mTorr)
Pressure
(mTorr)
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Pressure
(mTorr)
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Pressure
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Materials
Synthware 50mL Armed High Vacuum Tube Glass (Figure 4)
BrightSpec One 260-290 GHz spectrometer (Figure 5)
Acetamide (>99% purity GC, Fluka Analytical - 00160)
Acetaminophen (>99% purity BioXtra, Sigma-Aldrich - A7085)
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Figure 7: Evaluation of flow rate and sample transfer
efficiency. Signal/Sample Pressure is the signal to partial
pressure relationship that is needed for quantitation. With
optimum flow (0.2 sccm), a 1.5mV signal of acetamide
corresponds to 1mTorr of pressure.

Figure 9: Static spectrum taken on BrightSpec One 260-290 GHz spectrometer of 50mg of 0.5 wt % acetamide
spiked acetominophen heated to 144C (melting point of Acetaminophen). Insets below are narrow
bandwidth views illustrating detection of acetic acid and acetaldehyde at signal: noise ratios of 3:1. Notice
acetamide signal (0.1mV) consistent between the 144 and 80C trials. Pressure in the sample cell is 1 mTorr.

Conclusions and Implications
Acetamide (>99%)

Challenge
1. Reference measurement: High volatility impurities dominate the spectrum,
so purification is needed for a reference measurement.
2. Impurity analysis: Adsorption effects diminish sample transfer efficiency, and
contribute to chemical carryover.

Figure 8: Static spectrum taken on BrightSpec One 260-290 GHz spectrometer of 50mg of 0.5 wt % acetamide
spiked acetominophen heated to 80C (melting point of acetamide). The image on the right is the
acetaminophen and spiked acetaminophen mixture used for transfer efficiency experiments.
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Figure 4: Diagram of N2 flow sublimation apparatus.
Headspace vapor is carried into a sample loop of known
volume after being sublimated and then released using
two heat stages. After equilibration into the loop,
the headspace vapor is transferred into the Sample Cell.

Sublimation followed by flow transfer with N2 effectively purifies acetamide,
producing a clean reference spectra
Loop transfer sampling method produces repeatable acetamide signals
(0.01mV) between 144 and 80C trials.
Without chromatography, a real mixture produces distinguished FT-MRR
spectra for automated composition analysis

Future Work

• Continued characterization of sampling methods for efficient transfer
of low volatility organic solids
Figure 4: FT-MRR reference spectra taken for Acetamide on a BrightSpec One 260-290 GHz spectrometer.
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