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Introduction
Analytical characterisation plays an important role throughout the pharmaceutical manufacturing pipeline, specifically for testing the active pharmaceutical ingredients, excipients, blends
and final solid dosage forms. Analytical techniques available at the CMAC Future Manufacturing Research Hub include; particle sizing and morphology imaging, density measurements
(bulk, tapped & particle), thermal stability measurements, surface area & energy, impurity detection & quantification, powder flow properties, tablet hardness and dissolution testing. Our
techniques have also been used in a number of non-pharmaceutical related applications.

Simultaneous Thermal Analysis (STA) and IR
STA combines two analytical methods: Thermogravimetry (TGA) and Differential Scanning
Calorimetry (DSC). DSC measures the heat flow in a sample and detects temperature
dependent events like glass transitions between different polymorphs, melting and
crystallisation. TGA registers any change of sample weight during heating and cooling,
such as solvent loss from solvates, decomposition or weight gain due to oxidisation.

In CMAC the STA is connected to an IR-spectrometer, which allows the analysis of solvent
loss or decomposition products.

Scanning Electron Microscopy (SEM)
SEM has been used to image samples produced from different processes, conditions (e.g.
temperature or humidity) or manufacturers, comparing key features such as particle size,
morphology, topography and other structural features.
In this example, micronised, powdered and granulated paracetamol have been imaged
and compared, showing a significant variation in particle size and shape resulting from
each of the processes.
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IR-Microscopy
IR-Microscopy can be used for chemical analysis of specific areas of interest. The
example below shows it being used in forensic trace analysis, specifically gunshot
residues and for the analysis of micro-bond resin droplets on glass fibres.

Two different forms of gunpowder 
residue on cotton fabric.

Dynamic Vapour Sorption (DVS)
DVS is used to measure the moisture uptake and drying behaviour, to study the formation 
of solvates, determine  BET surface area and vapour diffusion coefficients and estimate 
amorphous content.

Mass change plot
during RH cycling of a
paracetamol sample,
showing a non-
reversible change at
RH 70%.

The system can use a
variety of different
solvents for the
analysis.

Powder sample in a
quartz sample holder
for simultaneous video
analysis.

Microscope image and live IR spectra of a resin droplet.

Calcium Oxalate: TGA in green showing the loss of solvate water and CO loss due to
decomposition. DSC in blue also registers these thermal events and can be used to
exactly determine the temperature of these occurrences.
The picture on the right shows the STA with the attached IR-spectrometer. The IR can
determine possible decomposition products, in this example water and CO.

Cotton fabric before gun shot.
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These methods compliment our techniques in Single Crystal X-Ray Analysis, X-Ray Powder Diffraction, Small Angle X-Ray Scattering and X-Ray Nano-Tomography.

Samples have kindly been provided by the EPSRC Future Continuous Manufacturing and Advanced Crystallisation Research Hub (EP/P006965/1) and Thomas Pickles.
Contact cmac-national-facility@strath.ac.uk for more information about X-Ray Analysis

Installation of a new instrument has provided enhanced
productivity and screening capability to the facility, allowing for the
analysis of 40 new materials in an overnight collection. Coupled
with Bruker PolySNAP analysis which is integrated into Bruker’s
DIFFRAC.eva software, cluster analysis can be performed to
quickly and effectively highlight materials of interest worthy of
further study, and eliminate any uninteresting or structurally
insignificant findings at an early stage.

Application of a large angle diamond anvil cell to the SAXS
beamline using a custom 3D printed mount and the
DECTRIS Pilatus 1M Detector at its closest range has
expanded the instrument capabilities to allow it to perform
rapid high pressure XRPD analysis of powdered materials
over a reasonable 2θ range. Typically, performing these
experiments would require the use of a synchrotron, such
as Diamond Light Source.

One Night’s Analysis

High Pressure SAXS

Recent advances in the X-Ray diffraction facilities at Strathclyde University have
led to greater efficiency in screening technologies used to determine new and
undiscovered crystalline forms, as well as new methodologies to provide
increased capability in access to high pressure forms using the Xenocs 2.0
SAXS lab beamline.

Introduction

These measurements can be performed using both Copper and
Molybdenum X-Ray sources, providing scattering wavelengths of
1.541Å and 0.709Å respectively.

It is hoped that this will streamline the assessment process for
screening new materials before subsequent synchrotron
analyses can confirm collected information.

Instrument: Bruker D8 Discover HTS
with multi-well flat plate for transmission
measurements.

Standard Screening:
Source: Cu Kα1,2 1.54 Å
Optics: Focussing Goebel Mirror
Collected range: 4-40° 2θ
Step Size: 0.017°
Rate: 0.5 seconds per step
Constant oscillation for sample
averaging
Sample collection time: 18 minutes per
sample
Number of wells: 40
Total collection time: 13 hours
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PolySNAP Cluster Analysis of 40 Collected Samples

6 New Forms Identified
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