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Recovery of high-pressure solid forms to ambient conditions
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Temperature

Background Anti solvent addition

Compression

The use of high pressure has been shown to be a highly effective route to the 
discovery and isolation of new solid forms.  Typically this is achieved within a 
diamond anvil cell (DAC) with a single crystal subject to compression, or 
grown from a compressed solution.  Single crystal studies are ideal to 
elucidate structural changes with pressure; however, bulk properties of the 
sample material, i.e. a powder, can not be readily obtained.

In our lab, we have an additional capability to perform high pressure 
experiments in a large volume press (LVP), capable of providing ~ 1GPa 
pressure to materials on the gram scale.  These two sample environments can 
be used to study the effect of high pressure on crystal structure and also the 
bulk material properties e.g. phase composition, rheology and dissolution.

Often it is found that the high pressure phase can demonstrate significant 
metastability when returned to ambient conditions e.g. para-aminobenzoic 
acid (pABA).4

The large volume press can also accommodate variable temperature studies 
and combined pressure-temperature experiments.  We have recently used 
this to investigate the high pressure behaviour of maleic acid.

Pressure alone can affect a change in polymorph of the starting material –
Maleic acid I, producing a mixture of Maleic I and II and Fumaric acid II.  With 
the experiment repeated at elevated temperature near complete conversion to 
Fumaric acid I is achieved

As with the DAC, the LVP can experience dissolution of high pressure phases 
during decompression (solubility increases).  To counteract this, the use of 
antisolvent addition at high-pressure was explored.3

BEFORE AFTER• Antisolvent delivered by glass ampoule
• Designed to break at specific pressure
• Sample allowed to mix at high pressure

• Sample downloaded to ambient pressure
• Crystals isolated by filtration
• Composition verified (XRPD, Raman)

• Solution mediated phase transition
• Impact reduced by incorporation of oil 

• Pressure only
• Maleic I → Maleic I, Maleic II and Fumaric II

• Pressure and temperature
• Maleic I → Fumaric I + minor Maleic II

• Direct transition Maleic I → II presumed unlikely2

• Result of crystallization at high pressure?

Alpha polymorph pABA loaded along with water, ethanol or with 50% aqueous 
ethanol as pressure transmitting medium:
• 0.8 Gpa pressure generated by LVP
• Material isolated by filtration
• Dynamics of phase transition dependant on pressure transmitting medium 

used – determined by neutron diffraction study.

Exploded view of the large volume press pressure cell

• New polymorph of pABA obtained that can be retained at ambient 
conditions
• Structure obtained by SC-XRD
• Rietveld fit of the XRPD data confirms phase purity of material
• Obtained phase is that of a structure predicted by CSP5

• Highlights the powerful combination of CSP and high-pressure 
methods

High-
pressure 

phase

Exploded view of a Merrill-Bassett 
diamond anvil cell (DAC)1

Previously 
known

Structure of maleic and fumaric acid, an example of a cis-/trans- isomerization

Sample before and after 
compression

Rietveld fit of XRPD data indicating mixture of Form I and II PCM

Conclusions
• Combination of high pressure and CSP can be a powerful tool for solid 

form discovery
• LVP capable of isolating high pressure phases at ambient conditions, on 

significant (>1 g) scale
• Development of antisolvent addition at high pressure provide new area of 

study for solid form discovery
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Rietveld fit of XRPD data for delta-pABA
CSP energy landscape for 

predicted structures of pABA

Pawley fits of XRPD from samples treated with (a) pressure only and (b) pressure with temperature
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Application of multivariate curve resolution to in situ
THz - Raman spectroscopy of amorphous solid
dispersions in pharmaceutical products

Objectives
• To investigate the solubility limit and changes in polymorphic form of mefenamic acid (MFA) in a matrix of sorbitol and Soluplus® 

with THz-Raman spectroscopy
• To define the concentration ratio of amorphous and crystalline states

Acknowledgements
• BASF is thanked for the donation of Soluplus® polymer.
• EPSRC is thanked for funding the Future Continuous

Manufacturing and Advanced Crystallisation Research
Hub (Grant Ref: EP/P006965/1).

• University of Phayao is thanked for funding for PV.

Figure 2 Schematic of data processing

Figure 1 Schematic of extruder coupled with THz-Raman probe*

Conclusions and future work
• MCR can be used to successfully resolve the THz-Raman spectra of

melt mixtures into contributions arising from 2 different molecular
arrangements of MFA along with the corresponding relative
concentration profiles.

• This information will be useful in the development and monitoring of
extrusion processes, where changes in processing conditions affect
molecular arrangement.

Introduction
Off-line techniques such as differential scanning calorimetry (DSC) can be used to characterize solidified extrudates from a hot-melt extrusion (HME)
process. However, off-line measurements are not representative of the melt mixture in the HME barrel. THz-Raman spectroscopy can be used to
monitor solid dispersions of the melt mixture in situ. To avoid needing off-line reference measurements, calibration-free methods for spectral analysis
are advantageous. Multivariate curve resolution (MCR) is a calibration-free method of resolving mixture spectra into pure component contributions
using an iterative optimization within a set of constraints. The outputs are pure component spectra and concentration profiles for each component.
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Results and discussion

Preprocessing of the spectra 
collected during extrusion

Application of MCR
- Setting of initial estimates  and 

constraints

Output normalized crystalline 
content

Figure 3 Selected THz Raman spectra acquired
for 10 – 50% (w/w) MFA mixtures, which were
extruded at different temperatures.

• Figure 3 shows selected spectra from the 75
HME experiments performed.

• Spectra collected for 10% MFA at 140 °C
and 50% MFA at 130 °C illustrate those
obtained from melts that are amorphous and
crystalline, respectively.

• The appearance of characteristic peaks at
29 and 44 cm-1 indicates the presence of
crystalline MFA.

• The data matrix comprising 75 THz Raman
spectra was analysed using MCR:
- Initial estimates: none.
- Constraints: non-negativity (spectra and 
concentration) and closure (concentration).

• Figure 4 (top) shows the pure component
spectra obtained, which correspond to MFA
in the amorphous (grey) and crystalline
(yellow) states.

• The relative concentrations of amorphous
and crystalline MFA obtained at different
temperatures and concentrations of MFA
are shown in the lower plot in Figure 4.

• Figure 5 shows the crystalline content of
each mixture normalised to the 50% MFA
mixture extruded at 130 °C.

• The most crystalline samples were obtained
at high MFA concentrations and low
extrusion temperatures.

Amorphous system

Crystalline system

• Mixtures of 10 – 50% (w/w) MFA, sorbitol (Parteck® SI 150), and polyvinyl
caprolactam – polyvinyl acetate – polyethylene glycol graft copolymer
(Soluplus®) were extruded at different temperatures.

• Figure 1 shows the experimental setup used to collect in situ THz-Raman
spectra to determine the crystalline content of solid dispersions of the melt
mixture.

*Adapted from Bordos, E., Islam, M. T., Florence, A. J., Halbert, G. W., & Robertson, J. (2019). Molecular
Pharmaceutics, 16(10), 4361-4371.

Figure 5 The crystalline content (normalised to 50%
MFA at 130 °C) of each mixture as a function of MFA
concentration and extrusion temperature

Figure 4 (top) Pure component spectra and
(bottom) concentration profiles obtained from
MCR. The 9 sections in the lower plot show the
effect of extrusion temperature at the 9 different
MFA concentrations.

Materials and methods

50% MFA at 130 °C

10% MFA at 140 °C MCR

10% 50%
MFA

temperature
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