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Introduction to inclusion complexes

Summary and future work

▪ To characterise CD inclusion complexes using low- and mid-frequency
Raman spectroscopy, and powder X-ray diffraction (PXRD)

▪ To synthesise and characterise a flexible MOF, MIL-53

Aim and objectives

Characterisation of 4-HB CD inclusion complex 

Synthesis of MOF (MIL-53)
Synthesis of CD inclusion complex

Host Guest

▪ A crystalline CD inclusion complex was prepared by cooling an aqueous
solution consisting of α-CD and a guest molecule in a 1:1 molar ratio1

▪ The formation of an inclusion complex was confirmed by PXRD
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▪ PXRD confirmed the
formation of the 4-HB CD
inclusion complex

▪ It is possible to see some
differences between α-CD
and the 4-HB CD inclusion
complex in the mid-
frequency region of the
Raman spectrum

▪ In comparison, there are
much larger differences
between α-CD and the 4-
HB CD inclusion complex
in the low-frequency region
of the Raman spectrum
owing to the sensitivity of
this region to structural
information

▪ MIL-53 was prepared by stirring a mixture of disodium terephthalate and
aluminum nitrate nanohydrate in water at room temperature2

▪ The low frequency Raman spectrum contains a number of peaks
confirming that a crystalline material has been formed

▪ Cyclodextrins (CDs) are cyclic oligosaccharides which have three
forms, α, β, and γ, that represent six, seven, or eight glucopyranose
units, respectively

▪ CDs consist of a hydrophobic internal cavity and a hydrophilic
external surface which can incorporate with many organic and
inorganic molecules to form inclusion complexes

▪ Formation of inclusion complexes with CDs can increase the
stability, bioavailability, and aqueous solubility of the guest
molecules, such as drugs, which makes inclusion complexes not
only applicable in pharmaceuticals, but also food processing and
environmental and chemical engineering

▪ Metal-organic frameworks (MOFs) are crystalline materials
consisting of metal centres and organic linkers that have
extraordinary properties due to their high surface area, adjustable
pore size and thermal stability

▪ Depending on the framework MOFs can be first generation MOF,
second generation MOF (rigid MOF) or third generation MOF
(flexible MOF).

▪ MOFs offer new opportunities for inclusion of guest molecules
compared to traditional organic hosts
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▪ The sensitivity of low frequency Raman spectroscopy to structural information can be exploited to study inclusion complexes
▪ Low frequency Raman spectroscopy will be used to study:

▪ the chiral recognition capabilities of 2-hydroxypropyl-β-cyclodextrin with enantiomeric guest molecules such as mandelic acid
▪ changes in the MIL-53 structure upon loading with guest drug molecules
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Advanced X-ray Characterizations for Medicine 
Manufacturing Products and Processes 

➢ The PDF is the probability of finding an atom at

any distance r from another atom. It is obtained

by Fourier-transforming the total X-ray scattering

pattern S(Q).

➢ Provides local structure information, hence

powerful for non-crystalline materials

(amorphous, melts, solutions)

➢ Synchrotron radiation is required.

X-ray Pair Distribution Function (XPDF) X-ray Photoelectron Spectroscopy (XPS) X-ray Phase Contrast Imaging (XPCI)

➢ Time-resolved XPCI can be applied to visualize 

several crystallization processes in real time

➢ Capable of visualising the sequence of events taking 

place in the mixing zone of an anti-solvent flow 

crystalliser. 

➢ XPCI have been applied to reveal even more detail, 

as we extended this work to imaging filtration 

processes and extrusion products. 

➢ Synchrotron radiation is required.

➢ Powerful Technique 

for analyzing local 

chemical interactions 

and surface chemistry.

➢ Determines elemental 

composition as well as the 

chemical and electronic 

state of the atoms within a 

material quantitatively.

Mefenamic Acid (MFA)

Conformational Polymorphism
Intra-molecular Interactions
Inter-molecular Interactions

Torsion Angles

2D XPCI In-situ of Anti-solvent Crystallisation 
of Lovastatin

Pair Distribution Function (G(r))

➢C1s and N1s – slight difference due to rotation 2,3-dimethyl phenyl ring 
➢O1s – Shift to higher energy (27 → 60°C) due to twisting of carboxylic acid 

Near Ambient Pressure X-ray Photoelectron Spectroscopy

➢G(r) – notable variations due to 
inter-molecular interactions (≥ 4.5 

Å)

Conformational polymorphism established by XPDF and NAP XPS
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Schematic of the setup

XPDF WORKFLOW Collaborations in 
CMAC

Real time images of crystallisation

➢ Both synchrotron and laboratory instruments.

➢ Conventional XPS restricted to ultra-high vacuum. 

Latest instruments operates near-ambient pressure

1. Continuous anti-solvent 

crystallisation (J Sefcik / J 

McGinty)

2. Twin screw extrudates (J 

Robertson / A Florence / G 

Halbert / E Prasad)

3. Powder particle 

compaction, breakage 

formulation (J Robertson / 

CM Torrecillas / E Bordos)

4. Filtration & Washing (C 

Price / S Ottoboni)

*Contact : Dr. Dipankar Saha, email: d.saha@leeds.ac.uk

❖ XPS and XPCI workflows are being developed
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