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Inelastic Neutron Scattering 

Instrumentation  

What can be done 

Examples 



•Thermal neutrons move at a speed similar 
to that of atoms at room temperature - 
can investigate motion of atoms.  

Properties of Neutrons - close to ideal 

•no electric charge - 
can penetrate deep 
into a specimen 

•has a magnetic moment - 
can see magnetic effects; 
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•Thermal neutrons have wavelength 
similar to atomic spacing -can be used to 
determine the positions of atoms. 



The Scattering Function - S(Q,⍵) 

The scattering function, S(Q,⍵) contains all the physics of the system 

(in space and time) and depends only on the system. This is what we 

measure in a scattering experiment. 



Inelastic Neutron Spectrum 

Elastic scattering – no energy exchange ħω=0. Diffraction process - Structure information.  

 

Inelastic scattering – energy exchange ħω≠0. Dynamic processes such as phonons, 

vibrational modes, stretching modes, magnons, tunnelling, etc.  

 

Quasi-elastic scattering (QENS)– small energy exchange ħω≠0≈neV or μeV . Dynamic 

processes with a distribution of energies, such as diffusion, rotations, translations…. 



Instrumentation 

Time of Flight Spectrometer – Pelican 

Triple Axis Spectrometers – Taipan & Sika 

Backscattering Spectrometer – Emu 

Be-filter Spectrometer – Option of Taipan 
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Fields: Physics, Chemistry, Biology, Materials 

Topics: Lattice dynamics, Spin dynamics, 

Materials: magnetic, thermoelectric, etc. 

Sample: single crystals, powder, liquid, etc 



Sample Environment 

• 1.5 K to 700 K, up to 1600 oC and 

down to 50 mK.  

 

• High magnetic field – 12 T. 

 

• Electrical field. 

 

• In situ gas or vapour delivery.  
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EMU – Back-scattering spectrometer 

cold-guide neutrons (CG3) 
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EMU – Back-scattering spectrometer 



Be-Filter 

 Lattice and molecular excitations in complex 

materials in the form of phonon density of states  

 Molecular vibrations acting as “fingerprints” of 

their surroundings 

 Future energy storage (hydrides) 

 Oil and chemical industry catalysts (zeolites) 

 Nano-crystalline materials for industry and 

applications 

 Coal studies 

 Nuclear Fuels 



 CuQ2-TCNQ: 

 7, 7, 8, 8 - tetracyanoquinodimethane-p-bis  

(8-hydroxyquinolinato) copper(II)  

  

Under mechanical stimulation: Phase transition with 

about 100% increase in length and 50% reduction 

in thickness, maintaining the crystal form. 

 

Potential applications in molecular mechanical 

actuators and artificial muscles 

 

How does the phase transition occur at atomic level? 

What are the driving forces?  



Form II to Form I 

0 K,     E(I)-E(II) = +33 meV 

300 K, E(I)-E(II) = -63 meV 

 

Low T, Form II metastable state 
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 GDOS – Form II to Form I 

Phonon softening effect 

 

Spectra difference is still 

“surprising” small. Why? 

 

MD-simulation agrees with 

experimental observation. 

 

Reflect the small change of the 

in plan H-bond interaction.   

 



Hirshfeld Electron Density Surfaces 
  interlayer  -  interaction 

di and de are the distances from the hirshfeld surface to the nearest atoms, 

interior and exterior to the surface, respectively.  

Form II Form I 

de = di  

= 1.7 Å  
de = di  

= 1.8 Å  

- stacking  

contacts 



Interplay between strong H-bond and 

weak  -  interactions 

form-II form-I 

H-bond 
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 General Hamiltonian was established: 

Exchange interactions were determined: 

More complex spin state was suggested: 

 

Possible spin-liquid state 



Experiment from Taipan measured the strong magnon-phonon coupling (spin-lattice coupling). 

To be published in PRB.  T = 5 K 





Scientific Reports (in press) 

 

The logarithmic relaxation process and freezing of liquids in nano-confined 

states 

 
Changjiu Chen1, 2, Kaikin Wong1,2, Richard A. Mole3, Dehong Yu3 and Suresh M. Chathoth1,2,* 

 



More Scientific Examples 



More Scientific Examples 
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