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The S(Q,w) Map 

w=0   Elastic Scattering        Diffraction 

Structural Information   
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"Let there be light" 
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Instrument layouts

2θ

θBSource

sample

detector

CW

2θ

Source

L1

L2

sample

detector

TOF

l

l

Correlation between l and θB

No correlation between l and θ

The easy part: Neutron Diffraction 
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The hard part: Neutron Spectroscopy 

Ei 

Ef 

2θ 

θB Source 

sample 

detector 

CW 

Source 

sample 

𝜃𝑖 

𝜃𝑓 

In order to discriminate the final energy, we need 2 crystals instead of 
one! 
This is a triple axis instrument (in a continuous source) 
We need to work twice as hard! 
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Instruments 
Spectrometer configurations 

Ei 

moderator 

white beam 

monochromatic beam: 

energy = Ei 

sample 
monochromator 

(e.g., chopper,  

crystal, filter,...)  

detector 
ħw = Ei - Ef 

fixed  

(by monochromator)  measured 

Direct geometry 

moderator 

white beam 

sample 

detector 

E
f 

ħw = Ei - Ef 

measured fixed  

(by monochromator)  

Inverted geometry 

Ei Ef 

ħw = Ei - Ef 
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How to measure INS (1) 
Direct Geometry Instrumentation 

time 

D
is

ta
n
c
e
 

Incident neutron beam is 
monochromatic 
determining the incident 
energy E1. 
That determines T1. We 
measure the ToF and we 
can work out T2. 

L1 

L2 

Direct geometry instruments 
measure Q trajectory is 
determined by the angle 
and energy transfer. 
Examples: ARCS, CNCS, 
HYSPEC, SEQUIOA 
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VISION: a high throughput spectrometer for neutron vibrational spectroscopy  

Yongqiang Cheng, Luke Daemen, A.J. (Timmy) Ramirez-Cuesta 

Spallation Neutron Source, Oak Ridge National Laboratory, Oak Ridge, TN 37931 USA 

VISION is best thought of as 

the neutron analogue of a 

Raman spectrometer. It is 

optimized to characterize 

molecular vibrations in a wide 

range of crystalline and 

disordered materials over a 

broad energy range (1 meV 

to >500 meV), while 

simultaneously recording 

structural changes using 

diffraction detectors in the 

backscattering position and 

at 90°.  

NATURE MATERIALS | www.nature.com/naturematerials 23

SUPPLEMENTARY INFORMATIONDOI: 10.1038/ NMAT4088

 

 

Supplementary Figure 9: Nanothread formed by cycloaddition and intramolecular  

reaction. Top: A reaction mechanism that forms a sp3 nanothread from benzene molecules 

arranged in the benzene II crystal. Benzene molecules are oriented in a slipped stack along both 

the a and b axes of the benzene II crystal structure. An a axis stacking extracted from this crystal 

structure is shown in the leftmost column. A series of [4 +2 ] cycloaddition reactions can form a 

benzene polymer (second and third columns). Aligned olefin functions are then well oriented for 

a zipper cascade30 to give a fully sp3 hybridized nanothread (fourth column). The cycloaddition 

and zipper reactions both have negative activation volumes and would thus be promoted under 

high pressure. The zipper reaction is very exothermic; the slow decompression employed in our 

experiments may aid in controlling this reaction. Tight binding relaxation of the [4 +2 ] 

cycloaddition reaction product spontaneously forms the fully sp3 thread in view of its 

considerable thermodynamic stability. This structure can interconvert to the (3,0) and polymer I 

structures discussed in the main text by Stone-Wales transformation: all three structures should 

be considered members of a single structural family, since current scattering data does not 

provide a firm basis to distinguish between them. Although benzene dimers are prone to 

cycloreversion, benzene oligomers several repeat units long can be formed at hundreds of MPa 

pressures in the liquid state31. High pressure solid-state polymerization appears to facilitate 

formation of much longer structures.  Bottom: Structurally relaxed nanothread formed by this 

Polybenzene nanothreads synthesized at high pressure:  

Structural inference through modeling of vibrational spectra 
 

3 mg sample synthesized on SNAP in diamond 

anvil cells and measured on VISION. 

 

Comparison of the experimental data from 

VISION and a series of DFT calculations of  

hypothetical structures that contain sp3 carbon 

and the correct stoichiometry (C:H ratio 1:1) 

allows us to determine which structure 

corresponds to the measured spectra. 

 

Figures on the far left show the superposition of 

the measured spectrum of polybenzene with 

calculated INS spectra of the structures 

(containing sp3 carbon) shown in the right column: 

top =graphane, middle = tubular structure (highly 

symmetric) and bottom =  zipper structure. The 

zipper structure provides the better agreement 

between calculation and experiment. 

✔  

✔  

✔  

Proposed mechanism of polymerization 

(zipper structure) 

 

Computer modeling is vital to understand 

the spectra. The calculations shown here 

took up to 36 hours using 1024 cores with  

CASTEP/Materials Studio  

VISION is an inverted geometry instrument that offers enhanced 

performance by coupling a white beam of incident neutrons with two banks 

of seven analyzer modules (double-focusing crystal arrays). This 

arrangement leads to improved signal-to-background ratio, and the overall 

count rate in the inelastic signal is more than two orders of magnitude 

greater than that of similar spectrometers currently available.  

VISION offers users a variety of sample environments 

and experimental/computational capabilities:  

The VISION team is always interested in developing and 

adding new sample environment capabilities in collaboration 

with users.  

Benzene samples were compressed to 20 GPa at room temperature, 

maintained at this pressure for one hour, and slowly released to ambient  

pressure at an average rate of 2 GPa /hr to recover a solid white product. 

Collaboration with Malcolm Guthrie, 

John Badding, Vin Crespi 

Original publication on carbon 

nanothreads: Nature Materials, 14, 43 

(2014) 

single nanothreads 

JANIS closed-cycle 

refrigerator (5-600K) 

Gas handling panel for gas  

dosing, mixing, flow, adsorption  

(vacuum to 200 bar) 

Pressure cells (piston, gas, DAC) 

ortho/para H2  

converter 

in situ electrochemical impedance  

spectroscopy (EIS) 

supercomputers and  

computer clusters with  

DFT and past-DFT codes 

Nitrogen adsorption in ZIF-8 metal-organic framework   

ZIF-8 = Zn(mIM)2 = zinc  (methyl imidazole)2 

 

N2 adsorbed in the ZIF-8 framework breaks the synchronicity 

of the methyl  torsions in the lattice. This effects translates  

into a change  in local structure ("gate opening" effect) 

Collaboration with Joaquin Silvestre-Albero, Univeristy of Alicante, Spain 

Order-disorder transition in methylammonium lead iodide 

• Neutron vibrational spectrum 

– Similar to IR and Raman, but no selection rules 

– MA vibrations dominate due to large incoherent neutron 

scattering cross-section for H 

• Density functional theory 

– Use structural data as input to calculate phonons/vibrations 

• Vibrational eigenvectors 

• Use as input to calculate neutron spectrum 

• Provides vibrational mode assignments 

• I. Milas and Y.Q. Cheng (ORNL) 

• Measurements of vibrations and phonons are important for 

understanding 

– Electron-phonon coupling (charge transport) 

– Thermal conductivity (heat capacity) 
Comparison of neutron and DFT 

spectra provides a demanding test 

of accuracy of DFT calculation 
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MAPbI
3

DFT

 Fundamentals

 1st overtones

• Well defined vibrational 

modes at T = 5 K 

• Modes broaden significantly 

with temperature 

– Increasing Debye-Waller 

factor 

• Above the MA order-disorder 

transition at T = 160 K the 

modes are replaced by 

quasielastic scattering 

MAPbI3: Two Structural Phase Transitions 

327 K 

Orthorhombic (a  b  c) 

2ac x 2ac x 2cc  

Tetragonal (a = b  c) 

2ac x 2ac x 2cc  
Cubic (a = b = c) 

• Structures determined by 

neutron powder 

diffraction at Spallation 

Neutron Source (ORNL) 

Collaboration with M. Crawford, DuPont 

photovoltaic applications 

Crystallization of amorphous calcium carbonate 

H2O LIBRATIONS 

NOMAD data 

• Amorphous Calcium Carbonate 

(ACC) plays an important role 

in biomineralization 

 

• ACC is also of great interest 

for CO2 sequestration 

 

• Different types/structures of ACC 

with varying amounts of water and  

local order 

 

• What is the nature of the  

crystallization phase transition,  

which is accompanied by the  

expulsion of water? 

 

• Simultaneous inelastic and  

diffraction measurements on  

VISION at increasing temperatures  

show progressive water loss  

without crystallization 

 

• Onset of crystallization  

around 530 K is accompanied by  

water expulsion, but takes 40 mins  

to complete.  

 

Collaboration with K.Page, H-W Wang, A. Stack, ORNL 

Endothermic dehydration of hydrous 

ACC starts at ~100°C, and is 

followed by a sharp exothermic 

crystallization (at ~530K) of the  

anhydrous ACC to calcite.  

 

According to the corresponding 

temperature powder diffraction  

measurements on VISION/NOMAD, 

anhydrous ACC persists up  

to 530K before crystallization to calcite.  

 

 

Schematic representation of  

the free energy profile for the  

nonclassical formation of CaCO3  

from ion pairs in solution. Here  

the two lines for ACC represent  

the bounds of a distribution of  

possible curves depending on  

the bound H2O content (Raiteri P.  

and Gale J.D. J. Am. Chem. Soc.  

2010, 132, 17623.  

How to measure INS (2) 
Indirect Geometry Instrumentation 

time 

D
is

ta
n
c
e
 

Incident neutron beam is white. We 
fix the energy of the scattered 
neutrons using a analyzer and filter 
device. 
That fixes T2. We measure the ToF 
and we can work out T1. 
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TOF method

• Use distance to separate wavelengths
• Need choppers to prevent frame overlap
• Moderator pulse-width and distance determine resolution
• Source repetition rate determines available time-window
• Beam transport crucial
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Vibrational spectroscopy 

molecular potential  
energy curve 

R0 

As a first approximation, a 

chemical bond between two 

atoms can be thought of as a  

spring connecting two masses: 

mA mB 

k 

Classical mechanics shows 

that this system vibrates  

with a characteristic frequency: 

𝜈 =
1

2𝜋
𝑘/𝜇  

 

where m is the reduced mass: 

1

𝜇
=

1

𝑚𝐴
+  

1

𝑚𝐵
 

harmonic approximation 
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Dynamics at the atomic level is determined by quantum mechanics rather than  

by classical mechanics. The relevant problem here is the quantum harmonic  

oscillator.  

 

This is still an elementary problem of quantum mechanics. The energy levels of the  

oscillator are quantized and given by:  

but the characteristic frequency, n,  

is still given by the classical value: 

(n = 0, 1,2, 3, ....)  

Vibrational spectroscopy 

  
𝐸𝑛 = ℎ𝜈 𝑛 +

1

2
 

𝜈 =
1

2𝜋
𝑘/𝜇  
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Vibrational spectroscopy 

- A molecule with N atoms is a collection  

of N masses connected with harmonic  

springs.  

 

- Classical mechanics tells us that such a  

systems has 3N degrees of freedom. 

 

- Three of these degrees of freedom correspond 

to translation of the molecule (position of its  

center of gravity in space), and three correspond  

to the orientation of the molecule in space  

(rotation about the center of gravity). This leaves 

 

         3.N - 3 - 3 = 3.N -6 

 

vibrational modes.  

 

- For example H2O (N=3) has 3.3 - 6 = 3 modes  

of vibration.  



18 Instrument Webinar 
June 2018 

Vibrational spectroscopy 

Several types of vibrational modes 

in molecules 

stretching 

bending 

torsion 

(bond distance changes)  

(bond angle changes)  

(rotation about bond axis;  

dihedral angle changes)  

Two quantities define a vibrational mode: 

 

     - frequency 

 

     - set of atomic displacements 

Notice that in a normal mode of  

vibration all atoms move in phase.  
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Vibrational spectroscopy 

Molecular vibrations are useful to chemists because: 
 
 - they depend on molecular structure and interatomic or 
                 intermolecular forces (chemical bonding) 
 
 - specific bonds and functional groups are easily identified 
                 (analytical tool)  
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Vibrational spectroscopy 

How do we observe vibrational modes experimentally ?  

Crystallographers use diffraction of some form of radiation (light, electron, x-ray,  

neutron,...) to obtain information on the periodic arrangement of atoms in space.  

The wavelength of the radiation is comparable to interatomic distances.   

 

Spectroscopists use (inelastic) scattering of radiation (light, x-ray, neutron,...) to  

excite vibrational modes. The energy of the radiation is comparable to the  

energy associated with the vibrational excitations.  

Ei Ef 

ħw = Ei - Ef 

incident 

neutron 
scattered 

neutron 

(conservation of energy)  

Upon interacting with a vibrational mode, the incident neutron loses 

energy (from Ei to Ef). The difference in kinetic energy is used to  

create a vibrational quantum.  

Momentum is also exchanged ! 
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As long as we have a way to determine Ei and Ef and the number of particles  

with energy Ei and Ef, we can determine the number of excitations  

(vibrational modes) created with an energy of ħw = Ei-Ef. The result is the  

vibrational spectrum: 

n1 

n2 

n3 

Vibrational spectroscopy 

Ei Ef 

ħw= Ei - Ef 

incident 

neutron 
scattered 

neutron 
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Vibrational spectroscopy 

VISION (INS) Raman/Infrared 

Measures dynamics of nuclei (direct) Measures response of electrons 

(indirect) 

No selection rules Selection rules apply 

Great sensitivity to H Cannot always see H 

High penetration (bulk probe) Low penetration (surface probe) 

Easy access to low energy range 

(librational and translational modes) 

Low energy cutoff applies (on the 

order of 100 cm-1) 

Q trajectories in the (ω,Q) map; 

averaging over the Brillouin zone 

Gamma point only 

Weighted by neutron scattering cross 

section 

Weighted by change in polarizability 

or dipole moment 

Easy to simulate/calculate Difficult to simulate/calculate 

No energy deposition in sample Heating, photochemistry, ... 
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SNS Instrument Suite 
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VISION 

• Vibrational spectroscopy with neutrons 
• Beam line started commissioning 3 years ago 
• Multifunctional beam line: simultaneous  
          spectroscopy and diffraction 
• Dynamic range: 0-1000 meV; resolution: < 1.5% 
• Diffraction: 1.5 - 30 A-1 
• Temperature range: 5-700K 
• Sample environment: high pressure, electric field,  
           gas loading, ... 
• Great sensitivity to hydrogen, no selection rules,  
           penetration through matter, ... 

 
 

 

diffraction 
detectors 

analyzers 
neutron 
beam 

inelastic 
detectors 
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TOSCA 
 

 

 

 

 

 

 
 

Figure 1. Schematic diagram of TOSCA. The inset shows a cross 

sectional view of a detector module.  

 
 

Figure 2. Evolution of the spectral resolution on TFXA, TOSCA-I, and 

TOSCA-II. The lines correspond to analytical estimates.   

Dynamics of Molecules and Materials-II IOP Publishing

Journal of Physics: Conference Series 554 (2014) 012003 doi:10.1088/1742-6596/554/1/012003

2
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Sample environment 

JANIS closed-cycle 

refrigerator (5-600K) 

ortho/para H2  

converter 

Largest 

single crystal 

diamond for 

DAC! 

in situ electrochemical impedance  

spectroscopy (EIS) 

in situ simultaneous Raman and INS 
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High throughput: INS in minutes 

With 14 inelastic banks and 16 diffraction 
banks, VISION has the highest data rate 
(up to millions of events per second) among 
all neutron beamlines in the world. 

• INS database 
• Parametric studies 
• INS study of kinetics 



28 Instrument Webinar 
June 2018 

VISION Sample changer 
The high throughput rate of VISION 

requires very rapid sample changes 

to make the best use of neutron 

beamtime and run mail-in program. 

A sample changer has been tested 

in January 2017 and will be 

commissioned this cycle. 
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High Throughput 

Challenges 
• Large volume of Data 

• How to handle large number of 
samples 

– Sample changers 

– Sample environment 

– Gas handling 

• How to model and interpret the 
results 

 

 

Opportunities 
• Databases and Libraries  

• Parametric studies 

• Kinetic studies 

• In-situ studies 

• Small signals in large 
backgrounds 

• Modeling 
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The energy spectra 
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The energy spectra (according to VISION) 

VISION 
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Integrated modeling for data interpretation 
Today this is what we do at 

VISION using VirtuES 

(Virtual Experiments in 

Spectroscopy)  

1600 cores cluster 

dedicated to VISION 

CASTEP 

VASP 

Quantum 

Espresso 

Gaussian 

Vibrational modes 

and frequencies 

INS simulation 

(OClimax) 

Simulated INS 

spectra 

Sample VISION 
Data reduction and 

analysis (Mantid) 

Measured INS 

spectra 

Peak assignment 
(An)harmonicity 

Mapping out the local potential energy profile using finite 

displacement, frozen phonon, molecular dynamics 

Phase transition 

Measured diffraction 

Revealing the kinetics and the transition pathway 

Structure-

dynamics 

correlation 

Understanding mechanisms and properties at atomic level 
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sample is hexamethybenzene 

Comparison 
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ICE MAN

ICE

Eclipse

Visualization

+

Interpreter

Eigenvectors

Tracking

Anharmonic Effects

Inelastic Response

(O’Climax)

RMC 

Reverse Monte 

Carlo (RMCProfile)

DFT codes 

(RMG-DFT, 

CP2K, abinit 

Quantum 

Espresso) 

Real Space 

Rietveld 

(PdfGUI) 

Molecular 

Mechanics, 

Dynamics 

(LAMMPS, 

GROMACS) 

Reciprocal 

Space 

Rietveld 

(GSAS 

FullProf) 

DATABASES 
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ICE MAN

ICE

Eclipse

Visualization

+

Interpreter

Eigenvectors

Tracking

Anharmonic Effects

Inelastic Response

(O’Climax)

RMC 

Reverse Monte 

Carlo (RMCProfile) VISION 

ARCS 

SEQUOIA 

HYSPEC 

CNCS 

BASIS 

HB2A WAND 

Triple Axis 

CORELLI POWGEN SNAP TOPAZ NOMAD 
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VirtuES helped users to make decisions on-the-fly 

[yyc@or-condo-login02 CF3SO2OH]$ ls -lhtr 

-rw-r--r-- 1 yyc users 3.6K Nov  4 15:50 F3CSO2OH.cell 

-rw-r--r-- 1 yyc users 1.1K Nov  4 15:50 F3CSO2OH.param 

-rw-r--r-- 1 yyc users 3.9K Nov  4 15:51 F3CSO2OH_PhonDOS.cell 

-rw-r--r-- 1 yyc users  735 Nov  4 15:52 F3CSO2OH_PhonDOS.param 

-rw-r----- 1 yyc users 1.1M Nov  4 16:46 F3CSO2OH.castep 

-rw-r----- 1 yyc users 7.3M Nov  5 06:15 F3CSO2OH_PhonDOS.phonon 

-rw-r----- 1 yyc users 232K Nov  5 06:15 F3CSO2OH_PhonDOS.castep 

-rw-r--r-- 1 yyc users 3.3M Nov  5 08:56 CF3SO2OH.aclimax 

 

[yyc@analysis-node02 manualreduce]$ ls -lhtr 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 12:34 VIS_20557_5K_for_0.9hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 13:28 VIS_20559_50K_for_0.9hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 14:23 VIS_20561_75K_for_0.9hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 15:56 VIS_20563_100K_for_0.9hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 17:21 VIS_20565_125K_for_0.9hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 18:44 VIS_20567_150K_for_0.9hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 20:23 VIS_20570_175K_for_1.2hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 21:58 VIS_20572_200K_for_1.2hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  5 23:29 VIS_20574_225K_for_1.2hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  6 01:00 VIS_20576_250K_for_1.2hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  6 02:28 VIS_20578_275K_for_1.2hr.nxs 

-rw-rwx---+ 1 yyc users 2.2M Nov  6 03:57 VIS_20580_300K_for_1.2hr.nxs 

Simulation was started at the beginning of the experiment. By the time when experimental data were 
collected, the calculation was already finished with theoretical predication available to be compared 
with experiment. This eventually led to a critical decision made by the user (see next slide).  
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VirtuES helped users to make decisions on-the-fly 

 
Sample 
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VISION: Unprecedented capabilities and opportunities 

Collaboration with Malcolm 

Guthrie, John Badding, Vin 

Crespi. Original publication on 

carbon nanothreads: Nature 

Materials, 14, 43 (2014) 
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High sensitivity: milligrams of samples 
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A successful proof-of-principle test at VISION: using 
diamond anvil cell (DAC) for high pressure INS 
experiments 

• INS spectrum from 1.6mm3 (1.5mg, 9μmol) sample loaded in the DAC was successfully 

extracted, with significant details retained. 

• Approx. 4GPa pressure was applied, leading to major changes in the spectrum. 

• The unprecedented capability will open the door to many new areas using INS to study 

materials dynamical behavior under high pressure. 

• Largest single crystal diamond for DAC 

• One of the smallest samples for INS 

• Challenges in sample/beam alignment and 

background subtraction 
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NOTT-V MOF and CO2 adsorption 

Collaboration with Sihai Yang and Martin Schroder at University of Manchester.  
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0 50 100

NH
3
 solid

Energy transfer (meV)

Hydrogen in a “simple” molecular solid: Beyond DFT and 
harmonic approximation 

A 2x2x2 supercell of 
the ammonia (NH3) 

Libration/rotation of NH3 group 

• DFT calculated energy barrier for 
rigid rotation of NH3: 180 meV 

• Energy barrier solved from the rotor 
model : 170 meV 

Calculated INS using 
larger amplitude 
displacements 
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Solid NH3 vs NH3 in MOF 

Libration in solid NH3 

Libration in 
adsorbed NH3 

From anharmonic to harmonic 
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Gate-opening in a metal-organic framework 

Structure of blank ZIF-8 

and ZIF-8 loaded with N2. 

The rotation of the methyl 

groups and the swinging 

of the imidazolate rings 

associated with the gate 

opening can be seen by 

comparing the marked 

areas  

 

For clarity the N2 

molecules are not shown. 
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Gate-opening in a metal-organic framework 

Measured (upper panel) and 

simulated (lower panel) INS 

spectra of blank ZIF-8 and 

ZIF-8+N2.  

 

The strong peaks are mainly 

due to vibrational modes 

involving large displacement 

of hydrogen (in the methyl 

groups and the imidazolate 

rings) 

Casco, M. E. et al. Gate-opening effect in ZIF-8: the first 

experimental proof using inelastic neutron scattering. Chemical 

Communications, v. 52, n. 18, p. 3639-3642, 2016  
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INS signature of CO2 capture 

This study combining 

NPD, INS and modelling 

has unambiguously 

determined the CO2 

binding sites and 

structural dynamics for 

MFM-300(VIII) and MFM-

300(VI) . It is confirmed 

that the proton on the 

hydroxy group can not 

only attract and localise 

adsorbed CO2 molecules 

via direct formation of 

hydrogen bonds, but also 

affects the macroscopic 

packing and arrangement 

of CO2 molecules in the 

extended channel. 

Z. Lu et al. "Modulating Supramolecular Binding of Carbon Dioxide in a Redox-

Active Porous Host“ under review at Nature Communications 



48 Instrument Webinar 
June 2018 

Catalytic hydrodeoxygenation of phenol 
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Main products: 
 
Ru/Nb2O5: 
Benzene 
Cyclohexanol 
 
Ru/ZrO2:  
Benzene 
Cyclohexane 
 
Ru/Al2O3: 
Cyclohexane 
Cyclohexanol 
 
Ru/TiO2: 
Cyclohexanol 
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Catalytic hydrodeoxygenation of phenol 

OH removal: strength of phenol chemisorption on the surface 
Selectivity between the competitive processes of Caromatic–O bond cleavage and 
C6-ring hydrogenation: reduction in C-O bond cleavage energy 

Shao, Y. et al. Selective production of arenes via direct lignin 

upgrading over a niobium-based catalyst. Nat. Commun. 8, 

16104 (2017). 
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CO2 
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CO2 in the solid phase 

1200 1300 1400 1500 1600

Energy Transfer (1/cm) 

600 650 700 750 800 850

Energy Transfer (1/cm) 

0 100 200 300 400

Energy Transfer (1/cm) 
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Examples from VISION 

0 1000 2000 3000

IN
S

 S
p

e
c
tr

a
 

Energy Transfer (1/cm) 

Fundamental
(0-1)
Overtone (0-
2)

1200 1300 1400 1500 1600

Energy Transfer (1/cm) 

• Overlap of the an overtone (of 

the translational modes) with a 

fundamental (the C-O 

symmetric stretching): the Fermi 

resonance  

• First observation of CO2 Fermi 

resonance using INS 
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Small amount of non-hydrogenous samples 

T. J. Bandosz, M. Seredych, E. Rodríguez-Castellón, Y. Q. Cheng, L. L. Daemen, and A. J. 

Ramírez-Cuesta. Carbon. 96 (2016): 856–863.  

Very small amount of non-hydrogenous gas. In situ observation of surface reactions. Surface 

science,  catalysis, gas capture and storage. 

The difference INS spectra before and after CO2 dosing in C-AO (a nanoporous 

carbon sample), in comparison with the reference spectra for bulk solid CO2 and H2O. 

Signal from the background and the blank C-AO has been subtracted.  
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Hydrogen in metal alanates 

Thanks to Shin-ichi Orimo, Toyoto Sato,  

Shigeyuki Takagi and Keisuke Tomiyasu,  

Tohoku University, Japan. 
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High temperature measurement up to 700K 
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In situ observation of metal hydride formation 

Temperature up to 575K 
Hydrogen pressure up to 20 bar 

Collaboration with Jacques Huot at UQTR Canada.  



57 Instrument Webinar 
June 2018 

3D printed collimators have 

been tested for VISION to be 

used in the backscattering 

diffraction bank. 

 

The reduction of the spurious 

peaks from the sample is very 

much noticeable.  

 

Data collected in histogram or 

event mode 

After 

(111) 

(220) (311) 

(400) 

(331) 

(422) 

Before 

Diamond powder 

Diffraction at VISION 

Simultaneous diffraction and inelastic neutron scattering 
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Bank 24, Tube 1 (NOT covered by collimator) 
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Bank 24, Tube 8 (covered by collimator) 

This is a typical diamond 

diffraction pattern. 

(111) 

(220) 
(311) 

(400) 

(331) 

(422) 
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VISION pioneered the use of 3D printed collimators 
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VISION: Inelastic, Diffraction and QENS 

10 15 20 25

0 50 100 150 200 250

0 2 4 6

b)

In
te

n
s
it
y
 (

A
.U

.)

Energy Transfer (meV)

a)



Structure and dynamics of liquids and solutions 

spectroscopy 

diffraction 

- CD3CN-CCl4 (deep) eutectic system 

 

- TE = 210 K; x(CD3CN) at eutectic  

composition is 0.75 

 

- no hydrogen bonding, but highly  

non-ideal system with DHexcess 

= - 800 J/mol) 

 

- eutectic structure differs when liquid  

is cooled quickly or slowly from room  

temperature 

 

- simultaneous diffraction/spectroscopy  

is invaluable 
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The energy spectra (according to VISION) 

VISION 
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Water (ice) in VISION 
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Water (ice) in VISION 
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Water (ice) in VISION Zoomed in 
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Water (ice) in VISION Zoomed in 
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Water in VISION  
(as function of temperature) 
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Water (ice) in VISION converted in ToF 

Frame overlap at SNS 

The T0 and frame overlap chopper are setup to run the instrument at 30Hz. 
This decision means that the intensity of the spectrum above 3.5 meV is 
reduced by 50%. But the benefits completely outweigh the reduction in flux. 
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TOF method

• Use distance to separate wavelengths
• Need choppers to prevent frame overlap
• Moderator pulse-width and distance determine resolution
• Source repetition rate determines available time-window
• Beam transport crucial
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What do I get around the elastic line? 
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What do I get around the elastic line? 
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What do I get around the elastic line? 
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What do I get around the elastic line? 
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Molecular hydrogen in porous carbon 
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Molecular hydrogen in porous carbon 

Presence of elastic line at 77K is 
indication of highly dense molecular 
hydrogen in the pores. 
The broadening of the elastic line is 
a consequence of the enhanced 
mobility of the molecules as the 
amount of hydrogen increases in 
the system. Larger pores, where 
hydrogen is less constrained have 
more mobility. In the gas the signal 
is extremely broad.   

Presence of the rotor line at 77K is indication 
of completely immobile molecular hydrogen in 
the pores. In the case of pure para-hydrogen 
(previous figure) the line disappears  when the 
hydrogen melts. 
There is very little broadening of the rotor line, 
since the momentum transfer is larger that the 
corresponding one at the elastic line 
(dynamical trajectory of indirect geometry). 
The load keeps increasing even at 40 bar. 
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1. The total integral of the spectral intensity is proportional to the amount of hydrogen in the system (left plot) 

2. The integrated area under the elastic peak is proportional to the amount of hydrogen that is in a liquid like and solid like 
phase (right panel) 

3. The integrated area under the rotor line is proportional to the amount of hydrogen in solid like phase (right panel) 

 

Molecular hydrogen in porous carbon 
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TOSCA Elastic line 
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SPHerical Indirect	INelastic Xtal
Spectrometer	(SPHIINXS)	

Expanding	the	VISION	concept

• Graphite	analysers on	a	
parametric	surface

• Range	-3	meV to	1000	meV
• Large	solid	angle	coverage	~10	sr
• Focussing neutron	guide	(1	cm2)
• Powders	and	single	crystal	

samples
• Energy	resolution	1%	Δω/ω and	

~70	μeV at	the	elastic	line
• Positioned	at	35-40	m	from	

moderator

SPHIINXS 
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Water (ice) in VISION converted in ToF 
 
Very simple “back of an envelope” calculation 
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Water (ice) in VESPA converted in ToF 
 
Very simple “back of an envelope” calculation 

𝑻𝒐𝑭𝑽𝑬𝑺𝑷𝑨 =
𝑳𝒊𝑽𝑬𝑺𝑷𝑨

𝑳𝒊𝑽𝑰𝑺𝑰𝑶𝑵

𝑻𝒐𝑭𝑽𝑰𝑺𝑰𝑶𝑵 
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Water (ice) in VESPA converted in ToF 
 
Very simple “back of an envelope” calculation 

𝑻𝒐𝑭𝑽𝑬𝑺𝑷𝑨 =
𝑳𝒊𝑽𝑬𝑺𝑷𝑨

𝑳𝒊𝑽𝑰𝑺𝑰𝑶𝑵

𝑻𝒐𝑭𝑽𝑰𝑺𝑰𝑶𝑵 

Frame overlap at ESS 

No T0 chopper ??????? 
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The energy spectra (according to VISION) 

VISION 



84 Instrument Webinar 
June 2018 

The energy spectra (according to VESPA)  

VESPA 

This where  
they 

Have the 
highest 
FLUX 

 
Put a T0!! 
On a 12M 

euro project 
you save 

300K and lose 
half the 

science?? 

No T0 chopper ??????? 
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VESPA vs VISION 

NO T0 Chopper 
High Energy  

(>180 meV) 

Medium 

Energy 

(6-180 meV) 

QENS  

(-2-2 meV) 

Angular 

Resolution 

VISION ✓ ✓ ✓ ✓ 

VESPA ✘ ✓ ✘ ✓ 

WITH T0 Chopper 
High Energy  

(>180 meV) 

Medium 

Energy 

(6-180 meV) 

QENS  

(-2-2 meV) 

Angular 

Resolution 

VISION ✓ ✓ ✓ ✓ 

VESPA ✘ ✓ ✓ ✓ 
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Secondary analyzer 
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Be Filter 

 

 

 

 

 

 

and it is illuminated by a pulsed polychromatic beam of neutrons. Scattered neutrons are Bragg 

reflected from a pyrolytic graphite analyser and higher-order reflections beyond (002) are suppressed 

by a cooled Be filter so as to define a unique final energy of ~32 cm
-1

 (see inset in Figure 1). The 

detector array is comprised of a total of ten banks each having thirteen 30 ×  1 cm
2
 

3
He tubes. Five 

banks are located in forward scattering (scattering angle 45°) and five in backscattering (135°). The 

use of a low (fixed) final energy translates into a direct relationship between energy transfer (ET, cm
-1

) 

and momentum transfer (Q, Å-1
) such that ET ✔ 16Q2

. A disc chopper to prevent frame overlap is 

positioned at 8 m from the moderator. TOSCA has been optimised to deliver an outstanding spectral 
resolution (ca. 1.25% ET), arising from the combination of several factors: the narrow bandpass of the 

PG002/Be analyser, tight moderator pulse widths (~10 µs/Å), a long incident flight path and a time- 

and energy-focused detector geometry.   

The primary aim of this paper is to describe the improvements made to TOSCA since the first 

neutrons in September 2000, as well as to outline possible developments in the future. 

2.  Upgrades to TOSCA since 2000 

2.1.  Reduction of background 
Following its commissioning in 2000, it was found that TOSCA performed as expected in terms of 

improved resolution and count rate [5]. However, the background was larger than either expected or 

desired. For organic compounds, the scattering was strong enough that the resulting signal-to-

background ratio was high enough that the spectra were acceptable. However, for non-hydrogenous 

materials, this was not the case and the spectral features were comparable to the background. This  

 
 

Figure 3. Transmission of higher-order neutrons through the beryllium filter as a function 

of the width (w) and length (l) of the filter, in centimeters. The filter sizes used for TFXA, 

TOSCA-I and the initial (TOSCA-II) and final implementation (TOSCA) are indicated. 

Dynamics of Molecules and Materials-II IOP Publishing

Journal of Physics: Conference Series 554 (2014) 012003 doi:10.1088/1742-6596/554/1/012003

3
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REPEATING MISTAKES! TOSCA & VISION 

• We have an non existing feature at low energies and a 
big increase of the signal at high energy transfers. 

• The effect is most noticeable in forward scattering 

0 100 200 300 400 500
0

2

4

6

8

10

12

14

16

18

20

 

 

S
(Q

,w
)/

A
rb

. 
U

n
it
s

Neutron Energy Loss/meV

 Backscattering
 Forward Scattering



89 Instrument Webinar 
June 2018 

Back to the future 



High priority instruments at the SNS First Target Station 
will leverage its high wavelength resolution strength 

HIGGS 
Inverse geometry 

spectrometer BL-8A 

dc-p H2O 
MICRON 

Compact, texture, special 

purpose diffractometer 

DISCOVER  
Medium resolution/flux 

diffractometer 

BL-8B 

dc-p H2O 

VENUS 
Time-of-flight neutron 

imaging station 

BL-10 

dc-p para-H2 

INVENT 
Concept development 

station BL-14A 

c para-H2 SANS/GI-

SANS 
SANS and/or GI-SANS 

BeFAST Beryllium filter spectrometer 
BL-16A 

dc-p H2O 

HiResPD 
High Resolution Powder 

Diffractometer 

Needs dc-p para-H2 

100 m flight path 

dc-p: decoupled, poisoned 
c: coupled 
H2O: thermal neutrons 
para-H2: cold neutrons 

Five empty beam lines 
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VISION: Inelastic, Diffraction and QENS 
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• Chemistry Oriented INS spectrometer 

• White incident beam, fixed final energy 

(indirect geometry) 

• High flux (~5x107 neutrons/cm2/s) and 

double-focusing 

• Broadband (-2 to 1000 meV at 30Hz, 5 

to 500 meV at 60 Hz) 

• Constant △E/E throughout the spectrum 

(~1.5%) 

• Elastic line HMFW ~120 μeV 

• Backward and 90° diffraction banks 

• 4000 x its predecessor 
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Instruments 
Spectrometer configurations 

Ei 

moderator 

white beam 

monochromatic beam: 

energy = Ei 

sample 
monochromator 

(e.g., chopper,  

crystal, filter,...)  

detector 
ħw = Ei - Ef 

fixed  

(by monochromator)  measured 

Direct geometry 

moderator 

white beam 

sample 

detector 

E
f 

ħw = Ei - Ef 

measured fixed  

(by monochromator)  

Inverted geometry 

Ei Ef 

ħw = Ei - Ef 
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Be filter 



Energy transfer cm-1

BeFAST – Beryllium Filter Analyzer Spectrometer  

Neutron inelastic spectra from triphenylmethane. 
Red is calculated for VISION, black for BeFAST 
BeFAST increased flux above 1800cm-1 

• NScD Point-of-Contact: Timmy Ramirez-Cuesta 

• Community Point-of-Contact: TBD 

• Science Themes: catalysis, “real-world” systems 

• Day 1 capabilities: BeFAST will measure in situ 

reactions by tracking CH or OH stretching and bond 

breaking (data collection  

as fast as 10 min) 

– Measure inelastic neutron scattering to 8000 
cm-1,  
overlapping Raman and IR spectroscopy 

– Complements the VISION spectrometer with 
over 3-order of magnitude signal gain in the 
range 3000 to 8000 cm-1 with slightly lower 
resolution 

– Will have a 90º diffraction bank 

– Large solid angle coverage 

– Very compact, probably only instrument that 
will fit in BL-16A 

– Inexpensive and simple, can be built in a short 
time 

– Low m value guide (for half of the length), and 
needs one frame-overlap chopper 
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Thank you! 
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