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tǊƻǇŜǊǝŜǎ ƻŦ ƴŜǳǘǊƻƴǎ

^¿ÒÖϠĉàϠĉĂÖϠĨĕϠ¿ĂÒϠĤĴĉϠÒĉĴĂϠėĨ¿ĘøĜ

*ĉĤæϠĴ¿ĳÖЀûéøÖϠ¿ĂÒϠĕ¿ĘĤéÌûÖЀûéøÖϠĕĘĉĕÖĘĤéÖĜ

^¿ĜĜϱϠāĂϠьϠΗϯΜΝΛϠΗΖЀΘΝϠøá

+æ¿ĘáÖϠьϠΖϲϠxĕéĂϠьϠς

^¿áĂÖĤéÌϠÒéĕĉûÖϠāĉāÖĂĤϱϠmĂϠьϠΗϯΟΗΙϠm_

m_ϠéĜϠĂĨÌûÖ¿ĘϠā¿áĂÖĤĉĂϲϠm_ϠьϠΛϯΖΛΗϠΗΖЀΘΝϠSϠ ЀΗ

_ÖĨĤĘĉĂϠøéĂÖĤéÌϠÖĂÖĘáĺϠЊ5ϠЋϰϠĳÖûĉÌéĤĺϠЊĳЋϰϠ
Ĵ¿ĳÖĳÖÌĤĉĘϠЊøЋϰϠĴ¿ĳÖûÖĂáĤæϠЊlЋϠ¿ĂÒϠĤÖāĕÖĘ¿ĤĨĘÖϠ
Њ ϠЋϠÒÖĕÖĂÒÖĂÌÖĜϱ

5ϠьϠāĂĳΘϼΘϠьϠø* ϠьϠЊæøϼΘpЋΘϼЊΘāĂЋ

øϠьϠΘpϼlϠьϠΘpāĂĳϼæ
PBSNOVA,Fermilab, Office of Science, United States 
Department of Energy,Particle Data Group, public domain
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Neutron scattering interactions
Neutron interaction mechanisms:
ÅElectrons ς with unpaired electrons via 

magnetic dipole interactions
ÅNucleus ς with atomic nuclei via very short 

range (~fm) interactions
ÅLow interaction probability vs X-rays and 

electrons

Absorption:
ÅNeutron is taken up by the nucleus, formation 

of compound nucleus. 
Fission of the compound nucleus may follow

Scattering:
ÅIrregular dispersal of free neutrons by the 

nucleus. May be elastic or inelastic and 
coherent or incoherent. The different types 
are used in experimental methods 

Typical interactions for neutrons, X-rays and electrons
Source: Roger Pynn, Neutron Scattering, Los Alamos National Laboratory
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tŜƴŜǘǊŀǝƻƴ ŘŜǇǘƘ ŀƴŘ ǎŀƳǇƭŜ ŜƴǾƛǊƻƴƳŜƴǘǎ
1ÖÖĕϠĕÖĂÖĤĘ¿ĤéĉĂϠÒÖĕĤæϰϠÖĳÖĂϠéĂϠÌ¿ĜÖϠĉàϠæÖ¿ĳĺϠ
¿ĤĉāĜ

_ÖĨĤĘĉĂĜϠĺéÖûÒϠéĂàĉĘā¿ĤéĉĂϠĉàϠĤæÖϠËĨûøϠ
ĕĘĉĕÖĘĤéÖĜϰϠĂĉĤϠĉĂûĺϠàĘĉāϠĤæÖϠĜĨĘà¿ÌÖ

+æ¿Ę¿ÌĤÖĘéĿ¿ĤéĉĂϠĉàϠû¿ĘáÖϠĜĺĜĤÖāĜ

°éÒÖĘϠĜĕÖÌĤĘĨāϠĉàϠĜ¿āĕûÖϠÖĂĳéĘĉĂāÖĂĤĜϠĳĜϠ
ĕæĉĤĉĂĜϠ¿ĂÒϠÖûÖÌĤĘĉĂĜ

Source: Roger Pynn, Neutron Scattering, Los Alamos National Laboratory

M. L. Wissink et al., Operando measurement of lattice strain in internal combustion engine 
components by neutron diffraction, PNAS 117 (2020) 33061

X.-L. Wang et al., Visualizing the chemistry and structure dynamics in lithium-ion 
batteries byin-situneutron diffraction, Scientific Reports, 2 (2012) 747 
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/ƻƘŜǊŜƴǘ ŀƴŘ ƛƴŎƻƘŜǊŜƴǘ ǎŎŀǧŜǊƛƴƎ

Coherent and incoherent neutron scattering 
and neutron absorption cross-sections

Isotope scoh (b) sincoh (b) sabs (b)

1H 1.76 80.27 0.33

2D 5.59 2.05 0.00

12C 5.56 0 0.00

14N 11.03 0.50 1.91

16O 4.23 0 0.00

27Al 1.50 0.01 0.23

28Si 2.12 0 0.18

56Fe 12.42 0 2.59

ÅCoherent scattering ς Q dependent scattering, 
caused by interference of neutron waves from 
different scattering centres

ÅIncoherent scattering ς Constant scattering of 
neutrons in all directions

ÅIncoherent scattering is caused by:
ÅVariations in the nuclear spin direction in time 

ÅVariations in isotopes and/or elements

Where àbð is the average scattering length and, thus, 
àb2ð is the variation component of the average squared scattering length
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9ƭŀǎǝŎ ŀƴŘ ƛƴŜƭŀǎǝŎ ǎŎŀǧŜǊƛƴƎ

_ÖĨĤĘĉĂϠĴ¿ĳÖϠĳÖÌĤĉĘĜϠÖĂÌĉāĕ¿ĜĜϠ
éĂàĉĘā¿ĤéĉĂϠ¿ËĉĨĤϠĤæÖϠÒéĘÖÌĤéĉĂϠ¿ĂÒϠ
ÖĂÖĘáĺ
øéϠЂϠéĂÌéÒÖĂĤϠĂÖĨĤĘĉĂϠĴ¿ĳÖϠ
ĳÖÌĤĉĘ
øàϠЂϠĜÌ¿ĤĤÖĘÖÒϠЊņĂ¿ûЋϠĂÖĨĤĘĉĂϠ
Ĵ¿ĳÖϠĳÖÌĤĉĘ
sϠЂϠĴ¿ĳÖϠĳÖÌĤĉĘϠĤĘ¿ĂĜàÖĘϰϠéϯÖϯϠ
ĜÌ¿ĤĤÖĘéĂáϠĳÖÌĤĉĘ

5û¿ĜĤéÌϱϠ_ĉϠÖĂÖĘáĺϠéĜϠá¿éĂÖÒϠĉĘϠ
ĤĘ¿ĂĜàÖĘĘÖÒ
HĂÖû¿ĜĤéÌϱϠxÌ¿ĤĤÖĘÖÒϠĂÖĨĤĘĉĂĜϠæ¿ĳÖϠ
ûĉĜĤϠĉĘϠá¿éĂÖÒϠÖĂÖĘáĺ

Source: Roger Pynn, Neutron Scattering, Los Alamos National Laboratory
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Cƛƴŀƭ ƴŜǳǘǊƻƴ ǎŎŀǧŜǊƛƴƎ ŎƻƳǇƻƴŜƴǘǎ

Source: Michael Kotlarchyk, in Encyclopedia of 
Spectroscopy and Spectrometry, 1999

Visualization of the differential 
scattering, i.e., Scattering at an 
angle q into a surface dW

Inelastic incoherent scattering Elastic incoherent scattering

Elastic coherent scatteringInelastic coherent scattering

Thus, neutron scattering can be viewed as three-
dimensional (intensity, scattering angle and energy 
transfer) and is made up of four components
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ΗEϠ^ĉĜĤûĺϠéĂÌĉæÖĘÖĂĤϠĂÖĨĤĘĉĂϠĜÌ¿ĤĤÖĘÖĘϠЊ¿ûāĉĜĤϠĂĉϠ
éĂĤÖĘàÖĘÖĂÌÖϠàĘĉāϠĜĤĘĨÌĤĨĘ¿ûϠĜÌ¿ĤĤÖĘéĂáЋ
ΗEϠĜĤĘĉĂáϠĜÌ¿ĤĤÖĘÖĘϠ¿ĂÒϠĂÖá¿ĤéĳÖϠÌĉæÖĘÖĂĤϠĜÌ¿ĤĤÖĘéĂáϠ
ûÖĂáĤæ
ΘEЊ1ЋϠāĉĜĤûĺϠÌĉæÖĘÖĂĤϠĜÌ¿ĤĤÖĘÖĘ

¤ĜÖàĨûϠàĉĘϠĜĤĨÒĺϠĉàϠā¿ĂĺϠĜĺĜĤÖāĜϱ
Å*éĉûĉáéÌ¿ûϠĜĺĜĤÖāĜ
Å?ĨÖûϠÌÖûûĜ
Å ûûĉĺĜ
ÅEĺÒĘéÒÖĜ
ÅqĉĘĉĨĜϠĜĺĜĤÖāĜ

Isotope
scoh 

(barn)
sincoh 
(barn)

sabs 
(barn)

1H 1.76 80.27 0.33

2H 5.59 2.05 0.00

12C 5.56 0 0.00

14N 11.03 0.50 1.91

16O 4.23 0 0.00

27Al 1.50 0.01 0.23

28Si 2.12 0 0.18

HĜĉĤĉĕÖϠĜÖĂĜéĤéĳéĤĺϱϠΗEϠ¿ĂÒϠΘ1ϠÖĹÌÖĕĤéĉĂ¿ûϠĂÖĨĤĘĉĂϠĜÌ¿ĤĤÖĘÖĘĜ
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+ĉāĕûÖĹϠāÖĤ¿ûϠæĺÒĘéÒÖϼÌ¿ĘËĉĂϠ
ÌĉāĕĉĜéĤÖĜϠàĉĘϠEΘϠĜĤĉĘ¿áÖ
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bŀ!ƭIп ŦƻǊ Iн ǎǘƻǊŀƎŜ

_¿ ûEΚϠ¿ĜϠ¿ϠĜĉûéÒЀĜĤ¿ĤÖϠEΘϠĜĤĉĘ¿áÖϠā¿ĤÖĘé¿ûϱ
Å¤ĕϠĤĉϠΝϯΚϠĴĤџϠЊĘÖĳÖĘĜéËûÖϠΛϯΛΜϠĴĤџЋϠĉàϠEΘ

Å°éÒÖûĺϠ¿ĳ¿éû¿ËûÖϠÌæÖāéÌ¿ûϠÌĉāĕĉĂÖĂĤĜ
ÅEéáæϠÒÖÌĉāĕĉĜéĤéĉĂϠ¿ĂÒϠæĺÒĘĉáÖĂ¿ĤéĉĂϠ 
ÅXéāéĤÖÒϠĘÖĳÖĘĜéËéûéĤĺϠËÖÌ¿ĨĜÖϠĉàϠ
ÒÖÌĉāĕĉĜéĤéĉĂϠĜÖáĘÖá¿ĤéĉĂϠéĂĤĉϠĜÖĕ¿Ę¿ĤÖϠ
ĕæ¿ĜÖĜϠЊ ûЋ

+ĉĂņĂÖāÖĂĤϠĉàϠ_¿ ûEΚϠéĂϠÌ¿ĘËĉĂϠā¿ĤÖĘé¿ûĜ

K. Tuul, et al., Int. Journal of Hydrogen Energy 48, 51 (2023) 19646
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bŀ!ƭIп /ƻƳǇƻǎƛǘŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭ ōŀŎƪƎǊƻǳƴŘ

1éŃÖĘÖĂĤϠÌ¿ĘËĉĂϠĜÌ¿ŃĉûÒϠā¿ĤÖĘé¿ûĜ
Å°éĤæϠāéÌĘĉĕĉĘĉĨĜϠÌ¿ĘËĉĂϠĜÌ¿ŃĉûÒϠā¿ĤÖĘé¿ûϠ­ϠûéāéĤÖÒϠàĉĘā¿ĤéĉĂϠĉàϠĜÖĕ¿Ę¿ĤÖϠ
ÌĘĺĜĤ¿ûûéĂÖϠ ûϠĕæ¿ĜÖ

Å°éĤæϠāÖĜĉĕĉĘĉĨĜϠÌ¿ĘËĉĂϠĜÌ¿ŃĉûÒϠ­ϠϠĜéāéû¿ĘϠÒÖÌĘÖ¿ĜÖϠéĂϠàĉĘāÖÒϠ ûϠĕæ¿ĜÖ

R. Palm, et al., Microporous Mesoporous Mater. 264 (2018) 8

Confined in 
microporous 
carbon

Ã - NaAlH4

Å - Na3AlH6

K. Tuul, et al., Int. Journal of Hydrogen Energy 48, 51 (2023) 19646

Bulk

Confined in mesoporous carbon
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/ǊȅǎǘŀƭƭƛƴŜ ǇƘŀǎŜǎ ŦǊƻƳ ŘŜŎƻƳǇƻǎƛǝƻƴ ƻŦ bŀ!ƭIп

  NaAlH4   Na3AlH6  NaH   Al
Space group  I41/a   P21/c   Fm  m   Fm  m
a / Å   5.027   5.346   4.882   4.039

b / Å   5.027   5.543   4.882   4.039

c / Å   11.371   9.384   4.882   4.039

3 3
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²Ƙȅ ƴŜǳǘǊƻƴǎ ŦƻǊ ƛƴ ǎƛǘǳ bt5

1ÖÖĕϠĕÖĂÖĤĘ¿ĤéĉĂϠÒÖĕĤæϠĉàϠĂÖĨĤĘĉĂĜϠ­ϠqĘÖĜĜĨĘéĜÖÒϠ¿ĂÒϠæéáæЀ
 ϠĜ¿āĕûÖϠÖĂĳéĘĉĂāÖĂĤĜ
EéáæϠÌĉæÖĘÖĂĤϠĜÌ¿ĤĤÖĘéĂáϠûÖĂáĤæϠàĘĉāϠΘEϠЊ1ЋϠ­Ϡ1éŃĘ¿ÌĤéĉĂϠ
àĘĉāϠ¿ûûϠ¿ĤĉāĜϠĕĘÖĜÖĂĤ
HĂĤÖĂĜéĤĺϠÒĉÖĜϠĂĉĤϠÒÖÌĘÖ¿ĜÖϠ¿ĤϠæéáæÖĘϠsϠЊΘĤæÖĤ¿ЋϠĳ¿ûĨÖĜ

 æĨĜϱϠHĂϠĜéĤĨϠÌĘĺĜĤ¿ûûéĂÖϠĕæ¿ĜÖϠÒÖĤÖĘāéĂ¿ĤéĉĂϠÒĨĘéĂáϠāĨûĤéĕûÖϠ
ЊÒÖЋÒÖĨĤÖĘ¿ĤéĉĂϠÌĺÌûÖĜ
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bŜǳǘǊƻƴ ǎŎŀǧŜǊƛƴƎ ƭŜƴƎǘƘ ŀƴŘ ŘŜǳǘŜǊŀǝƻƴ

1ÖĨĤÖĘéĨāϠéĜϠāĨÌæϠËÖĤĤÖĘϠÌĉæÖĘÖĂĤϠĂÖĨĤĘĉĂϠ
ĜÌ¿ĤĤÖĘÖĘϠĳĜϠæĺÒĘĉáÖĂ

1ÖĨĤÖĘ¿ĤéĉĂϠĤæĘĉĨáæϱ
Å1ÖÌĉāĕĉĜéĤéĉĂϠ¿ĤϠĜĨËЀāÖûĤéĂáϠĤÖāĕÖĘ¿ĤĨĘÖϠЊ<Ϡ
ΚΛΖϠVЋ
Å ĕĕûĺéĂáϠĕ1ΘϠàĉĘϠĘÖàĉĘā¿ĤéĉĂ
Å^ĨûĤéĕûÖϠÌĺÌûÖĜϠĉàϠÒÖÌĉāĕĉĜéĤéĉĂϼÒÖĨĤÖĘ¿ĤéĉĂϠ
ĉàϠĤæÖϠņĘĜĤϠÒÖÌĉāĕĉĜéĤéĉĂϠĜĤÖĕϱ

Isotope
scoh 

(barn)
sincoh 
(barn)

sabs 
(barn)

1H 1.76 80.27 0.33

2H 5.59 2.05 0.00

12C 5.56 0 0.00

14N 11.03 0.50 1.91

16O 4.23 0 0.00

27Al 1.50 0.01 0.23

28Si 2.12 0 0.18
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bt5 ƳŜŀǎǳǊŜƳŜƴǘ ŀƴŘ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎ

ÅNeutron scattering of empty sample holder
ÅSubtraction of empty sample holder scattering from sample scattering
ÅRemoval of 2q regions not ideally subtracted

R. Palm, et al., Int. Journal of Hydrogen Energy 47, 80 (2022) 34195
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hōǘŀƛƴŜŘ ŘƛũǊŀŎǘƻƎǊŀƳǎ Ǿǎ ǘ

CB with Miller indices are

from thecarbonblack

* arefrom NaAlD4

§from Na3AlD6

¦from NaD

©from Al .
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tÖņĂÖāÖĂĤϠĤĉϠÒÖĤÖĘāéĂÖϠĤæÖϠÖŃÖÌĤϠĉàϠ
ÌĉĂņĂÖāÖĂĤϠéĂϠÌ¿ĘËĉĂϠËû¿Ìøϱ
Å1ÖÌĉāĕĉĜéĤéĉĂϠ 
Å ËĜĉĘĕĤéĉĂϠ Ϡ¿ĂÒϠĕ
Åqæ¿ĜÖϠĜÖĕ¿Ę¿ĤéĉĂϠ¿ĂÒϠÌĘĺĜĤ¿ûûéĂÖϠ
ĕæ¿ĜÖϠÌĉāĕĉĜéĤéĉĂ

Lƴ ǎƛǘǳ bt5 ǊŜŬƴŜƳŜƴǘ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ǊƻǳǝƴŜ

R. Palm, et al., Int. Journal of Hydrogen Energy 47, 80 (2022) 34195
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In situ NPD and refinement

ÅNo detectable decomposition at 420 K

ÅMain equilibrium between Na3AlD6 and NaD

ÅDetectable D2 release when heated to 420 K

R. Palm, et al., Int. Journal of Hydrogen Energy 47, 80 (2022) 34195
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¢Ƙŀƴƪǎ ǘƻ ƛƴ ǎƛǘǳ bt5

HĂϠĜéĤĨϠ_q1ϠÖĂ¿ËûÖÒϠĤĉϠÒÖĤÖĘāéĂÖϱ
 IƛƎƘƭȅ ǊŜǾŜǊǎƛōƭŜ bŀо!ƭ5с ª оbŀ5 Ҍ !ƭ Ҍ мΦр5н

Å5ŜǳǘŜǊŀǝƻƴ ŀǘ ƭƻǿ 5н ǇǊŜǎǎǳǊŜǎ ό>нл ōŀǊύ

ÅwŜƭŜŀǎŜ ŀƴŘ ǳǇǘŀƪŜ ƻŦ 5н ŦǊƻƳ ŀƳƻǊǇƘƻǳǎκǎƳŀƭƭ ǇŀǊǝŎǳƭŀǘŜ ƘȅŘǊƛŘŜ

Å5ŜŎƻƳǇƻǎƛǝƻƴ ƻŦ ŎǊȅǎǘŀƭƭƛƴŜ bŀ!ƭIп ǎǘŀǊǝƴƎ ŀǘ пнл Y
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EΘϠ¿ÒĜĉĘĕĤéĉĂϠéĂϠÌ¿ĘËĉĂ¿ÌÖĉĨĜϠā¿ĤÖĘé¿ûĜ
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Principal CDC synthesis set-up: (1) Cl2 flow meter; (2,3) gas flow 
controllers; (3) four-way gas valve; (4) sample in a quartz boat; (5) 
tube furnace; (6) sample in a quartz boat; (7) quartz tube; (8) 
neutralization bath; (9) neutralization solution; (10) open/close valve 

aƻŘŜƭ ŎŀǊōƻƴ ƳŀǘŜǊƛŀƭǎ ŦƻǊ Iн ŀŘǎƻǊǇǝƻƴΥ /ŀǊōƛŘŜπŘŜǊƛǾŜŘ ŎŀǊōƻƴǎ ό/5/ǎύ

Chlorination of carbides (MexC = Mo2C, TiC, 
SiC):

Purification in H2 flow at 900 ̄C

MexC(s) + xy/2Cl2(g) ­ xMeCly(g) + C(s)

http://hdl.handle.net/10062/41997 

High-performance materials:
ÅSupercapacitor electrodes

ÅH2 and CH4 adsorption
R. Härmaset al., Electrochim. Acta 283 (2018) 931

G. Yushin et al., Adv. Funct. Mater. 16 (2006) 2288
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¢ŜȄǘǳǊŀƭ ǇǊƻǇŜǊǝŜǎ ŦǊƻƳ ǎƳŀƭƭπŀƴƎƭŜ ƴŜǳǘǊƻƴ ǎŎŀǧŜǊƛƴƎ 

ÅGeneralized Guinier-Porod:

Ås ς dimensionality factor, where:

 s = 0 in case of spherical

 s = 1 in case of cylindrical

 s = 2 in case of lamellae (slit-like approximation)

ÅRg ς Radius of gyration

B. Hammouda, J. Appl. Crystallogr. 43 (2010) 716

ÅContrast matching with deuterated 
toluene (C7D8):

ÅTo substract density fluctuations 
inside the adsorbent

ÅPartial filling of pores to probe 
different pore sizes
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tƻǊŜ ƎŜƻƳŜǘǊȅ

CDC s d
wRg

Å

C-Mo2C 700 1.20 2.03 17.3

C-Mo2C 800 1.32 2.65 18.1

C-Mo2C 900 1.46 3.10 20.3

R. Palm, et al., Carbon 171 (2021) 695

wRgςAveraged pore width, dςPorodexponent

Decrease 
in pore 
curvature

H. Kurig, et. al., Carbon 100 (2016) 617

CDC s
Prevalent pore 

shape
Rg 
Å

D or T 
Å

C-SiC 1000 0 Spherical 4.7 12

C-TiC 950 0.7 Cylindrical 4.7 13

C-Mo2C 1000 1.6 Slit-like 8.4 29

sςdimensionality factor, RgςRadius of gyration

Measurements performed on V16 at now closed BERII reactor
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9ũŜŎǘ ƻŦ ǇŀǊǝŀƭ ǿŜǩƴƎ ƻƴ ǇƻǊŜ ƎŜƻƳŜǘǊȅ

R. Palm, et al., Carbon 171 (2021) 695

Tsyn

C̄

C7D8

wt%

wpore,filled

Å

Rg

Å
s d

wRg

Å

700 55 23 8.3 °0.1 1.69 °0.01 4.00 °0.05 27.1 °0.1

800 60 29 10.3 °0.1 1.71 °0.01 3.95 °0.02 33.9 °0.1

900 53 34 13.1 °0.1 1.63 °0.01 4.00 °0.07 42.2 °0.3

1000 53 56 8.9 °0.8 2.00 °0.10 4.00 °0.04 30.7 °2.9

Whole 
porosity

Partially filled 
porosity
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Lƴ ǎƛǘǳ ǉǳŀǎƛπŜƭŀǎǝŎ ƴŜǳǘǊƻƴ ǎŎŀǧŜǊƛƴƎ όv9b{ύ ŦƻǊ Iн Řƛũǳǎƛƻƴ 

_ÖĨĤĘĉĂϠÒÖÖĕϠĕÖĂÖĤĘ¿ĤéĉĂϠÒÖĕĤæϠ­Ϡ+ĘĺĉáÖĂéÌϠ¿ĂÒϠĕĘÖĜĜĨĘéĜÖÒϠĜ¿āĕûÖϠ
ÖĂĳéĘĉĂāÖĂĤĜ

EéáæϠéĂÌĉæÖĘÖĂĤϠĂÖĨĤĘĉĂϠĜÌ¿ĤĤÖĘéĂáϠûÖĂáĤæϠàĘĉāϠEΘϠϠ­ϠÒĺĂ¿āéÌϠ
ЊĤĘ¿ĂĜĕĉĘĤЋϠéĂàĉĘā¿ĤéĉĂϠ¿ËĉĨĤϠEΘ

R. Härmas, et al., Carbon 155 (2019) 122

C-Mo2C 700

pH2 = 68 mbar

pH2 = 11 mbar

pH2 = 87 mbar

T = 90 K

M. Koppel, et al., Carbon 174 (2021) 190
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Lƴ ǎƛǘǳ v9b{ ŦƻǊ Iн Řƛũǳǎƛƻƴ ƛƴ ŘƛũŜǊŜƴǘ ǇƻǊŜ ǎƘŀǇŜǎ

0.005 0.010 0.015 0.020 0.025
-19

-18

-17

-16

-15
 C-TiC 950 2.0 mmol g-1

 C-SiC 1000 5.4 mmol g-1

 C-Mo2C 1000 1.2 mmol g-1

ln
(D

T
) 

(l
n

(m
2
 s

-1
))

1/T (K-1)

R. Härmas, et al., Carbon 155 (2019) 122

Effect of pore geometry on H2 confinementCombined analysis of small-angle neutron 
scattering and quasi-elastic neutron 
scattering results:

ÅLower dimenstionality pores confine 
H2 more strongly

ÅAt equivalent loadings H2 ƛǎ αŦǊƻȊŜƴά ƛƴ 
spherical pores vs cylindrical and slit-
like pores

Possible thank to:

ÅNeutron scattering properties of H2 

ÅApplication of physical conditions of 
interest
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aǳƭǝǇƭŜ ǝƳŜǎŎŀƭŜ Iн ǎŜƭŦπŘƛũǳǎƛƻƴ ƛƴ /5/ǎ 

M. Koppel, et al., Carbon 197 (2022) 359

ÅAt higher H2 loadings the QENS broadening is better characterised by multiple Lorenzians

ÅEach Lorentzian corresponds to H2 jumps in different time-scale


