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Endofullerenes by organic
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“Molecular surgery”
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Endofullerenes

« Symmetrical carbon cages encapsulating
single molecules or atoms

e Stable black solids, purple solutions
*Highly pure and homogeneous

e May be studied from ~mK to ~500 K
* Available in macro quantities ~1oomg
* May be functionalised, reacted, etc.
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phenomena

@® rotational quantization
@® translational confinement

¢ “particle-in-a-box” quantization
@ translation-rotation coupling
@® spinisomerism

¢ metastable spin-isomer states

¢ spin-isomer conversion



NYU-AbuDhabi-Jan2026




NYU-AbuDhabi-Jan2026

Solution 3C NMR: He([@Cso
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OJ HeC

o “Non-bonded” J-coupling

~74.4 mHz

First observation of a J-coupling to 3He
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He@Cso: Spatial Quantisation
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Intensity

Intensity

Inelastic neutron scattering
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Experimentally determined
V(r) for He@Cso

3He and 4He
curves

_ 800 (superimposed)

1 1 |
N HaN ()]
() () o
o S o

Wavenumber / cm

I L] ] L
o

N L R L
-100 -50 0 50 100
r/ pm

Bacanu et al. JCP (2021)




NYU-AbuDhabi-Jan2026

Comparison with QChem
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Spin isomers

Werner Heisenberg

Wolfgang Pauli

Pauli in 1945

Heisenberg in 1933
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Spin-statistics theorem

the many-body wave function for elementary particles with
integer spin (bosons) is symmetric under the exchange of any two particles, whereas for
particles with half-integer spin (fermions), the wave function is antisymmetric under such

an exchange.

LT —— T

Wolfgang Pauli

Pauli in 1945
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Spin isomers of H;

: : 1
® H nuclei are fermions (I = )

@ quantum state must be antisymmetric
(“ungerade”, u) with respect to
exchange:

(12)¥, ,(12)" = = ¥, ,(12) -E

@® The allowed spatial-spin combinations
are gu and ug
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H, nuclear spin states

® gsymmetry:
|aa >
27%(|ap > + | fa > )
5P >

® usymmetry:

27%(|ap > — | pa >)

=1
nuclear spin triplet

[=0
nuclear spin singlet
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H In Isgmers
H, ToTRtIoRd) Stdtes
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high temperature

(A% J=3
=0 I=1
parahydrogen orthohydrogen

€  J=2
e J=1

T>100 K,
equilibrium

n, ~ 3n,
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laghteemmeeed turee
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3J=1 quasi-equilibrium

n, ~ 3n,
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Rotational-translational states
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Rotor in a cage: Infrared spectroscopy of an endohedral
hydrogen-fullerene complex
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Inelastic neutron scattering
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NE gain

le—-6 IN5: Hp@C70-5A

— 15K
— 10K

o0 -17.5

Second NEG peak
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¥ H,@Coeo

ortho J =1
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ortho J =1

ortho J =1

/]
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NE gain
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Hz@C7o

ortho J =1
v, =
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H,@Cyo

ortho J =1
v, =

2H2@C70
EA
ortho J =1
v, =1
v, =

para J =0
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2H,(@Co

@ Changes with respect to H.@Cyo:

¢ rotational splitting much smaller
& increased effective moment of inertia?

¢ absence of translational NEG peak
& translational splitting > rotational energy
@ each H, has less room
¢ structure in ortho (and para?) ground state
¢ rotational anisotropy?
¢ tunneling splitting?
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Fh

VOLUME 66, NUMBER 21 PHYSICAL REVIEW LETTERS

T.~303K

27 MAY 1991

Superconductivity at 28 K in Rb;Cgo

M. J. Rosseinsky, A. P. Ramirez, S. H. Glarum, D. W. Murphy, R. C. Haddon, A. F. Hebard,

T. T. M. Palstra, A. R. Kortan, S. M. Zahurak, and A. V. Makhija




critical temperature & field

magnetic field

B

Meissner
effect
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type | and type ll
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vortices

Quantum vortices in a 200-nm-thick =~
YBCO film imaged by scanning SQUID
microscopy!!!
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>

temperature [/ K

>
unit cell volume; Cs content
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zero-field-
cooled

IIIIIIIII

Temperature /K

the presence of He does not change the
superconductivity

|||||
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Solid-state 3He NMR

® 3Heis an excellent NMR nucleus
¢ spin-1/2
¢ high-y (3/4 that of 'H)

@ very narrow NMR line

® zero background

@ negligible anisotropic interactions

42
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solid-state 3He NMR of Rb;(3He@Cso)

260 K

Knight shift
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line shape due to
vortex structure in
the Type-ll
superconductor
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super-
conductor
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transform in the
“T, dimension”

-
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Chemical shift & (ppmj
15 K
.
Inverse Laplace superconductor
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Summary

® Endofullerenes provide confined molecules and
atoms in a homogeneous chemical
environment, in macroscopic quantities

® Confinement leads to translational quantisation

® THz and INS allows determination of
intermolecular potentials

® non-bonded NMR J-couplings are observed

® The endo species is a sensitive NMR probe of
electronic and molecular structure, even into
the superconducting state
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