
We demonstrate the non-volatile control of the electronic ground state of titanium di-selenide via ionic liquid gating-driven intercalation of hydrogen [1].
The hydrogenation induces a superconducting phase, observed together with a charge-density wave through most of the phase diagram, with nearly
doping-independent transition temperatures. This unique behavior is supported by ab-initio calculations showing that high concentrations of H dopants
induce a full reconstruction of the band-structure, although with little coupling between electrons and high-frequency phonons. Also, we use the nuclear
magnetic moments of the intercalants as local probes for magnetic resonance experiments [2]. We argue that fluctuating mesoscopic-sized domains
nucleate already at temperatures higher than the bulk critical temperature to the charge-density-wave phase and display cluster-glass-like dynamics in the
MHz range. Additionally, we observe a well-defined independent dynamical process at lower temperatures. We associate this feature with the collective
phason-like motion of the charge-density wave being hindered by structural defects and chemical impurities and resulting in a localized oscillating motion.

[1] E. Piatti, G. Prando et al., Communications Physics 6, 202 (2023); [2] G. Prando, E. Piatti et al., Physical Review Materials 7, 094002 (2023).
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Summary

Electronic band structure and phonons

Progressive modification of resistivity
upon increasing intercalation time.

Induction of non-volatile superconductivity.
Apparent fading of charge-density wave.

Characteristic temperatures
unaffected by the intercalation time.

Cluster charge-density wave glass and superconductivity

In-situ vs ex-situ electrical transport:
qualitatively similar behaviour.

Competing charge doping and disorder.

Disorder confirmed by broadening of 
X-ray diffraction peaks.

Intercalation: no significative effect
on the volume of the unit cell.

Raman spectra: new peaks associated with
both atomic and molecular hydrogen

(renormalized by interactions within host).

Intercalation 17 minutes             x = 1.0 ± 0.1

Phase diagram
Coexistence of charge-density wave and superconductivity 

independent of intercalation time.

Nuclear magnetic resonance confirms the microscopic 
coexistence of the two ground states, in spite of the 
disordered nature of the charge-density wave phase.

Qualitatively different results if compared to
other phase diagrams reported in the literature

for similar systems.

Cu intercalation: E. Morosan et al.,
Nature Physics 2, 544 (2006)

Ti self-doping: T. Jaouen et al.,
Physical Review B 100, 075152 (2019)

Electrostatic gating: L. Li et al.,
Nature 529, 185 (2016)

Ionic liquid gating-driven hydrogen intercalation of TiSe2

Well-behaved transition
to a bulk type-II superconducting state.

Magnetoresistance: suppression of 
resistivity drop by magnetic field.

SQUID magnetometry: clear diamagnetic 
response from bulk volume

(sample too small – not possible to
quantify superconducting fraction).

Muon-spin spectroscopy: unambiguous 
increase of damping in transverse-field 
experiments below Tc. No saturation: 

possible unconventional state.

Field-temperature phase diagram:
upwards curvature points towards

multi-gap superconductivity.

TiSe2 HTiSe2 HTiSe2

HTiSe2Density functional theory.

x < 0.1 : Charge doping, rigid electronic bands.

x = 1 : Major reconstruction of band structure.
Bands crossing the Fermi energy are 

of dominant Ti-dz2 character,
similarly to what happens in superconducting 

(pristine) NbS2 and NbSe2.

High-frequency phononic modes from 
hydrogen do not give a major contribution

to the electron-phonon coupling,
contrary to our expectations. 

1H nuclear magnetic resonance

Sharp decrease in linewidth above 240 K:
onset of hydrogen diffusion.

Low-temperature rigid hydrogen lattice:

Useful comparison with HxTiS2 where no 
charge-density wave sets in. From

C. Ritter et al., Solid State Ionics 20, 283 (1986).

Spin-lattice relaxation rate: two major 
contributions indicative of two

uncorrelated activated processes
(batch-dependent). Fitted as

where

Satisfactory global fitting at two fields.

Old unexplained 77Se data confirm low-
temperature peak as intrinsic to the

charge-density wave: R. Dupree et al.,
Physical Review B 16, 1001 (1977).

Batch #1

Batch #2

Low temperature: oscillating phason-like motion of the charge-density wave hindered by structural defects.

High temperature: slow motion of uncorrelated mesoscopic charge-density wave clusters.
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