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SI Table 1: Summary of the structure analysis of the Li2RuO3 sample with the data presented 
in Fig. SI1. 
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SI Table 2: Summary of the detailed final sintering conditions for the six Li2RuO3 samples 
with different doping ratio (x) between Li and Ru atoms on the Ru honeycomb lattice. 
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SI Table 3: Summary of the structural data for the six Li2RuO3 samples with different doping 
ratio (x). The powder x-ray diffraction patterns are shown in Fig. SI3. A comparison of the 
FWHM(full width at half maximum) of the (001) Bragg peak for all six samples with that for 
Li2TiO3 indicates that all our samples form with a very high level of crystallinity. 
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SI Table 4: Summary of the structural analysis of two Li2RuO3 samples with different doping 
ratio (x) from high-resolution neutron diffraction data taken in the high-temperature phase 
(see Fig. SI 4). 
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SI Fig. 1: Structure refinement of the Li2RuO3 sample (LRO3) below and above the transition 
temperature using high-resolution XRD (X-ray diffraction) data with the summary given in 
Table SI 1. The green ticks indicate the position of the Bragg peaks and the blue lines at the 
bottom show the difference curves. The insets show the enlarged pictures of the data at low 
angles. 
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SI Fig 2: High resolution x-ray diffraction data of Li2RuO3 and Li3RuO4. The symbols represent 
the data while the red line is the refinement results. The green ticks indicate the position of the 
Bragg peaks and the blue lines at the bottom show the difference curves. 

 

 

  



8 

 

SI Fig 3: X-ray diffraction data of six Li2RuO3 samples with different doping ratio (x). The 
synthesis methods are summarized in Table SI 2. The shaded area indicates where we expect 
to see the superlattice peak of the P21/m phase. 
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SI Fig 4: Neutron diffraction data taken at high temperature for two Li2RuO3 samples: LRO2 
(with x = 0.07) and the DTA (with x = 0.13) samples. The green ticks indicate the position of 
the Bragg peaks and the blue lines at the bottom show the difference curves. A summary of the 
refinement results is given in Table SI4. 
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SI Fig 5: (a) Colour plot of scattering intensity as a function of energy transfer & Q and (b) Q-
integrated energy cut for the Q range from 0 to 1.5 Ǻ-1, measured by an inelastic neutron 
scattering technique on the Li2RuO3 sample: LRO5 (with x = 0.16). (c) The heat capacity and 
(d) susceptibility data shown in the bottom two panels demonstrate that this new LRO5 sample 
(2nd batch) synthesized for the inelastic neutron experiments has almost the same bulk 
properties as the LRO5 sample (1st batch) that was used for the bulk measurements shown in 
Figs. 2 & 3. 
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SI Fig 6: Temperature dependence of the low-energy magnetic excitations measured on two 
Li2RuO3 samples: LRO2 (x = 0.07) and DTA (x = 0.13) with an incident energy Ei=13 meV 
at MERLIN. 
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SI Fig 7: Energy versus momentum plot of (a) the low-energy magnetic excitations and (b) 
their Q-dependence of the Li2RuO3 DTA (x = 0.13) sample. The solid lines in (b) show the fit 
to the isolated dimer model using different values of correlation lengths while the dotted line 
represents the background. 
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SI Fig 8: Comparison of the bulk susceptibility with the uniform susceptibility calculated using 
the inelastic neutron scattering data for the two Li2RuO3 samples (LRO2 with x = 0.07 & DTA 
with x = 0.13). 
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SI Fig 9: A plot of the electronic contribution to the heat capacity (γ) versus the low-
temperature value of the susceptibility (χ0) for the Li2RuO3 systems with different levels of 
disorder (x) compared with those for other heavy fermion systems. Data for the other heavy 
fermion systems were taken from Ref. SI 1. This plot shows that the Sommerfeld-Wilson ratio: 

R = 4𝜋𝜋2𝑘𝑘𝐵𝐵
2𝜒𝜒0

3(𝑔𝑔𝜇𝜇𝐵𝐵)2𝛾𝛾
, is found to be less than one for our Li2RuO3 materials with different levels of 

disorder (x). 
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SI Fig 10: A plot of the difference between spin-densities in normal and Li/Ru interchanged 
Li2RuO3. By colours we show different signs of this difference. Ru ions are grey balls, 
connected by thick line if they form a dimer. O and Li are not shown for simplicity. One can 
see one broken dimer (bottom left side) and the hexagon with Ru in its centre (top right side). 
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[SI 1] Jones, B.A. Handbook of Magnetism and Advanced Magnetic Materials Vol. 1 (eds 
Kronmuller, H. and Parkin, S.) Chapter 2. Kondo effect (John Wiley & Sons, 2007). 


