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Fig. 1. The EDTA-Dy dressed graphene and its device transport: (a) The schematic
configuration of the device, Where the EDTA-Dy (orange ball) coats the graphene sheet; (b)
Raman spectrim 6 EDTA-Dy dressed graphene, indicating that the sample is a single layer
graphen¢ shéet;(¢) Resistance as a function of back gate voltage (V) for EDTA-Dy dressed
graphene at 2 K, 20 K and 290 K; (d) V, dependence of the longitudinal resistivity p,, and the
Hall conductivity oy, measured in a magnetic field of 12 T at a temperature of 2 K, where the

Hall conductivity goes quantized and the longitudinal resistivity approaches zero.
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Fig. 2. Selectively enhanced KM-type SOI in the graphene device and Elliot-Yafet plot:

(a),(b) The weak localization (WL) of pristine and EDTA-Dy dressed graphene at different 1




while fixing the temperature of 2 K; (c) strpT('pl as a function of epzrp for the pristine and

EDTA-Dy dressed graphene. Solid and dashed lines are the fit for them, respectively.
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Fig. 3. Ripple configuration revealed by the vector magnet measurement: (a)AFM images
of pristine graphene (upper) and EDTA-Dy dressed graphene (down). The scale bar is 100 nm; (b)
Resistivity of pristine graphene and EDTA-Dy dressed graphene dependent on B} The solid lines

are the fitting according to Eq. (2) using n=6.44x10'> cm? and n=4.27x10'2 cm™. The inset is the



measurement configuration; (c),(d) B.-dependent magnetoconductivity (B.<0.04 T), at a series of
fixed B). Dashed lines are the fitting according to Eq. (3). (¢) and (d) correspond to the graphene
before and after EDTA-Dy dressing respectively; (€) Extracted values of 7, ! plotted against B

The dashed lines are the fitting according to Eq. (4).
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Abstract:

On the efforts of enhancing the spin orbit interaction (SOI) of graphene for seeking the
dissipationless quantum spin Hall devices, unique Kane-Mele type SOI and high
mobility samples are desired. However, common external decoration often introduces
extrinsic Rashba-type SOI and simultaneous impurity scattering. Here we show, by the
EDTA-Dy molecule dressing, the Kane-Mele type SOI is mimicked with even
improved carrier mobility. It is evidenced by the suppressed weak localization at equal

carrier densities and simultaneous Elliot-Yafet spin relaxation. The extracted spin



scattering time is monotonically dependent on the carrier elastic scattering time.
Improved quantum Hall plateaus can be even seen after the external operation. This is
attributed to the spin-flexural phonon coupling induced by the enhanced graphene
ripples, as revealed by the in-plane magnetotransport measurement.
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