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SI1 Electron paramagnetic resonance (EPR) measurements
The Gd@C82 and the three analog compounds were dissolved in a d8-toluene solution for EPR experiments with 

the spin concentration of 0.012 mmol/L determined by the spin counting method. Each sample was held into a 3-

mm quartz EPR tube and froze and pumped for 5 times to exclude oxygen. The cw-EPR spectra were measured 

on a Bruker Elexsys E580 spectrometer with a superhigh sensitivity probehead (ω = 9.36 GHz). Pulsed EPR data 

were collected on the same system by an MS-3 cavity (ω = 9.33 GHz). The low-temperature environment was 

achieved by Oxford Instruments liquid helium cryostats (ESR900 for cw and CF935 for pulse). The cw-EPR 

spectra were simulated by EasySpin toolbox based on MATLAB. The signal of the pulsed-EPR experiments were 

collected by integrating the Hahn echo (π/2-τ-π-τ-echo) with τ = 200 ns. The T1 values were measured by the 

inversion recovery method (π-T-π/2-τ-π-τ-echo) with 4-step phase cycling. The TM values were obtained by 

increasing the τ value of the Hahn echo sequence with 4-step phase cycling. The ESEEM measurements were 

carried out by the 2-pulse-ESEEM sequence (π/2-τ-π-τ-echo) with 4-step phase cycling. The dynamic decoupling 

measurements were carried out by the CPMG sequence (π/2x-(τ-πy-τ)n-echo) with 4-step phase cycling. The π/2 

and π pulse lengths in EDFS, T1 and TM measurements, were 16 and 32 ns with 9 dB attenuation of the microwave 

power of 300 W, respectively.



SI2 Magnetic measurements for Gd@C82(morpholine)7

Gd-7 is considered as S = 7/2 in cw-EPR measurements with g = 1.98. The pure sample of Gd-7 in toluene 

solution was dried under vacuum for 24 hours. Then the powder sample (0.67 mg) was move onto parafilm (5.03 

mg) and fixed in the capsule. DC experiments were performed on a Quantum Design MPMS XL-5 SQUID 

magnetometer. Magnetic data were corrected for the paramagnetism from the parafilm and capsule, and the 

diamagnetic contribution of the sample was calculated from Pascal’s constants. All magnetic data were collected 

with the applied magnetic field from 0 to 5 T at 2 K. The saturation magnetization for Gd-7 gives an effective 

magnetic moment of 6.77 μB per molecule. The theoretical saturation magnetization can be calculated using the 

following formula
𝑀𝑆= 𝑁𝑔𝑆𝜇𝐵#(2.1)

where  represents the saturation magnetization,  for the spin concentration,  for the g-factor,  for the spin 𝑀𝑠 𝑁 𝑔 𝑆

quantum number and  for the Bohr magneton. The experimental value fit with the S = 7/2 situation as shown 𝜇𝐵

in Table S2-1.

Table S2-1. The theoretical value for saturation magnetization.

S 3 7/2 4

theoretical value 5.8661 μB 6.8561 μB 7.8461 μB
Theoretical curves for S = 3, 7/2 and 4 were calculated using Brillouin function as the following description
𝑀=𝑀𝑠𝐵𝑠(𝑥),#(2.2)

𝐵𝑠(𝑥) =
2𝑆+ 1
2𝑆

coth (2𝑆+ 12𝑆
𝑥) ‒ 1

2𝑆
coth ( 12𝑆𝑥),#(2.3)

𝑥=
𝑔𝑆𝜇𝐵𝐻

𝑘𝐵𝑇
,#(2.4)

where  represent the Boltzmann constant. The spin effective magnetic moment values for experimental points 𝑘𝐵

and theoretical curves are shown in Figure S2-1. 

Figure S2-1. The spin effective magnetic moment values for experimental points and theoretical curves. The 

experimental data is shows as blue point. Three theoretical calculations for S = 3, 7/2 and 4 are shown as 

colored curves.



SI3 Quantum coherence properties measurements
3.1 Spin-lattice relaxation (T1) at different temperatures

T1 were measured using inverse-recovery method. The pulse sequence is π-T-π/2-τ-π-τ-echo with fixed τ and 

varied T. We used π/2 = 16 ns and π = 32 ns pulse for the measurements. τ = 200 ns was chosen for detection. 4-

step phase cycling was used to eliminate the contribution of unwanted free-induction decay (FID) and echo 

signals. The experiment data are shown in Table S3-1.

Table S3-1. The T1 for Gd@C82 and the three analog compounds at different temperature. Unlisted experimental 
values are not available due to the weak spin echo signal.

Temperature Gd@C82 Gd-5 Gd-7 Gd-9

5 K 1.70(1) μs 62.1(5) μs 71.7(2) μs 103.7(2) μs

7 K 1.02(1) μs 16.2(1) μs 25.8(3) μs 24.5(4) μs

10 K 0.59(1) μs 6.35(4) μs 8.88(9) μs 10.9(1) μs

15 K 2.10(1) μs 2.60(3) μs 4.61(8) μs

20 K 1.10(1) μs 1.03(3) μs 1.21(3) μs

25 K 0.80(1) μs 1.57(1) μs

30 K 0.61(3) μs 1.13(1) μs

40 K 0.50(1) μs 0.80(1) μs

3.2 Quantum Phase Memory Time (TM) at different temperatures

TM were measured using Hahn-echo decay method. The pulse sequence is π/2-τ-π-τ-echo with τ varies. We used 

π/2 = 16 ns and π = 32 ns pulse for the measurements. τ = 200 ns was chosen for initial interval. 4-step phase 

cycling was used to eliminate the contribution of unwanted free-induction decay (FID) and echo signals. The 

experiment data are shown in Table S3-2.

Table S3-2. The TM for Gd@C82 and the three analog compounds at different temperature. Unlisted 
experimental values are not available due to the weak spin echo signal.

Temperature Gd@C82 Gd-5 Gd-7 Gd-9

5 K 0.564(5) μs 5.1(6) μs 4.4(8) μs 4.5(3) μs

7 K 0.408(2) μs 3.7(5) μs 3.7(6) μs 4.3(9) μs

10 K 0.244(3) μs 3.1(3) μs 2.9(4) μs 2.9(3) μs

15 K 0.24(3) μs 1.8(2) μs 1.6(2) μs 1.9(1) μs

3.3 Enhanced TM using dynamic decoupling

Enhanced TM were measured using Hahn-echo decay method. The pulse sequence is π/2x-(τ-πy-τ)n-echo with τ 

variation. We used π/2 = 16 ns and π = 32 ns pulse for the measurements. τ = 200 ns was chosen for initial interval. 

4-step phase cycling was used to eliminate the contribution of unwanted free-induction decay (FID) and echo 

signals. The experiment data are shown in Table S3-3.

Table S3-3. The enhanced TM for the Gd-n using different number of inversion pulse number. Unlisted 
experimental values are not available due to the weak spin echo signal.



Inversion pulse number Gd-5 Gd-7 Gd-9

1 5.1(6) μs 4.4(8) μs 4.5(3) μs

2 5.6(5) μs 6.4(7) μs 6.9(6) μs

4 7.1(7) μs 8.2(9) μs 7.8(7) μs

8 9.7(8) μs 10.6(4) μs 10.2(9) μs

16 15(3) μs 14(4) μs


