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Protocol: ODMR spectroscopy of NV- centers in DNDs 
 

1. Isolated fluorescent spots were identified by recording a confocal scan (Fig. S1). 

2. An continuous-wave (CW) ODMR spectrum is recorded at such a fluorescent spot (Fig. 

S2) using a weak (< 10 mT) external magnetic field. If four spectrally distinguished ODMR 

peaks are identified (corresponding to two NV- centers in two different DNDs), the spot is 

selected for further measurements. 

3. At one of the ODMR resonance frequencies (belong to NV1), an ODMR Rabi oscillation 

is recorded to determine the pulse lengths for /2 and -pulses (Fig. S3). 

4. A Hahn echo is recorded with the calibrated pulse lengths to determine the coherence time 

T2 (Fig. S4). 

5. A prolonged coherence time under a dynamical decoupling sequence is recorded to 

determine T2,DD (Fig. S5). 

6. For DEER experiment, points 3-5 are repeated for an ODMR resonance of the second NV- 

center (NV2). 
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Figure S1. Confocal fluorescence image of drop-casted DNDs on a quartz coverslip. The studied 

NV- center/DND is in the center of the white square. 

 

Figure S2. A CW ODMR spectrum recorded at the centered fluorescent spot in Fig. S2. 
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Figure S3. An ODMR Rabi oscillation recorded at the NV- ODMR resonance of 2.75 GHz (left 

most peak in ODMR spectrum of Fig. S3). The plots show the fluorescence intensity as a function 

of the Rabi MW pulse length in ns. A): Raw data with four traces: “upper reference”: laser 

polarization pulse, “lower reference”: laser polarization pulse followed by microwave (MW) 

adiabatic inversion pulse, “upper Rabi”: laser polarization pulse, followed by MW Rabi pulse, 

“lower Rabi”: laser polarization pulse, followed by MW adiabatic inversion pulse and Rabi pulse. 

B) Average Rabi oscillation is calculated from the raw data traces by 0.5 × [1 −

(𝑈𝑝𝑝𝑒𝑟 𝑅𝑒𝑓−𝑈𝑝𝑝𝑒𝑟 𝑅𝑎𝑏𝑖)

𝑈𝑝𝑝𝑒𝑟 𝑅𝑒𝑓
+ 1 −

(𝐿𝑜𝑤𝑒𝑟 𝑅𝑎𝑏𝑖−𝐿𝑜𝑤𝑒𝑟 𝑅𝑒𝑓)

𝐿𝑜𝑤𝑒𝑟 𝑅𝑒𝑓
]. A -pulse length of 38 ns was obtained, by 

fitting a exponentially decaying cosine modulation. 
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Figure S4. An ODMR Hahn echo (single -pulse) using the pulse length calibrated int Fig. S4, 

leading to a coherence time of T2 = 2.1 ± 0.2 s, when fitted with a stretched exponential (exponent 

n = 1.7 ± 0.4). 

 

 

Figure S5. An ODMR signal under dynamical decoupling  (train of -pulses) using the XY8 phase 

scheme, leading to a coherence time of T2,DD = 21.2 s. The decay was fitted with a stretched 

exponential with an exponent n = 0.9. 
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Figure S6.. For further characterization, the T2* decay of a Ramsey signal (called “Free Induction 

Decay” in magnetic resonance) of the same NV- center in DND was recorded. The mono-

exponential fit led to of T2* = 30 ± 6 ns. 
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AFM images of DND samples on quartz coverslips  
 

 

 

 

Figure S7. Above: AFM image of large DND aggregates of DND-OH (initial sample) after drop-

casting and drying. Below: AFM image of dispersed DNDs (after boiling acid treatment), spin-

coated onto the quartz coverslip. While the aggregated samples led to stable/blinking fluorescence 

of NV- centers, the dispersed DND samples showed no fluorescence. 


