[bookmark: _f0mhaoif2gyq] Supplementary Information
1. [bookmark: _wtqlp947r3ow][bookmark: _Hlk136595811]Growth of silica shell on diamond nanocrystals
The growth of Silica shells on diamond nanocrystals was performed using a sol-gel Stöber process50 from a tetraethyl orthosilicate (TEOS) precursor. To ensure uniform shell growth and prevent aggregation we had to improve the colloidal stability of the nanoparticles in the increasing ionic strength caused by the TEOS molecules. We modified a previously described51 Polyvinylpyrrolidone (PVP) based technique that was also adapted for diamond nanocrystals21. Briefly, 1 mg/mL of as-purchased carboxylated diamond nanocrystals (DNs) were sonicated for 20min. In the meantime, 8mg PVP (10KDa; Sigma-Aldrich) was dissolved in 16.5mL reversed-osmosis purified H2O (MQ-H2O) and sonicated for 10min. The nanocrystals were added into the PVP solution and stirred at ~600rpm overnight. The synthesized PVP-DNs were centrifuged at 20000Xg for 30min, and the particles were redissolved by sonicated in 3.75mL ethanol for 20min (at this point the solution could be stored in 4C for further use). The solution was stirred and 10uL of TEOS (Sigma-Aldrich) was added, followed by 42uL of 30% ammonia. The solution was left to stir overnight after which it was purified by centrifugation for 15min at 15000Xg and washed twice (10 min at 15000Xg) and finally suspended with 1mL ethanol. For long-term storage, the solution was placed in Acetone instead. See Fig. E1-2 for illustration and chemical characterization of the synthesis process. 
2. [bookmark: _bc9swknqmzvy]Preparation of TEM grids 
To properly address single particles, we had to prevent aggregations. The low affinity to the substrate and the high surface to volume ratio cause the particles to agglomerate upon deposition. To increase the affinity to the substrate, the grids were treated with UV-ozone for 15 min creating a hydrophilic, negatively charged surface. The repulsion between the negative substrate and the negative particles’ surface would still result in agglomeration (Fig. S3A, left panel). Therefore, for size analysis and PL measurements, 0.1 mg/mL of poly(ethyleneimine) (PEI; 2.5KDa) in water was dropcasted on the treated grids for 2 min and wicked away. This process reversed the charge of the grids, affording much higher affinity to the particles53. 0.05 mg/mL particles in water were placed on the positively charged grids for 2 min before the solution was wicked away. Grids treated this way present well dispersed particles (Fig. S3A, right panel). We noticed no effect of the PEI on the properties of the particles, but to ensure no influence, for coherence measurement we avoided using PEI. Instead, after UV-ozone treatment, a drop of particles was placed on the grids that were stored in a humid container on a rocker for 30 min after which the water was wicked away. This process allowed the particles to adsorb to the surface while minimizing agglomeration due to drying. 
3. [bookmark: _b3s53lb4i3yi]Size analysis
Size analysis for particles deposited on TEM grids was done using ImageJ, as described in the methods section. Equivalent diameter, , was extracted using , where  is the area of the particles in the TEM image.
4. [bookmark: _t1lx3v9dt0cf]NV confocal set-up
NV measurements were performed using a home-built confocal microscope. Optical excitation was provided by a 520nm pulsed laser (LABS electronics DLnsec) and focused onto the sample using a X60, NA=1.49 oil-immersion objective (Olympus APON60XOTIRFl). Translation of the excitation beam was done using a fast-steering mirror (Newport FSM-300). Epifluorescence emission was separated from the excitation beam using a dichroic filter (Chroma T610lpxr) and filtered (Semrock LP01-594R-25) before being focused onto a single-photon counting module (Excelitas, SPCM-ARQH-14).
5. [bookmark: _2mwsu51nhhz3]EPR measurements
The measurement procedure described in the methods section is sensitive to the total number of particles measured in each EPR experiment. Therefore, in order to properly compare results from bare and core-shell particles, the measurements had to be normalized to the number of particles. For normalization, we multiplied the EPR signal from core-shell particles by a normalization factor, , where  and  are the number of bare and core-shell particles, respectively (Fig. E4). Since the average core diameter for the measured particles was ~70nm (Fig. 3C,G) we used  diamond nanocrystals from adamas for our main EPR measurements. 1.04mg of bare and 2.72mg of core-shell lyophalized particles were transferred to EPR tubes for further measurements. 
Analytical normalization 
We calculated the volume weighted density of the core-shell particles, , where , , are the densities of diamond nanocrystals and amorphous silica, respectively, and , and  are the per particle volume of the diamond core and the silica shell, respectively (we used 105nm as the total diameter for core-shell particles). The mass and calculated density were used to extract .
Nanoparticle Tracking Analysis (NTA) normalization 
Due to the possible loss while transferring particles in and out of the EPR tubes, the samples were measured again, confirming ~20% loss in mass for both bare and core-shell samples. 0.82mg of bare and 2.25mg of core-shell particles were dissolved in 0.82mL and 1.25mL MQ-H2O, respectively, for further analysis. 1uL was diluted (X10,000 for bare and X5,000 for core-shell) before 1mL was injected to the NanosSight (Malvern Panalytical) instrument for particle count using the NTA 3.3 Dev Build 3.3.104 particle tracking software.    The particles counted and the dilution factors were used to calculate .
Mass etching normalization 
250uL of 1M KOH was added and the solution was shaken for 12hrs to facilitate the etching of the entire silica shell. The solution was then washed thoroughly with 3 cycles of precipitation by centrifugation (20,000g for 30min), removal of the supernatant, and resuspension in MQ-H2O. The particles were then precipitated once more and were left to dry on a hot plate (90℃ for 30min) after supernatant removal. Finally, the mass of the dry sample was remeasured. The bare particles were processed in a similar manner to confirm negligible loss and negligible etching of the diamond core (Fig. E4A). The remaining mass (0.78mg for bare and 0.57mg for core-shell particles) was used to calculate  .
Fitting 
The averaged normalization factor was used to normalize the core-shell to the bare EPR signal before the data was fitted to produce   (see methods for fitting procedure). The data was deconvolved to extract parameters for X (, and linewidth, ), P1 (, , hyperfine coupling, , , and nuclear quadrupole coupling, ), and H1 (, , and hyperfine coupling, ) paramagnetic centers with  spin. The reduction factor of area under the curve of core-shell vs bare EPR signal was calculated to be 3.81, 2.56, and 1.8 for X, P1, and H1 centers, respectively (Fig. 2B). 
40nm sample
A similar procedure was repeated with 40nm particles (0.81mg bare and 3.51mg core-shell particles). Analytical () and mass etching () normalization was used to produce the data shown in Fig. E4B. P1 signal was undetectable in the 40nm samples and instead featured a very low signature of an unknown center. The parameters for the bare sample: X (, ), H1 (, ) and unknown (, ) paramagnetic centers. The parameters for the core-shell sample: X (, ), H1 (, ) and unknown (, ) paramagnetic centers. The reduction factor of area under the curve of core-shell vs bare EPR signal was calculated to be 1.2, 2.6, and 0.8 for X, H1, and the unknown center, respectively. We attribute the smaller change to the probable different band structure for very small bare diamond nanocrystals, which might result in depopulation of P1 and NVs, (as supported by the inability to measure P1 signal). 
6. [bookmark: _hm8ifsmvmpgn]Band Bending 
Alignment
Alignment details are provided in the method section. We didn’t find exact values for our system (type 1b HPHT carboxylated diamond nanocrystals with ~70ppm N impurities), but instead assessed them from literature values for similar systems, as described in the methods. The major guidelines were the ~2eV electron affinity and downward band bending that has been previously measured in similar systems32,56. We note that all values were assessed strictly from literature and motivated, but weren’t influenced by the band bending simulation we constructed. For clarity, Figure E5 shows the used electronic structures for our carboxylated diamond nanocrystals, the amorphous silica shell, and the heterojunction with the suggested bending effect. 
Simulation
Here we present our approach to calculate the band bending of both bare and core-shell diamond nanocrystals. The band bending is caused by the spatial variation of the electrostatic potential, , produced by the equilibrium charge profile within the diamond69. Accordingly, to obtain  we solved the Poisson’s equation  , where  is the diamond dielectric constant,  is the vacuum permittivity, and  is the charge density arising from electrons, holes, and charged states of P1, vacancies and NV-centers, namely:
,
where  and  are the electron and hole densities, respectively,  is the density of ionized nitrogen donors,  and  are the densities of the charged NVs states, and  and  are densities of the charged vacancy states. They are given respectively by:
,
where  is the elementary charge,   is the Fermi-Dirac integral,  is the Fermi level,  is the Boltzmann constant,  is the temperature,  is the density of implanted Nitrogen,  is the conversion of Nitrogen to NV centers, and  is the density of vacancies.  and  are the bottom of the conduction and top of the valance bands, respectively,  is the formation energy of Nitrogen donors.  and  are the formation energy associated with the  and  transitions, respectively, and  and  are the formation energy associated with the  and  transitions, respectively. Additionally, we have  and , where  is the reduced Planck’s constant, and   and  are the effective electron and hole masses, respectively.
The solution for the corresponding Poisson’s equation depends on the boundary conditions for , in addition to the Fermi level, . The latter is obtained by assuming neutral nanocrystals deep in the interior (), where we assume . Accordingly, the value for  is obtained by imposing . The other boundary condition, namely , defines the band bending at the diamond surface,  as obtained from the band alignment in Fig. 2C. Here we assume spherical nanocrystals with radius . For both bare and core-shell particles, we have used  and  with electron bare mass . Other parameters used:  as the diamond band-gap, , , , , 60,61, , ,  , , and 20,62. With these values, we obtain  for both bare and core-shell diamond nanocrystals. The surface electrostatic potential, , was set to  and - for bare and core-shell particles, respectively, as obtained from the band alignment model in Fig. 2C. In short, the upward band bending present in core-shell diamond nanocrystals (near to the surface) is responsible for shifting the P1 formation energy above the Fermi level. As a consequence, we observe a corresponding depletion of P1. Our calculation indicates a 44% reduction, which is consistent with the 45% reduction seen in our EPR measurements (Fig. 2B). The results of the simulation are shown in Figure E6.
7. [bookmark: _htsv3skup0ku]DEER
After EPR measurements demonstrated the reduction of paramagnetic species in core-shell particles, we aimed to confirm the coupling of these paramagnetic species to the NVs in our particles. The DEER protocol, described in refrence15 and shown in Fig E7, normalizes the contrast of the DEER decay with respect to Hahn echo decay to remove the effect from other noise sources. To measure the resonance frequencies of the paramagnetic defects, we keep the spacing between pulses constant (the spacing between  pulse and  pulse was fixed at 200 ns) and sweep the microwave frequency. To isolate the coupling from the paramagnetic defects, we modify the DEER sequence by keeping the microwave at the main paramagnetic defects resonance frequency and sweeping the duration between pulses. The normalized time trace signal (DEER decay normalized with respect to Hahn echo decay) is equivalent to free induction decay of the NV center caused by the paramagnetic defects alone40. Hence, by comparing the decay rate (dephasing rate) of the normalized signal, we can compare the average paramagnetic defects coupling before and after core-shell coating. The Hahn echo decay was fitted with:
.
The regular DEER decay part was fitted using:
.
Where  and  were fitted values determined from the Hahn echo decay, the extra decay terms  and are therefore due to the paramagnetic defects alone.
DEER resonances at ~0.498GHz, ~0.591GHz, and ~0.669GHz validated the coupling to P170 (all 3 resonances) and X-spins (contribute to central resonance). Core-shell particles showed suppressed signal at ~0.498GHz and ~0.669GHz (Fig. E7B), confirming the significant reduction in P1 defects seen in EPR. We attribute the lack of reduction of the central frequency to the increased relaxation times of the surface spins that compensates for the total reduction in density. We resonantly drive the central frequency of the splitting and perform correlation measurements (lower sequence in Fig. E7A) to find a Rabi frequency for the paramagnetic defects of 12.8MHz (Fig. E7C). DEER FID was measured to compare the contribution of paramagnetic defects to NV decoherence in bare and core-shell particles. As seen in Figure E7D-F, core-shell particles presented longer DEER FID times (0.91μs and 0.99μs) compared to DEER FID times of the bare particle (0.78μs). This strongly supports the results presented in Fig. 2 and indicate a reduced density of P1 and X-spins in core-shell particles. 
8. [bookmark: _t2r5ot8rnq6z]Relaxation measurements
Setting  as the DQ transition rate and  as the SQ transition rate, the population dynamics of the NV triplet states can be represented by:
,					
where   is the time between initialization and readout,  are the states’ populations with the condition , and the initialization conditions determine  and . We extract  and . We denote the initial, , and measured, , time-dependant populations as  and fit the signal to:
,				
	,
where , and  or  are the fit parameters.
9. [bookmark: _9cubs48jm1kf]T2 measurements 
Dynamical decoupling
Theoretical treatment of the NV spin decoherence under CPMG dynamical decoupling is given in the Noise spectral density section of the methods and in SI11. After measuring the Hahn Echo decay times,  was measured with a choice of  (or ) up to the point where no more improvement was seen, or no contrast was detected during the set measurement time. For most particles, following Hahn Echo measurements,  was measured with . If contrast was detected and a decay fit was obtained,  was measured for  to obtain the maximum  measured for a given particle. If a contrast was not detected,  was measured for  and the process repeated until an  for which contrast was detected, which was considered the saturation point. All  measurements were collected ~1.5e6 times. 
Simulation for the effect of dephasing during -pulses
It is important to emphasize that the calculations concerning  decay signals, both in this work and in most other published work, consider -pulses as delta functions. In reality, this is not the case, and the role of the -pulses duration on the decoherence needs to be taken into account. Michael J. Biercuk et al71 have tackled this by considering the absence of dephasing during the -pulses. We stress that this relies exclusively on the assumption of a -pulse length, , much shorter than the correlation time of the random fluctuations, , i.e., . For our system, however, we have  and  for bare or  for core-shell particles. For these conditions, the formulas within reference71 cannot be employed. Accordingly, here we implemented Monte-Carlo simulations to assess completely the role of the dephasing during the application of  number -pulse. Specifically, we simulate the dephasing of a spin qubit system during the CPGM pulse sequence, under the influence of a random field . We choose a random Gaussian field with correlation function , standard deviation , and correlation time . We first looked at the exact (derived in SI11) and the approximated () decay considering the -pulse as a delta function (), with , , and . We compared these with the exact and approximated solutions for . We show that for our experimental conditions of  and , the formula for the coherence,  still holds. The results are summarized in Fig. E8B.
10. [bookmark: _x6jf1pt3pe3j]Noise Spectral Density
Placing DQ, CPMG, and SQ on the same scale
We follow the procedure at Myers et al.38 to compare DQ, CPMG, and SQ noise directly. Briefly, we represent each in terms of effective  electric field noise spectrum, using:
,	
,
where  and  are obtained as described in the T1 measurements and fitting section of the methods. The procedure to obtain  for CPMG data is described in detail in the Noise Spectral Density section of the methods.
11. [bookmark: _pggv051fbnqs]Coherence exponent analysis
The decoherence of our qubit is obtained by assuming our NV center interacting with a D-dimensional fluctuating spin bath via the Ising Hamiltonian:
,
where  is the position of the spin bath fluctuators,  is the position of the NV-center, and  is the NV-bath interaction strength. In the presence of a dynamical decoupling sequence with equally spaced  -pulse, the coherence of a qubit initialized as  
is given by:
 , 							(eq. 3) 
where  is the ensemble average, and taking into account the effect of spin echo:  for ,  for  and  for , . We now treat the decoherence under two different physical situations: fixed or changing spin-bath positions ().
Fixed position for the spins bath.
For fixed bath positions, we can replace the sum of the fluctuating fields by a total fluctuating field, . Assuming a Gaussian character for our noise, i.e.,
 , we can rewrite the decoherence as:
.
Accordingly,

assuming the correlation persists only between same spins, i.e., . For large number of spin-bath fluctuators, we substitute the discrete sum by an integral, , where  is the constant density of fluctuators37,38,66,72,73. This can also be written as an integral over the frequency space, namely: 
 with   and filtering function64,65:
 
For ,  presents a primary peak at , yielding .
Spin Echo
For  and assuming correlation function of the form , with correlation time  and standard deviation , we obtain: 
and
,
thus, showing an early and late slope65:
. 
Configurational averaging
In the derivation above, we have assumed that the position of the spin-bath fluctuators are fixed and do not change as a function of time. Although this could be accurate for some cases, reconfiguration of the spins during photoexcitation with green laser has been reported40,41. To take this phenomenon into account, we employ an average over the different position configurations following references40,41,68,74–76. We again start with the coherence equation (eq. 3). After assuming both Gaussian noise and , we obtain:

Defining:

we obtain:
.
Averaging over different positional configurations and assuming the N-spin bath fluctuators in a D-dimension volume (),



Using now  where the fluctuator density is   with (thermodynamic limit), we obtain:
.
We now assume a D-hypersphere of fluctuations and  , so our integral becomes:
 
Defining , we get:
,
with . For , the integral only converges for , 

and finally:
.
The time-dependent part of the exponent is given by:
.
Repeating the analysis we did before, considering  and  we obtain:

with . This results in:
 ,
and
. 


As can be seen, when considering configurational averaging, the time evolution of the stretching factor has a dependance on the spatial dimensionality of the fluctuators.
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