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Table S1. Natural abundance 43Ca MAS NMR experimental parameters for OCP and OCP 

intercalated hybrids (D1: recycle delay, NS: number of scans).  

Table S2. Selected Ca…H and Ca…P distances for all eight crystallographically inequivalent calcium 

sites (noted Can, with n = 1, 3, 5, 7, 9, 11, 13, 15) in OCP (distances are given in Å, geometry 

optimized at the DFT level)). In blue: the shortest Ca…H distance, in yellow: the shortest Ca…P 

distance. 

Table S3. Selected P…Ca distances for all phosphorus sites (P1 to P6) in OCP (distances are given 

in Å). The P…Ca distances are highlighted in yellow. 

Figure S1. (a) 43Ca{1H} REDOR (with 43Ca detection) and (b) 31P{43Ca} CP REAPDOR (with 31P 

detection) pulse sequences. L0 corresponds to the number of recoupling loops. TR corresponds to 

the rotor period. 

Figure S2. 43Ca{1H} REDOR experiment for *HAp (20.0 T, 14 kHz MAS). Blue spectrum (S0): 43Ca 

spin echo, green spectrum (S): REDOR dephased echo, for 24 recoupling loops. L0 is defined in 

Figure S1a. 

Figure S3. 31P{43Ca} CP REAPDOR experiment for *HAp (20.0 T; 14 kHz MAS). Blue spectra (S0): 31P 

CP-echo, with echo delays increasing from bottom to top, green spectra (S): REAPDOR dephased 

echoes, for 10, 20, 40 and 60 recoupling loops L0 (as defined in Figure S1b). 

Figure S4. 31P{43Ca} CP REAPDOR experiment for *OCP (20.0 T; 14 kHz MAS). Blue spectrum (S0): 
31P CP-echo; green spectrum (S): REAPDOR dephased echo for 20 recoupling loops (see Figure S1b 

for the definition of L0). We mention that the 31P CP spectrum presented here is somewhat 

different from the Bloch-decay spectrum presented in: Y. Li, D.G. Reid, M.J. Duer, J.C.C. Chan, 

Solid State Nuclear Magnetic Resonance 2018, 95, 1. Part of the differences are possibly due to 

isotropic 2J(43Ca-31P) couplings (few Hz) and the large number of 43Ca neighbors for each of the 

phosphorus sites. 



Figure S5. GIPAW calculated iso.(43Ca) for all calcium sites in OCP (red dots) and OCP-citrate (blue 
dots) models vs the average Ca-O distance (with 2 different cut-offs, 2.7 and 2.9 Å). Three groups 
of 43Ca isotropic chemical shifts are highlighted by red ovals (above 20 ppm, between 0 and 
10 ppm, and below 0 ppm). 
 

Figure S6. Analysis of the most extreme calculated iso.(43Ca) values calculated for the five 

OCP-citrate models, showing the corresponding calcium local environments (including Ca…X 

distances). Ca: green, O: red, P: blue, C: black, H: light pink.  

  



 

Table S1. Natural abundance 43Ca MAS NMR experimental parameters for OCP and OCP 

intercalated hybrids (D1: recycle delay, NS: number of scans).  

 

 

Sample Signal 

enhancement 

 

D1 

 

NS Total 

experimental 

time 

OCP RAPT 0.5 s 137864 ~ 20h 

OCP-citrate multi-DFS 0.5 s 65500 ~ 9h 

OCP-succinate multi-DFS 0.5 s 65500 ~ 9h 

OCP-formate multi-DFS 0.5 s 65500 ~ 9h 

OCP-adipate multi-DFS 0.5 s 65500 ~ 9h 

OCP-citrate/formate multi-DFS 0.5 s 65500 ~ 9h 

 

  



Table S2. Selected Ca…H and Ca…P distances for all 8 crystallographically inequivalent calcium 

sites (noted Can, with n = 1, 3, 5, 7, 9, 11, 13, 15) in OCP (distances are given in Å). In blue: the 

shortest Ca…H distance, in yellow: the shortest Ca…P distance (geometry optimized at the DFT 

level). 

 

  



Table S3. Selected P…Ca distances for all phosphorus sites (P1 to P6) in OCP (distances are given 

in Å). The P…Ca distances are highlighted in yellow. 

 

 

 

  



Figure S1. (a) 43Ca{1H} REDOR (with 43Ca detection) and (b) 31P{43Ca} CP REAPDOR (with 31P 

detection) pulse sequences. L0 corresponds to the number of recoupling loops. TR corresponds 

to the rotor period. 
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Figure S2. 43Ca{1H} REDOR experiment for *HAp (20.0 T, 14 kHz MAS). Blue spectrum (S0): 43Ca 

spin echo, green spectrum (S): REDOR dephased echo, for 24 recoupling loops. L0 is defined in 

Figure S1a. 
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Figure S3. 31P{43Ca} CP REAPDOR experiment for *HAp (20.0 T; 14 kHz MAS). Blue spectra (S0): 
31P CP-echo, with echo delays increasing from bottom to top, green spectra (S): REAPDOR 

dephased echoes, for 10, 20, 40 and 60 recoupling loops L0 (as defined in Figure S1b). 

 

  
δ(31P) /ppm

-6-4-202468

L0 = 10

L0 = 20

L0 = 40

L0 = 60

*HAp

- S0

- S



Figure S4. 31P{43Ca} CP REAPDOR experiment for *OCP (20.0 T; 14 kHz MAS). Blue spectrum (S0): 
31P CP-echo; green spectrum (S): REAPDOR dephased echo for 20 recoupling loops (see Figure S1b 

for the definition of L0). We mention that the 31P CP spectrum presented here is somewhat 

different from the Bloch-decay spectrum presented in: Y. Li, D.G. Reid, M.J. Duer, J.C.C. Chan, 

Solid State Nuclear Magnetic Resonance 2018, 95, 1. Part of the differences are possibly due to 

isotropic 2J(43Ca-31P) couplings (few Hz) and the large number of 43Ca neighbors for each of the 

phosphorus sites. 
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Figure S5. GIPAW calculated iso.(43Ca) for all calcium sites in OCP (red dots) and OCP-citrate (blue 

dots) models vs the average Ca-O distance (with 2 different cut-offs, 2.7 and 2.9 Å. Three groups 

of 43Ca isotropic chemical shifts are highlighted by red ovals (above 20 ppm, between 0 and 

10 ppm, and below 0 ppm). 
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Figure S6. Analysis of the most extreme calculated iso.(43Ca) values calculated for the five 

OCP-citrate models, showing the corresponding calcium local environments (including Ca…X 

distances). Ca: green, O: red, P: blue, C: black, H: light pink.  
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Figure S6. Continued. 
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