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1. Solid-state NMR characterization of materials  
 
1.1 Deprotection of solid-state MeO- and MEMO-PMOs  
 

	  
	  
Figure S1. Solid-state 13C CP MAS NMR of MeO-cPMO before deprotection (black), passivated with TMS and 
subsequently deprotected with boron tribromide over 24 hours at room temperature (blue), and subjected to 
deprotection a second time using the same conditions (red); and 29Si NMR (inset) of MeO-cPMO material before 
(black) and after (red) deprotection 
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Figure S3. Solid-state 13C CP MAS NMR of TMS-passivated MEMO-PMO treated with acidified ethanol at 55 oC 
for 6 hours (black) and subsequently treated for 24 hours (red) to cleave MEM groups 
 
 
 

	  
	  
	  
	  

δ(13C)/ppm 

Figure S2. Solid-state 13C CP MAS NMR spectra of 20MEMO-cPMO, after extraction of the surfactant 
with acidified ethanol 



1.2 Preparation of phosphate ester materials 
 
 
 

	  
 
Figure S4. Solid-state 29Si CP MAS NMR of BTESBp PMO treated with phosphorus oxychloride 

 
 
 
 
	  

	  
	  

Figure S5. Solid-state 31P MAS NMR of MCM-41 treated with POCl3 for 4 h or 14 h to prepare HOP(O)-MCM 
showed an increase in the -12, -22 ppm signals with longer treatment times, indicating a higher degree of     
[O=P-(OSi)(OH)2] and [O=P-(OSi)2(OH)] formation at longer exposures 
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Figure S6. High-field solid –state 31P-1H HETCOR spectra of BINOL hydrogen phosphate reference 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  	  	  	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
1.3 Deconvolution and line fitting of solid-state 13C CP MAS NMR spectra 

	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  

Estimate of 
Dopant Loading 

Theoretical 
Loading (%) 

Lower 
(%) 

Upper 
(%) 

Absolute 10 8 9 

Relative 100 80 90 

Estimate of 
Dopant Loading 

Theoretical 
Loading (%) 

Lower 
(%) 

Upper 
(%) 

Absolute 20 15 18 

Relative 100 75 90 

Estimate of 
Dopant Loading 

Theoretical 
Loading (%) 

Lower 
(%) 

Upper 
(%) 

Absolute 30 15 18 

Relative 100 50 60 

Figure S 7. Deconvolution and line fitting of 13C CP MAS NMR spectra of a) 10MeO-PMO, b) 20MeO-PMO and; 
c) 30MeO-PMO showing fitted peak area report and calculated estimates of dopant loadings relative to the 
theoretical loading 
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Line Fitting

Name: 10% MeO-PMO
From: 118.946 ppm
To: 166.838 ppm
Residual Error:1.64e+06

# ppm Height Width(Hz) L/G Area

1 160.31 3496.90 328 1.00 81182.407

2 144.98 35701.87 499 0.35 995662.106

3 138.99 72386.38 406 0.58 1798913.334

4 134.45 41003.99 458 0.45 1094524.061

5 129.77 87668.87 377 0.42 1899443.427
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Line Fitting

Name: 20% MeO-PMO

From: 116.326 ppm

To: 167.431 ppm

Residual Error:6.39e+05

# ppm Height Width(Hz) L/G Area

1 160.13 3067.21 393 1.00 85337.024

2 144.92 18398.05 557 0.33 568025.657

3 138.93 37634.25 416 0.37 882175.162

4 134.40 24541.24 548 0.58 821131.715

5 129.72 43714.29 392 0.19 894080.176
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Line Fitting

Name: 30% MeO-PMO

From: 108.332 ppm

To: 171.969 ppm

Residual Error:3.62e+05

# ppm Height Width(Hz) L/G Area

1 160.29 3876.50 345 0.00 64132.431

2 144.99 16973.78 523 0.00 425649.853

3 138.80 36263.10 421 0.60 942499.238

4 134.42 26019.21 461 0.46 702055.202

5 129.75 44199.04 416 0.56 1116234.359

a 

b 

c 



	  

	  
Estimate calculations 
   
Deconvolution was achieved using the line-fitting feature of MestRec Nova NMR processing software. Estimates 
were calculated based on the ratio of areas of peaks 1 and 2, representing quaternary carbon signals from 
(Ar)C-O (dopant) and (Ar)C-C(Ar) (bulk and dopant), respectively. The dopant (Ar)C-C(Ar) overlaps completely 
here and thus (Ar)C-C(Ar) (bulk) cannot be evaluated independently. Upper estimates subtract Area1 of (Ar)C-O 
(dopant) from Area2 (bulk + dopant overlapped with bulk). Lower limits assume Area1 is negligible to Area2 and 
the overlapped signal is not subtracted. See example calculation for 10MeO-PMO: 

 
Lower estimate limit:    !"#%  !"#$%&

!"#%  !"#$
=    !"#$!

!"#$!
  ×  100%                     =    !""!#.!"#

!!"##$.!"#
×  100% = 8% 

 
Upper estimate limit:   !"#%  !"#$%&

!"#%  !"#$
=    !"#$!

(!"#$!!  !"#$!)
×  100%            =    !""!#.!"#

(!!"##$.!"#!!""!#.!"#)
  ×  100% = 9% 

 

Estimate of 
Dopant Loading 

Theoretical 
Loading (%) 

Lower 
(%) 

Upper 
(%) 

Absolute 30 25 34 

Relative 100 80 (100) 

Estimate of 
Dopant Loading 

Theoretical 
Loading (%) 

Lower 
(%) 

Upper 
(%) 

Absolute 20 14 17 

Relative 100 70 85 
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Line Fitting

Name: 30% MEMO-PMO

From: 106.916 ppm

To: 168.163 ppm

Residual Error:3.62e+06

# ppm Height Width(Hz) L/G Area

1 153.14 8672.56 444 1.00 272350.671

2 140.60 39588.38 565 0.00 1072389.528

3 134.46 98130.77 572 0.15 2883369.499

4 130.31 45882.89 556 0.00 1222775.523

5 125.29 113948.39 539 0.44 3569790.263
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Line Fitting

Name: 20% MEMO-PMO
From: 108.895 ppm
To: 167.121 ppm
Residual Error:1.85e+06

# ppm Height Width(Hz) L/G Area

1 153.42 7830.81 587 0.00 220277.144

2 140.44 56274.91 567 0.00 1530168.939

3 134.57 135945.96 487 0.40 3774425.581

4 130.20 62969.93 571 0.03 1747275.649

5 125.24 154271.95 438 0.49 4000488.286a 

b 

Figure S 8. Deconvolution and line fitting of 13C CP MAS NMR spectra of a) 20MEMO-PMO and; b) 30MEMO-PMO 
showing fitted peak area reports and calculated estimates of dopant loadings relative to the theoretical loading 
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2. NMR characterization of precursors 
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