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1. General 

All solvents, reagents and chemicals were purchased from commercial sources (Fisher 

Scientific, VWR, Sigma-Aldrich, and Ambeed) and used as received. Anhydrous acetonitrile 

(MeCN) and propylene carbonate (PC) were purchased from Thermo Fisher Scientific and used 

as received. 5-Bromo-2,3,3-trimethyl-3H-indole (S1), 5-bromosalicylaldehyde (S3), 3-bromo-2-

hydroxybenzaldehyde (S4), 2,2′-bithiophene-5-boronic acid pinacol ester, and 2-thiophene-5-

boronic acid pinacol ester were purchased from Ambeed and used as received. Unless specified 

otherwise, all reactions were performed using oven dried glassware under a N2 atmosphere. 

Anhydrous piperidine, dichloromethane (DCM) and ethanol (EtOH) were obtained by storing over 

3 Å molecular sieves under a nitrogen atmosphere for a minimum 24 hours. All NMR spectra were 

recorded at 25 °C using CDCl3 on a Bruker Avance III 400 MHz. All spectra were referenced to 

CHCl3 (7.26 ppm). ESI-HRMS was performed on a JEOL AccuTOF TC-100 using HPLC grade 

MeOH (SP2T and SPr2T) or HPLC grade THF (SP4T and SPr4T) and calibrated to PEG 400. 
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2. DFT Calculations 

Calculations were carried out in the frame of density functional theory (DFT) using the long-range 

corrected hybrid ωB97X-D5 functional together with 6-31G** basis set6,7 as implemented in the 

Gaussian 16 suite of programs.8 Geometry optimizations were performed along with a 

conformational search to the thiophene-spacer bond torsions without any symmetry constraints 

with the aim to find the absolute minimum. The ethyl alkyl chains on the indole N-atom were 

replaced with methyl groups to simplify the calculations. Harmonic vibrational frequencies were 

calculated at the same theoretical level based on the ground-state geometries of the most stable 

conformers corroborating that the optimized geometries are absolute minima (zero imaginary 

frequencies). The vertical transition energies and oscillator strengths between the initial and 

excited states were computed by using the time-dependent DFT approach (TD-DFT).9–11 

Molecular orbitals distributions were visualized using ChemCraft 1.8 molecular modelling 

software.12 

 

 

Figure S1. DFT-calculated torsion angles for model compounds SP2T, MC2T, SP4T, MC4T, 

SPr2T, MCr2T, MCr4T, and SPr4T.
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Figure S2. DFT-calculated frontier molecular orbital topologies for model compounds SP2T, 

MC2T, SP4T, MC4T, SPr2T, MCr2T, SPr4T, and MCr4T. 

 

 

Figure S3. TD-DFT simulated optical absorption spectra and main excitations (wavelength vs. 

oscillator strength) shown as vertical bars for model compounds SPr2T, SPr2T+, MCr2T, MCr2T+, 

SPr4T, SPr4T+, MCr4T, and MCr4T+. 



6 
 

Table S1. Maximum optical absorption wavelengths (λmax), frontier molecular orbital energies, 

and torsion angles for SP2T/SP2T+, MC2T/MC2T+, SP4T/SP4T+, MC4T/MC4T+, SPr2T/SPr2T+, 

MCr2T/MCr2T+, SPr4T/SPr4T+, and MCr4T/MCr4T+ calculated at the ωB97X-D/6-31G** level 

of theory. 

Entry λmax (nm) HOMO (eV)a LUMO (eV) 
Torsion 

Angles (°) 

SP2T 191, 265 -6.97 0.72 36, 35 

SP2T+ 272, 374, 626 -9.58 -2.82 -1, 34 

MC2T 178, 261, 455 -6.54 -0.67 35, 36 

MC2T+ 254, 334, 531 -9.90 -3.40 30, 6 

SP4T 199, 310 -6.82 0.38 35, 34 

SP4T+ 307, 463, 839 -8.45 -3.52 34, 1 

MC4T 184, 316, 471 -6.43 -0.77 34, 35 

MC4T+ 295, 378, 532 -9.11 -3.69 29, 1 

SPr2T 182, 265 -7.05 0.63 36, 27 

SPr2T+ 253, 374, 640 -10.09 -2.85 -3, 36 

MCr2T 179, 471 -6.54 -0.73 35, 14 

MCr2T+ 249, 373, 498 -9.95 -3.98 30, 0 

SPr4T 186, 307 -6.82 0.44 35, 27 

SPr4T+ 297, 457, 885 -9.50 -3.00 18, 38 

MCr4T 183, 307, 490 -6.43 0.84 34, 11 

MCr4T+ 295, 407, 598, 979 -9.06 -3.79 30, 0 

a SOMO energies for the charged species (SP2T+, SPr2T+, SP4T+, SPr4T+, MC2T+, MCr2T+, 

MC4T+, and MCr4T+). 
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3. Monomer Synthesis 

 

Scheme S1. Synthesis of spiropyran monomers SP2T, SP4T, SPr2T, and SPr4T.  

5-Bromo-1-ethyl-2,3,3-trimethyl-3H-indolium Iodide (S2). To an oven dried single-neck 25 mL 

round bottom flask equipped with a stir-bar was added S1 (1.2 g, 5.04 mmol), ethyl iodide (2 mL), 

and acetonitrile (2.5 mL). The flask was equipped with a condenser and the reaction mixture was 

heated at 65 °C for 40 h. The reaction mixture was then cooled to room temperature and the 

volatiles were removed via rotovap. The residue was triturated with diethyl ether to yield a gray 

solid that was used without further purification. 72% yield. Consistent with literature reports.1 

5′,6-dibromo-1′-ethyl-1′,3′-dihydro-3′,3′-dimethyl-spiro[2H-1-benzopyran-2,2′-[2H]indole] (S5). 

S2 (788 mg, 2 mmol, 1 equiv.) and S3 (402 mg, 2 mmol, 1 equiv.) were added to an oven dried 50 
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mL round-bottom flask equipped with a stir-bar and condenser. The reaction apparatus was 

vacuum-backfilled 3x with nitrogen, and anhydrous piperidine (187 mg, 2.2 mmol, 2.2 equiv) and 

EtOH (20 mL) were added via syringe through a rubber septum. The reaction mixture was then 

degassed with nitrogen for 10 min. Then the reaction mixture was heated at 110 °C for 3 h. The 

volatiles were then removed via rotovap, and the solid residue was then recrystallized 2x from 

EtOH (20 mL) to afford S2 in 61% yield. 1H-NMR (CDCl3, 25 °C, 400 MHz): δ (ppm) 7.24 (dd, 

J = 8.0, 2.0 Hz, 1H), 7.19-7.16 (m, 2H), 7.12 (d, J = 4.0 Hz), 6.76 (d, J = 12.0 Hz, 1H), 6.56 (d , J 

= 12 Hz, 1H), 6.40 (d, J = 8.0 Hz, 1H), 5.68 (d, J = 12 Hz, 1H), 3.33-3.24 (m, 1H), 3.18-3.09 (m, 

1H), 1.25 (s, 3H), 1.15-1.11 (m, 6H). 13C-NMR (CDCl3, 25 °C, 100 MHz): δ (ppm) 153.0, 146.0, 

138.8, 132.3, 130.1, 129.1, 128.5, 124.9, 120.5, 120.2, 116.9, 111.9, 110.3, 107.7, 104.8, 52.3, 

37.8, 25.8, 19.8, 14.1. The NMR is consistent with previous reports.2 

5′,8-dibromo-1′-ethyl-1′,3′-dihydro-3′,3′-dimethyl-spiro[2H-1-benzopyran-2,2′-[2H]indole] (S6). 

Identical to the synthesis of S5 but with S4 in place of S3. 58% yield. 1H-NMR (CDCl3, 25 °C, 

400 MHz): δ (ppm) 7.32 (dd; J = 8.0 Hz, 1.6 Hz, 1H), 7.23 (dd, J = 8.0 , 2.4 Hz, 1H), 7.13 (d, J = 

2.0 Hz, 1H), 6.98 (dd, J = 8.0, 2.0 Hz, 1H), 6.79 (d, J = 12.0 Hz, 1H), 6.71 (dd, J = 8.4, 7.6 Hz, 

1H), 6.41 (d, J = 8.0 Hz, 1H), 5.66 (d, J = 8.0 Hz, 1H), 3.35-3.26 (m, 1H), 3.22-3.13 (m, 1H), 1.28 

(s, 3H), 1.15-1.12 (m, 6H). 13C-NMR (CDCl3, 25 °C, 100 MHz): δ (ppm) 150.3, 145.9, 133.8, 

133.1, 130.0, 129.0, 125.8, 124.9, 120.9, 120.3, 119.9, 110.2, 109.4, 107.7, 105.6, 52.3, 37.7, 25.8, 

20.0, 13.7. The NMR is consistent with previous reports.2 

5′,6-bis(2-thienyl)-1′-ethyl-1′,3′-dihydro-3′,3′-dimethyl-spiro[2H-1-benzopyran-2,2′-[2H]indole] 

(SP2T). Adapted from literature procedures.3 A 2-neck round-bottom flask equipped with a stir-

bar and condenser was charged with S5 (487 mg, 1.11 mmol, 1 equiv.), 2-thiophene-5-boronic acid 

pinacol ester (713 mg, 5.57 mmol, 5 equiv.), and Pd(PPh3)2Cl2 (77 mg, 0.11 mmol, 0.10 equiv.). 

The flask was vacuum-backfilled with nitrogen 3x and a previously degassed (4:1) mixture of 

THF:H2O (6.5 mL) was then added. The reaction mixture was then heated at 80 °C for 24 h. After 

cooling to room temperature, the reaction mixture was precipitated in MeOH (20 mL) and stirred 

for 30 min. The tan precipitate was then filtered off, washed with MeOH (5x10 mL), and dried 

under vacuum. Yield: 57%. 1H-NMR (CDCl3, 25 °C, 400 MHz): δ (ppm) 7.43 (dd, J = 8.0, 1.6 Hz, 

1H), 7.36 (dd, J = 8.0, 1.6 Hz, 1H), 7.30-7.29 (m, 2H), 7.22-7.17 (m, 4H), 7.06-7.03 (m, 2H), 6.89 

(d, J = 10.4 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 5.74 (d, J = 10.0 Hz, 1H), 
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3.42-3.33 (m, 1H), 3.27-3.18 (m, 1H), 1.36, (s, 3H), 1.21-1.17 (m, 6H) . 13C-NMR (CDCl3, 25 °C, 

100 MHz): δ (ppm) 153.75, 146.8, 145.8, 144.2, 137.3, 129.2, 127.9, 127.8, 127.5, 126.8, 125.8, 

125.5, 124.9, 123.7, 122.8, 121.9, 121.1, 120.2, 119.9, 118.7, 115.5, 106.3, 104.8, 52.2, 37.9, 26.1, 

20.0, 14.3. ESI-HRMS (m/z) for C28H25NOS2 calculated: 455.14; found (M+H+): 456.134. 

5′,8- bis(2-thienyl)-1′-ethyl-1′,3′-dihydro-3′,3′-dimethyl-spiro[2H-1-benzopyran-2,2′-[2H]indole] 

(SPr2T). Identical procedure to SP2T but with S6 in place of S5. Yield: 72%. 1H-NMR (CDCl3, 

25 °C, 400 MHz): δ (ppm) 7.59 (dd, J = 8.0, 1.2 Hz, 1H), 7.46 (dd, J = 8.0, 1.9 Hz, 1H), 7.33 (d, 

J = 1.8 Hz, 1H), 7.29 (dd, J = 3.8, 1.1 Hz, 1H), 7.21 (dd, J = 3.6, 1.2 Hz, 1H), 7.18 (dd, J = 5.1, 

1.1 Hz, 1H), 7.07-7.04 (m, 2H), 6.99 (dd, J = 7.4, 1.6 Hz, 1H), 6.92-6.84 (m, 3H), 6.57 (d, J = 8.0 

Hz, 1H), 5.80 (d, J = 10.3 Hz, 1H), 3.40-3.31 (m, 1H), 3.25-3.16 (m, 1H), 1.34 (s, 3H), 1.25 (s, 

3H), 1.17 (t, J = 7.2 Hz, 3H). 13C-NMR (CDCl3, 25 °C, 100 MHz): δ (ppm) 149.4, 147.2, 146.0, 

138.5, 137.5, 129.9, 127.8, 127.5, 126.4, 125.61, 125.59, 125.51, 125.48, 124.33, 122.7, 121.0, 

120.9, 120.1, 119.9, 119.3, 119.2, 106.6, 106.0, 52.0, 38.0, 25.8, 19.8, 14.3. ESI-HRMS (m/z) for 

C28H25NOS2 calculated: 455.14; found (M+H+): 456.134. 

5′,6-bis(2,2’-bithiophene)-1′-ethyl-1′,3′-dihydro-3′,3′-dimethyl-spiro[2H-1-benzopyran-2,2′-

[2H]indole] (SP4T). Identical procedure to SP2T but with 2,2′-bithiophene-5-boronic acid 

pinacol ester in place of 2-thiophene-5-boronic acid pinacol ester. Yield: 18%. 1H-NMR (CDCl3, 

25 °C, 400 MHz): δ (ppm) 7.42, (dd, J = 8.1 Hz, 1.9 Hz, 1H), 7.35 (dd, J = 8.4, 2.3 Hz, 1H), 7.29 

(dd, J = 4.8, 1.8 Hz, 2H), 7.22-7.17 (m, 4H), 7.13-7.08 (m, 4H), 7.04-7.01 (m, 2H), 6.89 (d, J = 

10.2 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 6.55 (d, J = 8.1 Hz, 1H), 5.74 (d, J =10.3 Hz, 1H), 3.43-

3.33 (m, 1H), 3.28-3.19 (m, 1H), 1.37 (s, 3H), 1.21-1.81 (m, 6H). 13C-NMR (CDCl3, 25 °C, 100 

MHz): δ (ppm) 153.8, 147.0, 144.7, 143.0, 137.9, 137.6, 137.3, 135.6, 134.6, 129.1, 127.81, 

127.76, 127.2, 126.4, 125.6, 125.1, 124.53, 124.50, 124.1, 124.0, 123.8, 123.3, 123.0, 122.5, 121.6, 

120.2, 119.6, 118.8, 115.6, 106.4, 104.8., 52.2, 37.9, 26.1, 20.0, 14.3. ESI-HRMS (m/z) for 

C28H25NOS2 calculated: 619.11; found (M+H+): 620.110. 

5′,8-bis(2,2’-bithiophene)-1′-ethyl-1′,3′-dihydro-3′,3′-dimethyl-spiro[2H-1-benzopyran-2,2′-

[2H]indole] (SPr4T). Identical procedure to SP2T but with S6 in place of S5 and 2,2′-

bithiophene-5-boronic acid pinacol ester in place of 2-thiophene-5-boronic acid pinacol ester. 

Yield: 18% 1H-NMR (CDCl3, 25 °C, 400 MHz): δ (ppm) 7.62 (dd, J = 8.0, 1.6 Hz, 1H), 7.51 (dd, 

J = 8.0, 1.6 Hz, 1H), 7.44 (d, J = 1.8 Hz, 1H), 7.28 (d, J = 4.0 Hz, 1H), 7.22-7.19 (m, 2H), 7.17-
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7.15 (m, 2H), 7.04 (dd, J = 5.2, 3.7 Hz, 1H), 7.00 (dd, J = 7.4, 1.5 Hz, 1H), 6.98-6.93 (m, 3H), 

6.89 (dd, J = 7.9, 7.4 Hz, 1H), 6.66 (dd, J = 4.0, 1.2 Hz, 1H), 6.62-6.57 (m, 2H), 5.85 (d, J = 10.2 

Hz, 1H), 3.36-3.27 (m, 1H), 3.23-3.14 (m, 1H), 1.41 (s, 3H), 1.28 (s, 3H), 1.14 (t, J = 7.2 Hz, 3H). 

13C-NMR (CDCl3, 25 °C, 100 MHz): δ (ppm) 148.9, 147.5, 144.8, 138.0, 137.9, 137.8, 137.5, 

136.5, 134.4, 130.2, 127.81, 127.77, 126.2, 125.5, 125.4, 125.3, 124.5, 124.2, 123.74, 123.72, 

123.5, 123.2, 123.0, 122.2, 121.5, 120.5, 120.1, 119.1, 118.6, 107.1, 106.2, 51.8, 38.0, 25.8, 19.5, 

14.3. ESI-HRMS (m/z) for C28H25NOS2 calculated: 619.11; found (M+H+): 620.110.
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4. Monomer NMR Spectra 

 

Figure S4. 1H-NMR of S5 in CDCl3 at 400 MHz and 25 °C. 

 

 

Figure S5. 13C-NMR of S5 in CDCl3 at 100 MHz and 25 °C.
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Figure S6. 1H-NMR of S6 in CDCl3 at 400 MHz and 25 °C. 

 

 

Figure S7. 13C-NMR of S6 in CDCl3 at 100 MHz and 25 °C.
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Figure S8. 1H-NMR of SP2T in CDCl3 at 400 MHz and 25 °C. 

 

 

Figure S9. 13C-NMR of SP2T in CDCl3 at 100 MHz and 25 °C.  
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Figure S10. 1H-NMR of SPr2T in CDCl3 at 400 MHz and 25 °C. 

 

 

Figure S11. 13C-NMR of SPr2T in CDCl3 at 100 MHz and 25 °C.
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Figure S12. 1H-NMR of SP4T in CDCl3 at 400 MHz and 25 °C. 

 

 

Figure S13. 13C-NMR of SP4T in CDCl3 at 100 MHz and 25 °C. 
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Figure S14. 1H-NMR of SPr4T in CDCl3 at 400 MHz and 25 °C. 

 

 

Figure S15. 13C-NMR of SPr4T in CDCl3 at 100 MHz and 25 °C. 
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5. Cyclic Voltammetry 

 

Figure S16. (A) Cyclic-voltammetry measurements with different scan rates (25, 50, 75, 100, 

125, 150, 200, 250, and 300 mV/s) for PSP4T (left), PSPr2T (middle), and PSPr4T (right) in 

0.1 M Bu4NPF6/MeCN electrolyte. Referenced to the ferrocene redox couple. (B) ipc/ipa as a 

function of scan-rate for PSP4T (left) and PSPr4T (right). 

 

Table S2. Anodic/Cathodic peak current (ipa/ipc) as a function of voltage scan-rate for 

PSP2T. 

Polymer Scan Rate (mV·s-1) ipa (mA·cm-2) ipc (mA·cm-2) 

PSP2T 25 -0.0179 0.02353 

PSP2T 50 -0.03114 0.03722 

PSP2T 75 -0.04325 0.05047 

PSP2T 100 -0.0557 0.06462 

PSP2T 125 -0.06883 0.07944 

PSP2T 150 -0.08151 0.09506 

PSP2T 200 -0.10528 0.12381 

PSP2T 250 -0.12757 0.15233 

PSP2T 300 -0.14829 0.18131 
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Table S3. Anodic/Cathodic peak current (ipa/ipc) as a function of voltage scan-rate for 

PSP4T. 

Polymer Scan Rate (mV·s-1) ipa (mA·cm-2) ipc (mA·cm-2) 

PSP4T 25 -0.15676 0.26967 

PSP4T 50 -0.3871 0.62139 

PSP4T 75 -0.66101 1.05093 

PSP4T 100 -1.02207 1.47736 

PSP4T 125 -1.43605 1.95048 

PSP4T 150 -1.93096 2.41426 

PSP4T 200 -2.64375 3.08347 

PSP4T 250 -3.31919 3.72779 

PSP4T 300 -3.94482 4.56819 

 

Table S4. Anodic/Cathodic peak current (ipa/ipc) as a function of voltage scan-rate for 

PSPr4T. 

Scan Rate (mV·s-1) ipa (mA·cm-2) ipc (mA·cm-2) Scan Rate (mV·s-1) 

PSPr4T 25 -0.22977 0.28127 

PSPr4T 50 -0.49915 0.55857 

PSPr4T 75 -0.76061 0.83588 

PSPr4T 100 -1.03594 1.09932 

PSPr4T 125 -1.29145 1.37663 

PSPr4T 150 -1.55093 1.63611 

PSPr4T 200 -2.01443 2.09564 

PSPr4T 250 -2.45416 2.53141 

PSPr4T 300 -2.86814 2.95331 
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6. Electrochromic Characterization 
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Figure S17. Electrochromic cycling stability measurements for PSPr2T on glass-ITO in 0.1M 

Bu4NPF6/PC electrolyte. 

 

Table S5. Spectroelectrochemistry measurements for PSP2T, PSPr2T, PSP4T, and PSPr4T. 

Potential (V) ΔAbs. at λmax 

PSP2T  

(410 nm) 

PSPr2T  

(393 nm) 

PSP4T  

(444 nm) 

PSPr4T  

(438 nm) 

-1.8 1.56581 -- -- -- 

-1.6 1.56579 -- -- -- 

-1.4 1.56414 -- 1.00784 -- 

-1.2 1.56526 0.99639 0.96978 0.61372 

-1.0 1.56599 0.99828 0.95852 0.61372 

-0.8 1.56654 0.99956 0.9458 0.61459 

-0.6 1.56702 0.99985 0.9388 0.61497 

-0.4 1.56782 1.00149 0.93359 0.61521 

-0.2 1.56687 1.00247 0.9279 0.61581 

0 1.5652 1.01472 0.92096 0.61569 

+ 0.2 1.56632 1.01535 0.90738 0.61641 

+ 0.4 1.56516 1.01571 0.90263 0.6159 

+ 0.6 1.56587 1.01574 0.89478 0.6108 

+ 0.8 1.56502 1.01641 0.85671 0.60238 

+ 1.0 1.56414 1.01587 0.84228 0.59928 

+ 1.2 1.53796 1.00835 0.83104 0.59341 

+ 1.4 1.40595 0.93688 0.78561 0.55248 

+ 1.6 1.06562 0.77984 0.60235 0.45309 

+ 1.8 0.9473 0.68316 0.45395 0.37248 

+ 2.0 -- 0.66679 0.44544 0.34948 
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Table S6. Spectroelectrochemistry measurements for PSP2T, PSPr2T, PSP4T, and PSPr4T. 

Potential (V) ΔAbs. at λmax 

PSP2T  

(954 nm) 

PSPr2T  

(940 nm) 

PSP4T  

(1100 nm) 

PSPr4T 

(930nm) 

-1.8 0.15942 -- -- -- 

-1.6 0.15958 -- -- -- 

-1.4 0.15972 -- -0.0209 -- 

-1.2 0.16001 0.0268 -0.02528 0.08419 

-1.0 0.16018 0.02511 -0.0263 0.08186 

-0.8 0.16056 0.02403 -0.02635 0.08061 

-0.6 0.16101 0.02303 -0.02702 0.0796 

-0.4 0.16233 0.02243 -0.02725 0.07862 

-0.2 0.16373 0.02191 -0.02734 0.07783 

0 0.16443 0.02198 -0.02734 0.0774 

+ 0.2 0.16507 0.02128 -0.02693 0.07794 

+ 0.4 0.1664 0.02041 -0.02475 0.08207 

+ 0.6 0.16732 0.02102 -0.01132 0.09002 

+ 0.8 0.16781 0.02167 0.10984 0.09935 

+ 1.0 0.17567 0.025 0.15437 0.1029 

+ 1.2 0.30901 0.03891 0.18622 0.10618 

+ 1.4 0.84814 0.10544 0.289 0.12655 

+ 1.6 1.3821 0.42341 0.62853 0.25471 

+ 1.8 1.61529 0.72419 0.79518 0.43793 

+ 2.0 -- 0.77218 0.85062 0.51856 

 

Table S7. Stability measurements for PSP2T, PSPr2T, PSP4T, and PSPr4T in 0.1 M 

Bu4NPF6/PC. 

PSP2T PSPr2T PSP4T PSPr4T 

0.4584% 45.63% 4.17374% 3.93463% 

 

Table S8. CIELAB Chromaticity Coordinates. 

Entry L* a* b* 

PSP2T 69.7 3.8 21.8 

PSP2Tox 57.8 6.8 10.2 

PSP4T 73.9 16.2 56.6 

PSP4Tox 59.3 -2.7 -10.4 

PSPr2T 78.8 -2 23.3 

PSPr2Tox 76.5 4.9 15 

PSPr4T 70.4 11.9 26.7 

PSPr4Tox 71.2 -2.1 -2.4 
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7. Atomic Force Microscopy 

Atomic force microscopy (AFM) was measured on a Digital Instrument Veeco AFM in standard 

tapping mode using a Si cantilever.4 Polymer films were prepared via electrochemical oxidative 

polymerization on glass-ITO substrates as previously described. The set point for all films is fixed 

within range of 0.70 to 1.5 nA magnitude with integral and proportional gains of 0.1 and 0.2 

respectively. The scan speed is constant at 0.5 Hz in tapping mode. Nasoscope 6.13r1 and WSxM 

5.0 software was used to acquire and analyze data respectively.  

 

 

Figure S18. AFM phase (top) and height (bottom) images for PSP2T, PSP4T, PSPr2T, and PSPr4T 

with larger scan areas.
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