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Synthesis and Characterization of Di-CnP 

Scheme 1 in the manuscript shows the procedure for the synthesis of pH responsive 

gemini surfactants containing 2-pyrrolidone head groups gemini surfactants, Di-CnP. The 

process is detailed here. 

The synthesis of N-(2-bromoethyl)-2-pyrrolidone 

2-pyrrolidone (4.25 g, 0.05 mol) was added slowly to the suspension of NaH (0.055 

mol, 70% dispersion in mineral oil) in dry DMF (100 ml) at 0 °C under nitrogen 

atmosphere. The mixture was stirred for a few minutes until the evolution of hydrogen 

gas stopped. 1, 2-dibromoethane (47 g, 0.25 mol) was then poured into, and the reaction 

mixture was stirred overnight. The majority of the DMF was removed with a rotary 

evaporator, resulting in a yellow solution. This material was taken up in CHCl3 and 

washed with distilled H2O. The organic layer was dried over anhydrous MgSO4. Filtration 

followed by concentration in vacuum gave a light yellow liquid, which was purified by 

column chromatography on silica gel using ethyl acetate as eluent to give a colorless 

liquid of N-(2-bromoethyl)-2-pyrrolidone (6.3 g, 66% yield). 
1
H NMR (Mercury VX-300, 

in CDCl3): δ 2.03 (q, 2H), 2.43 (t, 2H), 3.48-3.57 (m, 4H), 3.69 (t, 2H). 

The synthesis of N, N’- Dialkylethylenediamine: (CnN2NCn) 

Ethylenediamine (9 g, 0.15 mol) was placed in a 250 ml three neck flask with NaOH 

(18 g, 0.45 mol) and KI (0.48 g, 0.003 mol), then 1-bromoalkane (0.32 mol) was added 

dropwise to this mixture under a mild alkaline condition with acetonitrile NaOH solution. 

After the reaction system was refluxed for 24 h, turn the temperature down to 90 °C，an 
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aqueous NaOH solution (pH ~ 13.5) was poured into the system and stirred for 1 h. Then 

the aqueous layers was removed, the organic layers was poured into 500 ml 

dichloromethane and dried over anhydrous MgSO4. Filtration followed by concentration 

in vacuum gave a yellow solid, which was purified by column chromatography on silica 

gel using dichloromethane and methanol as eluent to give a white solid of N, N’-

Dialkylethylenediamine, the yield was approximately 40% for all the products. CnN2NCn:
 

1
H NMR (Mercury VX-300, in CDCl3):δ 0.88 (t, 6H), 1.28-1.32 (m, 4×(n-2) H), 2.61 (t, 

4H), 2.75 (s, 4H). 

The synthesis and characterization of N, N’- dialkyl-N, N’-di(ethyl-2-pyrrolidone) 

ethylenediamine: (Di-CnP) 

N, N’-Dialkylethylenediamine (0.015 mol) and N-(2-bromoethyl)-2-pyrrolidone (8.6 g, 

0.045 mol) in 120 ml acetonitrile were placed in a 250 ml round bottom flask with K2CO3 

(10.35 g, 0.075 mol) and KI (0.05 g, 0.0003 mol), the mixture was stirred and refluxed 

for 72 h. K2CO3 was filtered off and filtrate was evaporated to give a crude product, 

which was then purified by column chromatography on silica gel (1% methanol in ethyl 

acetate) to give a light yellow liquid of N, N’- dialkyl-N, N’-di(ethyl-2-pyrrolidone) 

ethylenediamine (Di-CnP), the yield was approximately 55% for the final products.  

Di-C6P: 
1
H NMR (Mercury VX-300, in CDCl3): δ 0.88 (t, 6H), 1.28-1.42 (m, 16H), 

2.03 (q, 4H), 2.43 (t, 4H), 2.46 (t, 4H), 2.52 (s, 4H), 2.60 (t, 4H), 3.33 (t, 4H), 3.46 (t, 

4H). 
13

C NMR (Mercury VX-300, in CDCl3): δ 14.32, 18.23, 22.86, 27.12, 27.60, 29.54, 

29.77, 31.20, 32.04, 40.71, 48.15, 51.94, 54.82, 175.34. ESI-MS (P/ACE MDQ): calcd 
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([M+H]
+
) 451.4, found 451.4. Elemental analysis (VarioEL Ⅲ): calcd N, 12.43 %; C, 

69.29 %; H, 11.18 %; found N, 12.32 %; C, 69.36 %; H, 11.09 %. 

 

a 
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Figure S1. 
1
HNMR (a), 

13
CNMR (b) and ESI-MS (c) of gemini surfactants Di-C6P. 
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Di-C8P: 
1
H NMR (Mercury VX-300, in CDCl3): δ 0.88 (t, 6H), 1.28-1.42 (m, 24H), 

2.03 (q, 4H), 2.43 (t, 4H), 2.46 (t, 4H), 2.52 (s, 4H), 2.60 (t, 4H), 3.33 (t, 4H), 3.46 (t, 

4H). 
13

C NMR (Mercury VX-300, in CDCl3): δ 14.41, 18.35, 22.96, 27.25, 27.71, 29.64, 

29.87, 31.30, 32.15, 40.84, 48.27, 52.08, 54.96, 175.43. ESI-MS (P/ACE MDQ): calcd 

([M+H]
+
) 507.4, found 507.4. Elemental analysis (VarioEL Ⅲ): calcd N, 11.05 %; C, 

71.10 %; H, 11.54 %; found N, 11.01 %; C, 71.18 %; H, 11.50 %. 
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Figure S2. 
1
HNMR (a), 

13
CNMR (b) and ESI-MS (c) of gemini surfactants Di-C8P. 
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Di-C10P: 
1
H NMR (Mercury VX-300, in CDCl3): δ 0.88 (t, 6H), 1.28-1.42 (m, 32H), 

2.03 (q, 4H), 2.43 (t, 4H), 2.46 (t, 4H), 2.52 (s, 4H), 2.60 (t, 4H), 3.33 (t, 4H), 3.46 (t, 

4H).
 13

C NMR (Mercury VX-300, in CDCl3): δ 14.33, 18.28, 22.89, 27.51, 27.69, 29.56, 

29.88, 31.23, 32.13, 41.04, 48.23, 52.29, 54.99, 175.16. ESI-MS (P/ACE MDQ): calcd 

([M+H]
+
) 562.6, found 562.7. Elemental analysis (VarioEL Ⅲ): calcd N, 9.95 %; C, 

72.54 %; H, 11.82 %; found N, 9.90 %; C, 72.61 %; H, 11.81 %. 
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Figure S3. 
1
HNMR (a), 

13
CNMR (b) and ESI-MS (c) of gemini surfactants Di-C10P. 
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Di-C12P: 
1
H NMR (Mercury VX-300, in CDCl3): δ 0.88 (t, 6H), 1.28-1.42 (m, 40H), 

2.03 (q, 4H), 2.43 (t, 4H), 2.46 (t, 4H), 2.52 (s, 4H), 2.60 (t, 4H), 3.33 (t, 4H), 3.46 (t, 

4H). 
13

C NMR (Mercury VX-300, in CDCl3): δ 14.09, 18.03, 22.64, 27.25, 27.44, 29.31, 

29.60, 30.99, 31.87, 40.77, 47.98, 52.18, 54.72, 174.90. ESI-MS (P/ACE MDQ): calcd 

([M+H]
+
) 619.6, found 619.7. Elemental analysis (VarioEL Ⅲ): calcd N, 9.05 %; C, 

73.73 %; H, 12.05 %; found N, 9.03 %; C, 73.72 %; H, 12.03 %. 

 

 

  bbbb      bbbb       bbbb    

    aaaa    



 

13

 

Figure S4. 
1
HNMR (a), 

13
CNMR (b) and ESI-MS (C) of gemini surfactants Di-C12P. 
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Figure 5. Chromatogram of a Di-C6P sample. Conditions: 2.1 mm × 100 mm column 

packed with 3.5 µm DB-C18 particles with mobile phase composed of 40% of water and 

60% methanol at 0.2 ml/min flow rate. 

 

pH titration 

   

Figure S6. Titration curves of Di-CnP aqueous solution at 25 °C (a), differential curves 

calculated from the titration curves for Di-CnP at 25 °C (b).  
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To evaluate the effect of salt on pKa, we did pH titration experiments in presence of 50 

and 300 mM NaCl, the results suggest that the presence of salt have little effect on pKa. 

    

Figure S7. Titration curves of Di-C10P aqueous solutions in presence of NaCl at 25 °C 

(a), differential curves calculated from the titration curves for Di-C10P at 25 °C (b). 

 

 

Figure S8. Distribution of Di-CnP species at different pH at 25 °C, Di-C8P (a), Di-C10P 

(b), Di-C12P (c). 
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Figure S9. 
1
HNMR of Di-C6P at pD 2.5, 7.0 and 11.0 in presence of internal standard 

TMSP in D2O aqueous solution at 25 °C, respectively. 

 

 

Figure S10. 
1
HNMR of gemini surfactants Di-C6P in CDCl3 and in D2O at pD 11.0. 
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Surfactant 
Amin (nm

2
) pC20 

pH=2.5±0.2 pH=7.0±0.2 pH=11±0.2 pH=2.5±0.2 pH=7.0±0.2 pH=11±0.2 

Di-C6P 0.87 0.73 0.43 4.2 4.8 5.5 

Di-C8P 0.85 0.76 0.48 5.2 5.6 6.5 

Di-C10P 0.90 0.80 0.51 5.9 6.3 7.2 

Di-C12P 0.97 0.84 ---- 6.5 6.9 ---- 

 

Table S1. The Amin and pC20 of Di-CnP (n = 6, 8, 10, 12) in absence of salt at pH 2.5, 7.0 

and 11.0 at 25°C. 

 

To evaluate the effect of salt on surface tension, the γ-log c plots of Di-C10P in presence 

of 0, 5 and 50 mM NaCl at pH 2.5 are obtained (Figure S10). It can be seen that adding 

salt can slightly decrease the values of cmc, γcmc and Amin due to the reduction of 

electrostatic repulsion between the polar head groups in comparison with the salt-free 

system. It is inevitable that the salt effect occurs more or less due to Cl
-
 exists during the 

adjustment of pH. Thus, in our present study, this effect is to be minimized rather than be 

avoided. 

 

Figure S11. The γ-log c plots of Di-C10P in presence of 0, 5 and 50 mM NaCl at pH 2.5 

at 25 °C. 
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Pressure-area isotherm 

The measurement were carried out on DSA-100 (Krüss Company, Germany), the 

method of pendant drop shape analysis was used to determine the drop volume, area and 

interfacial tension. The surface tension of pure water used here was 72.0 ± 0.2 mN/m at 

25 °C, the spreading solvent chloroform was used with further purification. Di-C12P was 

first dissolved in chloroform, and then 1.0 µl chloroform solution was spreaded on the 

drop surface. The measurement can not be started until the chloroform was evaporated 

completely. 

 

Figure S12. π-A isotherms of spread Di-C12P monolayer at pH 11.0 at 25 °C. 

 


