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S1. Treatment and characterization of the THF solution after the copolymerization reaction.  

 After copolymer precipitation and filtration of the resulting white powder, the remaining THF 

solution was dropped into petroleum ether under stirring. The obtained solid phase is filtered, 

washed with fresh petroleum ether and dried under vacuum (Fraction I). The filtrated solution is 

evaporated until dryness; this residue is fraction S.      

The 1HNMR spectra of I fractions corresponding to the copolymerization experiments are shown 

in Figure S1. As observed, the signals indicating the presence of the starting monomers are 

evident: the doublet of doublets in the region between 6.3 and 6.4 ppm, characteristic of the 

vinylic hydrogens of DMM double bond, and the signals at 5.7 and 6.2 ppm corresponding to the 

vinyl hydrogens of AM. In the latter case, the area of the signals decreases as the molar ratio of 

AM in the initial reaction mixture is lowered. The rest of the signals belongs mainly to DMM. On 

the other hand, the absence of wide peaks with poor definition in the region between 0.5 and 

2.4 ppm indicates the absence of long chains where AM units predominate. However, the 

possibility of the presence of short chains (oligomers) consisting of DMM units in a proportion 

comparable to AM may not be ruled out.  

Table S1 shows the results of the ESI-MS mass spectra of the I fraction corresponding to the 

PAM-co-DMM03 sample, along with the assignment of the signals according to the molecular 

weights of each peak. The most intense peak in the spectrum corresponds to the ion formed in 

the steroid skeleton (IEE), which is formed as a consequence of the fragmentation of the DMM 

monomer; hence, the DMM molecular ion presents the lowest intensity. The rest of the peaks 

with medium intensity corresponds to oligomers with 1 to 4 AM units and one DMM unit; 

higher oligomers (up to 7 units) are less probable, especially those containing 2 DMM units. No 



appreciable differences were observed among different copolymer samples. The medium 

polarity of such oligomers where AM units dominate could explain why this fraction is soluble in 

THF but insoluble in petroleum ether.  

 

 

Figure S1. 1HNMR spectra of I fractions from the PAM-co-DMM copolymer series (solvent: CDCl3). 

 

 

 

 

 

 



Table S1. Results of ESI MS mass spectrum of the AD2 fraction of PAM-co-DMM03 

m/z Relative 

abundance 

Assignment 

397 100 IEEa) 

513 7 DMM 

584 20 AM-DMM 

656 24 (AM)2-DMM 

727 57 (AM)3-DMM 

798 33 (AM)4-DMM 

869 12 (AM)5-DMM 

1168 15 (AM)2-(DMM)2 

1239 12 (AM)3-(DMM)2 

1382 10 (AM)5-(DMM)2 

a) IEE: ion formed in the steroid skeleton due to ester fragmentation 

 

The S fractions involve compounds that are both soluble in THF and petroleum ether. Figure S2 

shows the corresponding 1HNMR spectra. As can be observed, in all samples the predominant 

signals correspond to the DMM monomer. There is no evidence of signals due to PAM or AM 

monomer, except for the case of the fraction from the sample PAM-co-DMM03, where AM vinyl 

protons (5.7 and 6.2 ppm) are almost imperceptible. The peaks that appear in the region 7.5-8.1 

ppm correspond to the aromatic protons of BPO. No important signal can be found in the ESI-

MS spectra, except for those corresponding exclusively to DMM monomer. 

The above analysis evidences that there is no high polymer in the THF solution after 

copolymerization, the polymer precipitates when the macromolecules reach a critical polarity 

due to the preferential incorporation of AM units. The remaining THF phase contains a mixture 

of unreactive monomers enriched in DMM and also small oligomers in which AM units prevail.           

 



 

Figure S2. 1HNMR spectra of S fractions from the PAM-co-DMM copolymer series (solvent: CDCl3). 

 

 

S2. Output data of the Mao and Huglin method for the calculation of reactivity ratios   

The 95% joint confidence region is characterized by Equation S1 (see Figure S3):  

2.3740(r1 - 0.0024)2 - 0.2179(r1 - 0.0024)(r2 - 16.8463) + 0.0092(r2 - 16.8463)2 = 0.2336                         (S1) 

 



 

Figure S3. Ellipse: 95% joint confidence interval ellipse for the estimation of rDMM and rAM using the Mao-

Huglin method. Point: Estimated values of rDMM and rAM.       

 

 

S3. Expressions used in Table 2 of the manuscript 

Based in the mass balance between monomer feed and the resulting copolymer, it is possible to 

get the Equations S2 and S3. From now on, subscripts 1 and 2 refer to the label of each 

monomer.  

𝜃𝑚𝑜𝑙 = 𝜃𝑤𝑡 .
𝑀1(𝑓1)0+𝑀2[1−(𝑓1)0]

𝑀1�̅�1+𝑀2[1−�̅�1]
                                                                                                                (S2) 

(𝑓1)𝑓 =
(𝑓1)0−𝜃𝑚𝑜𝑙�̅�1

1−𝜃𝑚𝑜𝑙
                                                                                                                                   (S3) 

where M is the molar mass of the monomer; �̅� is the average molar composition of the 

copolymer; (f)0 and (f)f are the initial and final molar feed composition, respectively; while θmol 

and θwt accounts for the reaction conversion in molar and weight basis, respectively. 

The mean sequence lengths of each monomer in the copolymer are defined in equations S4 and 

S5 after Pyun[1] as:      

𝜇1 = 1 + 𝑟1
𝑓1

1−𝑓1
                                                                                                                                         (S4) 



𝜇2 = 1 + 𝑟2
1−𝑓1

𝑓1
                                                                                                                                         (S5) 

where r is the monomer reactivity ratio and f is the instantaneous molar feed composition. 

In order to estimate the average value of the mean sequence lengths of the final copolymer, we 

use the formula for the average value of a function, defined as:   

�̅� =
1

𝑏−𝑎
∫ 𝑔(𝑥) 𝑑𝑥
𝑏

𝑎
                                                                                                                                  (S6) 

Appling the equation S6 in equations S4 and S5, and integrating in the interval between (f)0 and 

(f)f, we get:   

𝜇1̅̅ ̅ = (1 − 𝑟1)[(𝑓1)𝑓 − (𝑓1)0] + 𝑟1 ln [
1−(𝑓1)0

1−(𝑓1)𝑓
]                                                                                     (S7) 

𝜇2̅̅ ̅ = (1 − 𝑟2)[(𝑓1)𝑓 − (𝑓1)0] + 𝑟2 ln [
(𝑓1)𝑓

(𝑓1)0
]                                                                                         (S8) 

The statistical distribution of the dyads in molar fractions (D) along the copolymer can be 

calculated by the following expressions after Igarashi[2] as: 

𝐷1−1 = �̅�1 −
2�̅�1(1−�̅�1)

1+[(2�̅�1−1)
2+4𝑟1𝑟2�̅�1(1−�̅�1)]

1 2⁄                                                                                               (S9) 

𝐷2−2 = (1 − �̅�1) −
2�̅�1(1−�̅�1)

1+[(2�̅�1−1)
2+4𝑟1𝑟2�̅�1(1−�̅�1)]

1 2⁄                                                                                  (S10) 

 𝐷1−2 =
4�̅�1(1−�̅�1)

1+[(2�̅�1−1)
2+4𝑟1𝑟2�̅�1(1−�̅�1)]

1 2⁄                                                                                                      (S11) 

 

 

S4. Fit of the hydrolysis data to a first order kinetics 

For first order kinetics the velocity equation is: 

𝑑[𝐷𝑀𝑀]

𝑑𝑡
= 𝑘ℎ[𝐷𝑀𝑀]                                                                                                                               (S12) 

Let x be the consumed moles of DMM expressed in concentration, then at any time 



𝑥 = [𝐷𝑀𝑀]0 − [𝐷𝑀𝑀]                                                                                                                         (S13) 

Substituting Equation S13 in Equation S12: 

𝑑𝑥

𝑑𝑡
= 𝑘ℎ([𝐷𝑀𝑀]0 − 𝑥)                                                                                                                          (S14) 

Now, x is expressed as function of the electric conductance by means of: 

𝑥 = [𝐷𝑀𝑀]0 (
𝐶−𝐶0

𝐶∞−𝐶0
)                                                                                                                            (S15) 

Integration of Equation S14 and substitution of Equation S15 gives: 

ln(𝐶 − 𝐶∞) = ln(𝐶0 − 𝐶∞) − 𝑘ℎ𝑡                                                                                                       (S16) 

 

The conductometric data was fitted to Equation S16. The results are shown in Figure S4. As can 

be noted, the fitting gives poor results. Therefore, alkaline hydrolysis does not seem to follow a 

first order kinetics under the experimental conditions.   

 

 

Figure S4. Fit of the hydrolysis data (full squares) to a first order kinetics (solid line). Inset: fitting results 

and statistics. 
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