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Synthesis and characterization of PDLLA 

PDLLA was synthesized in our lab by melt-ring open polymerization of D-, L-lactide in 

nitrogen atmosphere at 140 ºC for 24 h, following the procedure used by Pan et al. (2005). 

Stannus octanoate was used as an initiator of the reaction. The resulting polymer was dissolved in 

dichloromethane and precipitated in methanol. It was then paper-filtered and dried in a vacuum 

oven at ambient temperature for 48 h. The molecular weight (Mw) and polydispersity index (PDI) 

were assessed by means of gel permeation chromatography using poly(methyl methacrylate) 
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standards. The synthesized PDLLA had Mw = 53759 g/mol and PDI = 2.68. The chemical 

composition of the polymer was ascertained by infrared and NMR spectroscopy. 

Infrared absorption spectra were recorded in the 4000–600 cm
− 1

 range with a Fourier Transform 

FTIR 4100 Jasco spectrometer equipped with a Specac model MKII Golden Gate attenuated total 

reflection (ATR) cell. NMR spectroscopy was performed with a Brucker NMR of 400 MHz 

equipped with probes for liquid samples. PDLLA samples were dissolved in chloroform before 

measuring. NMR spectra were analyzed with the Topspin software. 

 

Fig. S1. (a) 
1
H-NMR and (b) IR transmittance spectra.  

Figure S1 Shows 
1
H-NMR and IR transmittance spectra. IR spectra correspond to many of the 

reported spectra for D,L-lactic acid (Auras, 2011). Broad bands can be observed around 2997, 

2946 and 2877 cm
-1

 , corresponding to CH stretching. At 1753 cm
-1 

and 1456 cm
-1 

C=O and CH3 

stretching bands can be observed, respectively. CH deformations and asymmetric modes can be 

seen at 1380 and 1360 cm
-1

, while bands corresponding to CH bendings appear at 1325 cm
-1

. 

Stretching modes of the esther group are observed at 1270 cm
-1

 and asymmetric modes of C-O-C 

are observed around 1185 cm
-1

. Bands typical of amorphous PLA samples appear at 871 cm
-1

. 
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1
H and 

13
C NMR spectroscopy show different stereo isomeric composition for PLLA and 

PDLLA. In PDLLA polymer splitting in CH signals in 
1
H NMR spectra can be observed for 

several signal groups (Fig. S1a) whereas in the case of PLLA polymers a quartet has been 

reported. (Pavlov, 2017)  

 

Fig. S2. 
13

C-NMR  spectra of PDLLA. Only the regions corresponding to CH (a) and C=O (b) 

groups are shown. 

Further evidence that PLLA polymers are isotactic polymers, whereas PDLLA polymer 

chains are atactic or syndiotactic ones, is found in 
13

C-NMR spectra.  While in PLLA a singlet 

has been reported in the NMR regions corresponding to carbonyl groups (Pavlov, 2017), various 

bands are observed for PDLLA, as shown in Fig. S2 (b). Bero et al. (1990) showed that pair 

addition Bernoullian statistics can describe the structure of polymers resulting from 

polymerization of various mixtures of LL and DD enantiomers. The polymerization, in fact, can 

result in different sequences of idiotactic (i) or syndiotactic (s) dyads, the probability of which 

depends on the different LL/DD proportion (in our case k=1.5) used to synthetize the polymer. 

This affects the 
13

C-NMR spectra and in the carbonyl region, carbon atoms are sensitive to 

hexads (as suggested by Bero et al. (1990)
 
and furtherly proved by others (Coudane, 1997; 
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Schwach, 1994)), while tetrads are mostly responsible of excitations in the methine regions (Fig. 

S2a).  

In Table S1, we summarize the experimental relative intensities of the peaks in both regions 

and compare them with the calculated combined probabilities of the sequences assigned to the 

peaks, as described in reference [4]. As can be seen probabilities and relative intensities coincide. 

The polymer is atactic, which tends to favour amorphization of the polymer, as expected. 

Table S1. Experimental relative intensities of 
13

C-NMR peaks and calculated combined 

probabilities of the sequences assigned to the peaks. 

 

 

Carbonyl Region 

Bands 
Assigned 

sequences 

Intensity 

 

(Probability) 

169.95 ppm iiiii+iiiis 

27.6 

 

(27.9) 

169.92 ppm siiis 

5.4 

 

(5.7) 

169.75 ppm iiisi 

12.2 

 

(12) 

169.70 ppm siiii+sisii+iisii 

20.3 

 

(18.1) 

169.67 ppm isiii 

12.4 

 

(12) 

169.59 ppm sisis 

5.12 

 

(5.7) 

169.48 ppm isisi 

12 

 

(12) 

 

 

 

Methine Region 

Bands 
Assigned 

sequences 

Intensity 

 

(Probability%) 

69.5 ppm isi 

24.8 

 

(24) 

69.3 ppm 
iii+iis+ 

sii+sis 

76 

 

(76) 
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