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Supplementary material

Synthesis of PCL-co-PC copolymers

Poly(ε-caprolactone)-b-Poly(carbonate) (PCL-b-PC)
PCL-b-PC copolymer was synthetized in a nearly 50/50 w/w% composition by a bulk ring opening polymerization using commercial ε-caprolactone and poly(carbonate). A schematic representation of the reaction is shown in Figure S1.

[image: ]
[bookmark: _Ref493003116]Figure S1: Schematic representation of copolymers synthesis, from ε-caprolactone and polycarbonate oligomers.

In a three-neck flask, 10 g of poly(carbonate) were weighted and, under nitrogen atmosphere, 20 mL of ε-caprolactone were added. The mixture was stirred under nitrogen flux until complete dissolution of poly(carbonate). Maintaining an inert atmosphere, 3 mL of Sn(Oct)2 (5 mol catalyst/mol monomer %) and 35 mL of toluene were added. The reaction mixture was immersed in an oil bath at 120 °C for 2 hours under stirring to allow polymerization.
The raw product was dissolved in 50 mL of dichloromethane and then poured into 400 mL of methanol. The precipitate collected by filtration was purified by a reprecipitation with dichloromethane and methanol and finally dried through a vacuum pump.



Poly(ε-caprolactone)-ran-Poly(carbonate) (PCL-ran-PC)
PCL-ran-PC copolymer was synthetized reproducing the same steps as in the synthesis of PCL-b-PC. The two syntheses differ only in the time of reaction and the modality of adding the monomer.
For the synthesis of PCL-ran-PC copolymer, 10 g of poly(carbonate) were weighted in a three-neck flask and, under nitrogen atmosphere, 10 mL of ε-caprolactone, were added. Maintaining an inert atmosphere, 3 mL of Sn(Oct)2 (5 mol catalyst/mol monomer %) and 35 mL of toluene were added. The reaction mixture was immersed in an oil bath at 120 °C. After 2 and 4 hours, 5 and 5 mL of ε-caprolactone were added for a total of 20 mL of the monomer. To allow the polymerization the reaction mixture is reacted for 12 hours.
The resulting polymer was purified in the same manner by dissolution in dichloromethane and reprecipitation in methanol twice.

[bookmark: _Toc493414257][bookmark: _Toc494290061][bookmark: _Toc493414258][bookmark: _Toc494290062]Characterization of PCL-co-PC copolymers

Spectroscopic characterization
[bookmark: _Hlk487015948]Poly(ɛ-caprolactone)-poly(carbonate) based copolymers were characterized by ¹H-NMR, using the work of Cayuela et al. as reference [1]. A preliminary ¹H-NMR spectrum of poly(carbonate) was registered (Figure S2). The signals observed at 7.25, 7.17 and 1.68 ppm are assigned respectively to protons A, B and C present in the main chain of poly(carbonate), whereas the signal at 7.40 ppm correspond to protons B1 representing the phenylic end-groups.
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[bookmark: _Ref493619066]Figure S2: ¹H-NMR spectrum of poly(carbonate).

The average number of repeating units of PC chain (), has been calculated considering the ratio between signals of proton in the chain/end groups. The following formula has been used:
	
	(1)


where I(C) corresponds to the integral value of protons C representing the total number of PC units while I(B1)  is the integral value of protons B1 representing the end-groups. The value of repeating units allows to calculate an  g/mol-1. Considering that the area of the terminal units is very small compared to the area of the chain units the error on this polymerization degree in reference [1] was estimated as 10%.
After polymerization of the ɛ-caprolactone, the characteristic peaks of the derived repetitive units are also observable (Figure S3). The signals at 1.38, 2.31 and 4.06 ppm are referred respectively to the protons: F, D and H of poly(ɛ-caprolactone) chain. Signals corresponding to the protons E and G of the same segment are overlapped in the spectrum at 1.65 ppm with the poly(carbonate) protons C. The signal at 2.56 ppm is assigned to protons D of the chain-end confirming the formation of PC-PCL units, otherwise the signal would have been shifted at 2.31 ppm as previously reported. The signal at 4.24 ppm is assigned to protons H of the chain-end of poly(ɛ-caprolactone).
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Figure S3. ¹H-NMR spectrum of the copolymer of poly(ε-caprolactone) and poly(carbonate).

As mentioned above, the signals at 7.25, 7.17 and 1.68 ppm are due respectively to protons A, B and C present in the chain of poly(carbonate). The doublet at 7.07 ppm is assignable to the B protons of the polycarbonate chain-end according to the chemical shift of the equivalent proton in a phenyl ester end-group of a PCL chain (D end-group). The doublet at 6.97 ppm is due to protons A1 proving that transesterification reaction occurs. The signal at 6.70 ppm is assigned to protons A2 of the poly(carbonate) phenolic end-groups while the peak at 7.40 ppm is assigned to protons B1 of the poly(carbonate) phenylic end-groups.
It is worth noting that the integral value of the peak at 7.07 ppm is equivalent to the sum of the integrals at 7.40, 6.97 and 6.70 ppm (Figure S4) suggesting that in each chain the protons B of the end-chain of poly(carbonate) are present. On the other hand, the poly(carbonate) chain can ends with protons A1, A2 or B1 which are the protons of a phenyl carbonate end-group of a PCL chain, of a phenolic end-group and of a phenyl carbonate end-group respectively.
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Figure S4. ¹H-NMR spectrum of the copolymer of poly(ε-caprolactone) and poly(carbonate) 

From integration of ¹H-NMR signals, molar composition and relative quantities of different sequences are calculated.
The molar composition is calculated by integration of poly(carbonate) aromatic protons from 7.40 to 6.70 ppm and aliphatic protons of poly(ɛ-caprolactone) from 2.31 to 2.56 ppm. The following formula has been used:
	
	(2) 



where I(D) is the integral value of protons D representing the aliphatic protons of poly(ε-caprolactone) while the other integral values shown in the equation represent the aromatic protons of poly(carbonate).
The length of poly(carbonate) block is calculated by the ratio of integrals at 7.16 ppm and at 7.07 ppm as shown in Equation 3. The first one is referred to protons B of the main chain while the second one to the same protons of end-groups.
	
	(3)



On the other hand, the length of poly(ɛ-caprolactone) block is calculated by the ratio of integrals at 2.31 ppm and at 2.56 ppm referred to protons D of the main chain and of the end-group respectively.
	
	(4)



By this method, the relative length of each PC and PCL sequences and the composition of the copolymers was calculated (Table S1). Table S1 also reports the molecular weight of each copolymer, obtained by GPC analysis.


Table S1. Molecular characteristics of copolymers. Composition (PCL content w/w%), PC and PCL units length, average molecular weights (Mw) and polydispersity (D).
	Sample 
	Comp. PCL a (w/w%)
	PC length b
	PCL length b
	[bookmark: _Hlk499141897] Mw (Da) c
	D d

	PCL-b-PC
	49
	3
	28
	18500
	1.4

	PCL-ran-PC
	60

	1
	10
	14600
	2.3


a Composition weight ratio between PCL and PC components determined by 1H-NMR. b Length of PC and PCL unit determined by 1H-NMR. c Determined by GPC. d Determined as Mw/Mn.

From the data reported in Table S1 it can be concluded that the copolymer named PCL-b-PC is actually a copolymer having a block character rather than a diblock copolymer. At the same time the random copolymer can be considered statistical even if, due to its composition, short chains of PCL units (average PCL unit length = 10) can be evidenced in its macromolecular structure.
[bookmark: _Hlk13148759]By comparing the 1H-NMR spectra of PCL-b-PC (Figure S5) and PCL-ran-PC (Figure S6), apparent differences in the structure of the copolymers can be seen. The integral values of protons relative to PCL-PC linkages (B, D, H end groups and A1) are higher for PCL-ran-PC rather than PCL-b-PC confirming its random composition. On the other hand, as mentioned above, the block copolymer is composed by sequence of units of PCL and PC having a higher average length in comparison to PCL-ran-PC copolymer and then the integral values of PCL-PC linkages are smaller.
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Figure S5. ¹H-NMR spectrum of the block copolymer of poly(ε-caprolactone) and poly(carbonate) (PCL-b-PC).
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Figure S6. ¹H-NMR spectrum of the random copolymer of poly(ε-caprolactone) and poly(carbonate) (PCL-ran-PC).




Characterization of PCL/PC blends, molecular weight determination (referred to Table 4 in the main paper, section 3.2.2)
All materials reported in Table 4 were measured by GPC with the same procedure reported in the experimental part. The samples were prepared at a concentration of about 0.07-0.10 (%w/V) weighting 3.5-5 mg that have been dissolved in 5 mL of THF. The GPC curves obtained were all monomodal, both for neat PLA and all the blends. It appears that the molecular weight of all products is distributed in a regular manner and that there are no evidences of bimodal distribution where two maxima could be attributed respectively to PLA and PCL.
 	The molecular weight of all the product after the solution mixing (Figure S7) is practically the same meaning that no changes of molecular weight occur in solution as expected. 
PLA subjected to the same extrusion conditions to those of melt prepared neat PLA/PCL blends exhibited very small changes (Figure S8), that could be attributed to a slight degradation of the material during melt blending.
The weight average molecular weight of the blend is a ponderable media between the weight average molecular weight of PLA (200,000 kg/mol) and that of PCL (80,000 kg/mol). By mixing 80% of PLA and 20% of PCL, we expect to obtain a value of 176,000 kg/mol, a number consistent with the molecular weight achieved in the PLA/PCL blend obtained by solution blending (see Table 4). 
Considering that in the blend the amount of PLA is four times the amount of PCL, small differences of PLA molecular weight have more influence than larger differences in the PCL phase. For example, considering that the Mw of PLA is reduced from 200,000 to 100,000 kg/mol, the molecular weight of the 80/20 PLA/PCL mixture would be 96,000 kg/mol. On the other hand, a reduction of the PCL Mw from 80,000 to 40,000 kg/mol would reduce the overall molecular weight of the blend to 168,000 kg/mol. A further reduction in Mw of the PCL phase to 10,000 kg/mol would only reduce the blend molecular weight to 162,000 kg/mol. Therefore, any decrease in the Mw value of the blend must be ascribed primarily to the decrease of the molecular weight of the PLA phase. 



Figure S7. GPC curves of PLA(s), PLA/PCL(s) and PLA/PCL/PCL-co-PC(s) blends obtained by solution mixing.





Figure S8. GPC curves of PLA(m), PLA/PCL(m) and PLA/PCL/PCL-co-PC(m) blends obtained by melt mixing.
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