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S1.1H and 3C NMR spectra of 6 and 7
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Figure S1. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of 6.
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Figure S2. 1°C {H} NMR spectrum (101 MHz, CDCls, 20 °C) of 6.
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Figure S3. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of 7.
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Figure S4. 13C {'H} NMR spectrum (101 MHz, CDCls, 20 °C) of 7.
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S2. NMR spectra of polycondensation products
S2.1. 'H NMR spectra of the PBAT oligomers (1 stage)
H NMR spectrum of the product of the 1st stage of polycondensation is presented in

Figure S5.
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Figure S5. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of the product of the first stage of PBAT
synthesis obtained in the absence of BAs.

Adipate/terephthalate (A/T) ratios of the oligomers were calculated based on the in-
tegral intensities of terephthalate (d = 8.08 ppm) and a-CH: adipate (0 = 2.31 ppm) signals
in "H NMR spectra (Figure S5, labels 'a’ and 'h', respectively). The values of the degree of
polymerization (DPn) and MnaNMR were calculated using Equations S1 and S2, respectively

_ IE(a)+1E(h)
" 2-(IE(f)+1E(g)) 1)
148.12-[E(a)+138.13-IE(h
M,iVMRzDP”-( () ( )+72.11)+2-73.11, (S2)

IE(a)+ IE(h)

where IE(a), IE(f), IE(g) and IE(h) are integral intensities of the corresponding signals
in '"H NMR spectra (see Figure S5); 148.12, 138.13 and 72.11 are molecular weights (Da) of
terephthalate, adipate and 1,4-butanediol derived fragments in PBAT. Note that Equa-
tions S1 and 52 are based on the assumption that PBAT macromolecule contains two —
(CH2)4OH end fragments (MW 73.11 Da) due to excess of 1,4-butanediol in the reaction
mixture.
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Figure S6. "H NMR spectrum (400 MHz, CDCIs, 20 °C) of PBAT oligomer, obtained with the use of
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Figure S7. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT oligomer, obtained with the use of
2.
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Figure S8. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT oligomer, obtained with the use of
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Figure $10. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT oligomer, obtained with the use
of 5.
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Figure S11. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT oligomer, obtained with the use
of 6.
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Figure S12. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT oligomer, obtained with the use

of 7.

52.2. 'H NMR spectra of the PBAT polymers (2nd stage)
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Figure S13. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT sample P1.
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Figure S15. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT sample P3.
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Figure 516. 'H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT sample P4.
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Figure S17. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of PBAT sample P5.
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52.3. 'H and 3C NMR spectra of 8

Cyclic diester 8 represents colorless crystalline compound, obtained previously by
the reaction of acipic acid with 1,4-butanediol without appropriate characterization [1].
Here we reproduce NMR spectra of 8, first presented in our recent work [2].
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Figure S21. '"H NMR spectrum (400 MHz, CDCls, 20 °C) of 8.
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Figure S22. 3C {'H} NMR spectrum (101 MHz, CDCls, 20 °C) of 8.
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S3. Thermal properties of PBATs

The thermal transition data for PBAT samples P1-P8 are summarized in Table S1. All
samples crystallized readily from melt at a cooling rate of 5 °C/min. The absence of crys-
tallization peaks in the second heating scan curves indicates that the melt crystallization
was completed during cooling scans. The first and the second heating scans were similar
for all samples under study (see Figs. 523-S30).

Tg -32.18 °C

2 heat 9,1200mg
q
|
Tm 121.18 °C
Te 81.77 °C
cool 9,1200 mg
Ty -32.96 °C } ———
T T T T T T T T T T T T T T T T T T T T T T T T T
-40 -20 0 20 40 60 80 100 120 140 160 180 °C

Figure 523. DSC plots of PBAT sample P1.

Tg -31.47 °C

8,3100 mg

T2m 122.01°C

Tec 80.47 °C

Tg -34.66 °C cool 8,3100 mg

—\\
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-40 -20 0 20 40 60 80 100 120 140 160 180 °C

Figure 524. DSC plots of PBAT sample P2.
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Te 73.59 °C
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Figure S25. DSC plots of PBAT sample P3.
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Figure 526. DSC plots of PBAT sample P4.
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2 heat 10,5000 mg

Ty -32.38 °C
4
4
Tm 121.58 °C
Te 78.38 °C
cool 10,5000 mg
o 4
Tg -33.01°C g 31
— —T — —T — — —T — —T
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Figure S27. DSC plots of PBAT sample P5.
Tori2:433G 2 heat 8,7000 mg
k|
|
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Tc 68.15°C
cool 8,7000 mg
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Figure S28. DSC plots of PBAT sample P6.
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Tg 3143 °C 2 heat 9,3900 mg
L |
1
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Te 72.68 °C
cool 9,3900 mg
Tg -32.24°C 1
f ‘
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Figure 529. DSC plots of PBAT sample P7.
\M 2 heat 8,9600 mg
Tg -30.97°C
1
1
Tm 123.33 °C
Te 68.02 °C
cool 8,9600 mg
Tg -32.21°C "
3 |
_}__j' L 11
- 7 77— 77—
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Figure S30. DSC plots of PBAT sample P8.

During the second heating scans, we observed broad melting peaks Tm at 112.3-123.3
°C that correspond to statistical PBAT copolymers [3,4]. The values of the Tm of PBAT are
intermediate between Tm of poly(butylene adipate) (PBA, ~56 °C) and poly(butylene ter-
ephthalate) (PBT, ~227 °C) [3]. Note that both lower-temperature and higher-temperature
melting peaks, that correspond to PBA and PBT blocks, respectively, were found to be
virtually absent.

As the macromolecular chain becomes more branched, the glass transition tempera-
ture of the polymer increases [5]. At first glance, it seems that in our case the opposite is
true: Ty decreases with increasing branching (Table S1). However, the glass transition tem-
perature is affected by the ratio of monomer units in the copolymer, and can be estimated
using the Fox equation (1) [6], which is a weighted harmonic mean of the glass transition
temperatures of homopolymers [7].

I w ow,
=R ()
Tg Tgl Tg2
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where Tg1 and T2 are the glass transition temperatures of polymers from monomers
1 and 2, which have mass fractions wi and w2 in the copolymer composition.

Table S1. Thermal characteristics of PBAT.

Entry BA 2nd Heating scan Cooling scan
Te, °C Tm, °C AHnm, J/g Tg, °C T., °C AH., J/g
P1 1 -32.18 121.18 -26.22 -32.96 81.77 22.06
P2 2 -31.47 122.01 -28.44 -34.66 80.47 25.26
P3 3 -36.76 112.28 -26.75 -35.49 73.59 20.36
P4 4 -32.31 122.19 -30.33 -34.90 84.55 24.52
P5 5 -32.38 121.58 -24.92 -33.01 78.38 22.29
P6 6 -32.43 116.44 -23.03 -34.25 68.15 18.60
P7 7 -31.13 119.74 -23.96 -32.24 72.68 26.09
P8 no -30.97 123.33 -28.72 -32.21 68.02 22.80

The T of PBT and PBA are 24 °C [8] and -68 °C [9], respectively, which allows calcu-
lating the theoretical glass transition temperatures of copolymers (the line in Figure 531)
based on A/T ratio (Table S1).

The glass transition temperature of linear PBAT (P8) lies on the calculated curve,
while T; of other samples are shifted upward relative to it. Higher glass transition tem-
peratures for other samples can only be related to their branched nature. The greater the
deviation from the theoretical Ty value, the higher the degree of branching. Thus, it can be
supposed that the samples P2 and P7 are the most branched, which may be desirable in
terms of obtaining the demanded polymer product.

According to the data presented in Table S1, the use of BAs substantially affect other
thermal thermal characteristics of PBAT. The melting temperatures Tm decreased with
branching. The values of melting enthalpy AHm for branched PBAT decreased in compar-
ison with linear PBAT, except copolymer sample P4 obtained in the presence of triester
BA 4 (Table S1, Entry 4). After branching, the melt crystallization temperature Tec in-
creased.

7., °C
28 °

-30 -

-32

34

50 51 52 53 54 55

-36 ' -

C (adipate), wt.%

Figure S31. Dependence of the glass transition temperature of PBAT on the content of butylene
adipate units. The dots show experimental data, while the line represents the result of a theoretical
calculation using the Fox equation. The polymer numbers (see Table S1) are indicated near the dots.
The data for low-MW copolymer P3 are not presented.
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S4. Rheology of PBATs
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