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Materials

Poly(R)-3-hydroxybutyric acid was obtained from Sigma Aldrich S.A. All the catalyst employed 

were from Sigma Aldrich S.A.: p-toluenesulfonic acid (pTSA) (95 %), methanesulfonic acid (MSA) 

(99 %), benzoic acid (BA) (99.5 %), hydrochloric acid (HCl) (37 %), sulfuric acid (H2SO4) (95 %), 

acetic acid (>99 %), creatine (99 %), taurine (>99 %) and sodium hydroxide (NaOH) (>98 %). PHBV 

polymer was purchased from Biomer Biopolyesters (Schwalbach/Germany) and PHBH from 

Kaneka Corporation (Osaka, Japan) and used as received. Diethyl ether was acquired from Fischer 

Scientific and was used without any further purification.

Methods

1H and 13C Nuclear Magnetic Resonance (NMR)
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1H and 13C Nuclear Magnetic Resonance (NMR) spectroscopy was recorded in a Bruker Avance 

DPX 300 at 300.16 MHz and at 75.5 MHz of resonance frequency respectively, using deuterated 

chloroform (CDCl3), deuterated dimethyl sulfoxide (DMSO) or deuterium oxide (D2O) as solvent 

at room temperature. Experimental conditions were as follows: a) for 1H NMR spectroscopy: 10 

mg of sample; 3 s acquisition time; 1 s delay time; 8.5 µs pulse; spectral width 5000 Hz and 32 

scans; b) for 13C NMR spectroscopy: 40 mg; 3 s acquisition time; 4 s delay time; 5.5 µs pulse; 

spectral width 18800 Hz and more than 10000 scans. 

Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry (DSC) measurements were performed using a DSC8500 from 

Perkin Elmer, Inc. calibrated with indium and tin standards. The DSC scans were performed with 

approximately 5 mg of sample at a heating rate of 20 °C/min from -20 °C to 180 °C under a 

nitrogen flow rate of 20 mL/min.

Thermogravimetric analysis (TGA)

Thermogravimetric analysis (TGA) was carried out using a Q500 Thermogravimetric Analyzer from 

TA Instruments. Samples were heated from room temperature to 600 °C at a rate of 10 °C/min 

under a constant N2 flow.

Matrix Assisted Laser Desorption Ionization - Time of Flight (MALDI-TOF) analysis

MALDI-TOF measurements were performed on a Bruker Autoflex Speed system (Bruker, 

Germany) instrument, equipped with a 355 nm NdYAG laser using chloroform as solvent and 

DCTB-NaTFA substrate.

GC-FID chromatogram 

100 mM solutions were prepared from solid reaction products or commercial standards. The 

samples were derivatized with a similar protocol as the one described by Cheong et al.1.Briefly, 

the reaction or standard samples (100 µL) were acidified with 6 M HCl and extracted with ethyl 

acetate  1:1. 50 µL of the extracted sample were incubated with 50 µL of a 1:1 (v:v) mixture of N-

Methyl-N-tert-butyldimethylsilyltrifluoroacetamide (MTBSTFA) and ethyl acetate for 1h at 60 °C. 

The samples were dried with the addition of anhydrous MgSO4 before GC analysis. Derivatized 

samples were analyzed by GC-FID as described by Orrego et al.2 in an Agilent 8890 System using 

a Beta DEXTM 120 Capillary Column (30 m x 0.25 mm x 0.25 µm) and helium as carrier gas. The 

temperature of the injector and FID detector was 280 °C and 300°C respectively. The initial 
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temperature of the column (80 °C) was increased up to 150 °C at a rate of 2 °C min−1, then it was 

maintained for 5 minutes before increasing the temperature up to 200 °C at a 20 °C min−1 rate, 

the temperature was maintained at 200 °C for 2 minutes. Retention times were 22.41 for the 

derivatized (S)-3-hydroxybutyric acid standard and 22.51 for the derivatized (R)-3-hydroxybutyric 

acid standard.

Depolymerization procedure of PHB

The depolymerization of PHB was carried out by hydrolysis in order to obtain hydroxy acid 

monomers. For that, in a high-pressure Schlenk tube 1g (0.012 mol) of PHB polymer, 15 

equivalents (0.174 mol, 3.14 mL) of water, and 10 mol % (respect the repeating unit of the 

polymer) of catalyst, (in the case of taurine 0.001 mol, 0.145 g) were added. The vessel was 

submerged in a pre-heated oil bath at 180 °C until the disappearance of the polymer was 

observed. After the depolymerization reaction was finished, the Schlenk tube was removed from 

the bath and it was let cool down until room temperature. The reactions were monitored by 1H 

NMR to track the conversion to HBA and the formation of CA side product. Aliquots were taken 

directly from the reaction medium without quenching, and deuterated water was added to 

perform the NMR analysis. If solid residue remained, the mixture was first filtered to separate 

and weigh the solid fraction before analyzing the liquid phase by 1H NMR.

Purification procedure of HBA

After the depolymerization process, the reaction media was filtered to remove any residual 

polymer that was not depolymerized or any other solid particles. Afterward, ethanol was added 

and the catalyst, taurine, was precipitated and filtered. In order to separate both products (HBA 

and CA), liquid-liquid extraction with diethyl ether was carried out. The CA goes to the organic 

phase and the HBA monomer remains in the water phase. Once the CA was removed from the 

media, the HBA dissolved in water was dried to obtain pure HBA, confirmed by 1H NMR and 

MALDI-TOF.

Table S1. Quantitative values of depolymerization of PHB into HBA and CA.

Catalyst
Depolymerization 

(%)
HBA (%) CA (%)
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pTSA 82 34 48

MSA 78 38 40

BA 90 69 21

AcOH 100 80 20

H2SO4 72 43 29

HCl 70 37 33

NaOH 70 30 40

Taurine 100 98 2

Creatine 72 39 33

Figure S1. 1H NMR of the depolymerization of PHB into HBA and CA.

S4



Figure S2. 1H NMR of taurine in basic media pH 10 (red), neutral media (black) and acidic media pH 3(blue).

Figure S3. The effect of the pH in the depolymerization process.
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Figure S4. Kinetic of the conversion of HBA and CA from PHB depolymerization.
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Figure S5. a) Effect of the temperature on the depolymerization of PHB, b) DSC results of PHB and c) TGA analysis of 
PHB under nitrogen flow.
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Figure S6. The effect of the taurine loading in the depolymerization process.

Figure S7. The effect of the water equivalents in the depolymerization process when using 10 % of taurine.
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Figure S8. 1H NMR spectrum of CA after the distillation process of the depolymerization mixture.

Figure S9. 1H NMR spectrum of HBA monomer and traces of dimer after purification.
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Figure S10. MALDI-TOF spectra of HBA monomer and dimer after purification.

Figure S11. Normalized GC-FID chromatogram for the resolution of the enantiomers of the 3-hydroxybutyric acid 
standards and reaction sample. (R)-3-hydroxybutyric acid standard (blue dashed line), (S)-3-hydroxybutyric acid (red 
dashed line), and reaction product (blue line).
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Figure S12. 1H NMR of the depolymerization of synthetic PHB.

Figure S13. 1H NMR of the depolymerization of PHBV into HBA, CA and HVA.
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Figure S14. 1H NMR comparison of commercial sample PHBV+PBSA with the depolymerized sample. The colored circles 
indicate the presence of PBSA before and after the depolymerization.
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Figure S15. 1H NMR comparison of commercial sample PHBV+TPU with the depolymerized sample. The colored circles 
indicate the presence of TPU before and after the depolymerization.
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Computational results

Computational results were obtained using the M06-2X DFT method, as implemented in the 

Gaussian 09 package, version D.01.3 Selection of Minessota functional was dictated by its high 

performance for main group thermochemistry, kinetics, and non-covalent interactions,4 as well 

as by our own long experience in applying this functional in studying diverse bio-organic reactions 

with many successful outcomes.5–10 Moreover, the chosen M06-2X functional was demonstrated 

to provide close to experimental energetics, also in the case of systems involving the participation 

of taurine, used to study the ring-opening polymerization (ROP) of cyclic monomers.11 The 6-

31+G(d,p) basis set, with polarization functions on s and p orbitals together with diffuse functions 

added to p orbitals was employed. To mimic the influence of the water environment, the 

conductor-like polarizable continuum model (CPCM) was used with a dielectric constant (ε) set 

to 78.12–14 Hessian matrices were computed at the same levels of theory, confirming that the 

localized structures correspond to minima or transition states, TSs (zero or one negative 

eigenvalue of the diagonalized Hessians, respectively). Subsequently, zero-point vibrational 

energies (ZPEs) were added to the electronic energies to account for the nuclear vibrational 

contributions. The IRC paths were traced down on the potential energy surface to verify that the 

obtained TSs are related to the desired minima. 

Two distinguished groups of models were prepared to investigate the various possible 

mechanisms of elimination reactions. In the first group, taurine is assumed to be inactive, while 

in the second group, elimination is governed by the active participation of taurine in the chemical 

transformations. Both groups were further subdivided based on the strong dependence of 

substrate and taurine protonation states on the pH conditions of the experiment. The first group 

was divided into three subgroups representing basic, neutral, and acidic conditions, while the 

second into four with basic (pH > 8), moderate (7 < pH < 8), acidic ( 4 < pH < 7), and highly acidic 

(pH < 1) conditions. The pKa values for the titratable groups of 3-hydroxybutyric acid monomer 

and taurine were predicted using Graph Neural Network using Graph-pKa software15, and are 

presented in Figure S1, with the assigned protonation states for the corresponding pH conditions 

shown in Table S1.
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Figure S16. Predicted pKa values for the carboxyl group of the hydroxy acid and amino and sulfonyl taurine 
groups using the Graph Neural Networks.

Table S2. Assumed protonation states of the substrate and taurine in prepared reaction models together with energy 

potential barriers with zero point corrections computed for the rate-determining steps (rds).

pH conditions Protonation state Energy barrier of rds (kcal·mol-1)

hydroxy acid taurine w/o taurine w taurine

Basic

pH > 8.4
SO3

H2N 27.3 38.3

Moderate acidic

4.41 < pH < 8.4

pH = 5.5

Acidic

OHO

O
42.3 34.1

pH < 4.41

Highly acidic

SO3
H3N

44.0

pH < 1

OHO

HO

SO3H
H3N

22.8

32.8(1) / 43.3(2)

(1) Concerted mechanism. See Scheme S7; (2) stepwise mechanism. See Scheme S8. 
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Computational results for elimination reaction without involvement of taurine.

Basic conditions 
(pH > 7)

Moderate conditions 
(pH ≈ 7)

Acidic conditions 
(pH < 7)

Figure S17. Structures of three molecular models used as a starting point for the computational study of the elimination 
of 3-hydroxybutyric acid monomer to the crotonic acid without the involvement of a taurine molecule.

Table S3. Key distances for stationary structures optimized and characterized at M06-2X/6-31+G(d,p)/CPCM=water 
level of theory along the elimination reaction of 3-hydroxybutyric acid monomer to the crotonic acid at basic conditions 
without the participation of taurine. Values are provided in Å.

Distance RC TS1 INT1 TS2 PC

d(C1-C2) 1.54 1.47 1.45/1.45 1.47 1.51

d(C2-C3) 1.52 1.50 1.49/1.49 1.39 1.34

d(C3-C4) 1.52 1.53 1.53/1.53 1.51 1.50

d(C1-O1) 1.26 1.30 1.30/1.31 1.30 1.27

d(C1-O2) 1.26 1.27 1.28/1.28 1.28 1.25

d(O1-H1wat) 1.97 1.64 1.48/1.47 1.51 1.58

d(C2-H2) 1.10 1.54 1.73/1.73 2.14 3.72

d(H2-OOH-) 2.44 1.14 1.05/1.05 0.98 1.08

d(C3-O3) 1.44 1.48 1.48/1.48 1.96 3.53

Imaginary wavenumber 

(cm-1)

608.29i 382.95i 
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Table S4. Key distances for stationary structures optimized and characterized at M06-2X/6-
31+G(d,p)/CPCM=water level of theory along the elimination reaction of 3-hydroxybutyric acid monomer 
to the crotonic acid explored at moderate conditions without participation of taurine. Values are provided 
in Å.

Distance RC INT1 TS1 INT2 TS2 INT3 PC

d(C1-C2) 1.53 1.51 1.45 1.40/1.4

0

1.44 1.48 1.50

d(C2-C3) 1.53 1.52 1.51 1.49/1.4

9

1.38 1.34 1.33

d(C3-C4) 1.52 1.52 1.52 1.52/1.5

2

1.50 1.49 1.50

d(C1-O1) 1.28 1.35 1.37 1.40/1.3

9

1.37 1.35 1.26

d(C1-O2) 1.25 1.20 1.23 1.25/1.2

5

1.23 1.21 1.27

d(O1-H1wat1) 1.54 0.97 0.97 0.97/0.9

7

0.97 0.97 1.63

d(Owat1-

H1wat1)

1.02 3.85 3.49 3.42/3.4

2

3.68 4.85 1.00

d(C2-H2) 1.10 1.10 1.39 1.96/1.9

6

2.34 2.68 3.44

d(Owat1-H2) 2.86 2.46 1.25 1.00/1.0

0

0.97 0.96 0.97

d(C3-O3) 1.44 1.43 1.45 1.48/1.4

7

2.04 3.46 5.68

d(H1wat1-O3) 3.65 4.67 4.69 4.72/4.7

2

4.86 6.35 0.97

Imaginary 

wavenumber (cm-1)

1239.85i 367.97i 

Table S5. Key distances for stationary structures optimized and characterized at M06-2X/6-
31+G(d,p)/CPCM=water level of theory along the elimination reaction of 3-hydroxybutyric acid monomer 
to the crotonic acid explored at acidic conditions without participation of taurine. Values are provided in Å.

Distance RC TS1 INT1 TS2 PC
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d(C1-C2) 1.51 1.40 1.35/1.35 1.38 1.47

d(C2-C3) 1.54 1.52 1.49/1.49 1.41 1.34

d(C3-C4) 1.52 1.52 1.52/1.52 1.50 1.49

d(C1-O1) 1.23 1.30 1.34/1.33 1.30 1.23

d(C1-O2) 1.32 1.32 1.35/1.35 1.33 1.33

d(O1-H1H3O+) 1.49 1.05 1.01/1.01 1.04 1.64

d(OH3O+-

H1H3O+)

1.03 1.43 1.58/1.58 1.46 1.00

d(C2-H2) 1.09 1.50 3.04/2.95 3.06 3.36

d(H2-Owat) 2.69 1.15 0.97/0.98 0.97 0.98

d(C3-O3) 1.44 1.45 1.48/1.48 1.83 3.11

d(H1wat-O3) 2.13 2.12 1.38/1.38 1.04 1.00

d(H1wat-Owat) 0.97 0.98 1.07/1.07 1.48 1.63

Imaginary wavenumber 

(cm-1)

719.00i 362.99i 

Table S6. Relative energies computed at M06-2X/6-31+G(d,p)/CPCM=water level of theory for stationary 
points optimized and characterized along the elimination reaction of 3-hydroxybutyric acid monomer to 
the crotonic acid at basic and acidic conditions without participation of taurine. 

Basic conditions
E[Hartree

]
ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol
)

ΔE+ΔETherm

(kcal/mol)

RC -696.89 0.0 93.85 0.00 0.0 0.0
TS1 -696.86 20.4 90.80 -3.05 17.3 16.8
INT
1

-696.87 18.0 92.15 -1.70 16.3 16.2

INT
1

-696.87 18.0 92.15 -1.70 16.3 16.2

TS2 -696.85 29.2 91.27 -2.58 26.6 27.3
PC -696.88 5.7 90.40 -3.46 2.3 3.8

Moderate conditions
E[Hartree

]
ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol)
ΔE+ΔETherm

(kcal/mol)
RC -611.59 0.0 117.77 0.00 0.0 0.0
INT
1

-611.55 24.0 116.84 -0.93 23.1 22.9

TS1 -611.54 34.7 113.93 -3.84 30.9 30.8
INT
2

-611.54 29.7 116.89 -0.88 28.8 29.4

INT
2

-611.54 29.7 116.89 -0.88 28.8 29.4

TS2 -611.52 44.6 114.54 -3.23 41.4 42.3
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INT
3

-611.54 31.5 113.35 -4.42 27.1 29.2

PC -611.58 4.5 115.37 -2.40 2.1 3.6

Acidic conditions
E[Hartree

]
ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol)
ΔE+ΔETherm

(kcal/mol)
RC -996.42 0.0 117.41 0.00 0.0 0.0
TS1 -996.38 22.7 115.12 -2.29 20.5 19.3
INT
1

-996.39 19.2 116.88 -0.53 18.7 18.5

INT
1

-996.39 19.3 116.66 -0.75 18.5 18.4

TS2 -996.38 24.4 116.10 -1.31 23.1 22.8
PC -996.41 1.6 115.16 -2.25 -0.7 0.3

H
O

H

OH
H H

O

O

Reactant complex Intermediate I Product complex

17.3 kcal/mol 26.6 kcal/mol

16.3 kcal/mol 2.3 kcal/mol0.0 kcal/mol

H

O
H Na

H
O

H

OH
H

O

O

H

O
H Na

H

H
O

H

OH

HO

O

H

O
H Na

H

Scheme S1. Reaction mechanism at basic conditions.
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Scheme S2. Reaction mechanism at moderate conditions.
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Computational results for elimination reaction with active participation of 
taurine.

Basic conditions

pH > 8.4

Moderate conditions

4.4 < pH < 8.4

Acidic conditions

pH < 4.4

Figure S18. The structures of the molecular models used as a starting point for the computational study of the 
elimination of 3-hydroxybutyric acid monomer to the crotonic acid with the active participation of taurine molecule at 
acidic, moderate, and basic conditions.

Table S7. Key distances for stationary structures optimized and characterized at M06-2X/6-31+G(d,p)/CPCM=water 
level of theory along the elimination reaction of 3-hydroxybutyric acid monomer to the crotonic acid at basic 
conditions.

Distance RC TS1 INT1 TS2 PC

d(C1-C2) 1.54 1.45 1.39/1.39 1.45 1.51

d(C2-C3) 1.52 1.50 1.48/1.48 1.38 1.34

d(C3-C4) 1.52 1.53 1.53/1.53 1.51 1.50

d(C1-O1) 1.26 1.28 1.39/1.39 1.34 1.26

d(C1-O2) 1.26 1.31 1.27/1.27 1.24 1.26

d(C2-H2) 1.08 1.88 3.26/3.24 3.23 3.87

d(H2-NTau) 3.61 1.08 1.02/1.02 1.05 1.76

d(C3-O3) 1.43 1.47 1.47/1.47 2.05 3.33

d(O3-H2) 2.55 2.27 2.04/2.02 1.70 1.00

d(O1-H1Tau) 3.28 1.70 1.00/1.00 1.04 1.98

d(NTau-H1Tau) 1.01 1.02 1.78/1.77 1.56 1.03

Imaginary wavenumber 

(cm-1)

227.49i 377.37i 
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Table S8. Key distances for stationary structures optimized and characterized at M06-2X/6-
31+G(d,p)/CPCM=water level of theory along the elimination reaction of 3-hydroxybutyric acid monomer 
to the crotonic acid at moderate conditions.

Distance RC TS1 INT1 TS2 INT2 TS3 PC

d(C1-C2) 1.53 1.46 1.37/1.3

7

1.42 1.48/1.4

9

1.49 1.50

d(C2-C3) 1.52 1.50 1.49/1.4

9

1.41 1.34/1.3

4

1.34 1.33

d(C3-C4) 1.52 1.52 1.52/1.5

2

1.51 1.49/1.4

9

1.50 1.50

d(C1-O1) 1.26 1.34 1.37/1.3

7

1.36 1.33/1.3

2

1.31 1.29

d(C1-O2) 1.27 1.25 1.29/1.2

9

1.25 1.22/1.2

2

1.23 1.24

d(C2-H2) 1.10 1.39 3.64/3.6 3.68 3.95/4.1

2

4.08 3.95

d(H2-

OWat)

3.42 1.25 0.96/0.9

6

0.97 0.96/0.9

7

0.97 0.98

d(C3-O3) 1.43 1.45 1.46/1.4

6

1.79 3.39/4.1

7

4.27 4.47

d(O3-

H1Tau)

2.49 2.12 1.89/1.9

5

1.15 1.00/0.9

6

0.96 0.96

d(NTau-

H1Tau)

1.02 1.02 1.03/1.0

3

1.35 1.76/3.5

4

3.56 3.47

d(H1Wat-

OWat)

0.99 1.59 1.83/1.8

3

1.80 1.69/3.0

6

3.06 3.11

d(H1Wat-

O1)

1.71 1.02 0.98/0.9

8

0.98 0.99/1.0

8

1.19 1.48

d(H1Wat-

NTau)

5.51 5.23 4.73/4.9

0

4.84 4.72/1.4

6

1.29 1.10

Imaginary 

wavenumber (cm-1)

1436.86i 644.24i 620.44i 
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Table S9. Key distances for stationary structures optimized and characterized at M06-2X/6-
31+G(d,p)/CPCM=water level of theory along the elimination reaction of 3-hydroxybutyric acid monomer 
to the crotonic acid at acidic conditions.

Distance RC TS1 PC

d(C1-C2) 1.51 1.43 1.47

d(C2-C3) 1.53 1.42 1.34

d(C3-C4) 1.52 1.50 1.49

d(C1-O1) 1.34 1.37 1.21

d(C1-O2) 1.21 1.23 1.35

d(H1-O1) 0.97 0.97 0.97

d(C2-H2) 1.10 1.81 3.28

d(H2-OTau) 2.72 1.02 2.00

d(H2-O3) 2.53 2.60 0.97

d(C3-O3) 1.43 1.80 3.83

d(O3-H1Tau) 1.83 1.08 1.72

d(NTau-H1Tau) 10.4 1.49 1.05

Imaginary wavenumber 

(cm-1)

424.51i 
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Table S10. Relative energies computed at M06-2X/6-31+G(d,p)/CPCM=water level of theory for stationary 
points optimized and characterized along the elimination reaction of 3-hydroxybutyric acid monomer to 
the crotonic acid at basic, moderate, and acidic conditions with active participation of taurine for Model A 
and B. 

Basic conditions

E[Hartree

]

ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol)

ΔE+ΔETherm

(kcal/mol

RC -1140.73 0.0 132.06 0.00 0.0 0.0

TS1 -1140.67 40.8 130.84 -1.23 39.6 38.3

INT

1

-1140.70 22.8 132.15 0.08 22.9 22.4

INT

1

-1140.70 22.9 132.06 0.00 22.9 22.4

TS2 -1140.67 37.5 129.36 -2.70 34.8 34.2

PC -1140.73 3.4 129.80 -2.26 1.2 2.4

Moderate conditions

E[Hartree

]

ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol)

ΔE+ΔETherm

(kcal/mol

RC -1217.63 0.0 156.69 0.00 0.0 0.0

TS1 -1217.57 38.3 153.70 -2.99 35.3 34.1

INT

1 -1217.59 24.4 155.52 -1.17 23.2

23.4

INT

1 -1217.59 23.8 155.13 -1.56 22.2

22.5

TS2 -1217.57 35.9 153.26 -3.43 32.5 32.6

INT

2 -1217.61 13.5 153.71 -2.98 10.5

12.5

INT

2 -1217.62 7.6 153.15 -3.55 4.1

5.9

TS3 -1217.62 7.8 151.60 -5.09 2.7 4.2

PC -1217.62 7.0 154.01 -2.69 4.3 5.9

Acidic conditions

E[Hartree ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE ΔE+ΔETherm
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] (kcal/mol) (kcal/mol

RC -1141.67 0.0 150.39 0.00 0.0 0.0

TS1 -1141.59 48.7 145.94 -4.45 44.2 44.0

PC -1141.65 10.1 147.52 -2.87 7.3 9.2
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Scheme S4. Reaction mechanism at basic conditions.
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Scheme S5. Reaction mechanism at moderate conditions.
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Scheme S6. Reaction mechanism at acidic conditions.
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Highly acidic conditions (pH < 1)

Model A Model B

Figure S19. Structures of two molecular models used as a starting point for the computational study of the 
elimination of 3-hydroxybutyric acid monomer to the crotonic acid with active participation of taurine 
molecule in highly acidic conditions.

Table S11. Key distances for stationary structures optimized and characterized at M06-2X/6-
31+G(d,p)/CPCM=water level of theory along the elimination reaction of 3-hydroxybutyric acid monomer 
to the crotonic acid at highly acidic conditions with the active participation of taurine, Model A. Values are 
provided in Å.

Distance RC TS1 PC

d(C1-C2) 1.50 1.46 1.48

d(C2-C3) 1.52 1.42 1.34

d(C3-C4) 1.52 1.50 1.49

d(C1-O1) 1.21 1.22 1.22

d(C1-O2) 1.33 1.35 1.34

d(C2-H2) 1.10 1.50 2.55

d(H2-OWAT) 2.69 1.14 0.97

d(C3-O3) 1.45 1.84 3.38

d(O3-H1Tau) 1.49 1.00 1.06

d(OTau-H1Tau) 1.04 1.59 1.39

Imaginary wavenumber 

(cm-1)

728.33i 
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Table S12. Key distances for stationary structures optimized and characterized at M06-2X/6-
31+G(d,p)/CPCM=water level of theory along the elimination reaction of 3-hydroxybutyric acid monomer 
to the crotonic acid at highly acidic conditions with the active participation of taurine, Model B. Values are 
provided in Å.

Distance RC TS1 INT1 TS2 INT2 TS3 PC

d(C1-C2) 1.50 1.48 1.49/1.4

9

1.39 1.36/1.34 1.39 1.4

8

d(C2-C3) 1.54 1.54 1.53/1.5

3

1.52 1.51/1.50 1.41 1.3

4

d(C3-C4) 1.52 1.52 1.51/1.5

1

1.52 1.52/1.52 1.49 1.4

9

d(C1-O1) 1.23 1.27 1.26/1.2

6

1.31 1.33/1.35 1.30 1.2

2

d(C1-O2) 1.32 1.28 1.28/1.2

9

1.32 1.33/1.35 1.32 1.3

3

d(O1-

H1Tau)

1.47 1.00 1.06/1.0

5

0.99 0.98/0.97 1.07 1.7

8

d(OTau-

H1Tau)

1.04 2.16 2.96/2.9

6

2.99 3.01/3.72 4.51 3.8

7

d(C2-H2) 1.09 1.10 1.10/1.1

0

1.49 1.79/5.13 4.08 3.9

8

d(H2-OTau) 3.28 2.87 2.17/2.1

7

1.16 1.03/0.97 0.97 0.9

7

d(C3-O3) 1.43 1.44 1.45/1.4

5

1.45 1.45/1.45 1.42 3.4

4

d(H1Tau-

O3)

2.71 1.77 1.44/1.4

4

1.75 1.82/1.91 1.07 0.9

8

Imaginary 

wavenumber (cm-1)

172.14i 883.27i 551.02i 
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Table S13. Relative energies computed at M06-2X/6-31+G(d,p)/CPCM=water level of theory for stationary 
points optimized and characterized along the elimination reaction of 3-hydroxybutyric acid monomer to 
the crotonic acid at highly acidic conditions with active participation of taurine for Model A and B. 

Model A

E[Hartree

]

ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol)

ΔE+ΔETherm

(kcal/mol

RC -1218.51 0.0 173.59 0.00 0.0 0.0

TS1 -1218.45 37.4 169.60 -3.99 33.4 32.8

PC -1218.50 6.6 170.59 -3.00 3.6 4.3

Model B

E[Hartree] ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol)

RC -1142.10 0.0 157.98 0.00 0.00

TS1 -1142.08 12.6 158.43 0.46 13.10

INT1 -1142.08 10.3 158.20 0.23 10.54

INT1 -1142.08 10.3 158.21 0.23 10.55

TS2 -1142.05 27.5 155.37 -2.60 24.94

INT2 -1142.05 26.7 157.35 -0.62 26.08

INT2 -1142.05 27.2 157.78 -0.20 26.95

TS3 -1142.02 47.1 154.17 -3.80 43.27

PC -1142.08 12.0 155.06 -2.91 9.12

NH3
S

H

OH
H H

O

HO
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Scheme S7. Concerted reaction mechanism at highly acidic conditions.
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Scheme S8. Step-wise reaction mechanism at highly acidic conditions.

Table S14. Relative energies computed at M06-2X/6-31+G(d,p)/CPCM=water level of theory for stationary 
points optimized and characterized along the depolymerization reaction catalyzed by taurine.
Basic conditions

E[Hartree

]

ΔE(kcal/mol) ZPE(kcal/mol) ΔZPE(kcal/mol) ΔE+ΔZPE 

(kcal/mol

)

ΔE+ΔETherm

(kcal/mol) 

RC -1524.02 0.0 220.56 0.00 0.0 0.0

TS1 -1523.99 23.3 218.09 -2.47 20.8 18.7

INT

1

-1523.99 18.9 220.49 -0.07 18.8 17.1

INT

1

-1524.00 15.7 220.60 0.04 15.7 13.7

TS2 -1523.99 18.9 218.45 -2.11 16.8 14.5

PC -1524.02 -1.1 221.35 0.79 -0.3 -1.1
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Figure S17. Free energy profile for the depolymerization reaction catalyzed by taurine with thermal 

corrections.
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Table S15. Key distances (in Å) of optimized and characterized stationary points along the depolymerization 
process catalyzed by taurine at M06-2X level with the continuum water model (CPCM).

Distance RC TS1 INT1 TS2 PC

Cpoly-OWAT 2.79 1.69 1.46/1.39 1.35 1.32

OWAT-H1WAT 0.98 1.08 1.50/2.54 2.50 3.59

H1WAT-OTAU 1.82 1.36 1.03/1.04 1.50 1.85

Cpoly-Opoly 1.22 1.31 1.37/1.37 1.30 1.22

Cpoly-O1poly 1.33 1.34 1.38/1.45 1.73 2.85

Opoly-H1TAU 1.86 1.09 1.02/1.01 1.14 1.79

NTAU-H1TAU 1.04 1.45 1.66/1.70 1.37 1.04

O1poly-H1WAT 3.19 2.89 3.12/1.47 1.03 0.98

Imaginary 

wavenumber (cm-1)

-313.26i -375.93i
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