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I. MODEL AND SIMULATION PROCEDURE

We investigate the pressure-temperature phase diagram of a PNIPAM linear chain in water in dilute regime. The
degree of polymerization is chosen to be 30 on the basis of experimental results which showed that the solution
behavior at atmospheric pressure of an oligomer made of 28 repeating units corresponds to that observed at higher
degrees of polymerization [S1, S2]. Amide groups are represented with a trans geometry. PNIPAM and water are
described with the OPLS-AA force field [S5] with the modifications of Siu et al. [S6] and the Tip4p/ICE [S7] model,
respectively.

First, the polymer chain with an energy optimized conformation [S3, S8] was centered in a cubic box of 8.5 nm side
and oriented along a box diagonal to maximize the distance between periodic images. Then, 22849 water molecules
were added and an energy minimization with tolerance of 1000 kJmol−1nm−1 was carried out. The resulting system
was used as initial configuration for the simulations at seven different pressure conditions, specifically 0.1 MPa, 30 MPa,
50 MPa, 100 MPa, 200 MPa, 350 MPa, and 500 MPa, in a range of temperature between 283 K and 308 K.Trajectory
acquisition and analysis were carried out with the GROMACS software package (version 5.1.4) [S9, S10]. The molecular
viewer software package VMD was used for graphic visualization [S11]. MD simulations were carried out in the NPT
ensemble for 300 ns for each point in the P-T phase diagram. Trajectories were acquired with the leapfrog integration
algorithm [S12] with a time step of 2 fs. Cubic periodic boundary conditions and minimum image convention were
applied. The length of bonds involving H atoms was constrained by the LINCS procedure [S13]. The velocity rescaling
thermostat coupling algorithm, with a time constant of 0.1 ps was used to control temperature [S14]. Pressure of
was maintained by the Berendsen barostat [S15] using a time constant of 0.5 ps with a standard error on pressure
values lower than 10%. The cutoff of nonbonded interactions was set to 1 nm and electrostatic interactions were
calculated by the smooth particle-mesh Ewald method [S16]. Typically, the final 100 ns of trajectory were considered
for analysis, sampling 1 frame every 5 ps.

II. TRAJECTORY ANALYSIS

The occurrence of the coil-to globule transition was monitored by calculating the radius of gyration (RG) and the
solvent accessible surface area (SASA). RG was calculated through the equation:

Rg =

√∑
i ‖ri‖2mi∑

imi
(S1)

where mi is the mass of the ith atom and ri the position of the ith atom with respect to the center of mass of the
polymer chain. The SASA is defined as the surface of closest approach of solvent molecules to a solute molecule,
where both solute and solvent are described as hard spheres. It is calculated as the van der Waals envelope of the
solute molecule extended by the radius of the solvent sphere about each solute atom centre [S17]. We used a spherical
probe with radius of 0.14 nm and the values of Van der Waals radii of the work of Bondi [S18, S19]. The distributions
of SASA values were calculated with a bin of 0.1 nm2. Averages were performed over the last 100 ns of trajectory.

The transition temperature (Tc) values are calculated as the average of the Tc obtained from the sigmoidal fit of
the temperature dependence of RG and SASA. Globular states are assigned to conformations with an average radius
of gyration smaller than 1.2 nm.
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Hydrogen bonds were evaluated adopting the geometric criteria of an acceptor-donor distance (A · · · D) lower
than 0.35 nm and an angle θ (A · · · D − H) lower than 30◦, irrespective of the AD pair. The dynamical behavior
of hydrogen bonding interactions was characterized by calculating the normalized intermittent time autocorrelation
function which is irrespective of intervening interruptions. The corresponding lifetime was defined as the time at
which the autocorrelation function is decayed of the 50% of its amplitude to reduce statistical noise.

Hydration properties were investigated as a function of pressure and temperature. The ensemble of water molecules
in the first solvation shell was sampled by selecting molecules having the water oxygen atom at a distance from
PNIPAM nitrogen/oxygen atoms lower than 0.35 nm (hydrophilic water molecules) or a distance from methyl carbon
atoms of PNIPAM lower than 0.55 nm (hydrophobic water molecules). Hydrogen bonding between water molecules
of the first solvation shell was also analysed. The clustering of water molecules belonging to the first solvation shell
was analysed by calculating the population of clusters formed by hydrogen bonded molecules.

The local water structuring was characterized by calculating the tetrahedrality order parameter q for hydration and
bulk water molecules. q is defined as:

q = 1− 3

8

3∑
j=1

4∑
k=j+1

(
cosψjk +

1

3

)2

(S2)

where ψjk is the angle formed by the lines joining the oxygen atom of a molecule and those of its nearest neighbours
j and k. The average value of q varies between 0 (in an ideal gas) and 1 (in a perfect tetrahedral network) [S20]. In
the calculation of q for hydration water molecules PNIPAM oxygen and nitrogen atoms were also taken into account.

III. COMPARISON BETWEEN TWO REPLICAS AT ATMOSPHERIC PRESSURE

FIG. S1: Radius of gyration as a function of time at P=0.1 MPa and for T=283, 288, 293, 298, 303 and 308 K. Results of the
replica 1 (first realization) and 2 (new realization) are shown in green and black, respectively. An additional simulation at 283
K starting from a globule chain conformation is displayed in orange. The vertical line marks the trajectory interval used for
the analysis.

To test the reproducibility of single trajectory data, we have performed a second replica of the full temperature
range at atmospheric pressure starting from a different coil conformation of the chain, which complements our first set
of results for a single replica that was reported in Ref. [S4]. In addition, we further compared simulations performed
at T=283K using three different initial conformations of the chain, in the extended, intermediate and collapsed state,
respectively. The results of these additional simulations (replica 2) are summarized in Figures S1 and S2. Remarkably,
we observe that simulations carried out at T=283K with different initial conditions, even with a starting collapsed
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conformation, lead to comparable average properties of the polymer chain. Furthermore, we confirm the occurrence
of the coil-to-globule transition at a similar Tc for both replicas. Importantly, the distributions of radius of gyration,
displayed in Figure S3, clearly highlight the presence of multiple rearranging events of the chain conformation which
signal an adequate sampling of the phase space on the chosen time interval for all studied state points. Similar
findings are obtained by analyzing a different observable such as the solvent accessible surface area which is reported
in Figure S4. These results confirm the robustness of our initial approach because a good reproducibility of the data
is observed, even when different initial configurations are employed.

FIG. S2: Temperature dependence of PNIPAM radius of gyration. Data represent time averaged values over the last 100 ns
and standard deviation for the simulations collected at pressure value of 0.1 MPa in the Replica 1 (blue), Replica 2 (pink) and
average of the two replicas (light blue). Results obtained at 283 K from an initial collapsed conformation are also displayed in
green. The solid line is the sigmoidal fit to the averaged data.

FIG. S3: Distribution of radius of gyration P (RG) at P=0.1 MPa and for T=283, 288, 293, 298, 303 and 308 K over the last
100 ns of simulation for (A) replica 1 and (B) the average of replica 1 and 2.

FIG. S4: Distribution of solvent accessible surface area P (SASA) at P=0.1 MPa and for T=283, 288, 293, 298, 303 and 308 K
over the last 100 ns of simulation for (A) replica 1 and (B) the average of replica 1 and 2.
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IV. STRUCTURAL CHARACTERIZATION OF PNIPAM COIL-TO-GLOBULE TRANSITION

To identify the transition temperature Tc, we calculated the radius of gyration of the polymer chain in the last
100 ns of equilibrated run. Figure S5 shows the time evolution of the radius of gyration of the chain in the whole
trajectory for the simulations of Replica 1 in the high pressure regime.

FIG. S5: Time evolution of PNIPAM radius of gyration for Replica 1 as a function of temperature at the investigated pressure
values of 200 MPa (A), 350 MPa (B), and 500 MPa (C). Simulation results obtained at 283 K, 288 K, 293 K, 298 K, 303 K,
and 308 K are displayed in grey, blue, light blue, green, pink, and red, respectively. The last 100 ns of trajectory data, marked
by dashed vertical lines, were used for data analysis.

V. PNIPAM-PNIPAM HYDROGEN BONDING

The change with temperature and pressure of intrachain interactions was also monitored as a function of the
topological distance between PNIPAM repeating units. Figure S6 compares the average number of hydrogen bonds
between PNIPAM amide groups separated by less than 4 residues to the average number of hydrogen bonds formed
between amide groups separated by more than 3 residues. The major contribution to the increase of the total
number of PNIPAM-PNIPAM hydrogen bonds across the transition temperature can be ascribed to the formation of
interactions between distant residues. This effect is reduced by applying pressure.

FIG. S6: Temperature dependence of the number of PNIPAM-PNIPAM hydrogen bonds between amide groups at a distance
lower than 4 repeating units (blue circles) and greater than 3 repeating units (pink triangles), normalized to the number of
repeating units in the chain. Data calculated at pressure values of 0.1, 200, 350 and 500 MPa are shown in panel A), B), C)
and D), respectively.
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VI. WATER MOLECULES STRUCTURING

To better understand the differences observed in PNIPAM hydration features, we have characterized the clustering
of water molecules within the first solvation shell, defined as the number of water molecules interconnected through
hydrogen bonds. Figure S7A and Figure S7B compare the changes occurring in the distribution of cluster sizes of water
molecules when PNIPAM coil-to-globule transition is induced by temperature or pressure, respectively. At 283 K and
0.1 MPa we observe the presence of a large number of small clusters and a distribution of values centered at about
420 water molecules. By heating the system at 0.1 MPa a clear reduction of the average size of the distribution is
observed when PNIPAM undergoes the coil-to globule transition. Differently, when pressure is increased at 283 K no
such net variation is detected, which denotes a stability of the structure of the hydration shell, although the coil-to-
globule transition occurs above 350 MPa. Therefore Figure S7 shows that P-induced globule states are characterized
by a more structured hydration shell as compared to T-induced globule states. To probe the local order of water
molecules, we have also calculated the tetrahedrality order parameter for bulk and hydration water as a function of
temperature for P= 0.1, 200, 350 and 500 MPa, as shown in Figure S8. We observe that hydration water exhibits a
lower tetrahedrality order parameter than in the bulk of solution. Moreover, a temperature increase monotonically
reduces the structuring of both bulk and hydration water. Instead, by applying pressure the tetrahedral order of
water molecules decreases in the bulk and raises in the first solvation shell.

FIG. S7: Distribution of cluster sizes of water molecules in the first solvation shell of the polymer chain: A) isobaric behavior
at P= 0.1 MPa and B) isothermal behavior at T=283 K. Data obtained at 0.1 MPa and 283 K, 288 K, 293 K, 298 K, 303 K,
and 308 K are shown in blue, violet, green, orange, light blue and pink, respectively. Data referring to replica 1 are calculated
at 283 K and 0.1 MPa, 200 MPa, 350 MPa, and 500 MPa and are displayed in blue, green, light blue, and pink, respectively.

VII. PNIPAM-WATER HYDROGEN BONDING INTERACTIONS

We investigated the changes in PNIPAM hydration properties through the characteristic lifetime of PNIPAM-water
hydrogen bonding interactions, as reported in Table S1. We find a reduction of the lifetime by applying pressure, while
the transition to globular conformation slightly increases it. These results are coherent with the increased mobility of
PNIPAM hydration water moving from 0.1 to 130 MPa, as well as the reduction of mobility after the phase separation,
as experimentally detected [S21].

TABLE S1: Lifetime of PNIPAM-water hydrogen bonds.

T (K) 0.1 MPa 200 MPa 350 MPa 500 MPa

283 126 (±8) 94 (±10) 87 (±10) 102 (±11)∗

288 74 (±6) 67 (±5) 65 (±8)

293 65 (±3) 66 (±11) 66 (±4)∗ 84 (±13)∗

298 50 (±4) 69 (±6)∗ 64 (±11)∗

303 63 (±5)∗ 50 (±5)∗ 48 (±6)∗ 44 (±5)∗

308 41 (±4)∗ 41 (±9)∗

Lifetimes are reported in ps. Errors are estimated by applying the blocking method. Life-
times associated to globular conformations are marked with an asterisk. Data refer to Replica
1.
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FIG. S8: Temperature dependence of the tetrahedrality order parameter calculated for hydration (blue diamonds) and bulk
(pink circles) water molecules. Data calculated at pressure values of 0.1, 200, 350 and 500 MPa are shown in panel A), B), C)
and D), respectively.

VIII. COMPARISON BETWEEN TWO REPLICAS AT PRESSURES BELOW 200 MPA

To verify the occurrence of the pressure reentrance we have carried out two independent replicas of the simulations at
pressures below 200 MPa starting from a different initial chain conformation for the three representative temperatures
(T=283, 303 and 308 K) discussed in Fig. 3 of the main text. Comparative results for the first replica versus the
average of the two are reported in Figs. S9 and S10 confirming the occurrence of a reentrant behavior at low pressure.

FIG. S9: Radius of gyration as a function of time for P=0.1, 30, 50, 100 and 200 MPa for A) replica 1 and B) replica 2. Data
refer to T=283 K (green), T=303 K (blue), and 308 K (red).
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FIG. S10: Number of hydration water molecules per PNIPAM residue as a function of pressure for A) replica 1 and B) average
between the two replicas. Data refer to T=283 K (green), 303 K (blue) and 308 K (red).
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