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Supplementary material

Numerical method
The numerical solution of the minimization of the free energy functional is obtained by
discretization of the radial coordinate into parallel spherical layers of thickness 8. Define the i™

spherical layer as the region between (i —1)0 <r <i¢ . The packing constraint in discrete form

for layer 1 becomes
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V(i) is the volume of the spherical layer between (i-1)J and id.
The pdf of the pluronic chain is given by
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The volume fraction of water is
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The fractions of different hydrogen bonds are
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Substituting eqs (S2)-(S6) into the constraint eq. (S1) results in a set of coupled nonlinear



equations for the lateral pressure fields and that together with the self-consistent equations for the
average volume fractions of the PEO and PPO, Eq (2) in the text, are solved by standard numerical
methods.

The chain model that we employ to generate the chain conformations is a three-state RIS model.
We generate one configuration with the middle point at the position of r=0, and then translate it for

10 times with different random positions within » [0,R](R =i_,.06). The total number of

configurations is 10° for all the calculations. The spherical layer thickness is & = 0.2nm . Each EO

segment and PO segment occupies three layers due to r,, =0.25nm and r,, =0.28nm .

Free energy for mixed solvents

In the case of mixtures of solvent we need to consider all the possible combinations of hydrogen
bond pairs, as well as the fact that when D,0 and H,O are mixed there is isotope exchange and we
also find HDO molecules. Therefore, the total free energy will include all the appropriate mixing
terms, the different hydrogen bond pairs possibilities as well as the vdw type of interactions
between the different types of solvents and the different types of polymer segments. The
generalization of the free energy for the case of solvent mixtures is then given by

R

ﬁEZb = \/47Tr22peu (r)[xeoh(r) lnxeoh (I") + xead (I") lnxeod (7") _‘xeoh (r)ﬁAF;oh

0

X,y (NBAF,,; + (1 —x,,,(r) —X,,,(r))In(l —x,,,(r) —x,,,(r))]dr

R

+ \/47”"2 2ppo (r)[xpoh (V) ln xpoh (r) + xpod (r) hlxpod (V) - xpoh (F)BAF;;ah
0

X pod (V)BAF;M + 1 =x,,(r) _‘xpod(r))ln(l =X, (1) =X, (r))]dr

R

+ \/47rr22ph20(r)[xhh (m)Inx,,(r)+ x,,(r)nx,,(r) —x,, (r)BAF,

0

=X, (NBAF,, + (1 —x,,(r) —x,, (") In(l — x,,(r) —x,,(r))]dr

R

+ \/47rr22pd20(r)[xdh (") Inx, (r)+x,(r)Inx,,(r) —x,(r)BAE,

0

=X (NBAF,, + (1 —x4,(r) —x,,(r)In(l — x,, () —x,,(r))dr

R

A2, () —x,, X (P (1) X i (P, (1) Xy (1)pan, (1)
(\)/wr Piao ()L —x,,(r) o (1) o (1) (1) )

odn(l —x,, (r) — X oo (M)Pe (1) X po (1)p,, (1) Xy, (r)deO(r))dr
Pr2o (1) Pio(T) Pz (T)




R

AT 2p,, (1 —x, X)X p0d (P (1) x (1)), ()
(\)/ T 20,,,() A —x,4,(7) o () o (1) o (1) )

Xt (P () X p0a (P (1) xhd(r)phzu(r)) 0

odn(l —x,,(r) —
S Pa () P ()

- \/47””2 (2p,, ()X, (1) + 20,,(1)x 0, (1) + 2,5, (1)Xy, (1) + 2p43,(r)x4,(r)) In

0

2p}120(r)vw dr
e

VAT 20 (V8 (P) F 20, (10,1 + 2,5 (P05 () - 20,5, () () I L2
e

0

+ \/47""”26”(”)(@0(’”) + ¢pu(r) + Ouao (1) + P (r))dr -+ \/47T’”2ﬁ>‘(¢h20(7’) — Qo (P))dr

where x,, (r)1s the fraction of eo-h hydrogen bonds at r, x,,(r)1is the fraction of eo-d hydrogen
bonds at r,x,,(r)is the fraction of po-h hydrogen bonds at r,x,,(r)is the fraction of po-d
hydrogen bonds at , x,,(r) is the fraction of oh-h hydrogen bonds at r, x,,(r) is the fraction of

oh-d hydrogen bonds at r,x,(r)is the fraction of od-h hydrogen bonds at » andx,(r) is the

fraction of od-d hydrogen bonds at r.
Note that the free energy explicitly considers the fact that in mixtures of D,O and H,O there is
proton-deutereum exchange and therefore one needs to explicitly include DHO, which
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