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Typical raw data of eNMR
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Figure S1. The phase difference ¢ of PNIPAM "H NMR peaks relative to the HOD peak at different
currents /. The sample is PNIPAM at 10 mM monomeric concentration in D,O with 50 mM NaSCN
added.

Table S1. The conductivities of PNIPAM in different electrolyte solutions in D,O.

¢ (M) o (mS/cm)
NaSCN  NaClO4 Nal NaCl NaF Na;S04

0.01 0.736 0.725 0.872

0.05 3.301 3.437 3.508 3.557 2.198 6.720
0.1 7.480 7.510 8.100 7.990

0.2 13.920  13.840  15.260 15.070

0.3 19.570  19.520  21.560 20.950

0.4 25.330  24.480  27.590 25.690

The hydrodynamic radii of PNIPAM Ry at different salt concentrations

PNIPAM as a random coil with hydrodynamic radii R,, with the diffusion coefficient related to

viscosity 7 by Stokes-Einstein equation

.7
67nR,
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Since there are specific ion effects on viscosity, in order to compare PNIPAM chain conformation in
different electrolytes and at different concentrations these effects need to be corrected for. The viscosity

of an electrolyte at concentration ¢ can be approximated by the Jones-Dole expression

n1:1+A\/;+Bc (S2)
0

where 7] is the viscosity of pure solvent, see Table S2. The 4 coefficients in H,O are known from

. . . 1 L .
literature at 25 °C and their values at 20 °C were estimated as 4 o« ——". The viscosity of water is

T
from reference.” The B coefficients in H,O at 20°C were directly available from literature. Values used

are listed in the Table S2 and the references indicated. For calculating the hydrodynamic radii R,,, the

diffusion coefficients of PNIPAM measured in D,O were finally transformed to equivalent diffusion

coefficients in H>O (for which the Jones-Dole coefficients are known) by the relation

D(DZO)% (DZO) = D(HzO)no (HZO)

Table S2. Jones-Dole viscosity coefficients of aqueous electrolyte at 20.0 °C.

A" (dm®?* -mol™?) B (dm® -mol™)

NaSCN 0.0003* 0.032*
NaClO4 0.0061° -0.002'
Nal 0.0097° -0.021"
NaCl 0.0056' 0.071"

* from reference the viscosity A coefficient is for 25.0 °C.

Table S3. The hydrodynamic radius of PNIPAM at different concentrations of salts.

¢ (M) Ru(nm)
NaSCN NaClOq4 Nal NaCl
0 7.75
0.01 7.75 7.68 7.80 7.70
0.05 7.78 7.70 7.79 7.80
0.1 7.80 7.75 7.79 7.71
0.2 7.75 7.55 7.64 7.71
0.3 7.71 7.50 7.71 7.68
0.4 7.71 7.52 7.77 7.49

Data evaluation within the bulk-surface partition model and the Kirkwood-Buff model
The free energy change as result of association/binding can also be evaluated in terms of the solute

partition model,”" frequently used to rationalize ion-specific surface tension behavior with direct
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Hofmeister order but also binding studies in in peptides and biomembranes. There, the free energy

change is related with the relative concentration of anions in direct vicinity of PNIPAM ¢, and in the

bulk ¢ by
_AG
Sin — g baT (S3)
C

This ratio is often referred to as the partition coefficient Kp defining the concentration of ions at the
solution-polymer interface relative to their concentration in the bulk solution.®° It is important to note
that individual Kp values reported depend on the assumed interface thickness, usually considered to be
two layers of water molecules (6 A). On the other hand, computational studies typically show that the
concentration profile of anions and cations in vicinity of PNIPAM reach the bulk concentration beyond
1-3 nm.""""* Hence, it is worth to point out that numerical values of Kp are highly dependent on the

underlying assumptions.

Here we define the hydrodynamic volume as the boundary of PNIPAM surface and the bulk solution.

Thus the anion concentration inside the hydrodynamic volume can be calculated as

Nu _ &V +Zpupan (€) /N,

m

4
= , where J = E 7[RH3is the hydrodynamic volume, c is the bulk salt

cin
V V

concentration and Na is the Avogadro constant. Hydrodynamic radii R,, can be obtained from diffusion

coefficients by Stokes-Einstein equation. A similar model was used to evaluate solute binding to
PNIPAM by molecular dynamic simulations recently.'® The partition coefficients Kp as well as the free
energy of partition estimated according to eq (S3) were summarized in Table S4 and S5. As discussed
above, we cannot compare directly our Kp values to those presented in the literature.'>'* However, the
obtained free energy of solute to PNIPAM by solute partition model is in the same magnitude as that by

Langmuir isotherm model.

Table S4. The partition coefficients of anions in PNIPAM solutions of different electrolyte

concentrations. The right column is relevant partition coefficients from the literature.

Kp* Kp®

0.01M 0.05M 0.1 M 02M 0.3M 0.4M
NaSCN 27.3 13.1 10.7 7.3 5.6 5.9 1.64
NaClO4 18.8 9.1 8.3 5.5 4.9 4.4 1.83
Nal 27.2 9.8 8.7 59 4.7 4.3 1.18
NaCl 11.4 3.9 3.5 29 - - 0.70

a. data from this work.

b. data from the reference 8.
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Table SS5. The free energy of anion binding to PNIPAM obtained from both Langmuir isotherm

model and solute partition model.

AGLaanuir (kJ/mOl) AGSPM (kJ/mOl)a

NaSCN -4.6 -6.3
NaClO4 -4.8 -5.4
Nal -5.1 -5.6
NaCl -3.8 -3.2
NaF 0.0 0.0

a. from data recorded at 0.05 M.

The weak interaction of electrolytes to macromolecules can be described by the preferential
interaction parameter in classical solution theory.'* In a three-component system. with the solvent
(water) being (1). the macromolecule (2) and the cosolvent (salt) (3). the preferential interaction

parameter is defined as

r, - [ om, j (S4)
amz T 1

where m; and mj3 are molar concentrations of macromolecule and salt. respectively. This equation is

strictly valid in an open system at infinitely low macromolecular concentration. The Kirkwood-Buff
(KB) theory is often used in evaluating the preferential interaction parameter since it provides a path to

relate computational results to experimental thermodynamic data. The KB integrals between species i

and j are defined as G, =G, = 47;.[:[ g (r)- 1:|r2dr. where g (l’)is the radial distribution function

between species i and j. With the number density (molar concentration) of species i p, =— we obtain
Vv

N, =p,G, as the excess number of j molecules around a single i molecule relative to its reference

Ps (G23 _GZI)
1+pz (Gzz _G2l)

solution. From eq (S4) and the KB integrals one can obtain I',, = . At infinite dilution.

this simplifies to T, = p, (G, -G, )=N,, _ B N %17 A negative I',, means that the co-solutes are

21
1

depleted in the interfacial region and a positive I',, means accumulation of co-solutes. Since our salt

3 .

. . m m
and polymer concentrations are low. we assume that this leads to I',, = N,, —— N, where £ Mg

m, Py m,

the bulk ratio of salts to solvent. This is the actual excess number of co-solute in vicinity of polymer

and- if the effective charge is a measure of that- it provides a way of interpreting  z ;5,4 -
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