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S1 Coil-globule equilibrium

The LCSTtype transition in aqueous solutions of PNIPAM is experimentally observed to be first order (two state).t"3 Such a two state
behaviour has also been observed in the coil-to-globule transitions of short polymer chains in simulation studies.# Therefore, the
experimental salting in/out behaviour of PNIPAM will herein be correlated with salt effects on the single-chain coil-globule equilibrium.
To probe the salt effects on the coil and globule states, the simulation trajectories were separated into coil and globule structural
ensembles using the radius of gyration, Ry, as a criterion for distinguishing between coils and globules. -8l As in the work of Dalgicdir
et al.,” a configuration was considered to be part of the ensemble of coil structures for Ry > 1.8 nm, and was considered to be part of
the ensemble of globule structures for R, < 1.2 nm (see Fig. .

S2 Preferential binding coefficients

In this work, the preferential binding coefficients were computed using the following expression,?

Eislr) = (1)~ 2= ). (5D

where n,(r) and ny(r) are the number of ions (cations and anions considered indistinguishable) and the number of water molecules
within a proximal distance of r from the polymer surface, respectively. N, and N, are the total number of ions and water molecules in
the system, respectively. Similarly, one can also define preferential binding coefficients for different ions such as iodide and sulfate in
the following way,

T (r) = <m<r> - L’"(’))nw<r>>,

Ny —ny(r
(s2)

Ng —ng(r)
) = (s~ =250 ).
where n1(r) and ng(r) are the number of iodide and sulfate ions within a proximal distance of r from the polymer surface, respectively.
Np and Ng are the total number of iodide and sulfate ions in the system, respectively.

$2.1 Pure Nal solutions

Figures and show the dependence of the preferential binding coefficients, Fga(r),l"ga(r), on the proximal distance, r, from
the polymer at different cn,; in the absence of the background salt. The thermodynamic limiting values of the preferential binding
coefficients were evaluated by averaging in the range 0.8 nm < r < 1.2 nm. Ions are depleted from both the coil and globule states
at all Nal concentrations. At low (high) concentrations, ions deplete to a larger extent from the globule (coil) state thereby shifting
the coil-globule equilibrium towards the coil (globule) state. Figures and show the dependence of the preferential binding
coefficients, Fgl(r),l"g](r), on the proximal distance, r, from the polymer at different ¢y, in the absence of the background salt. The
thermodynamic limiting values of the preferential binding coefficients were evaluated by averaging in the range 0.8 nm < r < 1.2 nm.

Here, it can be seen that the trends in the depletion of iodide ions from the coil and globule states are similar to the trends in Fig.

§2.2 Mixed salt solutions
Figure shows the dependence of the preferential binding coefficients, Fga(r),l"ga(r), on the proximal distance, r, from the polymer
at different cyj,y in the presence of the background salt. Ions are depleted from both the coil and globule states at all Nal concentrations.
In contrast to pure Nal solutions, ions are always depleted to a larger extent from the coil state, at low Nal concentrations (region I),
thereby shifting the coil-globule equilibrium to the globule state. Note, from Fig. that the preferential binding coefficients for the
sulfate ions, l"gs (r),l“gs(r), show a similar dependence on ¢y, at low Nal concentrations. On the other hand, from Figs. and it
can be seen the iodide ions are preferentially adsorbed on both the coil and globule states and shift the coil-globule equilibrium towards
the coil state.

The thermodynamic limiting values of the preferential binding coefficients, for the mixed salt solutions, were evaluated by averaging
in the range, 1.8 nm < r < 2.5 nm, for ¢y, = 0.05 m and in the range, 1.5 nm < r < 2.0 nm, for other concentrations.

S3 lon pairing and ion hydration
The excess ion pairing (or affinity), ANan car, between an anion (an) and a cation (cat) is defined as

Neag  [Tou

ANan,cat =
Vv Fin

[gan,cat (r) — l}47rr2dr (S3)

where gan car is the anion-cation radial distribution function, V is the average volume of the simulation box and N, the total number
of cations. AN, cat can be interpreted as the change in the number of cations in a spherical observation region before and after placing
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Table S1 Radii i, and roy used for the calculation of excess anion-cation contact ion pairing (CIP), solvent shared ion pairing (SIP) and solvent
separated ion pairing (SSIP). Radii riy and rou used for the calculation of excess hydration (water affinity) of the 1st and 2nd hydration shells of the
iodide and sulfate ions.

CIP SIP SSIP
Tin  Tout Fin Tout Tin Tout
I~ Na™ 0 0.41nm 0.41nm 0.65nm | - -
SO;~ Na‘t - - 0 0.68nm [ 0.68 nm 0.92 nm
1st hydration shell ~ 2nd hydration shell
I~ OW (cNa,s0, =0 m) 0 0.42 nm 0.42nm 0.66 nm
I~ OW (cNa,s0, =03 m) O 0.42 nm 0.42nm 0.64 nm
SO;” OwW 0  0.44nm 0.44nm 0.68 nm

an anion at the center of this region. ry, and ryy enable us to calculate the excess CIP, excess SIP, excess SSIP or a combination of them
(see vertical dotted lines in Figs. and [S9al). Table [S1]summarises the values of r;, and rqy for CIP, SIP and SSIP for different
cation-anion combinations. A similar expression can be defined for the anion-water affinity in the following manner

NW Tout

AN v = A
Tin

[gan,w(r) — 1]47tr2dr (84
where ganw is the anion-water radial distribution function and N, the total number of water molecules. ANy, is the anion-water
affinity and can be defined as the change in the number of water molecules in a spherical observation region before and after placing an
anion at the center of this region. Table [S1|summarises the values of r;, and roy for the 1st and 2nd hydration shell of different anions.
The different rdfs were calculated using the subroutine “rdf” in GROMACS.1? The finite size effects in the rdfs were corrected using the

Ganguly correction.1
4/3)mr
Nj(lfi( [3)ar >

(85)
3
Nj <1 — 7(4/3‘/)”: > 7AN,']'(}“) - 5ij

girmeeed(r) = g ()

where N; is the number of particles of type j in the system, V is the system volume and A N;;(r) is the excess number of particles of type
j within a sphere of radius r around particle i. On this rdf correction, the extrapolated KBI correction proposed by Kriiger et al. was
applied.12

R
Gy(R) = [ (R (g5g™(r) ~ 1)dr (56)
0
where 5
—ar2 (T
o(r,R) = 477 {1 (R> ] (S7)
This combination of the KBI and rdf corrections has been shown to yield improved KBI convergence in ideal and nonideal aqueous
mixtures. 13

$3.1 Iodide-sodium affinity

Figures and show the iodide-sodium radial distribution functions (rdf) at different Nal concentrations in the presence and
absence of the background salt, ¢na,s0, = 0.3 m. The first and second peaks in the iodide-sodium rdf correspond to contact ion pairing
and solvent shared ion pairing. Figures and [S6d]show that the excess contact ion pairing and the excess solvent shared ion pairing,
respectively. From Fig. 6a in the main text, it can be seen that the excess iodide-sodium ion pairing in mixed salt solutions is smaller
as compared to pure Nal solutions at all Nal concentrations. This can be attributed to the iodide-sodium excess contact ion pairing in
mixed salt solutions which decreases with the concentration of Nal but is smaller as compared to pure Nal solutions (see Fig.[S6J).

S$3.2 Iodide-water affinity

Figures and show the iodide-water rdfs at different Nal concentrations in the presence and absence of the background
salt, cNa,50, = 0.3 m. The first and second peaks in the iodide-water rdf correspond to first and second hydration shell, respectively.
Figures and show that the iodide-water affinity in the first and second hydration shell respectively. From Fig. it can be
seen that the first hydration shell of the iodide ions is not perturbed significantly by the background salt.

$3.3 Sulfate-water affinity
Figure shows the sulfate-sodium rdf at different Nal concentrations (¢na,s0, = 0.3 m). The first and second peaks in the sulfate-
water rdf correspond to first and second hydration shell, respectively. Figures[S8b|and [S8dshow that trends in the excess solvent shared

14511 | s3



Table S2 Comparison of AT (cnar) obtain from simulation with ALCST (cnar) from experimental meaurements, for pure Nal and mixed salt solutions.
The experimental data was adopted from ref. 10

CNasO, [m]  onar [m] A5 7C (pure Nal) AT =T — T (cnar = 0) (sim)°C  ALCST(exp) °C

0 0.05 -0.099082 0.36342 0.269
0 0.1 -0.00595 0.021842 0.373
0.3 0.05 3.9929 -1.489 -2.42
0.3 0.1 4.1289 -2.220 -2.73

ion pairing and the excess solvent separated ion pairing, respectively.

$3.4 Sulfate-sodium affinity

Figure shows the sulfate-sodium rdf at different Nal concentrations (cng,s0, = 0.3 m). The first and second peaks in the iodide-
sodium rdf correspond to solvent shared ion pairing and solvent separated ion pairing. Note that sulfate and sodium ions do not form
contact ions pairs. Figures and show that the trends in the excess solvent shared ion pairing and the excess solvent separated
ion pairing, respectively.

S4 Relation between the preferential binding coefficients and the change in LCST

We used the semi-quantitative theoretical framework proposed by Heyda and Dzubiella to relate the preferential binding coefficients of
the coil and globule states, Fga and Fga, to the change in the LCST, ALCST, with increase in the ion concentration.4 The two-state coil-
globule equilibrium in aqueous ion solutions is determined by the polymer collapse free energy, AGS 70 = AGS — AG®, which depends on
the salt concentration and temperature. For small changes in salt concentration and temperature, AG°~%(c,T) can be Taylor-expanded

(upto to the first order term) with respect to the variables ¢ and T, taking the neat water state (c = 0) at Ty as the reference state,

A C—G A C—G
AGE7S (¢, T = Ty + AT) =~ AGE6(0,Ty) + IAGTTTN a7 + AT pc (S8)
oT 0.7 dc 0.1

where AGS76(0,Tp) is the polymer collapse free energy in neat water solutions at temperature 7y. The above equation assumes that
the polymer collapse free energy, AGSC(c,T), has a linear dependence on the salt concentration and temperature. For a given salt
concentration ¢, AGS~G(c,T.(c)) is zero at the transition temperature T.. If AT = T;(c) — To(c = 0), then the above equation can be

rewritten in the following way,
C—G C—G
<‘9AG7) AT ~ — (‘ML) Ac, ($9)
T /o1 (c=0) de Jo1(c=0)

Note that, for aqueous PNIPAM solutions, the LCST and coil-to-globule transition temperature, T, are equal.2! Combining the above
expression with (8AGCHG / 8ca) = —RTAI'E? G /(ca (14 ca(Gaa — Gaw)) and assuming that the factor, 1+ ¢, (Gaa — Gaw) = 1, we obtain

p.T
RTAL;, "G
== s (510)
where AS§ 6 = — (9AGE79/aT), , (c—0) is the polymer collapse entropy in neat water solutions. AS§ 76 has been measured by different

techniques and has a median value of is 17 J mol 'K~! per monomer.# Therefore, for a 40mer chain, ASS S = 0.68 kJ mol 'K~!.
The AFS;’G values from the pure Nal and mixed salt solutions (Fig. 1b and 1d) were employed to calculate AT (cNar) Which were
subsequently compared with the experimental data for ALCST(cnar) (see Table[S2). From Table it can be seen that, apart from the
case of ¢na; = 0.1 m, AT (cngp) from the simulations is in agreement with the experimentally measured ALCST(cnar). Note that AGE—0
has a non-monotonic dependence on the Nal concentration in pure Nal concentrations where it first increases with increase in Nal and
subsequently decreases with increase in Nal. The transition between the regimes occurs at cn,; & 100 mM where the assumption of
linear dependence of AG~C is no longer valid. This is the reason for the large mismatch between the experimental and simulation AT
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Fig. S1 Dependence of the radius of gyration, Ry, on the simulation time in PNIPAM solutions with cna = 0.05 m and cna,s0, = 0.3 m at 300 K.
Configurations above Ry > 1.8 nm (red dashed line) are considered to be part of the coil ensemble. Configurations below the green dashed lines
(Rg < 1.2 nm) are considered to part of the globule ensemble.
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Fig. S2 All ions: dependence of the preferential binding coefficients of the coil, l"ga (solid lines), and globule, F,()}a (dashed lines), states on the proximal
distance r from the polymer surface at (a) cxa=0.05 m, 0.1 m and (b) cna=0.4 m. In these cases, ¢na,50, =0. The shaded intervals indicate the

standard deviation of the mean, G/\/IV , using sample standard deviations, ¢, and N = 10 blocks, respectively.
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Fig. S3 lodide ions: dependence of the preferential binding coefficients of the coil, l'gl (solid lines), and globule, Fgl (dashed lines), states on the
proximal distance r from the polymer surface at (a) cna=0.05 m, 0.1 m and (b) cnar=0.4 m. In these cases, cNa,50, =0. The shaded intervals indicate

the standard deviation of the mean, G/\/N , using sample standard deviations, o, and N = 10 blocks, respectively.
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Fig. S4 Dependence of the preferential binding coefficients of the coil (solid lines) and globule (dashed lines) states on the proximal distance r from
the polymer surface at different Nal concentration for (a) all ions (I, TF,) and (b) sulfate ions (l"gS7 ng). In these cases, the concentration of

the background salt is fixed at cna,s0, = 0.3 m. The shaded intervals indicate the standard deviation of the mean, o/v/N , using sample standard
deviations, ¢, and N = 10 blocks, respectively.
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Fig. S5 lodide ions: dependence of the preferential binding coefficients of the coil, l—‘gI (solid lines), and globule, Fg[ (dashed lines), states on the
proximal distance r from the polymer surface at (a) cna=0.05 m, 0.1 m and (b) cna=0.4 m. In these cases, the concentration of the background
salt is fixed at cNa,s0, = 0.3 m. The shaded intervals indicate the standard deviation of the mean, G/\/ﬁ , using sample standard deviations, ¢, and

N =10 blocks, respectively.
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Fig. S6 lodide-sodium: dependence of the iodide-sodium radial distribution function, gj- _y,+, on the distance r for different cnar at (a) cnays04 =0
and (b) cNa,s04 = 0.3 m. Dependence of the excess ion pairing between iodide and sodium on cnar, in the presence and absence of sodium sulfate,
for (c) contact ion pairs (CIP) and (d) solvent shared ion pairs (SIP). The vertical lines in (a) and (b) indicate the regions from which the excess ion
pairing is calculated for CIP and SIP.

14511 | S8



3 1 1
. CNal
= —~ —0.05 m
~ S I |
= i o1 m
3 | 5 1 llin —04m
| * | 1+
| ! | IRV 1
) A i = o i
=) [ ) [
od) 1 CNayso, = 0 ol 1 CNas0, = 0.3 m
1Sti 2nd i 1sti znd i
T T T T T T
0.5 1.0 15 2.0 0.5 1.0 1.5 2.0
r (nm) r (nm)
(a) (b)
—24 H 04 1 b 4
Py | & i LT
3 2.5 i e 2 029 y-¥
21, 2.6 st &, o004 1 -
Z //::/”” Z i ’’’’’’’’
L arqg | NaS0. T g gn 02 n-* m cNaso, =0 m
I § -vCNaso,=0.9m I -¥- CNa,50, = 0.3 m
-2.8 } T T T -0.4 T T T
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
cNar [m] CNat [m]

(c)

(d)

Fig. S7 lodide-water: dependence of the iodide-water radial distribution function, g;- _qw, on the distance r for different ey at (a) cna,s04 =0 and
(b) ¢Naysos4 = 0.3 m. Dependence of the iodide-water affinity on cnar, in the presence and absence of sodium sulfate, for (c) the Ist hydration shell
(d) 2nd hydration shell. The vertical lines in (a) and (b) indicate the regions from which the iodide-water affinity is calculated for the 1st and 2nd
hydration shells.
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Fig. S8 Sulfate-water: (a) dependence of the sulfate-water radial distribution function, 8502 on the distance r for different cnar at cNays04 =0.3 m.

—ow’
Dependence of the sulfate-water affinity on cnar, in the presence and absence of sodium sulfate, for (b) the Ist hydration shell (c) 2nd hydration shell.

The vertical lines in (a) indicate the regions from which the iodide-water affinity is calculated for the 1st and 2nd hydration shells.
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Fig. S9 Sulfate-sodium: (a) dependence of the sulfate-sodium radial distribution function, 8502 _Ngt+ ©ON the distance r for different cnar at cNa,s04 =
4

0.3 m. Dependence of the excess ion pairing between sulfate and sodium on cnar for (b) solvent shared ion pairs (SIP) and (c) solvent separated ion
pairs (SSIP). The vertical lines in (a) indicate the regions from which the excess ion pairing is calculated for SIP and SSIP.
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