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Table S1. Nonbonded interaction parameters.

Qa Qo C C SCi SCs Qa Ps P5 BP:
Q- 5.0 4.5 2.0 2.0 2.0 2.7 5.6 5.6 5.6 5.6
Qo 0.47 3.5 2.0 2.0 2.0 2.7 45 5.6 5.0 5.6
C 0.62 0.62 3.5 3.5 3.5 3.1 2.0 2.3 2.3 2.3
@ 0.62 0.62 0.47 3.5 3.5 3.1 2.0 2.0 2.0 2.0

SCi 062 062 047 047 PGB 2325 20 20 20 20
SC. 043 047 047 047 043 B 27 27 40 27
Qi 047 047 062 062 062 047 50 56 56 56
P. 047 047 047 047 047 047 047 BO 56 50
Ps 047 047 047 047 047 047 047 047 56 56
BP: 047 047 047 047 047 047 047 057 047 50

for the green value, O

The grey values are O, the rest values are &, is 0.47nm, for the pink

[/ i’
value, &; is 0.43nm.

The simulation box is 23.1nm*23.1nm*23.1nm and the number of total beads is N=108339. The
temperature is kept at 300K and the pressure is maintained at 1 bar. The timestep is 20fs and the
simulation run 600ns to get the equilibrium state. There is no need to use other methods to guarantee
the electroneutrality of the system because the charges are already balanced (CTA* and CI,, Na* and
Sal"). The viscosity is calculated by changing the shape of the simulation box, which is a
non-equilibrium molecular dynamics (NEMD) simulations of a continuously strained system.
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Figure S1. Shear
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viscosity versus time at various rates for PAM based solution. Cram=2.96x 107

mol-L7, Counter ion salt: NaSal, R=0.8, T=300K. Black square: Ccrac=0.1 mol-L. Red circle:
Ccrac=0.15 mol-L. Blue triangle: Ccrac=0.2 mol-L™. Dark cyan triangle: Ccrac=0.25 mol-L-'. Magenta
triangle: Ccrac=0.3 mol-L". (a) shear rate is 7.79x 108 s, (b) shear rate is 8.65x 108 s, (c) shear rate is
1.08x 10° s, (d) shear rate is 1.3x 10° s. (e) shear rate is 4.32x 10° s, (f) shear rate is 1.3x 10'° s, (g)
shear rate is 4.32x 10" s, (h) shear rate is 8.65x 10'° s, (i) shear rate is 1.73x 10" s
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Figure S2. Shear viscosity versus time at low shear rates for CTAC based solution. Ccrac=0.2 mol-L,
counter ion salt: NaSal, R=0.8, T=300K. Black square: Cram=2.96x 10> mol-L-. Red circle: Cram=4.45x
103 mol-L™%. Blue triangle: Cram=7.41x 10 mol-L. Dark cyan triangle: Crav=1.35x 102 mol-L.
Magenta triangle: Crav=2.02x 102 mol-L. (a) shear rate is 7.79x 108 s, (b) shear rate is 8.65x 108 s, (c)
shear rate is 1.08x 10° s, (d) shear rate is 1.3x 10° s.. (e) shear rate is 4.32x 10° s, (f) shear rate is 1.3x
100 s, (g) shear rate is 4.32x 10'° s, (h) shear rate is 8.65x 10" s, (i) shear rate is 1.73x 10 s°1.
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Figure S3. Shear viscosity versus the concentration of CTAC. The concentrations of CTAC are 0.1
mol-L7, 0.15 mol-L7?, 0.2 mol-L?, 0.25 mol-L?, 0.3 mol-L!, the concentration of PAM is 2.96x 103
mol-L. Counter ion salt is NaSal, R is 0.8, T=300K. Black square: shear rate is 7.79x 10% s1; Red circle:
shear rate is 8.65x 108 s1; Blue triangle: shear rate is 1.08x 10° s; Dark cyan triangle: shear rate is 1.3x
10° s; Magenta triangle: shear rate is 4.32x 10° s*!; Dark yellow triangle: shear rate is 1.3x 10 s;
Navy rhombus: shear rate is 4.32x 10'° s/; Wine pentagon: shear rate is 8.65x 10'° s'!; Pink hexagon:
shear rate is 1.73x 101 s,

Figure S4. The inner micelle structures in stable PAM based solutions (initial equilibrium state). (a)
Ccrac=0.1 mol-L7, (b) Ccrac=0.15 mol-L7, (c¢) Ccrac=0.2 mol-L7, (d) Ccrac=0.25 mol-L7, (e) Ccrac=0.3
mol-L7. Cram=2.96x 10 mol-L7, counter ion salt is NaSal, R is 0.8, T=300K. Color scheme: purple,
hydrophilic part of CTAC; cyan and blue, hydrophobic tail of CTAC; magenta, aromatic ring of Sal;
khaki, charge group of Sal"'PAM acidammide group (red), PAM carbon backbone (green), Na*
(yellow), CI- (dark green), Water sites (reddish) and antifreeze water sites (grey) were hidden for
clear display.



Polymers 2020, 12, x FOR PEER REVIEW 5 of 6

From the Figure S3 and 54, we can find that when the concentration of CTAC is low, CTAC will
form small size micelles such as spherical micelles and small wormlike micelles, (Figure S4(a)and
(b)). With the increase of CTAC concentration, CTAC will form large size of micelles, such as
wormlike micelles and branched micelles.
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Figure S5. Shear viscosity versus the concentration of PAM. The concentrations of PAM are 2.96x 103
mol-L7, 4.45% 103 mol-L, 7.41x 103 mol-L, 1.35x 102 mol-L1, 2.02x 102 mol-L, the concentration of
CTAC is 0.2 mol'L™. Counter ion salt is NaSal, R is 0.8, T=300K. Black square: shear rate is 7.79x 108
s71; Red circle: shear rate is 8.65x 108 s71; Blue triangle: shear rate is 1.08x 10° s’; Dark cyan triangle:
shear rate is 1.3x 10° s';; Magenta triangle: shear rate is 4.32x 10° s7'; Dark yellow triangle: shear rate is
1.3x 10" s'; Navy rhombus: shear rate is 4.32x 10'° s™'; Wine pentagon: shear rate is 8.65x 10'° s; Pink
hexagon: shear rate is 1.73x 10" s..

Figure S6. The inner micelle structures in CTAC based solutions (initial equilibrium state). (a)
Cranm=2.96x 10 mol-L, (b) Cram=4.45x 10 mol-L, (c) Cram=7.41x 10 mol-L, (d) 1.35x 102 mol-L,
(e) 2.02x 102 mol-L1. Ccrac=0.2 mol-L7, counter ion salt is NaSal, R is 0.8, T=300K. Color scheme:
purple, hydrophilic part of CTAC; cyan and blue, hydrophobic tail of CTAC; magenta, aromatic ring
of Sal’; khaki, charge group of Sal.PAM acidammide group (red), PAM carbon backbone (green), Na*
(yellow), CI- (dark green), Water sites (reddish) and antifreeze water sites (grey) were hidden for
clear display.
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From the Figure S5 and S6, we can see that with the increase of PAM concentration, the micelle
size first has an evident increase, small spherical micelles disappear and large branched micelles
appear. Then with the further increase of PAM concentration, the micelle size decrease and small
micelles appear.

The Table of Contents entry

The chemical-physical interactions within multi-phase PAM/CTAC/NaSal mixtures
were explored with a NEMD based numerical approach. The “two peaks” phenomenon was
discovered first time in simulation after analysing the time dependent shear viscosity and the
corresponding inner structural evolution between different phases under different shear rates
in PAM based solutions.
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