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Figure S1. Anion screening of PVP40 fluorescence response in ultrapure water. Fluorescence excitation (em = 390 nm, red) and emission (ex = 310 nm, blue) response of 1 wt% PVP40 to 0 and 100 mM (bold) (a) sodium citrate, (b) sodium sulfate, (c) sodium phosphate, (d) sodium acetate, (e) sodium chloride, (f) potassium chloride (g) sodium nitrite, (h) sodium nitrate, (i) sodium chlorate, (j) sodium bromide, (k) sodium iodide, and (l) potassium thiocyanate. Arrow direction corresponds to increasing anion concentrations. The average of three technical replicates with standard deviation is reported.
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Figure S2. Emission response at 390 nm of 1 wt% PVP40 in ultrapure water to 0 (F0, black bar) and 100 mM (Ff, grey bar) for the anions tested in Figure S1. The average of three technical replicates with standard deviation is reported.
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Figure S3. Fluorescence excitation (em = 390 nm, red) and emission (ex = 310 nm, blue) response of 1 wt% PVP40 to anions as a function of pH. Spectra were acquired in (a) 50 mM sodium citrate buffer (pH 4), (b) 50 mM sodium citrate buffer (pH 6), and (c) 50 mM potassium phosphate buffer (pH 8) in the presence of 0, 25, 50, 100, 200, and 400 mM (bold) nitrite, nitrate, iodide, and thiocyanate. Arrow direction corresponds to increasing anion concentrations. The average of three technical replicates with standard deviation is reported.
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Figure S4. Emission response at 390 nm of PVP40 in (a) 50 mM sodium citrate buffer (pH 4), (b) 50 mM sodium citrate buffer (pH 6), and (c) 50 mM potassium phosphate buffer (pH 8) to 0, 25, 50, 100, 200 and 400 mM of the anions tested in Figure S3. The average of three technical replicates with standard deviation is reported. The curve fits used to determine the apparent dissociation constants are included.


Table S1. Summary of the emission response for PVP40 to anions as function of pH. Fractional quenching (Ff/F0) and apparent dissociation constants (Kd) of 1 wt% PVP40 in 50 mM sodium citrate buffer (pH 4), 50 mM sodium citrate buffer (pH 6), and 50 mM potassium phosphate buffer (pH 8) in the presence of 0 (F0), 25, 50, 100, 200, and 400 mM (Ff) nitrite, nitrate, iodide, and thiocyanate. The average of three technical replicates with standard deviation (S.D.) is reported. All spectra and binding curves are shown in Figures S3 and S4, respectively.
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Figure S5. Fluorescence excitation (em = 390 nm, red) and emission (ex = 310 nm, blue) response of (a) 1 wt% K15 and (b) 1 wt% K90 in 50 mM sodium citrate pH 6. Spectra were acquired in the presence of 0, 25, 50, 100, 200, and 400 mM (bold) nitrite, nitrate, iodide, and thiocyanate. Arrow direction corresponds to increasing anion concentrations. The average of three technical replicates with standard deviation of the mean is reported.
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Figure S6. Emission response at 390 nm of 1 wt% (a) K15 and (b) K90 in 50 mM sodium citrate buffer (pH 6) to 0, 6.25, 12.5, 25, 50, 100, and 400 mM of the anions tested in Figure S5. The average of three technical replicates with standard deviation is reported. The curve fits used to determine the apparent dissociation constants are included.


Table S2.  Summary of the emission response for PVP to anions as a function of molecular weight. Fractional quenching (Ff/F0) and apparent dissociation constants (Kd) of 1 wt% PVP K15, PVP40, and PVP K90 in 50 mM sodium citrate buffer (pH 6) in the presence of 0 (F0), 25, 50, 100, 200, and 400 mM (Ff) nitrite, nitrate, iodide, and thiocyanate. The average of three technical replicates with standard deviation is reported. All spectra and binding curves are shown in Figure S5 and S6, respectively.
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Figure S7. (a) Representative initial model of nine linear PVP chains (green) and sulfate system along the x-direction in a 3 x 3 bundle geometry. (b) Equilibrated/relaxed structure after 10 ns. Coloring scheme is as follows: sulfur (yellow), oxygen (red), sodium (pink), and water (transparent blue).


[bookmark: _GoBack]Table S3. Force field parameters for the ions tested.
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Figure S8.  Electrostatic potential map of the PVP monomer determined by the VMD PMEpot plugin. The blue isodensity surface represents a large negative density and the red isodensity surface represents the corresponding positive density of the same magnitude.

Table S4. Spatial distribution of anions within a cutoff distance of 10 Å from the PVP monomer. The color represents the anion density where gray is 0.05, silver 0.15, ice-blue 0.50, magenta 1.50, blue 2.50, green 3.50, yellow 4.50, orange 5.50, red 6.50, purple 7.50, and white and black alternates by 1 atom/Å3 after 8.50 atoms/Å3.
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Table S5. Determination of the number of pyrrolidone units in 1 wt% of each PVP tested given a molecular weight of 111.14 g/mol for each N-vinyl pyrrolidone unit (n).
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Figure S9. Trajectory snapshots show (a) ions within 15 Å of PVP for (b) sulfate, (c) chloride, (d) nitrite, (e) nitrate, (f) bromide, (g) iodide, and (h) thiocyanate systems. Coloring scheme is as follows: PVP (green), nitrogen (blue), oxygen (red), sulfur (yellow), chloride (cyan), bromide (yellow-lime), and iodide (magenta).
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Figure S10. Radial distributions functions (RDFs, g(r)) of center of mass of ions around (a) N (blue), C (cyan) and O (red) atoms of PVP for (b) sulfate, (c) chloride, (d) nitrite, (e) nitrate, (f) bromide, (g) iodide, and (h) thiocyanate systems.
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Figure S11. (a) Radial distributions functions (RDFs, g(r)) of water around sulfate (red), chloride (dark blue), nitrite (purple), nitrate (green), bromide (yellow), iodide (orange), and thiocyanate (light blue) versus radial distance (r). (b) RDFs of anion around the same anion, (c) sodium ions around anions, and (D) sodium ions around PVP. 
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Figure S12. Change in time-averaged solvent accessible surface area (SASA) of PVP in the presence of different anions. Percent change shown compared to PVP in water of 40863 Å2.
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Anion



PVP K15
(average MW 10,000)



PVP40
(average MW 40,000)



PVP K90
(average MW 360,000)



(F0-Ff) / F0 x 
100% ± S.D.



Kd (mM) ±
S.D.



Δλmax



(nm)
(F0-Ff) / F0 x 
100% ± S.D.



Kd (mM) ±
S.D.



Δλmax



(nm)
(F0-Ff) / F0 x 
100% ± S.D.



Kd (mM) ±
S.D.



Δλmax



(nm)



NO2
- 99.7 ± 0.0 33.0 ± 2.4 8 99.1 ± 0.0 53.5 ± 4.9 10 97.9 ± 0.1 193 ± 73 20



NO3
- 91.9 ± 0.3 152 ± 17 2 91.2 ± 0.1 172 ± 24 8 93.1 ± 2.1 57.5 ± 10.0 2



I- 75.0 ± 3.0 68.7 ± 1.3 2 75.8 ± 0.9 59.9 ± 4.1 0 96.0 ± 1.6 12.3 ± 0.6 10



SCN- 48.5 ± 0.6 167 ± 39 2 38.9 ± 2.4 75.3 ± 5.8 0 42.6 ± 8.5 208 ± 68 2
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AnIon Charges
Bond Parameters Angle Parameters Nonbonded parameters



Referencesa
Kb (kcal/mol/Å2) b (Å) Kθ (kcal/mol/rad2) θ (degrees) 𝜖	(kcal/mol) Rmin/2 (Å)



SO4
2-



S = 2.400



O = -1.100
S-O = 540.000 S-O = 1.448 O-S-O = 130.000 O-S-O= 109.47



S = -0.470 S = 2.100
53



O = -0.120 O = 1.700



Cl- -1.0000 -0.150 2.27



NO2
-



N = -0.048866



O = -0.475567
N-O = 302.258 N-O = 1.236 O-N-O = 71.966 O-N-O = 115.000



N = -0.200 N = 1.850
55



O = -0.120 O = 1.700



NO3
-



N = 0.290



O = -0.430
N-O = 400.000 N-O = 1.273 O-N-O = 62.000 O-N-O = 120.000



N = -0.141 N = 2.080
52



O = -0.223 O = 1.840



Br- -1.0000 -0.710 2.402 54



I- -1.0000 -0.710 2.6995 54



SCN-



S = -0.560



C = 0.140



N = -0.580



S-C = 400.000 S-C = 1.690



S-C-N = 21.200 S-C-N = 180.000



S = -0.36389 S = 1.9755



56C = -0.10158 C = 1.8801



C-N =1053.000 C-N = 1.150
N = -0.07409 N = 1.8577



Na+ 1.0000 -0.0469 1.36375



aReferences cited in main text
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Anion Density Profile Spatial Localization
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PVP MW 
(g/mol) n PVP in 1 wt% 



(mol)
Pyrrolidone units 



in 1 wt% (mol)
Pyrrolidone units 



in 1 wt%



K15 10,000 90 4.00 x 10-7 3.60 x 10-5 2.17 x 1019



PVP40 40,000 360 1.00 x 10-7 3.60 x 10-5 2.17 x 1019



K90 360,000 3239 1.11 x 10-8 3.60 x 10-5 2.17 x 1019
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n

PVP in 1 wt% 

(mol)

Pyrrolidone units 

in 1 wt% (mol)

Pyrrolidone units 

in 1 wt%

K15 10,000 90 4.00 x 10

-7

3.60 x 10

-5

2.17 x 10

19

PVP40 40,000 360 1.00 x 10

-7

3.60 x 10-5 2.17 x 1019

K90 360,000 3239 1.11 x 10

-8

3.60 x 10-5 2.17 x 1019
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