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Solubility Data
Table S1. Absorption and Desorption Solubility Data for [C2Ciim][BF4] at 298.15 K

. Partial
. Relative a
Sorption L Pressure WH20 XH20
Humidity
of water
(%) (kPa) (mass %) (mole %)

Absorption 0.00 0.00 0.0 0.0
Absorption 10.67 0.34 0.8 8.4
Absorption 30.67 0.97 2.8 243
Absorption 50.67 1.61 5.8 40.4
Absorption 70.67 2.24 11.8 59.4
Desorption 70.67 2.25 11.9 59.6
Desorption 50.67 1.61 5.8 40.4
Desorption 30.67 0.97 2.8 24.2

Desorption 10.67 0.34 0.8 8.5

Desorption 0.00 0.00 0.0 0.5

? Uncertainty was less than 0.1 mol%.



Table S2. Absorption and Desorption Solubility Data for [C2Ciim][BF4] at 303.15 K

. Partial
. Relative a
Sorption 1 Pressure WH20 XH20
Humidity
of water
(%) (kPa) (mass %) (mole %)

Absorption 0.00 0.00 0.0 0.0

Absorption 10.67 0.45 0.9 9.2
Absorption 30.67 1.30 3.0 25.6
Absorption 50.67 2.15 6.1 41.9
Absorption 60.67 2.58 8.5 50.5
Absorption 70.67 3.00 12.3 60.6
Desorption 70.67 3.01 12.1 60.3
Desorption 50.67 2.15 6.1 41.7
Desorption 0.00 0 0.0 0.0

# Uncertainty was less than 0.1 mol%.




Table S3. Absorption and Desorption Solubility Data for [C4C1im][OAc] at 294.85 K

. Partial
Sorption Relative Pressure WH20 XH20"
Humidity of water
(%) (kPa) (mass %) (mole %)

Absorption 0 0.00 0.0 0.0
Absorption 1.67 0.04 5.6 39.5
Absorption 5.67 0.15 11.8 59.4
Absorption | 10.67 0.28 15.5 66.9
Absorption | 15.67 0.41 18.6 71.6
Absorption | 20.67 0.54 21.4 75.0
Absorption | 25.67 0.67 242 77.8
Desorption | 25.67 0.67 24.2 77.8
Desorption | 20.67 0.54 21.5 75.0
Desorption | 15.67 0.41 18.6 71.6
Desorption | 10.67 0.28 15.5 66.9

# Uncertainty was less than 0.1 mol%.



Table S4. Absorption and Desorption Solubility Data for [C4C1im][OAc] at 303.15 K

. Partial
. Relative a
Sorption o Pressure of WH20 XH20

Humidity
water
(%) (kPa) (mass %) (mole %)

Absorption 0 0.00 0.0 0.0
Absorption 1.47 0.06 5.6 39.5
Absorption 1.67 0.07 6.4 429
Absorption 5.67 0.24 12.4 60.9
Absorption | 10.67 0.45 15.7 67.1
Absorption | 15.67 0.67 18.8 71.8
Absorption | 20.67 0.88 21.8 75.4
Absorption | 25.67 1.09 24.4 78.1
Desorption | 25.67 1.09 24.4 78.0
Desorption | 20.67 0.88 21.8 75.4
Desorption 15.67 0.67 19.0 72.1
Desorption | 10.67 0.45 15.9 67.5
Desorption 5.67 0.24 12.2 60.4

? Uncertainty was less than 0.1 mol%.




Table SS. Absorption and Desorption Solubility Data for [C4C1im][OAc] at 315.15 K

. Partial
. Relative a
Sorption o Pressure of WH20 XH20
Humidity
water
(%) (kPa) (mass %) | (mole %)

Absorption 0 0.00 0.0 0.0
Absorption 1.47 0.12 5.1 373
Absorption 1.67 0.14 59 40.8
Absorption 5.67 0.47 11.7 59.2
Absorption | 10.67 0.88 15.3 66.5
Absorption | 15.67 1.29 18.3 71.2
Absorption | 20.67 1.70 21.1 74.6
Absorption | 25.67 2.11 23.7 77.4
Desorption | 25.67 2.11 23.7 77.4
Desorption | 20.67 1.70 21.1 74.6
Desorption | 15.67 1.29 18.3 71.2
Desorption | 10.67 0.88 15.3 66.6
Desorption 5.67 0.47 11.6 59.2
Desorption 1.67 0.14 6.0 41.3
Desorption 1.47 0.12 5.1 37.2

Desorption 0 0.00 0.4 4.2

? Uncertainty was less than 0.1 mol%.




Table S6. Absorption and Desorption Solubility Data for [C4C1im][CI] at 283.15 K

. Partial
. Relative a
Sorption . Pressure WH20 XH20
Humidity
of water
(%) (kPa) (mass %) | (mole %)

Absorption 0 0.00 0.0 0.0
Absorption 1.66 0.02 6.3 39.6
Absorption 5.66 0.07 9.5 50.6
Absorption | 10.66 0.14 12.4 57.9
Absorption | 15.66 0.20 14.9 62.9
Absorption | 20.66 0.26 17.2 66.8
Absorption | 25.66 0.33 19.5 70.1
Desorption | 15.66 0.20 14.9 62.9
Desorption 5.66 0.07 9.6 50.8
Desorption 1.66 0.02 6.3 39.6
Desorption 0 0.00 1.2 10.5

# Uncertainty was less than 0.1 mol%.



Table S7. Absorption and Desorption Solubility Data for [C4C1im][CI] at 295.15 K

. Partial
. Relative a
Sorption . Pressure WH20 XH20
Humidity
of water
(%) (kPa) (mass %) | (mole %)

Absorption 0 0.00 0.0 0.0
Absorption 1.67 0.04 5.8 37.5
Absorption 5.67 0.15 9.2 49.6
Absorption | 10.67 0.28 12.0 56.9
Absorption | 15.67 0.41 14.4 61.9
Absorption | 20.67 0.55 16.6 65.9
Absorption | 25.67 0.68 18.9 69.3
Desorption | 15.67 0.41 14.4 61.9
Desorption 5.67 0.15 9.2 494
Desorption 1.67 0.04 5.8 37.6
Desorption 0 0.00 0.5 4.6

? Uncertainty was less than 0.1 mol%.



Table S8. Absorption and Desorption Data for [C4Ciim][Cl] at 303.15 K

. Partial
. Relative a
Sorption . Pressure WH20 XH20
Humidity
of water
(%) (kPa) (mass %) | (mole %)

Absorption 0 0.00 0.00 0.0
Absorption 1.66 0.07 5.6 36.7
Absorption 5.66 0.24 9.0 49.1
Absorption | 10.66 0.45 11.8 56.5
Absorption | 15.66 0.67 14.2 61.7
Absorption | 20.66 0.88 16.5 65.7
Absorption | 25.66 1.09 18.7 69.0
Desorption | 15.66 0.67 14.2 61.6
Desorption 5.66 0.24 9.0 48.9
Desorption 1.66 0.07 5.7 36.8
Desorption 0 0.00 1.6 133

? Uncertainty was less than 0.1 mol%.



Density Values

The density used in the buoyancy correction for ionic liquids [C2Ciim][BF4], [C4Ci1im][OAc], and

[C4C1im][CI].

Table S9. Density for buoyancy correction

D Temperatures Density
Ionic Liquid Source
a (K) (g/lem’)
"Equation d/g-cm™ =
[C2C1im][BF4] 298.15 1.28 1.5134 - 7.8297x10*
303.15 1.28
T/IK
294.85 1.05 . .
[C4C1im][OAC] 303.15 1.05 Eq“alti‘t"?a%;“d 310
315.15 1.04 crature
283.15 1.09 . .
[C4Crim][C]] 295.15 1.08 é“;;egoi‘}‘;igf;mﬂlg?g
303.15 1.08
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NRTL Parameters tij
Table S10. NRTL parameters 1jj calculated for different temperatures of [C2Ciim][BF4]-water

T
(K) T12 121
283 2.44 0.10
291 2.74 0.07
298 3.00 0.05
303 3.17 0.04

Table S11. NRTL parameters 1jj calculated for different temperatures of [C4C1im][OAc]-water

T

(K) T12 121
294.85 6.34 -7.14
303.15 6.35 -7.10
315.15 6.37 -7.05

Table S12. NRTL parameters 1jj calculated for different temperatures of [C4Cim][Cl]-water

T

(K) T12 21
283.15 -3.58 -2.96
295.15 -3.15 -2.93
303.15 -2.88 -2.91




Enthalpy

Table S13. Enthalpy of Absorption Data for [C2Ciim][BF4]

(mole
fraction) (kJ/mol) | (kJ/mol)

0.05 39.0 0.1
0.10 39.3 0.1
0.15 39.7 0.1
0.20 40.0 0.1
0.25 40.3 01
0.30 40.6 01
0.35 40.9 02
0.40 41.3 02
0.45 41.6 02
0.50 419 02
0.55 42.3 02
0.60 42.6 02
0.65 43.0 03
0.70 43.4 03
0.75 43.8 0.3
0.80 44.2 0.3
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Table S14. Enthalpy of Absorption Data for [C4Ciim][OAc]

XH20 AHabs %I:r?;)rs
frg;‘i’(l)‘;) (k/mol) | (ki/mol)
035 | 470 | 01
040 | 469 | 01
045 | 469 | 01
050 | 468 | 0.1
055 | 466 | 01
060 | 464 | 01
065 | 462 | 01
070 | 460 | 0.1
075 | 456 | 01
080 | 453 | 01

13



Table S15. Enthalpy of Absorption Data for [C4C1im][Cl]

XH20 AHaps %I:rzbrs
fr(efgt(i)!)i) (k/mol) | (ki/mol)
035 | 546 | 02
040 | 516 | 01
045 | 495 | 01
050 | 481 | 01
055 | 470 | 01
060 | 464 | 01
065 | 458 | 01
070 | 454 | 01

Error for the enthalpy of absorption was calculated using Eq. S1 at each mole fraction shown in
Tables S13-15, where C is the constant arising from the derivative. Then the excel LINEST
function was used to obtain the slope error, which was multiplied by R and converted to AH.

1 AH
ll’l(P) :T*?-FC

(SD)
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Rotational Motion Activation Energy

The interactions in the [C2Ciim][BF4] system are weaker than the water-water interactions (i.e.
hydrogen bonding). The activation energies (E,) of the rotational motion of water molecules makes
this slightly clearer. Published E, values for D20 in [C2C1im][BF4] ° and [C4C1im][C]] '° are shown
in Figure S1. These measurements indicate that the rotational motion activation energy for D,0 in
[C4C1im][Cl] is much larger than for D>O in [C2Ciim][BF4], which indicates that the rotational
motion of water is more restricted in the D>O + [C4Ci1im][Cl] system. This is likely due to the
Coulombic forces between the Cl anion and the water molecules'® and explains why the water
diffusion in [C>Ciim][BF4] is overall faster than [C4Ciim][Cl] at a given temperature and x,. As
the concentration of water increases, the E, value for [C4C1im][CI]-D20O decreases and approaches
the E, value of pure D20, suggesting water molecules have more mobility and may diffuse more
easily. On the other hand, the E, of [C2Ciim][BF4]-D20, after having reached a value lower than
E. of pure D20, appears to be increasing at x,, >0.3; a behavior which has been attributed to the

water-water hydrogen bonds restricting rotational motion.’
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Figure S1. Activation energies of the rotational motion of water molecules in [C2Ciim][BF4] and
[C4C1im][Cl] plotted as a function of D>O mole fraction. The circles represent data measured by
Takamuku et al. for [CoCiim][BFs], and the triangles are data measured by Yasaka, et al. for

[C4C1im][C]]. The dashed line is the rotational motion activation energy of pure D,0O.!!
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Diffusion

Modeling
Initially, the COMSOL Multiphysics® Optimization interface was used to solve for D and C;

while minimizing the sum of square differences between the simulation measurements and the
experimental data (mass vs. time). The experimental mass versus time data is the average water
concentration (i.e., mass fraction) in the sample at a given time. The output of the COMSOL
Multiphysics® Simulation is reported in moles of H>O per liquid volume (nx20/V) as a function of
position and time. Therefore, the output nx20/V was integrated over the 3D geometry to obtain total
moles of H>O (nu20) and divided by the total mass to obtain concentration, as shown in Egs. S2

and S3.

Np20 = J:I-f n;l/zo av (S2)

C= Npoo * MWyyo
Np2oMWypo + (1 — Nyzo) * MWy,

(S3)

This method was initially applied to the solubility data (mass versus time) for the H.O +
[C4C1im][OAc] system at 294.85 K and 15.67 % RH, where the Cy value was specified (Cp=15.38
wt. %), based on the measured water concentration in the ionic liquid when the RH becomes stable.
The comparison between the simulation (lines) and the experimental data (circles) shown in Figure
S2a indicates that the fit is reasonable but could be improved. Next, the Co value was included as
a variable to be optimized along with D and Cs. This method provides a better fit, as shown in
Figure S2a by the solid line but also could be improved if the first few data points were deleted.
Therefore, the final COMSOL optimization trial was performed deleting the first 3 measured
points. The D, C;, C,, and standard errors of regression (S) for each method are listed in Table

S16, and the methods are listed below:
17



Method 1: Cy value was specified, D and Cs were calculated using all data points.
Method 2: D, C;, and Cp were calculated using all data points.

Method 3: D, Cs, and Cyp were calculated using all data except for the first 3 points.

Method 1, with a specified value for Cy, was not optimum for either the 2D or 1D models, and

Method 3 eliminated the first three data points which was not preferred; therefore, Method 2, which

used all the experimental data to determine D, Cs, and Cy, was utilized.
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Figure S2. A comparison between using (a) the COMSOL 2D mass transfer simulation and (b)
the 1D diffusion Eq. 17 to determine the binary D coefficient for water in ILs by fitting the mass
fraction per time data. Open circle symbols are experimental data. Purple short-dashed line
represents the fit where Cy value was specified, D and Cy were calculated using all data points; red
solid line represents the fit where D, Cs, and Cy were calculated using all data points; long-dashed
line represents the fit where D, C;, and Cyp were calculated using all data points except for the first
3 measured points.
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Table S16. D, Cs, and Co determined by the 2D COMSOL simulation and the 1D diffusion
equation (Eq. 17) for the solubility of water in [C4C1im][OAc] at 15 % RH and 294.85 K

Avproach | Method D (x 10" | Cs, meas | Cs, cale | Co, meas | Co, calc S
PP m¥s) | (wt.%) | (Wt.%) | (Wt.%) | (wt.%) | (wt. %)
1 0.5 18.6 20.3 154 154 0.2
2D
COMSOL 2 1.1 18.6 19.2 154 14.9 0.1
Simulation
3 2.2 18.6 18.6 154 14.1 0.2
1 0.8 18.6 18.8 154 154 0.1
1D
Equation 2 1.1 18.6 18.6 154 15.0 0.1
(Eq. 17)
3 1.3 18.6 18.5 154 14.7 0.1

The Standard Error of Regression (S) or also known as RMSE (Root Mean Square Error) was
calculated using Eq. S4, where y; is the predicted concentration, y; is the measured concertation,
and n is the number of measurements. It represents the error for how the model fits the overall

data.
. JZ @, = y)*
i=1 n

(84)
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Height in Calculating the Diffusion Coefficient
The diffusion coefficient of each IL was calculated at the highest RH measured for each

temperature using the average “wet” cylinder height and also using the “dry” height to observe the
effect of height (L) on the diffusion coefficient. The “wet” height was calculated by taking the
average of the height from beginning to end at a specified T and RH condition. The ionic liquid
can expand as water absorbs and the height increases; therefore, an average “wet” height was used
to determine the effect versus using the initial “dry” height at the beginning of the isotherm when
no water had been absorbed. For example, for [C4Ciim][OAc] at 294.85 K and 25.67 % RH (xw =
77.8 mol%), the calculated molar volume was 0.0718 cm?; and at 294.85 K and 20.67 % RH, (Xw
= 75.0 mol%), the calculated molar volume was 0.0692 cm?; and the average molar volume was
0.0705 cm?®. Using Eq. 19 in the main article, the average cylinder height was calculated to be
0.1054 cm. The dry height was calculated assuming the IL contained no water, which for
[C4C1im][OAc] at 294.85 K was 0.0904 cm.

The diffusion coefficients using the average “wet” and “dry” heights are provided in Table S17.
On average the diffusion coefficient increased by 27 % when using the average height including
volume expansion versus the initial height without volume expansion; therefore, the average height

for each T, % RH condition was used to calculate the diffusion coefficients.

20



Table S17. Effect of Height on the Diffusion Coefficient

Average

Dry Dby Height “wet”

. . ry Hei .
Tonic Liquid Tem}(’%ature (;R/P; Cth:idﬂf‘al (x 101 | Cylindrical ?Alvg_vlvft;f;s%

° & m/s?) Height |

(cm) (cm)
[C:Ciim][BF4] | 298.15 | 70.67| 0.0810 2.6 0.0864 2.9
[C:Ciim][BF4] | 303.15 | 70.67| 0.0811 2.7 0.0876 32
[CaCrim][OAc] | 294.85 | 25.67 | 0.0904 13 0.1054 1.7
[CaCrim][OAc] | 303.15 | 25.67| 0.0907 2.1 0.1059 2.8
[C«Crim][OAc] | 315.15 | 25.67 | 0.0909 3.9 0.1056 52
[C.Ciim][CI] | 283.15 | 25.66| 0.0948 0.8 0.1072 1.0
[C.Cim][CI] | 29515 |25.67| 0.0934 1.7 0.1052 2.1
[C.Ciim][CI] | 303.15 | 25.66| 0.0953 2.8 0.1072 3.5
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Diffusion Coefficient Results
Tables S18-S20 show the diffusion coefficients for the ILs investigated, using the 1D Diffusion
equation (Eq. 17 from main article) and using the average wet height.

The total error in the diffusion coefficients was calculated using the error of regression from the
MATLAB fit (<0.1 x 10"'! m%/s), which captures the instrumental error, and the systematic error
due to the use of the average height. The systematic error due to L “average” is shown in Eq. S5,
where Dy; and Dy represent the diffusion coefficient calculated at the initial L and final L for a
specific 7'and % RH, respectively. The total error calculation is shown in Eq. S6.

Systematic Error = (Du - DLf)/Z (S5)

Total Error = \/ Instrumental Error? + Systematic Error? (S6)

Table S18. Diffusivity Data for Absorption and Desorption of Water in [C2Ciim][BF4] determined
using Equation 17

Sorption Ta RH* | D (x 10! Comeas’ | Cscac® | Comeas® | Co, carc® S¢ n
K) | ) | m¥s) i) | (mol%) | (mol%) | (mol%) | (mol%)
Abs. | 298.15 | 10.67 | 9.7+0.1 | 8.4 8.5 2.7 2.7 0.1 | 1092
Abs. | 298.15 | 50.67 | 5.6+0.1 | 404 | 404 25.8 25.8 02 | 2261
Des. | 298.15 | 50.67 | 41+02 | 404 | 395 59.7 62.4 13 | 1016
Abs. | 298.15 | 70.67 | 29+0.1 | 594 | 592 419 39.2 04 | 4262
Abs. | 303.15 | 1067 | 13.1£0.1| 92 9.2 2.7 2.7 0.1 | 966
Abs. | 303.15 | 50.67 | 7402 | 419 | 418 273 24.9 02 | 1830
Des. | 303.15 | 50.67 | 43+03 | 417 | 407 62.8 65.6 1.6 | 994
Abs. | 303.15 | 7067 | 32<0.1 | 606 | 605 51.0 49.6 03 | 4919

2 The measured uncertainties are: 7=+ 0.01 K; % RH=+1 %; Cs and Cp <=+ 0.1 mol%.

® The average uncertainties determined by the error of regression are: Cs== 0.1 mol%; Cp== 0.1
mol%.

¢S is the standard error of regression for the 1D Diffusion equation and represents the error for the
overall fit. n is the number of data points fitted.
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Table S19. Diffusivity Data for Absorption and Desorption of Water in [C4Ciim][OAc]
determined using Equation 17

Sorption Ta RH® | D (x 10! Cs, meas” | Cscalc® | Co,meas® | Co,calc® Se n
K) | o) | m¥S) o100y | (mol%) | (mol%) | (mol%) | (mol%)

Abs. | 29485 | 5.67 | 09801 | 594 | 3594 | 386 | 330 | 08 | 339
Abs. | 29485 | 1567 14=01 | 716 | 716 | 667 | 661 | 07 | 46
Des. | 29485 | 1567 | 1601 | 716 | 71.6 | 749 | 754 | 03 | 997
Abs. | 29485 | 2567 17201 | 778 | 718 | 752 | 747 | 08 | 3477
Abs. | 30315 | 567 | 17201 | 609 | 610 | 450 | 416 | 07 | 422
Abs. | 30315 | 1567 26201 | 718 | 719 | 645 | 631 | 06 | 361
Des. | 303.15 | 1567 | 2501 | 721 | 720 | 721 | 763 | 06 | 1241
Abs. | 30315 | 2567 2801 | 781 | 780 | 741 | 734 | 04 | 421
Abs. | 315.15 | 567 | 4001 | 3592 | 591 | 414 | 373 | 06 | 1640
Abs. | 31515 | 1567 47201 | 712 | 712 | 666 | 659 | 04 | 541
Des. | 315.15 | 1567 | 5201 | 712 | 711 | 745 | 750 | 03 | 99
Abs. | 31515 | 2567 52201 | 774 | 774 | 747 | 743 | 03 | 6l

2The measured uncertainties are: 7=+ 0.01 K; % RH=+1 %; Cs and Cp <=+ 0.1 mol%.

®The average uncertainties determined by the error of regression are: Cs=+ 0.1 mol%; Cp=+ 0.1

mol%.

¢S is the standard error of regression for the 1D Diffusion equation and represents the error for the
overall fit. n is the number of data points fitted.
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Table S 20. Diffusivity Data for Absorption and Desorption of Water in [C4C1im][Cl]
determined using Equation 17

Sorption To RE® | D (x 107! Cs,meas® | Cs,ca® | Co,meas® | Co,carc’ S¢ n°
K) | o) | w5 | (oon) | (mol%) | (mol%) | (mol%) | (mol%)
Abs. | 283.15 | 5.66 | 049+01 | 506 | 508 | 379 | 354 | 04 | 1038
Abs. | 283.15 | 15.66 | 0.80£0.1 | 629 | 631 | 3580 | 573 | 03 | 1961
Abs. | 283.15 | 25.66 | 097=0.1 | 701 | 701 | 668 | 662 | 02 | 1429
Abs. | 29515 | 567 | 1.0£0.1 | 496 | 499 | 380 | 362 | 03 | 1597
Abs. | 29515 | 1567 | 2001 | 619 | 620 | 572 | 564 | 02 | 1838
Des. | 29515 | 1567 | 22+01 | 619 | 619 | 690 | 699 | 04 | 994
Abs. | 29515 | 2567 | 21201 | 693 | 693 | 661 | 655 | 02 | 1900
Abs. | 303.15 | 566 | 18=0.1 | 491 | 490 | 372 | 353 | 03 | 1544
Abs. | 303.15 | 1566 | 3201 | 617 | 617 | 3567 | 3560 | 02 | 119
Des. | 303.15 | 1566 | 3.6+01 | 616 | 616 | 688 | 697 | 04 | 993
Abs. | 303.15 | 2566 | 3501 | 690 | 69.1 | 658 | 653 | 02 | 1111

4 The measured uncertainties are: 7=+ 0.01 K; % RH=+1 %; Cs and Cyp <=+ 0.1 mol%.

® The average uncertainties determined by the error of regression are: Cs== 0.1 mol%; Cp== 0.1

mol%.

¢S is the standard error of regression for the 1D Diffusion equation and represents the error for the
overall fit. n is the number of data points fitted.
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