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Figure S1.°'P NMR spectrum of 20 mM TBA*-Eu-a-1 in dry, d* acetonitrile (top), and
after additions of 2% H,0 (middle), and 10% H,O (bottom). P1 denotes the phosphate

resonance near the lacuna and P2 denotes the remote phosphate resonance.
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Figure S2. The normalized, experimental XANES (red solid line) for the TBA"-Ln-o-1
solid salts (left) and their 4.3 mM solutions (right) in the acetonitrile electrolyte (0.1 M
TBAPF). The fits to the data are shown as blue solid lines. The individual pseudo-Voigt

and arctangent function of the fits are shown as grey dashed lines.
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Figure S3. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution

concentrations of the TBA™ salt of a-1-[P,W1706,]'" in dry CH3CN with 0.1 M TBAPFg
electrolyte obtained with a GC electrode working electrode and different scan rates in

mV s™, starting at +0.2 V. The background scan in the absence of analyte is shown as the

grey dashed line.
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Figure S4. CV (top) and DPV (bottom) of the TBA" salt for a fresh 3.5 mM solution of
a-l-[P2W17061]1°' (dashed lines) in MeCN with 0.1 M TBAPF; electrolyte and after
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cycling for an hour (solid black lines) at v=20 mV s showing the development of new
couples (identified with asterisks) and after the deliberate addition of H,O (blue lines) for
which, in the absence of DPV data, the semi-differential (convolution) data of the CV are

shown.
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Figure S5. Anodic and cathodic peak current, iy, and i, variations of the first redox
couple with the square roots of scan rates (v =9, 25, 49, and 100 mV s™) from the CVs of
Figure S3 for 1.5 mM (solid circles) and 3.5 mM (open circles) al-[P;W1,0¢]'" analyte
concentrations. The fitted lines with intercepts of zero are based upon the Randles-Sevcik
equation, i,= (5.02RT) *(nF)*?ACD"v" with the conventional symbol meanings.1 The
slopes are -1.76(7) and -4.7(1) for the iy response (1.5 and 3.5 mM, respectively) and
1.51(5) and 4.3(1) for ip, (1.5 and 3.5 mM, respectively). The regression coefficients R
for the fits are 0.976-0.987. At the 1.5 mM analyte concentration, the average ip./i, ratio
is -0.86 and at 3.5 mM, the corresponding value is -0.92.
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Figure S6. Peak separations, AE, = Ep, - E (left, blue ordinate), and half-wave
potentials, £y, = (Epa + Epc)/2 (right, black ordinate), for the first redox couple obtained
from the CV data of Figure S3 and their variations with scan rates (v =9, 25, 49, and 100
mV s™) for 1.5 mM (solid circles) and 3.5 mM (open circles) al-[P;W70¢]'" analyte

concentrations.



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2010

| | | | | | | | | | | 1 |
T ’y |'| ,'| -
40y Py o YD [
- l' I| : l‘ ', ‘I " “ "\ " l‘ B
\/ ' | \ ‘ ‘\" i Al
! “l ’ ‘| Yb
. . |" I — St et e
| _!A". it - Dy =
[ N A N N
VR R AR W A YA L
Y -.. 1 v s LY, '\,T«
VoW Dy
-] .‘ -.’ .l|‘ \
e 1A VA ATA -
SEETAR VIR VARV S /A =
w | Y. 7 \ To| &
< IV o Eu = Ve~ E———t 3
= -1 ! ) : ||  \ N\ d :’l E
gvi{ 1 "l |‘| : “ ", |I‘ ,, \‘ 'l N 'l' |‘| | %
" H \ ’ \s \
- ||.' ll‘,l ’ ,l 1 |
1 A" F Sm W B
8 B
: x SmL
4_ Nd ; N
0 —1
] ' Nd[
_4'|'|'|'|'|'|'|'| 1 -0
2 3 4 5 6 7 8 910 0 1 2 3 4 5
k, A-1 r A

Figure S7a. The Ln L;-edge k’y(k) EXAFS data and corresponding FT data for the neat
TBA'-Ln-a-1 salts. The experimental data are shown as solid lines and the fits obtained

by using the one O-shell model are shown as dashed lines. The metrical parameters are
provided in Table S1.
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Figure S7b. The Ln Ls-edge &’y(k) EXAFS data and corresponding FT data for the 4.3
mM solutions of TBA"-Ln-o0-1 in the acetonitrile electrolyte (0.1 M TBAPF). The
experimental data are shown as solid lines and the fits obtained by using the one O-shell

model are shown as dashed lines. The metrical parameters are provided in the article

itself, Tables 2 and 4.
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Figure S8a. The Ln Ls-edge k’x(k) EXAFS data and corresponding FT data for the neat
TBA"-Ln-a-1 salts (shown with points) as well as the fits by using the 2 shell model of
and OH20, whose contributions are shown are teal and red dashed lines, respectively.

The composite best fits are shown as the solid blue lines, and the metrical parameters are

provided in Table S4.
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Figure S8b. The Ln Li-edge k’x(k) EXAFS data and corresponding FT data for the 4.3
mM solutions of TBA"-Ln-0-1 (shown with points) in the acetonitrile electrolyte (0.1 M
TBAPFs) and the fits by using the 2 shell model of and Oy,0, whose contributions

are shown as teal and red dashed lines, respectively. The composite best fits are shown as

the solid blue lines, and the metrical parameters are provided in the article, Tables 2 and 4.
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Figure S9. Cyclic voltammograms of 1.5 mM (black lines) and 3.5 mM (blue lines)
solutions of the TBA" salts of Nd-a-1, Sm-a-1, Tb-a-1, Dy-a-1, and Yb-a-1 obtained
with GC electrodes in dry MeCN with 0.1 M TBAPF; electrolyte at v= 100 mV s,

starting at +0.2 V.
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Figure S10. DPV data for 1.5 mM (black lines) and 3.5 mM (blue lines) TBA" salts of
Nd-a-1, Sm-a-1, Tb-a-1, Dy-a-1, and Yb-a-1 obtained with GC electrodes in dry MeCN
with 0.1 M TBAPF; electrolyte at v=20 mV s from separate scans to negative and
positive electrode potentials (E) providing the negative (initial £ =+0.2 V — final £ = -
2.6 V) and the positive (initial £ =-2.6 V — final £ = +0.2 V) current responses,

respectively.
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Figure S11. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution

concentrations of the TBA" salt of the Nd(III) complex with a—l—[P2W17061]1O' in dry
acetonitrile with 0.1 M TBAPF; electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s™, starting at +0.2 V.
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Figure S12. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution

concentrations of the TBA" salt of the Sm(III) complex with a-l-[P2W17O61]1°' in dry

acetonitrile with 0.1 M TBAPF electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s™, starting at +0.2 V.
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Figure S13. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution
concentrations of the TBA" salt of the Eu(I1I) complex with a-l-[P2W17O61]1°' in dry
acetonitrile with 0.1 M TBAPF electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s™, starting at +0.2 V.
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Figure S14. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution
concentrations of the TBA" salt of the Tb(III) complex with a-l-[P2W17061]10' in dry
acetonitrile with 0.1 M TBAPF; electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s™', starting at +0.2 V.
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Figure S15. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution
concentrations of the TBA™ salt of the Dy(IIT) complex with 0-1-[P,W1706:]'" in dry
acetonitrile with 0.1 M TBAPF; electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s, starting at +0.2 V.
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Figure S16. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution

concentrations of the TBA" salt of the Yb(IIT) complex with a-l-[P2W17O61]10' in dry
acetonitrile with 0.1 M TBAPF; electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s™, starting at +0.2 V.
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Figure S17. Cyclic voltammograms of 1.5 mM (left ) and 3.5 mM (right) solution
concentrations of the TBA" salt of the Y (III) complex with a-l-[P2W17O61]10' in dry
acetonitrile with 0.1 M TBAPF electrolyte obtained with a GC electrode working

electrode and different scan rates in mV s™, starting at +0.2 V.
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Figure S18. Cyclic voltammograms of the TBA" salt for a fresh 3.5 mM solution of a-1-

[P2W17O61]10' (lime color line) in MeCN with 0.1 M TBAPF; electrolyte and after the
deliberate, successive addition of 20, 100, and 200 pL of H,O.
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Figure S19. Normalized Ln L;-edge XANES, I/]y, for the neat, TBA -Ln-a-1 solid salts.
The inflection point energies obtained from the first differential XANES are given in

Table S9.
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Figure S20a. Ln L;-edge &’y(k) EXAFS data (left) and the corresponding FT data (right)

for the neat TBA"-Ln-a-1 solid salts. The solid lines illustrate the experimental data, and

the dashed lines show the fits with the multishell model, which includes Ln-O, Ln-O, and

Ln-W paths. The metrical parameters are provided in Table S6.
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Figure S20b. Ln Ls-edge k’x(k) EXAFS data (left) and the corresponding FT data (right)
for the 4.3 mM solutions of TBA -Ln-a-1 in the acetonitrile electrolyte (0.1 M TBAPFg).

The solid lines illustrate the experimental data, and the dashed lines show the fits with the

multishell model, which includes Ln-O, Ln-O, and Ln-W paths. The metrical parameters
are provided in Table S6.
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Figure S21. Ball and stick model of the 7 O coordination environment of Yb(III) with a
capped trigonal prism geometry in [(H,0),Yb(a-SiW,,030)]” as the K-Cs, salt.” The red
circle is the Yb ion which is connected to two terminal OHZO (blue circles) and O, atoms

(open circles) bridging to W atoms (gray circles). The inset shows a fraction of the

infinite linear arrangement of the molecular anions.
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Table S1. Results from the one-O shell fits of the Ln Ls-edge k*y(k) EXAFS for the
TBA"-Ln-o-1 solid salts.*

Powders OCN° rfA o A° AE)S eV
TBA"-Nd-o-1 9.0(7) 2.48(1) 0.012(1) 0.6
TBA"-Sm-a-1 7.8(5) 2.42(1) 0.013(1) 0.7
TBA*-Eu-a-1 7.6(7)  2.41(1) 0.011(1) 2.1
TBA-Tb-o0-1 74(5) 2.36(1) 0.010(1)  -0.9
TBA'-Dy-o-1 8.4(5) 2.33(1) 0.012(1) -1.0
TBA*-Yb-a-1 6.9(4) 227(1) 0.011(1) 1.0

“ The numbers in the parentheses represent the estimated standard deviations (3c)

obtained from the least-squares fits. b Coordination number. ¢ Interatomic distance. ¢ The

Debye-Waller factor, the root-mean-square deviation of the average Ln-O bond length. *

The energy difference between the experimental and theoretical values of Ej.

Table S2. Results from the one-O shell of the Ln Ls-edge k*y(k) EXAFS of the aqueous

solutions of 4.3 mM K '-Ln-o-1 salts. The parameter definitions are given in the footnotes

to Table S1.

Solution OCN rA o, A° AE), eV
K*-Nd-o-1 8.8(15) 2.45(2) 0.0133) 0.7
K*-Sm-a-1 8.8(9) 2.40(1) 0.0122) 0.2
K*-Eu-a-1 7.6(9) 2.38(1) 0.0092) 0.6
K*-Tb-a-1 8.1(6) 2.35(1) 0.010(1) 0.9
K*-Dy-a-1 8.6(9) 233(1) 0.0112) -15
K*-Yb-a-1 73(7)  2.26(1)  0.010(1) 0.8

20
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Table S3. Results from the one-O shell fits of the Ln Ls-edge k*y(k) EXAFS of the
TBA'-Ln-o0-1 solid salts and their 4.3 mM solutions in the acetonitrile electrolyte (0.1 M

TBAPFy). Fit results take the Ln-O pair distribution asymmetry into consideration by

including the third cumulant 6" and the fourth cumulant ¢". Other parameter definitions are

given in the footnotes to Table S1.

Sample OCN| rA o, A’ G o AEy
TBA"-Nd-a-1 powder | 8.0(4) | 2.48(1) | 0.006 (1) | 0.0001(1) | -0.0002(1) | 2.9
TBA'-Nd-a-1 solution | 7.6(2) | 2.53(1)| 0.006 (1) | 0.0016(1) | -0.0004(1) | 4.6
TBA"-Sm-a-1 powder | 9.0(2) | 2.44(1)| 0.014 (1) | 0.0004(1) | 0.00005(1) | 4.0
TBA"-Sm-a-1 solution | 8.2(1) | 2.43(1)| 0.011 (1) | 0.0007(1) | -0.00006(1) | 3.4
TBA'-Eu-a-1 powder | 7.2(1) | 2.46(1)| 0.007 (1) | 0.001(1) | -0.00014(1) | 6.2
TBA'-Eu-a-1 solution | 7.1(1) | 2.46(1)| 0.007 (1) | 0.001(1) | -0.00015(2) | 6.0
TBA'-Tb-a-1 powder | 7.8(1) | 2.38(1)| 0.009 (1) | 0.0002(1) | -0.000007(10) | 2.0
TBA-Tb-a-1 solution | 8.1(1) | 2.38(1)| 0.012 (1) | 0.0006(1) | 0.00005(1) | 2.0
TBA*-Dy-a-1 powder | 8.8(2) |2.35(1) | 0.012 (1) | 0.000003(1) | 0.00002(1) | 1.7
TBA*-Dy-a-1 solution | 8.7(2) |2.38(1) | 0.015 (1)] 0.0007(1) | 0.00012(1) | 2.8
TBA*-Yb-a-1 powder | 7.1(1) |2.29(1) | 0.010 (1)| 0.0003(1) | 0.00002(1) | 3.9
TBA'-Yb-a-1 solution | 7.3(1) | 2.32(1)| 0.013 (1) | 0.0015(1) | 0.00008(1) | 4.7
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Table S4. Results from the two-O shell (O,.; and OHZO) curve-fitting of the Ln Ls-edge
Ix(k) EXAFS of the TBA"-Ln-a-1 solid salts. The parameter definitions are given in the

footnotes to Table S1.

Powders Shell CN r, A o, A® AEy eV
TBA -Nd-a-1 O, 4 2.42(1)  0.003(2) 1.4

On,o 4.3(8)  2.582) 0.0053) /

O, 4 2.39(20) 0.010(6) 0.8
TBA"-Sm-a-1

On,o 3.9(8)  2.4524) 0.01329) /

O, 4 2.38(8) 0.008(3) 2.4
TBA"-Eu-o-1

On,o 3.8(11) 2.46(11) 0.013(20) /

O, 4 2.35(2)  0.006(2) -0.4
TBA'-Tb-a-1

On,o 3.8(10) 2.39(5) 0.017(10) /

O, 4 2.26(2)  0.010(6) -1.9
TBA'-Dy-a-1

Ono 4.4(7) 237(3) 0.006(3) /

O, 4 2.25(9)  0.012(15) 0.7
TBA'-Yb-a-1

On,o 3.0(7)  2.30(13) 0.008(4) /

“ The / notation indicates that the parameter was fixed to the value in the column above.
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Table S5. Results from the two-O shell (O,.;and OHZO) curve-fitting of the Ln L3-edge
Iy(k) EXAFS for the 4.3 mM K'-Ln-a-1 aqueous solutions. The parameter definitions
are given in the footnotes to Table S1.

Solution Shell CN r, A o, A° AE, eV

Ou.1 4 240(2) 0.002(4) 1.8
K'-Nd-a-1

Ou,0  4.4(16) 2.56(3) 0.005(7) /*

Oy 4 2.34(2)  0.004(4) 0.7
K -Sm-a-1

Ou,o  4.3(10) 2.48(3) 0.0056) /

Oy 4 2.36(3)  0.0043) 2.2
K -Eu-a-1

Ou,o  4.4(17) 248(5) 0.013(14) /

Oy 4 227(4)  0.007(8)  -2.3
K"-Tb-a-1

Ouo  4.8(15) 239(4) 0.008(8) /

Ou.1 4 2.24(6)  0.016(13) -3.1
K'-Dy-a-1

Ou,0  4.3(16) 2.353) 0.007(3) /

Oy 4 2.24(5)  0.009(15) 0.7
K'-Yb-a-1

Ou,0  3.3(10) 2.29(7) 0.009(22) /

“ The / notation indicates that the parameter was fixed to the value in the column above.
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Table S6. Parameters from curve-fitting analysis (multi-shell fit) of the Ln Ls-edge &’y (k)

EXAFS of Figure S20. The parameters are defined in the footnotes to Table S1.

Sample Shell CN r, A o, A’ AE,, eV
TBA"-Nd-a-1 Powder Nd-O 9.0(6) 2.48(1) 0.012(1) 0.6
Nd-O 1 3.63(7)  0.007(10) /*
Nd-W 4 3.87(4) 0.018(5) /
TBA"-Sm-a-1 Powder Sm-O  7.7(5) 2.42(1) 0.013(1) 0.6
Sm-O 1 3.42(6) 0.010(9) /
Sm-W 4 3.75(4)  0.020(5) /
TBA"-Eu-a-1 Powder Eu-O  7.7(5) 2.40(1) 0.011(1) 1.8
Eu-O 1 3.44(3)  0.0005(11) /
Eu-W 4 3.71(4)  0.019(5) /
TBA'-Tb-a-1 Powder Tb-O  7.4(4) 2.36(1) 0.009(1) -1.0
Tb-O 1 3.34(6)  0.010(9) /
Tb-W 4 3.633) 0.019(4) /
TBA -Dy-a-1 Powder Dy-O  8.5(5) 2.33(1) 0.012(1) -1.2
Dy-O 1 3.38(2)  0.0003(8) /
Dy-W 4 3.69(6) 0.028(11) /
TBA'-Yb-a-1 Powder Yb-O 7.04) 2.27(1) 0.011(1) 0.8
Yb-O 1 3.30(3) 0.002(3) /
Yb-W 4 3.66(5)  0.025(8) /

“ The / notation indicates that the parameter was fixed to the value in the column above.
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Sample Shell CN r, A o, A’ AE,, eV
TBA"-Nd-a-1 Solution Nd-O 8.7(10) 2.48(1) 0.015(2) 0.7
Nd-O 1 3.41(6)  0.006(8) /
Nd-W 4 3.82(4) 0.018(6) /
TBA"-Sm-a-1 Solution Sm-O 7.6(6) 2.40(1) 0.012(1) -0.4
Sm-O 1 3.41(3) 0.0005(11) /
Sm-W 4 3.4(3) 0.05(8) /
TBA"-Eu-a-1 Solution Eu-O  7.4(5) 2.39(1) 0.012(1) 1.4
Eu-O 1 3.393) 0.002(4) /
Eu-W 4 3.66(3) 0.016(4) /
TBA"-Tb-a-1 Solution Tb-O  7.1(6) 2.35(1) 0.01(1) -1.1
Tb-O 1 3.35(4)  0.002(5) /
Tb-W 4 3.54(4)  0.019(5) /
TBA"-Dy-a-1 Solution Dy-O  7.4(5) 2.34(1) 0.012(1) -0.8
Dy-O 1 3.32(3)  0.002(3) /
Dy-W 4 3.60(5)  0.023(7) /
TBA'-Yb-a-1 Solution Yb-O  7.3(5) 2.25(1) 0.013(1) -0.859
Yb-O 1 3.26(2) -0.001(2) /
Yb-W 4 3.50(6) 0.027(9) /
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Notes for Table S7:

The single-shell curve-fitting results for the Ln Ls-edge k’x(k) EXAFS presented in
Tables 2 and 4 of the article text provide only average Ln-O distances for the Ln-a-1
complexes. Nevertheless, the two sets of individual distances, which are attributed to the
4 bridging O atoms from the a-1 ligand (O,.;) and n = 3-5 terminal O atoms from water

molecules (Op,0) coordinated to the Ln(III) ions, can be estimated from the EXAFS-

determined Debye-Waller factors, 6°, which provide a measure of the total spread (57) in
the Ln-O distances, for the one-O shell fits. Through use of a procedure outlined

previously,3 -4 it was possible to determine the mean Ln—OHZO and Ln-O,.; interatomic

distances, r, and ry, respectively. The results are summarized here in Tables S7a and S7b,

where we have assumed that the four Ln-O,_; distances are shorter than all the Ln—OHzo

ones (exactly as obtains in the crystal structures),”” and assuming integer values for the
hydration numbers, n, based upon the best fit CNs. The results are in excellent
correspondence with the two sets of individual distances obtained from the two-shell
model, presented in Tables 2 and 4 of the article text

Table S7a. Results for the acetonitrile solutions (4.3 mM) of the TBA -Ln-a-1 salts.

h

. b c d e
Solution Gvib Gexp Gcal or rexpf I'm, calg I, calg I'm,exp In,exp

na

TBA'-Nd-o-1 0.074 0.126 0.103 5 0.144 248 240 254 243 2.60
TBA"-Sm-a-1 0.072 0.110 0.102 4 0.143 240 233 247 236 251
TBA"-Eu-a-1 na 0.110 na 4 0.143 240 233 247 235 249
TBA'-Tb-a-1 0.070 0.100 0.100 4 0.143 235 228 242 234 242
TBA'-Dy-o-1 0.069 0.110 0.099 4 0.143 234 227 241 233 237
TBA™-Yb-a-1 0.066 0.134 0.097 3 0.144 225 219 233 221 234
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Table S7b. Results for the solid TBA'-Ln-o-1 salts.

d
Ocal

Powders c’vibb c’expc na 8re rexpf I'm, calg Iy, calg I'm, exp Iy, exp
TBA'-Nd-a-1 0.074 0.126 0.103 5 0.144 2.48 240 254 242 258
TBA"-Sm-0-1 0.072 0.110 0.102 4 0.143 242 235 249 239 245
TBA*-Eu-a-1 na' 0.110 na 4 0.143 241 234 248 238 246
TBA"-Tb-a-1 0.070 0.100 0.100 4 0.143 236 229 243 2.35 2.39
TBA+—Dy—0L—1 0.069 0.110 0.099 4 0.143 2.33 226 240 226 237
TBA"-Yb-a-1 0.066 0.114 0.097 3 0.144 227 221 235 225 230

* Value of n was obtained as the best integer CN for Oy,o from the two O-shell fits; m
was the fixed CN (4) for O,.;, which accounts for the tetradentate ligation of Ln with the
a-1 ligand. ® The vibrational contribution to the Debye-Waller factor, 6y, is calculated
according to oy, = 3.151 x 10°[(v/K) coth (y/2)]"% where y = 1.441(v/T), the vibrational
frequency, v, and the stretching force constant, K, are from Mink et al.,® and T is equal to
298 K. ¢ The refined Debye-Waller factors from the single O-shell fitting model. ¢
Calculated according to G¢a = (Gvib2 + ostatz)l/z, where Gstatz =0.0051 A% was calculated

N _ 2 1/2 .
(2 L (=7 IN] , where 7 is

from the crystal structure of K™-Lu-a-1,® according to
the mean crystallographic value (2.355 A) of N = 8 distances. ¢ &r is calculated from &r =
sa(m + n)/(mn)”.” The refined, average Ln-O interatomic distances from the single O-
shell fitting model. ¢ Calculated according to r,, = r — nd,/(m + n), r, = r + mé,/(m + n). h

Interatomic distance from the two O-shell fits. ' Not available.
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Table S8. Statistical information—y” is the goodness-of-fit and v is the number of
degrees of freedom of the fit—obtained from fitting with the one-O-shell (4 parameter)
model (A) and the two-O-shell (6 parameter) model (C) to the data of the TBA -Ln-a-1
salts (powders) and their 4.3 mM solutions in the acetonitrile electrolyte (0.1 M TBAPFg).
The F, test was applied in the manner of Lukens et al.g, where # ind. points = 2(Tyax -
Imin)(Kmax = Kmin)/TT + 2 = 2(2.6 -1.0)A(10.2 — 2.0)(A™")/n + 2; v = # ind. Points - # params;
F, =volXn) - 1ol c; P(Fy b, v) comes from function FDIST in Microsoft Excel.

1. TBA'-Nd-a-1 Powder:

Model A Model C

# params 4 6

# ind. points 10 10
b 2 -

v 6 4

v 975 360
Y Iv 163 90
F, 3.4

P(F,b,v)  0.103

2. TBA'-Sm-a-1 Powder:
Model A Model C

# params 4 6

# ind. points 10 10

b 2 -

v 6 4

v 897 27.8
/v 150 6.95
F 62.5

%
P(F,, b, v) 0.000096

3. TBA'-Eu-o-1 Powder:
Model A Model C

# params 4 6

# ind. points 10 10

b 2 -

v 6 4

v 18962 726.1
Y Iv 3160 182
F 50.2

X
P(F,b,v)  0.00018
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4. TBA'-Tb-a-1 Powder:

Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
v 1746 287.8
Vv 291 71.95
F, 10.13
P(F,, b, v) 0.0119
5. TBA'-Dy-0-1 Powder:
Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
e 1872 286.5
Vv 312 71.6
F, 11.07
P(F,, b, v) 0.0097
6. TBA'-Yb-0-1 Powder:
Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
e 2394 204.3
v Iv 399 51.1
F, 21.4
P(F,, b, v) 0.0019
7. TBA'-Nd-a-1 Solution:
Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
v 23082 5164
vV 3847 1291
F, 6.94
P(F,, b, v) 0.0275
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8. TBA'-Sm-o-1 Solution:

Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
v 78642 6004
Vv 13107 1501
F, 24.2
P(F,, b, v) 0.0013
9. TBA'-Eu-a-1 Solution:
Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
v 13999 587.5
Vv 2333 147
F, 45.7
P(F,, b, v) 0.00023
10. TBA'-Tb-0-1 Solution:
Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
e 9956 80.1
v Iv 1659 20
F, 247
P(F,b,v)  1.7x10°
11. TBA"-Dy-o-1 Solution:
Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
v 13546 73.1
/v 2258 18
F, 369
P(F,b,v)  52x107
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12. TBA'-Yb-a-1 Solution:

Model A Model C
# params 4 6
# ind. points 10 10
b 2 -
v 6 4
0 31189 97.2
Vv 5198 24.3

F, 640
P(F,b,v)  1.0x107

Table S9. Results from the curve-fitting analyses of the normalized Ln L;-edge XANES
of the neat powders of the TBA"-Ln-o-1 solid salts using XANES-Fit in WinXAS with a

psedo-Voight line shape to model the edge resonance and an arctangent function to

model the edge jump.

Ln edge resonances Edge steps ip," eV
Powders Height Position FWHM Area Height Position FWHM
TBA'-Nd-a-1 3.096 2.09 5.57 20.981 1.009 5.07 14.21 6213.7
TBA"-Sm-a-1 2.398 2.65 6.89 19.510  1.023  6.86 17.14 6720.0
TBA'-Eu-a-1 2.651 2.39 6.36 20.637 1.026 7.14 17.71 6980.6
TBA'-Tb-a-1 2.780 2.37 6.17 21.039 0.995 6.14 15.85 7518.4
TBA'-Dy-a-1 2.771 2.46 6.35 21.714 0969 6.13 15.39 7795.2
TBA'-Yb-a-1 2.540 2.70 7.18 22.381 0.957 6.76 14.11 8948.8

* Energy of the inflection point in the first differential XANES.
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Table S10. Ln-Oy,0 distances for the K'-Ln-a-1 series of solid salts and aqueous

solutions as well as the corresponding average Ln-Op,o distances for the TBA -Ln-a-1

series of solid salts and acetonitrile solutions as obtained from the two-shell EXAFS

analyses. The intrasystem distance differences (5 = 0.00—+0.06 A) between the MeCN

solutions and the parent TBA" salts as well as the average intersystem differences (A =

+0.01—+0.05 A) between the MeCN solutions of TBA -Ln-a-1 and the corresponding

aqueous solutions of K'-Ln-a-1 support a fractional exchange of H,O with MeCN

pursuant to Eq. (1) in the article.

Ln-OHzo Distances and Distance Differences Intersystem

Differences®
K systems TBA' systems Salts Solns

K" H,O TBA™ | MeCN

Ln-a-1(Z) Salts Solns | &, A® Salts Solns 5, A A, AP A, Ab
Nd (60) 2.55(2) 2.56(3) +0.01 | 2.58(2) 2.60(2) +0.02 +0.03 +0.04
Sm (62) 2.48(4) 2.483) 0.00 2452) 2.51(3) +0.06 -0.03 +0.03
Eu (63) 2.50(5) 2.48(5) -0.02 | 2.46(1) 2.49(3) +0.03 -0.04 +0.01
Tb (65) 2.37(2) 2.39(4) +0.02 | 2.39(5) 2.42(6) +0.03 +0.02 +0.03
Dy (66) 2.37(2) 2.353) -0.02 | 2.37(3) 2.37(8) 0.00 0.00 +0.02
Yb (70) 2.31(2) 2.29(7) -0.02 | 2.30(1) 2.34(6) +0.04 -0.01 +0.05

2 Distance difference = solution — salt. ° Distance difference = TBAT — K.
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