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B +TOF MS: 0.153 to 0.171 min from OC-020514-PQUAT-02.wiff Agilent, subtracted (1.093 to ...
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Figure S1. Representative TOF MS spectrum of the supramolecular ion pair [PQT][DSDB24CS8].

Max. 2.1e5 counts.

_185.107396
793.230537
0.0e4
Jowt
- o
— _—__SO: ates
[ OS5 -
J o  E
( O + + Hi
4 5ed
242284598 (O, HaC—N B @PN—CH; : = 794.234264
\\_)O 3004
[ N () 2ses 795.231933
k,o)‘?)*so; 2omt ;
1.504 I
[PQT][DSDB24C8]+H* so00 i ‘5‘ A\
o 9mn 7010 7620 7930 7040 7050 T80 7070 7860 7000 800.0
(miz) [ amu
793.230537
631.112493 +
[c36H45N2014SZ]
m/z (observed) VEEWEILEY
m/z (calculated) 793.230674
815.212862 error / ppm -0.173714 ppm
_142.159563 653.004395
Al I DR T T .11 Lo (| ‘ . . , .
200 400 600 800 1000 1200 1400 1600 1800 2000
m/z, amu




~ @ o DI~ T ™ o~mNolco O © Wt
@ @0 SO R~ LI SSah®
0 M~~~ DO ©Oo <t <t < <t <t o < <t O™
N NN N N

400{ L“——\
395 —muo
S M—
]

sw]

BT
Hf
e d Ha
(e] SO3 -CHB
H O¢ © Hb
Hc
\[\00 HJC; > . N N—CH;
‘\_409 “
Ok,omsog‘ He
Ha Hd
H Hb Do
. l_:B 1 Hc

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
92 90 88 86 84 82 80 78 76 74 72 7.0 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36
ppm

Figure S2. Representative H! NMR spectrum of the supramolecular ion pair [PQT][DSDB24C8].



-TOF MS: 0.121 min from OC-160317-Neq-DSDBR4CB8-04 wiff Agilent, subtracted (1.096 to 1.309 min})
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Figure S3. Representative -TOF MS spectrum of the disulfonated crown ether [N(CH3),],[DSDB24C8].
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Figure S4. Representative H! NMR spectrum of the disulfonated crown ether [N(CH3),],[DSDB24C8].



I +TOF MS: 0.744 min from OC-160317-PQUAT-12-01.wiff Agilent, subtracted (0.994 to 1.312 min)
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Figure S5. Representative TOF MS spectrum of the salt [PQT][l],
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Figure S6. Representative 'H NMR spectrum of the salt [PQTI[l],.



Experimental procedure for NMR titrations: A volume of 0.5 mL of a 2 mM [PQT][l],
(1.0x10°® mol) solution, was sequentially added with 2 pL of a 0.1 M solution containing the
anionic crown ether [N(CHs),],[DSDB24C8] (2x107 mol). Both solutions were prepared using
deuterated water as the solvent. After each addition, the corresponding *H NMR spectrum
of the mixture was recorded on a Bruker 300 MHz spectrophotometer at 298.15 K. The
chemical shifts of hydrogen atoms H,, Hg and those belonging to -CHs in the dication [PQT]?*
were monitored as the concentration of [N(CH3),],[DSDB24C8] increased, and their values
were plotted against the anionic crown ether concentration to obtain three different
association constants (see Table S1) by a least-squares nonlinear fitting by means of the
software WinEQNMR.! In figure S7, the variation of the chemical shifts of the hydrogen
atoms belonging to [PQT]** with different equivalent amounts of [DSDB24C8]% added is

shown.
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Figure S7. Variation of the chemical shifts of protons H,, Hg and -CH; upon the addition of different
equivalent values of [DSDB24C8]%.

Table S1. K, (M) values determined by least-square fitting analysis from the 'H NMR
titration of [PQT][I], with [N(CHs),],[DSDB24C8] in D,0 at 298 K.

-CH, He Hp
(5.3+0.2)x102 (4.3+0.2)x102 (4.4+0.2)x102
Average Value Kas/ML (4.740.2)x10?

L Hynes, M. J. EQNMR: a computer program for the calculation of stability constant from nuclear magnetic
resonance chemical shift data J. Chem. Soc., Dalton Trans. 1993, 311-312
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Figure S8. Job plot for the complex [PQT][DSDB24C8] (» = 370 nm) jn water at 298.15 K.



Table S2. Experimental data and results of the solution enthalpy of the tetramethyl ammonium anti-disulfodibenzo-
24-crown-8 ether ([N(CH,),],[DSDB24C8]), paraquat iodide [PQT][l],, the association complex [PQT][DSDB24C8]
and tetramethyl ammonium iodide N(CH,)4l.

EXp msolute/ Nsolute’ 10%/ mHZO/ nH2O'1 02/ nHZO/nsqute QsoI/ b/ ASO]HTCT‘I/
: mg mol mg mol J mol-kg-" kJ-mol-1
[N(CH;)4]. [DSDB24C8]
1 13.242 1.754 302591  16.797 9576 0.3271  0.0058 18.65
2 17.212 2280  3019.02  16.758 7350 0.4033  0.0076 17.69
3 22038 2919  3026.90 16.802 5756 0.5142  0.0096 17.61
4 14.780 1958  2014.82  11.184 5712 0.3261  0.0097 16.66
5 7.246  0.960 800.13  4.442 4627 0.1703  0.0120 17.74
6 10.054 1.332 999.41 5.548 4165 0.2319  0.0133 17.41
7 33.072 4381  3025.87 1.680 3834 0.7070  0.0145 16.14
8 12.628 1673  1009.02 5.601 3348 0.2830  0.0166 16.92
9 9.703 1.285 558.88 3.102 2414 0.1954  0.0230 15.20
10 15.023 1.990 800.02  4.441 2232 0.3007  0.0249 15.11
0 0 -
Asotmj(kJ-mol1)=-164.5.b+19.2 r=08116  o,=0.4 Asottm(0)=(19.240.4) kJ-mol
[PQT][I]
1 7.913 1.798  3038.17  16.865 9379 1.1348  0.0059 63.11
2 10.241 2.327 304022  16.876 7252 1.4561  0.0077 62.57
3 10.779 2449  3003.62 16.673 6807 15139  0.0082 61.81
4 12.890 2,929 302690  16.802 5736 1.8221  0.0097 62.21
5 13.043 2.964  3060.55  16.989 5732 1.8557  0.0097 62.61
6 12.872 2,925  3008.30  16.699 5709 1.8630  0.0097 63.69
7 12.927 2938 301447  16.733 5696 1.8756  0.0097 63.85
8 19.215 4366  3002.68  16.668 3817 2.7767  0.0145 63.59
9 13.246 3.010  1022.82 5.678 1886 1.8432  0.0294 61.24
10 21.999 4999  1007.76 5.594 1119 3.0722  0.0496 61.46
11 38.646 8.782 104257 5.787 659 52738  0.0842 60.05
12 47641  10.826  1026.97 5.701 527 65771 0.1054 60.75
13 48401  10.999  1003.28 5.569 506  6.6616  0.1096 60.57
14 60.068  13.650  1024.01 5.684 416 8.0314  0.1333 58.84
15 44033  10.006  504.10 2.798 280 57902  0.1985 57.87
0 0 -
Asotmj(kJ-mol1)=-27.1-b+63.0 r’=0.8431  ¢,=0.3 Asortlin(oo)=(63.0+0.3) kJ-mol
[PQT][DSDB24CS8]
1 3.990 0.503  1000.82  5.555 11039  0.2184  0.0050 43.40
2 6.655 0.839 100120  5.558 6621  0.3485  0.0084 41,52
3 10.005 1262 120612  6.695 5306  0.4817  0.0105 38.17
4 9.998 1261 100417  5.574 4420 05023  0.0126 39.83
5 15.940  2.010  1001.21  5.558 2764 07708  0.0201 38.34
6 20.002 2523  1001.08  5.557 2203  0.8387  0.0252 33.24
0 0 -
Asotfm)(kJ-mol-)=-416.8-b+44.4 r=0.8275  o,=1.5 Asottm(c0)=(44.4+1.5) kJ-mol
N(CHs)l

1 10.343 5145 1516.01  8.415 1636 2.0564  0.0339 39.97
2 12.404 6.170 151325  8.400 1361 2.4515  0.0408 39.73
3 10.050 4999 101685  5.645 1129 1.9914  0.0492 39.84
4 20.008 9.952 102220  5.674 570  4.0146  0.0974 40.34
5 29.991  14.917 1026.64  5.699 382 6.0523  0.1453 40.57
6 40.053  19.922  1007.09  5.590 281 8.1148  0.1978 40.73
7 49.884  24.812  1025.07  5.690 229  9.9706  0.2421 40.18
8 60.142  29.914  1030.62  5.721 191 11.8887  0.2903 39.74
0] 0 -
Asorimj(kJ.mol1)=-53.0-b2+17.2.-b+39.2 r’=0.8843  0,=0.2 Asottlin(00)=(39.2+0.2) kJ-mol

Qsol, is the heat evolved in each dissolution experiment calculated from the calorimetric curve; b, is the molality of the resulting solution.

0
The uncertainty of the enthalpy of solution at infinite dilution u[Asole(oo)’ Compound] is the standard deviation of the intercept calculated

10




from the least-square fit of the data to a linear or a polynomial second-order equation.
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Table S3. Detailed experimental data and results of the enthalpy of association between the dianionic host [DSDB24C8]? and the dicationic guest [PQT]?*. The
AqitHo = AgyHo[N(CH,),1,[DSDB24CS8] + A, H o [PQT][1], + A,

enthalpy of association was computed from equation “as-dil"'m as'm derived from the path Il of Scheme 2 of
the article.

m DSDB’Z“CS srﬂ,::f,ﬁ Dinital m i Mho E Near IMK,0 solution Dinal AduHﬁq E AdilHI(l)’l o °°b”T:'ZIX asH;
DSDB24C8 105 DSDB24C8  DSDB24C8  PQT 105 sowonPQT P after mixing DsDRRACE  DSDBAMCE | s Quear Das-aitfln ok kdimo
mg mol mg mol/kg mg mol mg g s mg mol’kg  kJ/mol g kJ/mol J kJ/mol g I
7504 0gea OONTT 0099 443 007 100121 %910 1013 200203 0000 08 O0%® o - 28 000
oat0 1247 100 002 55 4250 00172 %% 1010 200210 0002 10 O o 2es OO
1% qs01 100260 0015 665 1513 100065 *9"° 1008 200132 o00o7s 12 00T o e85 P70
1280 qges 1000 09T 750 4707 10008s OO'" 1006 200182 00085 14 O0° o as2 O0F
011 002 199215 0920 589 2020 100021 %0 1009 201136 00100 16 OU° o o 2ss 000
1099 p19g 100092 092 975 2216 100068 %9 1008 200100 00110 18 OO o o a0 OO
00T 001 199000 0922 975 2216 100090 *9%% 1007 200190 00110 s OO o o a7 OO
1810 a9g 100928 0924 108 o415 100138 OO 1008 200166 00120 20 %% o 0 2en 00
1890 g504 100295 0925 M0 9500 00336 09 0999 200391 o012 21 002 o - a9 002
2201 995 100942 0929 13T 3448 q00124 0% 1041 200066 00150 25 %9 o 0 02 0010
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Aasl—[r(;/ -1)= 2 2— - A H Ay
(kJ-mol'1)=-114911.2:-b>+ 1894.8-b - 35.4 r’=0.7135 c,=3.6 as”“m(c0)/(kJ-mol)=-35.4+3.7

DSDB24C8 refers to anti-disulfodibenzo[24]crown-8 tetramethyl ammonium; PQT refers to paraquat iodide; mm,o solution is the mass of water in the respective solution; by is the initial molal concentration
of the solution of the respective reactant;

0
A gy, (DSDB24C8)_ 464 5. (b2

bsnal is the final molal concentration of the solution of the respective reactant; dilution enthalpy for DSDB24C8 was calculated as inai-DZinitial); dilution enthalpy for [PQT][I], was

[2ait05DB2ACS)] = e[t =). DSDBACE]F = 61y o0 ang o

(s
calculated as Adile(PQT)=-27.1~(b2ﬁna‘-b2mma|). Uncertainty associated to each result of enthalpy of dilution was computed as u

o _ 0 2 o
(A, (PQT)] \/2{M[AS°1Hm(°O)’ PQT]} =+0.4 kd-mol-'. Uncertainty of the result of enthalpy of association-dilution at infinite dilution, u[Aaso-dile(Oo)], was calculated as 3.6 kJ-mol" and is the standard

0
deviation of the intercept calculated from the least squares fitting of data Agso - it vs b to a second-order function. Uncertainty of the enthalpy of association at infinite dilution represents the overall
J ([ A - (@)} + {u[ gyt (o), DSDB24CS] > + {u[AgHg (o), PQT]}> =

o _
uncertainty calculated as u[Aas"Hm(w)] - +3.7 kd-mol'.

Table S4. Detailed experimental data and results of the enthalpy of association between the dianionic host [DSDB24C8]%* and the dicationic guest [PQT]?*. The

o _ 0o ) 0o
A Hy = DggHy Adile[pQT] [DSDB24C8] + Adile[N(CH3)4I] derived from the path Il of Scheme 2 of the

enthalpy of association was computed from equation “as-dil"'m ~ “as''m
article.
n bini ial n bini ial b inal b inal o
m complex Zﬁ:ﬁ comp‘\e>|< " gé i N(CH).l Z:I’u:';: N(CHi),,IIQ MH,0 soluton b A dilei N(CLa)JIQ A dilchl’)l " comrp|elx asHm
complex 105 complex mol/k 2 105 N(CHa)dl, mol/k FIN(CH,).l, after mixing complex complex m N(CHa)dl, Qas»dil Aas -dil''m mol/k kJ/m
mg mol mg g mg mol mg g g p— mg mol’kg  kJ/mol g kJ/mol J kJ/mol g ol
1001.71  0.009 0.009 0.005 - 0.005
7.881 0.994 6 9 1.998 0.994 1001.21 9 1.0000 2002.926 0.0050 2.1 0 -0.1 0.2840 -28.6 0 -30.5
1000.38 0.012 0.012 0.006 - 0.006
9.883 1.247 1 5 2506 1.247 1001.72 4 1.0000 2002.101 0.0062 2.6 2 -0.1 0.3341 -26.8 2 -29.3
11.90 1000.66 0.015 0.015 0.007 - 0.007
0 1.501 8 0 3.017 1.501 1000.65 0 1.0000 2001.318 0.0075 3.1 5 -0.1 0.3826 -25.5 5 -28.5
13.45 1000.98 0.016 0.016 0.008 - 0.008
0 1.696 0 9 3.411 1.696 1000.84 9 1.0000 2001.820 0.0085 3.5 5 -0.2 0.4268 -25.2 5 -28.5
2.002 4.024 2.002 1009.21 1.0000 2011.360 0.0100 4.2 -0.2 -25.5 -29.5
15.87 1002.15 0.020 0.019 0.010 - 0.010
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17.42

17.44

19.01

19.85

23.74

2.198

2.201

2.398

2.504

2.995

0 0
1000.32  0.022

0 0 4.419
1001.00 0.022

4 0 4.424
1000.28 0.024

0 0 4.821
1000.55 0.025

2 0 5.034
1000.42 0.029

0 9 6.022

0
AasHm/(kJmo

2.198

2.201

2.398

2.504

2.995

1000.68

1000.90

1001.38

1003.36

1001.24

0.022

0.022

0.023

0.025

0.029

I')=-115503.0-b% + 1699.9:b - 35.4

1.0000  2001.000
1.0000  2001.904
1.0000  2001.660
1.0000  2003.912
1.0000 2001.660
r’=0.8178

0.0110

0.0110

0.0120

0.0125

0.0150

c,=3.6

4.6

4.6

5.0

5.2

6.2

0.011
0

0.011
0

0.012
0

0.012
5

0.015
0

-0.2

-0.3

0.5096
0.5-724
0.6-1 50
0.6-259
0.7-243

0.8753

0
AasHin(o0)/(kJ-mol1)=-35.4+4.2

-26.0

-27.9

-26.1

-28.9

-29.2

0.011

0.011

0.012

0.012

0.015

-30.4

-32.3

-30.9

-33.9

-35.2

Complex refers to the supramolecular complex [PQT][DSDB24C8]; N(CHjs)4l refers to tetramethyl ammonium iodide; mH,O solution is the mass of water in the respective solution; by is the initial molal
concentration of the solution of the respective

0
reactant; by, is the final molal concentration of the solution of the respective reactant; dilution enthalpy for the complex [PQT][DSDB24C8] was calculated as Adile(complex) =-416.8-(b?inar-b?nitiar); dilution

Ay HO (N(CH3)4T) _ . . -
enthalpy for N(CHj),l was calculated as “dil"'m =-53.0-(b%nar-b?initial)+ 17 .2-(b%na-b?niia).  Uncertainty associated to each result of enthalpy of dilution was computed as u

(At (complex)] = [2{u[a (). complex] = o 4 TAGHE(NCHIAD] = [21u]8, H (o) NCHIMI _ oo

. Uncertainty of the result of enthalpy of association-dilution at infinite

0 0
dilution, u[Aaso »dile(w)], was calculated as +3.6 kJ-mol! and is the standard deviation of the intercept calculated from the least squares fitting of data Aago - itm vs b to a second-order function. Uncertainty

0 —
of the enthalpy of association at infinite dilution represents the overall uncertainty calculated as u[A“S"Hm(OO)] -
;

\/ ([ Ao - @)} + {u[ gy (o0), complex|F + {u[ A (0), N(CH3)41]}* =

+4.2 kJ-mol-

14




