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mM, pH=5.98, P,=1.56-10" at 9.4 T. Reference was acidified H,O, pH=6.

Table S5. Fitted parameters of [Gd(do3ap®™?)(H,0)] and [Gd(do3ap®*)(H,0)] . The underlined
parameters were fixed during the fitting.
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temperature; pH 6.5

Figure S4: Dependence of fraction of TSAP isomer of [Eu(do3ap®™)(H,0)] on pH; measured
at 3 °C by °'P NMR
Figure S5: Dependence of fraction of TSAP isomer of [Eu(do3ap®™)(H,0)] on pH; measured
at 3 °C by '"H NMR

Figure S6: Dependence of fraction of TSAP isomer of [Eu(do3ap®*?)(H,0)] on pH; measured
at 3 °C by *'P NMR.

Figure S7: Dependence of fraction of TSAP isomer of [Eu(do3ap®**)(H,0)] on pH; measured
at 3 °C by 'H NMR.

Figure S8: Temperature dependence of UV-VIS spectra of [Eu(do3ap®*?)(H,0)].

Figure S9: Temperature dependence of UV-VIS spectra of [Eu(do3ap°™)(H,0)] .

Figure S10: The contact contributions to the 70 LIS measurements of [Ln(do3ap®™)(H,0)],
measured at 9.4 T, 25 °C and pH 7.

Figure S11: '"H NMRD profile of [Gd(do3ap)(H,0)]*” complex recorded at 37 °C () with
fitted line (full line) and calculated contributions from outer-sphere (dashed line) and second-
sphere (dotted line) water.
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Appendix.

70 NMR relaxation:

From the measured 'O NMR relaxation rates and angular frequencies of the paramagnetic solutions,
1/T;, 1/T; and ®, and of the acidified water reference, 1/T;4, 1/T>4 and ®,, one can calculate the
reduced relaxation rates, 1/7;,, 1/T,, (Eq. [1] and [2]), where 1/T},,, 1/T5,, are the relaxation rates of the
bound water and Aw,, is the chemical shift difference between bound and bulk water, T, is the mean
residelllge time or the inverse of the water exchange rate k., and P,, is the mole fraction of the bound
water.”
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The terms 1/T;0s and 1/T,ps describe relaxation contributions from water molecules not directly bound
to the paramagnetic centre. In previous studies it has been shown that 7O outer-sphere relaxation
terms due to water molecules freely diffusing on the surface of Gd-polyaminocarboxylate complexes
are negligible. For complexes with phosphate groups relaxation terms due to 2"-sphere water
molecules can however be important for longitudinal relaxation /7). and have therefore to be
included.
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First-sphere contribution to '’O relaxation:

The O longitudinal relaxation rates in Gd(III) solutions are the sum of the contributions of the
dipole-dipole and quadrupolar (in the approximation developed by Halle for non-extreme narrowing
conditions) mechanisms as expressed by Eq. [6]-[7], where Vs is the electron and v; is the nuclear
gyromagnetic ratio (ys = 1.76x1011 rad-s’l-T’l, Y= ~3.626x10’ rad-s’l-T’l), rcio 18 the effective
distance between the electron charge and the '’O nucleus, 7 is the nuclear spin (5/2 for '70), y is the

quadrupolar coupling constant and 1| is an asymmetry parameter:
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In the transverse relaxation the scalar contribution, 1/75, is dominating, Eq. [8]. 1/t,; is the sum of the
exchange rate constant and the electron spin relaxation rate.
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Second-sphere contribution to 'O relaxation:
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The measured longitudinal proton relaxation rate, R, is the sum of a paramagnetic and a diamagnetic

contribution as expressed in Eq. [15], where 7 is the proton relaxivity:

R™=R'+R} =R +1[ Gd" ] [15]
The relaxivity is here given by the sum of inner-sphere, second-sphere and outer-sphere contributions:
l’i = I/iis + ’i,an + ’ios [16]

Inner-sphere 'H relaxation:

The inner-sphere term is given in Eq. [17], where ¢"' is the number of inner-sphere water molecules.?

1st
PSRV S [17)
1000~ 55.55" T" +7
The longitudinal relaxation rate of inner-sphere protons, 1/7," is expressed by Eq. [18], where rgqy is
the effective distance between the electron charge and the 'H nucleus, ; is the proton resonance
frequency and s is the Larmor frequency of the Gd(III) electron spin.

1 2
— = (“Oj U 7’27’35 S+1)[3J(0;37,)+7J (@037,,) ] (18]
T;m 15 GdH
SZT I_SZ Tl' .
J(Wafd;): - +( 2)zd , =12 [19]
l+o’t;,, 1+a't),
L: 1 1 1 ; L:L.}L.ﬂ,. i=1,2 [20]
Ta’ig Tm Tg T;’e Tdig Tm TH
[21]

1
H

1.1,
A

T

The spectral density functions are given by Eq. [19].
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Second-sphere 'H relaxation:
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Outer-sphere 'H relaxation:

The outer-sphere contribution can be described by Eq. [27] where N, is the Avogadro constant, and J,
is its associated spectral density function.*”
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GdH
agan 18 the distance of closes approach and Dggy is the diffusion coefficient for the diffusion of a water
proton relative to the Gd(III) complex.

Electron spin relaxation:

The longitudinal and transverse electronic relaxation rates, 1/7;, and 1/75, are described by Solomon-
Bloembergen-Morgan theory modified by Powell (Egs. [30]-[31]), where 7 is the correlation time for
the modulation of the zero-field-splitting interaction.
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Temperature dependences of water exchange rates and correlation times:

The exchange rates are supposed to follow the Eyring equation. In Eq. [32] AS* and AH’ are the
entropy and enthalpy of activation for the water exchange process, and k., is the exchange rate
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at 298.15 K. In Eq. [33] AH'*™ is the enthalpy of activation for the second sphere water exchange
process and k.”"**** is the corresponding exchange rate at 298 K.

1 kT AS*  AH? k2T AH* (1 1
k, =—= exp - =—=——exXp -— [32]
T, h R RT 298.15 R \298.15 T
o keztnd,zgs {AH:];an ( 1 1 )} [33]
k== exp -=
298.14 T 298.15 T
All correlation times and the diffusion constant are supposed to obey an Arrhenius law:
r=7" exp E, (l - ! ) [34]
R\T 298.15
E 1 1
Dy = Dy €Xp {%(m _Fj} [35]
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Table S1: Proton relaxivities (1 / mM ' s™') of [Gd(do3ap°™)(H,0)]", ¢(Gd™) = 4.7 mM, pH = 6.30,
at variable temperature.

v('H o o o o
/1\(/IH; 5°C  25°C  37°C  50°C
0.010 170 109 853 639
0.014 170 109 853 641
0.021 170 109 850 641
0.030 170 109 851 636
0.043 17.1 108 848 638
0.062 169 108 850 640
0.089 170 109 851 640
0.13 169 108 848 636
0.18 169 108 849 640
0.26 169 109 840 639
0.38 169 108 843 636
0.55 167 107 836 63l
0.78 165 106 834 624
1.1 160 104 816 617
1.6 154 101 793 599
23 143 952 756 579
34 126 858 692 544
438 109 757 612 493
7.0 961 651 515 417
10 875 548 445 3.4
11 847 515 408 341
13 830 494 379 317
15 815 469 361 297
17 808 456 351 291
20 812 453 349 281
30 809 450 332 2.69
40 788 441 319 255
60 811 433 309 244
100 758 416 298 229
200 724 404 288 223
400 668 376 267 212
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Table S2: Proton relaxivities (r, / mM " s™) of [Gd(do3ap°™?)(H,0)], ¢(Gd™) = 4.1 mM, pH = 6.25,
at variable temperature.

v('H o o o o
/1\(/[H; 5°C  25°C  37°C  50°C
0.010 135 883 6938 592
0.014 135 885 6920 592
0.0208 135 880 6945 593
0.030 135 880 6925 589
0.043 135 879 6917 593
0.062 135 880 6900 591
0.089 135 878 6932 592
0.13 135 881 6890 594
0.18 134 880 6891  5.90
0.26 134 879 6904 587
0.38 134 880 6885 584
0.55 134 876 6866 584
0.78 133 871 6818 579
1.1 129 860 6746 572
1.6 124 834 6612 564
23 118 804 6358 541
3.4 108 747 5976  5.14
438 976 679 5502 475
7.0 852 597 4787 421
10 819 530 4152 3.62
11 783 494 3893 333
13 766 472 3671 3.12
15 753 456 3529 297
17 753 447 3446  2.93
20 749 443 3435 287
30 740 452 3296 270
40 738 435 3198 255
60 738 428 3100 242
100 691 428 3142 231
200 659 396 2897  2.10
400 589 387 2799 201
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Table S3: Variable temperature reduced transversal and longitudinal '’O relaxation rates of [Gd(do3ap®™)(H,O)]", ¢(Gd™) = 79 mM, pH = 5.98, P,,= 1.56:10"
3 at 9.4 T. Reference was acidified H,O, pH = 6.

1/°C___T/K___ 1000/T/K Py T,(Gd)s T, (H0)s  TyGd)ys  T(H0)s  In(UTw)  In(1/T)
83 2815 3.55 1.56E-03  3.03E-03  3.58E-03  4.97E-04  3.22E-03 10.38 13.90
15.7 2889 3.46 1.56E-03  4.01E-03  4.72E-03  5.00E-04  3.85E-03 10.08 13.93
249  298.1 3.36 1.56E-03 5.25E-03  6.07E-03  7.62E-04  4.73E-03 9.71 13.47
341 307.3 3.25 1.56E-03  6.83E-03  7.94E-03  9.10E-04  5.28E-03 9.48 13.28
433 3165 3.16 1.56E-03  8.42E-03  9.94E-03  1.33E-03 6.47E-03 9.36 12.86
526 3258 3.07 1.56E-03  1.03E-02  1.23E-02  2.20E-03 7.74E-03 9.26 12.25
61.8 3350 2.99 1.56E-03 1.24B-02  146E-02  3.36E-03 8.50E-03 8.98 11.66
71.0 3442 2.91 1.56E-03 1.45B-02  1.71E-02  4.98E-03 1.10E-02 8.83 11.16
802 3534 2.83 1.56E-03 1.69E-02  1.89E-02  7.40E-03 1.37E-02 8.33 10.59

Table S4: Variable temperature reduced transversal and longitudinal '’O relaxation rates of [Gd(do3ap®®?)(H,0)], ¢(Gd™) = 36 mM, pH = 6.2, P,,= 6.64-10"*
at 9.4 T. Reference was acidified H,O, pH = 3.71.

t/°C_ T/K _ 1000/T/K P T,(Gd/s T, (HL,O)s T(Gdys T(H,0)s In(1/Tyy) In(1/T)
43 2775 3.60 6.64E-04  3.51E-03 3.80E-03  1.40E-03 327E-03 1040  13.33
9.2 282.4 3.54 6.64E-04  4.19E-03 452E-03  131E-03  3.80E-03  10.19  13.53
150 2882 3.47 6.64E-04  5.00E-03 538E-03  1.19E-03  4.47E-03 998  13.74
203 2935 3.41 6.64E-04  5.94E-03 6.36E-03  1.17E-03  520E-03 972  13.81
250 2982 3.35 6.64E-04  6.65E-03 721E-03  1.13E-03  5.82E-03  9.78  13.89
307 303.9 3.29 6.64E-04  7.66E-03 834E-03  1.14E-03  6.72E-03  9.68 1391
360 3092 3.23 6.64E-04  8.60E-03 9.39E-03  1.15E-03  7.42E-03  9.60  13.91
445 3177 3.15 6.64E-04  1.05E-02 1.14E-02  143E-03 871E-03 934  13.69
560 3292 3.04 6.64E-04  1.32E-02 1.42E-02  2.07E-03  1.07E-02 894  13.28
66.1 3393 2.95 6.64E-04  1.56E-02 1.69E-02  3.00E-03  1.I9E-02  8.85  12.84
75.6  348.8 2.87 6.64E-04  1.83E-02 1.95E-02  4.70E-03  1.34E-02 855  12.24
846  357.8 2.80 6.64E-04  2.09E-02 224E-02  645E-03 1.51E-02 852  11.80
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Figure S1. Variable temperature reduced '’O chemical shifts of [Gd(do3ap®®?)(H,0)], ¢(Gd™) = 36
mM, pH=6.2, P,=6.64-10"* at 9.4 T. Reference was acidified H,0, pH=3.71.
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Figure S2. Variable temperature reduced '’O chemical shifts of [Gd(do3ap®™)(H,0)]", ¢(Gd™) = 79
mM, pH=5.98, P,=1.5610" at 9.4 T. Reference was acidified H,0, pH=6.
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Table S5. Fitted parameters of [Gd(do3ap®®?)(H,0)] and [Gd(do3ap®™)(H,0)] . The underlined
parameters were fixed during the fitting.

Parameter [Gd(do3ap®®?)(H,0)] [Gd(do3ap®™)(H,0)]
ko8 [10°s7"] 4.4+0.3 2045
AH* [kJ mol™] 56.8+2 61.4+5

AS* [Jmol' K™ +72.7£0.5 +100.9+0.6
A/B[10° rad s 33 33
7*%(0) [ps] 77+8 8449
Ei [kJ mol '] 20 22
" [ps] 11.4+1.5 8.7+1.2
By [kJ mol '] 1 1
A 110757 0.55 0.42+0.07
D6 [10 m? s 25+3 2542
Epcan [kJ mol '] 28+1 22+1
Sz 2 [107] 1.7 3.340.1
& (H) w**%(0) 0.77+0.11 0.79+0.10
¥Gdo [A] 2.5 2.5
Y'GdH [A] 3.1 3.1
¥GdHouter [A] 3.65 3.65
2(14m?/3)"? [MHz] 7.58 7.58
q 1 1
Gond 1 1
B 2nd [PS] 50 50
AH* 5,4 [kI mol '] 30 30
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Figure S3: Dependence of the chemical shift of *'P NMR signals of [Eu(do3ap°)H,0] on
temperature; pH 6.5
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Figure S4: Dependence of fraction TSAP isomer of [Eu(do3ap®*)(H,0)] on pH; measured
at 3 °C by *'P NMR
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Figure S5: Dependence of fraction TSAP isomer of [Eu(do3apOEt)(HzO)]_ on pH; measured
at 3 °C by '"H NMR
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Figure S6: Dependence of fraction TSAP isomer of [Eu(do3ap®*#)(H,0)] on pH; measured

at 3 °C by *'P NMR.
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Figure S7: Dependence of fraction TSAP isomer of [Eu(do3apOEt2)(HzO)] on pH; measured
at 3 °C by 'H NMR.
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Figure S8: Temperature dependence of UV-Vis spectra of [Eu(doSapOEtz)(Hzo)].
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Figure S9: Temperature dependence of UV-Vis spectra of [Eu(do3ap®™)(H,0)] .
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Figure S10: The contact contributions to the 70 LIS measurements of [Ln(d03apOEt)(HzO)]7,
measured at 9.4 T, 25 °C and pH 7.
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Figure S11: '"H NMRD profile of [Gd(do3ap)(H,0)]* complex recorded at 37 °C (®) with
fitted line (full line) and calculated contributions from outer-sphere (dotted line) and second-
sphere (dashed line) water.
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