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1 EPR data

[Gd(H2O)8] 3+
T [K]
Hp/p [G]
B0 [G]
Frequency [GHz]
[Gd3+] [M]

273.4
647.00
3377.60
9.425
0.005

278.7
594.30
3350.90
9.425
0.005

283.9
585.70
3367.10
9.425
0.005

291.1
575.00
3338.40
9.425
0.005

298.9
507.20
3354.20
9.425
0.005

305.1
445.10
3352.30
9.425
0.005

310.5
410.50
3358.00
9.425
0.005

318.8
343.20
3359.50
9.425
0.005

327.9
297.40
3363.60
9.425
0.005

336
253.30
3368.40
9.425
0.005

344.9
224.60
3370.40
9.425
0.005

354.1
198.20
3372.30
9.425
0.005

360.1
184.10
3373.30
9.425
0.005

368.2
165.00
3375.10
9.425
0.005

273.4
637.60
3358.40
9.425
0.02

278.7
609.90
3349.60
9.425
0.02

283.9
590.70
3348.60
9.425
0.02

291.1
617.70
3339.40
9.425
0.02

298.9
510.30
3342.20
9.425
0.02

305.1
433.70
3352.70
9.425
0.02

310.5
460.90
3356.20
9.425
0.02

318.8
345.50
3360.70
9.425
0.02

327.9
290.10
3366.60
9.425
0.02

336
254.50
3367.70
9.425
0.02

344.9
223.30
3372.20
9.425
0.02

354.1
199.40
3372.40
9.425
0.02

360.1
182.10
3374.20
9.425
0.02

368.2
164.80
3375.60
9.425
0.02

274.6
626.30
3342.40
9.425
0.08286

275.2
626.30
3338.10
9.425
0.08286

275.2
626.30
3338.10
9.425
0.08286

280.7
592.00
3329.50
9.425
0.08286

280.7
613.50
3338.10
9.425
0.08286

290.1
527.70
3320.90
9.425
0.08286

290.1
523.40
3320.90
9.425
0.08286

296.2
493.30
3329.70
9.425
0.08286

296.2
484.80
3333.80
9.425
0.08286

303.6
437.60
3338.10
9.425
0.08286

303.6
433.30
3329.50
9.425
0.08286

311.5
368.90
3346.70
9.425
0.08286

311.5
381.80
3346.70
9.425
0.08286

322.2
304.60
3338.10
9.425
0.08286

322.2
317.50
3355.20
9.425
0.08286

322.3
326.00
3355.20
9.425
0.08286

330
278.80
3359.50
9.425
0.08286

330
283.10
3355.20
9.425
0.08286

339
244.50
3368.10
9.425
0.08286

339
244.50
3363.80
9.425
0.08286

344.6
218.80
3372.40
9.425
0.08286

344.6
223.10
3372.40
9.425
0.08286

355.8
193.00
3376.70
9.425
0.08286

355.8
193.00
3376.70
9.425
0.08286

275
83.90
26923.40
75
0.02

295
110.30
26913.30
75
0.02

315
112.70
26899.80
75
0.02

335
106.20
26890.50
75
0.02

350
101.60
26884.70
75
0.02

365
93.90
26881.20
75
0.02

275
95.71
26927.19
75
0.08

290
104.17
26921.44
75
0.08

305.1
105.70
26909.48
75
0.08

320.1
111.60
26904.72
75
0.08

334.9
108.75
26897.11
75
0.08

350
102.24
26890.07
75
0.08

365
97.79
26886.75
75
0.08

274.9
34.83
53799.02
150
0.02

274.9
34.83
53799.02
150
0.02

290.1
46.22
53797.37
150
0.02

290.1
46.22
53797.37
150
0.02

305
58.65
53795.16
150
0.02

305
58.65
53795.16
150
0.02

320.1
62.13
53792.62
150
0.02

320.1
62.13
53792.62
150
0.02

335
63.54
53788.29
150
0.02

335
63.54
53788.29
150
0.02

350
62.45
53784.99
150
0.02

350
62.45
53784.99
150
0.02

365
61.48
53781.17
150
0.02

365
61.48
53781.17
150
0.02

274.7
39.07
53798.50
150
0.08

289.9
49.23
53797.00
150
0.08

305
59.59
53794.80
150
0.08

320
63.69
53791.00
150
0.08

334.9
62.26
53787.50
150
0.08

349.9
61.73
53783.50
150
0.08

364.9
60.61
53781.00
150
0.08

275
21.60
80682.70
225
0.02

290
27.50
80682.10
225
0.02

305
36.70
80681.20
225
0.02

320
42.10
80680.30
225
0.02

335
44.30
80677.80
225
0.02

350
45.40
80675.50
225
0.02

365
44.30
80673.50
225
0.02

275
28.80
80683.70
225
0.08

290
34.60
80682.80
225
0.08

305
40.90
80682.10
225
0.08

320
45.10
80679.50
225
0.08

335
46.10
80678.50
225
0.08

335
45.80
80678.50
225
0.08

340
45.70
80677.90
225
0.08

350
45.50
80676.10
225
0.08

365
47.20
80674.40
225
0.08

[Gd(DOTA)(H2O)]-
T [K]
Hp/p [G]
B0 [G]
Frequency [GHz]
[Gd3+] [M]

273
80.10
3405.40
9.425
0.005

279.5
80.10
3405.40
9.425
0.005

289.5
82.90
3405.40
9.425
0.005

299.5
88.70
3405.40
9.425
0.005

300
93.00
3406.90
9.425
0.005

319.9
100.10
3394.00
9.425
0.005

329.3
111.50
3388.20
9.425
0.005

339.8
120.10
3382.50
9.425
0.005

349.7
125.80
3376.80
9.425
0.005

359.5
134.40
3373.90
9.425
0.005

273
88.70
3408.30
9.425
0.043

279.5
88.70
3405.40
9.425
0.043

289.5
85.80
3408.30
9.425
0.043

299.5
85.80
3408.30
9.425
0.043

300
93.00
3406.90
9.425
0.043

310
91.50
3399.70
9.425
0.043

320
105.80
3396.80
9.425
0.043

329.3
120.10
3396.80
9.425
0.043

339.8
128.70
3388.20
9.425
0.043

349.7
137.30
3385.40
9.425
0.043

359.5
145.90
3382.50
9.425
0.043

369.7
151.60
3376.80
9.425
0.043

370
157.30
3378.30
9.425
0.043

380
157.30
3371.20
9.425
0.043

274.8
20.48
26897.48
75
0.018

290
22.14
26897.08
75
0.018

305.1
23.72
26899.95
75
0.018

320
25.24
26899.63
75
0.018

335
25.90
26901.42
75
0.018

350
26.12
26900.44
75
0.018

365
26.58
26900.19
75
0.018

275
27.97
26896.10
75
0.076

290.1
29.43
26896.70
75
0.076

305
30.05
26897.00
75
0.076

320
29.86
26896.70
75
0.076

334.9
29.37
26897.50
75
0.076

350
29.04
26897.30
75
0.076

365
29.07
26898.20
75
0.076

274.8
14.43
53788.87
150
0.018

290
14.95
53787.96
150
0.018

305.1
15.16
53788.19
150
0.018

320
17.07
53788.18
150
0.018

335
18.05
53789.52
150
0.018

350
17.45
53789.06
150
0.018

365
16.74
53788.68
150
0.018

275
20.59
53789.10
150
0.076

290
20.90
53789.10
150
0.076

305
21.34
53788.90
150
0.076

320
21.61
53788.60
150
0.076

335
21.25
53788.90
150
0.076

350
20.85
53788.90
150
0.076

365
21.01
53788.90
150
0.076

275
10.90
80681.30
225
0.019

275
10.40
80682.20
225
0.019

290
11.40
80681.30
225
0.019

290
11.00
80682.00
225
0.019

305
11.90
80681.70
225
0.019

305
11.90
80682.00
225
0.019

320
12.80
80682.00
225
0.019

320
12.30
80682.10
225
0.019

335
13.40
80681.80
225
0.019

350
14.10
80681.90
225
0.019

365
14.70
80681.50
225
0.019

275
18.80
80684.40
225
0.076

290
19.70
80682.80
225
0.076

305
19.60
80682.90
225
0.076

310
19.40
80683.50
225
0.076

320
19.30
80682.80
225
0.076

335
19.60
80682.60
225
0.076

350
19.90
80682.50
225
0.076

365
18.90
80683.70
225
0.076

[Gd(DTPA-BMA)(H2O)]

T [K]
Hp/p [G]
B0 [G]
Frequency [GHz]
[Gd3+] [M]

277.8
347.10
3482.00
9.425
0.02

295.2
412.00
3471.00
9.425
0.02

311.8
395.00
3448.00
9.425
0.02

327.6
466.00
3420.00
9.425
0.02

348.4
489.00
3380.00
9.425
0.02

368.5
523.00
3348.00
9.425
0.02

277.8
374.00
3474.00
9.425
0.35

295.2
412.00
3474.00
9.425
0.35

311.8
432.00
3454.00
9.425
0.35

327.6
469.00
3428.00
9.425
0.35

348.4
503.00
3397.00
9.425
0.35

368.5
546.00
3362.00
9.425
0.35

275
23.67
26910.83
75
0.02

290
25.37
26910.98
75
0.02

305
27.49
26910.72
75
0.02

320
29.83
26911.16
75
0.02

335
31.64
26911.33
75
0.02

350
33.70
26911.55
75
0.02

275
30.89
26911.21
75
0.08

285
32.04
26910.97
75
0.08

300
33.89
26911.12
75
0.08

315
34.72
26911.79
75
0.08

330
36.04
26912.91
75
0.08

360
41.33
26912.41
75
0.08

274.8
15.13
53794.58
150
0.0213

290
16.07
53795.42
150
0.0213

305
18.23
53795.55
150
0.0213

320
18.08
53794.94
150
0.0213

335
19.39
53795.80
150
0.0213

350
19.45
53796.88
150
0.0213

275
21.46
53795.30
150
0.08

290.4
21.94
53795.30
150
0.08

304.7
22.61
53795.30
150
0.08

319.9
23.41
53795.30
150
0.08

335
26.22
53792.60
150
0.08

349.8
24.72
53795.90
150
0.08

364.9
25.51
53796.10
150
0.08

274.9
12.72
80685.94
225
0.0213

290
12.94
80685.76
225
0.0213

305.1
13.75
80686.18
225
0.0213

319.9
14.38
80685.98
225
0.0213

335
15.48
80686.14
225
0.0213

350
16.32
80686.15
225
0.0213

365
17.14
80686.34
225
0.0213

275
18.56
80686.10
225
0.08

290
18.53
80686.10
225
0.08

305.2
19.08
80686.10
225
0.08

320
19.42
80686.10
225
0.08

335.1
19.56
80686.10
225
0.08

350
19.73
80686.10
225
0.08

365.1
20.32
80686.10
225
0.08

2 Program implementation

The following pseudocode describes the function used in the calculation of observables Hp/p and B0 from the microscopic parameters. The implementation was written in the MATLAB programming language with two compiled C subroutines.

For all measured (T,() pairs:


(v=Arrhenius((v298,T);


(re=Arrhenius((re298,T);


R2=build_matrix((2,tv,();


(1/T2eiZFS,gi,intensities)=diagonalize(R2);


1/T2eZFSav=average(1/T2eiZFS);


1/T2eSR=SpinRotation((re);


1/T2ei=1/T2eiZFS+1/T2eDD+1/T2eSR;
(i=1..7)


B0=max{(Lorentzian(1/T2ei,gi,intensities)};

linewidth=

max{(Derivative_lorentzian (1/T2ei,gi,intensities)}- min{(Derivative_lorentzian (1/T2ei,gi,intensities)};

end

Searching of maxima and minima is performed by solving equations (20) and (21) using a dichotomy method. These particular procedure were implemented using C to improve the calculation speed.
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Fitting was accomplished using a least-square procedure with the function described in the pseudocode above. On a 200 MHz Pentium PC the calculation time for 100 iterations on a 30 points data set was about 1 minute.

Complete source code is available on request from Prof. André E. Merbach, email Andre.Merbach@icma.unil.ch
3 Extrapolation of linewidths to zero concentration

To extrapolate the linewidths to infinite dilution one needs the data points for every concentration at the same temperature. When no experimental values were available we interpolated the experimental data at finite concentration to the temperature of the lowest concentration measurements using cubic splines. For error evaluation purposes we assume the absolute error on the interpolated value to be the sum of the errors on the surrounding experimental data points. In the absence of a known relationship between the observed resonance field and the concentration, and given the small observed variation with Gd3+ concentration we use the values at the lowest measured concentration.

4 Examples of experimental and simulated spectra: 
          [Gd(DTPA‑BMA)(H2O)]
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[Gd(DTPA-BMA)(H2O)] experimental X-band spectrum,  T=327.6 K, [Gd3+]=0.02 M
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[Gd(DTPA-BMA)(H2O)] simulated X-band spectrum,  T=327.6 K, [Gd3+]=0 M
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[Gd(DTPA-BMA)(H2O)] experimental 75 GHz spectrum,  T=335 K, [Gd3+]=0.02 M
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[Gd(DTPA-BMA)(H2O)] simulated 75 GHz spectrum,  T=335 K, [Gd3+]=0 M
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[Gd(DTPA-BMA)(H2O)] experimental 150 GHz spectrum,  T=335 K, [Gd3+]=0.0213 M
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[Gd(DTPA-BMA)(H2O)] simulated 150 GHz spectrum,  T=335 K, [Gd3+]=0 M
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[Gd(DTPA-BMA)(H2O)] experimental 225 GHz spectrum,  T=335 K, [Gd3+]=0.0213 M
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[Gd(DTPA-BMA)(H2O)] simulated 225 GHz spectrum,  T=335 K, [Gd3+]=0 M
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