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Table S1. Total energies (a. u.) of the simulated M3+, MCl3, L and LM3+ systems.



HF/D95 // HF/DZ-P*
HF/DZ-P* // HF/DZ-P*
HF/DZ* //

HF/DZ-P*
DFT/DZ* // HF/DZ-P*
MP2/DZ* //

HF/DZ-P*

Ligand (L)
M






—
La3+

-29.8634

-30.1656
-29.9980


Eu3+

-33.5066

-33.8155
-33.6483


Yb3+

-37.5444

-37.8444
-37.6921

MCl3
La

-1409.8275





Eu

-1413.5400

-1416.1352
-1413.8688


Yb

-1417.6477




(MeO)3PO
—
-758.8441
-759.0234
-759.1751
-762.1213
-760.4156


La
-789.0641
-789.2322
-789.3670
-792.6486
-790.7599


Eu
-792.7383
-792.9068
-793.0418
-796.3352
-794.4442


Yb
-796.8064
-796.9750
-797.1102
-800.3962
-798.5188

(MeO)2MePO
—
-684.0077
-684.1612
-684.2850
-686.8786
-685.3592


La
-714.2313
-714.3678
-714.4773
-717.4068
-715.7043


Eu
-717.9058
-718.0425
-718.1522
-721.0931
-719.3884


Yb
-721.9742
-722.1107
-722.2205
-725.1542
-723.4629

(MeO)Me2PO
—
-609.1600
-609.2930
-609.3815
-611.6305
-610.2977


La
-639.3968
-639.5011
-639.5863
-642.1638
-640.6471


Eu
-643.0719
-643.1758
-643.2613
-645.8503
-644.3315


Yb
-647.1407
-647.2440
-647.3297
-649.9110
-648.4051

Me3PO
—
-534.3093
-534.4246
-534.4987
-536.3821
-535.2358


La
-564.5648
-564.6372
-564.6982
-566.9264
-565.5927


Eu
-568.2409
-568.3124
-568.3736
-570.6104
-569.2777


Yb
-572.3101
-572.3808
-572.4422
-574.6718
-573.3524

Table S2. Total energies (a. u.) of the LMCl3 and L2MCl3 systems.



HF/DZ-P* //

HF/DZ-P*
HF/DZ* //

HF/DZ-P*
DFT/DZ* //

HF/DZ-P*
MP2/DZ* //

HF/DZ-P*

Complexes
M





MeO3POMCl3
La
-2168.9240
-2169.0651




Eu
-2172.6426
-2172.7835
-2178.3179
-2174.3589


Yb
-2176.7553
-2176.8960



Me3POMCl3
La
-1944.3570
-1944.4202




Eu
-1948.0763
-1948.1391
-1952.6086
-1949.2048


Yb
-1952.1896
-1952.2522



((MeO)3PO)2MCl3
La
-2927.8327
-2928.2689




Eu
-2931.6975
-2931.9866
-2940.4637
-2934.8157


Yb
-2935.8092
-2936.0975



(Me3PO)2MCl3
La
-2478.8530
-2478.9822




Eu
-2482.5738
-2482.7021
-2489.0466
-2484.5089


Yb
-2486.6877
-2486.8152



Table S3. Total energies (a. u.) of the L and LH+ systems (HF/DZ*//HF/DZ* calculations).

Ligand (L)
EL 
ELH+ 

(MeO)3PO
-759.1799
-759.5365

(MeO)2MePO
-684.2883
-684.6456

(MeO)Me2PO
-609.3936
-609.7627

Me3PO
-534.4992
-534.8802

Table S4. Interaction energies E (kcal.mol-1) in the LM3+ complexes at different computational levels (HF/DZ-P* optimization). Total energies are given in Table S1.



HF/D95



HF/DZ-P*



HF/DZ*



DFT/DZ*



MP2/DZ*





E
BSSE
Ecorr

E
BSSE
Ecorr

E
BSSE
Ecorr

E
BSSE
Ecorr

E
BSSE
Ecorr

Ligand (L)
M




















(MeO)3PO
La
-223.7
4.8
-219.0

-216.7
4.1
-212.6

-206.1
3.3
-202.8

-227.0
5.2
-221.8

-217.3
7.7
-209.5


Eu
-243.2
5.2
-238.0

-236.4
4.4
-232.1

-225.9
3.5
-222.5

-250.0
5.4
-244.6

-238.6
8.5
-230.1


Yb
-262.2
5.7
-256.6

-255.5
4.7
-250.9

-245.2
3.7
-241.5

-270.1
5.7
-264.5

-257.9
9.0
-249.0

(MeO)2MePO
La
-226.0
4.9
-221.1

-215.3
4.2
-211.1

-206.4
3.4
-203.0

-227.6
5.2
-222.4

-217.7
7.9
-209.8


Eu
-245.6
5.3
-240.4

-235.1
4.4
-230.6

-226.3
3.6
-222.7

-250.3
5.3
-245.0

-239.0
8.6
-230.4


Yb
-264.8
5.8
-259.1

-254.2
4.7
-249.5

-245.5
3.7
-241.7

-270.6
5.5
-265.0

-258.2
9.0
-249.2

(MeO)Me2PO
La
-234.3
4.8
-229.5

-216.3
4.3
-211.9

-207.9
3.5
-204.5

-230.7
5.5
-225.3

-220.5
8.1
-212.4


Eu
-254.3
5.2
-249.2

-236.0
4.5
-231.5

-227.9
3.6
-224.2

-253.7
5.7
-248.0

-241.9
8.8
-233.2


Yb
-273.8
5.6
-268.2

-255.2
4.8
-250.3

-247.1
3.8
-243.3

-273.6
5.9
-267.7

-261.2
9.2
-252.0

Me3PO
La
-246.0
4.8
-241.2

-219.1
4.4
-214.7

-210.9
3.6
-207.3

-237.6
5.7
-231.9

-225.2
8.5
-216.7


Eu
-266.6
5.1
-261.5

-239.1
4.6
-234.5

-231.1
3.7
-227.3

-259.0
6.0
-253.0

-246.9
9.1
-237.8


Yb
-286.3
5.5
-280.8

-258.4
4.9
-253.4

-250.5
4.0
-246.3

-279.4
6.2
-273.2

-266.3
9.6
-256.7

Table S5. Mulliken charges in the LM3+ complexes : from HF/DZ-P*//HF/DZ-P* (first line) and HF/DZ*//HF/DZ-P* (second line) calculations. See chart 1 for definitions. 

Ligand (L)
M
q(M)
q(O=P)
q(P)
q(O-C)
q(CH3-O)
q(CH3-P)

(MeO)3PO
—

-0.637
1.261
-0.544
0.336





-0.797
1.701
-0.624
0.322



La
2.605
-0.963
1.484
-0.519
0.477




2.594
-1.022
1.892
-0.607
0.456



Eu
2.576
-0.960
1.483
-0.515
0.482




2.557
-1.015
1.891
-0.604
0.460



Yb
2.554
-0.951
1.479
-0.513
0.485




2.539
-1.006
1.886
-0.602
0.463


(MeO)2MePO
—

-0.641
1.149
-0.575
0.331
-0.020




-0.797
1.503
-0.650
0.319
-0.044


La
2.602
-0.962
1.286
-0.520
0.477
0.159



2.587
-1.023
1.591
-0.605
0.457
0.141


Eu
2.575
-0.956
1.283
-0.517
0.482
0.168



2.561
-1.014
1.587
-0.602
0.461
0.149


Yb
2.554
-0.946
1.279
-0.515
0.485
0.174



2.544
-1.006
1.580
-0.602
0.464
0.156

(MeO)Me2PO
—

-0.640
0.996
-0.589
0.331
-0.040

-0.057




-0.794
1.260
-0.660
0.321
-0.055

-0.071


La
2.595
-0.982
1.073
-0.523
0.475
0.180



2.586
-1.038
1.373
-0.607
0.457
0.165


Eu
2.569
-0.974
1.067
-0.520
0.480
0.189



2.561
-1.030
1.264
-0.604
0.462
0.174


Yb
2.549
-0.965
1.059
-0.518
0.483
0.196



2.545
-1.021
1.254
-0.603
0.465
0.180

Me3PO
—

-0.649
0.821


-0.057




-0.800
0.995


-0.065


La
2.582
-1.003
0.809


0.204



2.580
-1.052
0.910


0.187


Eu
2.557
-0.993
0.796


0.213



2.558
-1.042
0.893


0.190


Yb
2.539
-0.983
0.786


0.219



2.542
-1.034
0.881


0.204

