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Fig. S1 Experimental FTIR spectra of 9N3Me50x in KBr.
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Fig. S2 Experimental 'H NMR spectra of 9N3Me50x in DMSO-d; solution.
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Fig. S4 Experimental *CNMR of 9N3Me50x in DMSO-dj
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Fig. S6 MS(ES™) mass spectra of (a) [La(9N3Me50x)(H,0);] (b) [Gd(IN3Me50x)(H,0);] and

(c) [Lu(9N3Me50x)(H,0)s].
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Fig. S7 Experimental IR spectra of [La(9N3Me50x)(H,0);], [GA(9IN3Me50x)(H,0)s], and
[Lu(9N3Me50x)(H,0);] in KBr.
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Fig. S8 TG-DTG analysis of (a) [La(9N3Me50x)(H,0)s], (b) [Gd(9IN3Me50x)(H,0);] and (c)
[Lu(9N3Me50x)(H,0);] metal complex, heat from 40.0 °C and 750 °C temperature at 20.00
°C/min.
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Fig. S9 Experimental 'H NMR spectra of 9N3Me50x metal complexes (i)
[La(9N3Me50x)(H,0)s], (i1) [Lu(9N3MeS0x)(H,0);], and (iii) [Gd(IN3Me50x)(H,0);].



0.81
0.91

b 3105

q2 T T T T T T T T T g
3743.0 3388.7 3034.4 2680.1 2325.8 1971.5 1617.2 1262.9 908.60 554.30 200.0

cml

Fig. S10 Theorectical FTIR spectra of the 9N3Me50x ligand, calculated with GGA/BLYP
method.
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Fig. S11. Contours of deformation density channels, AP1 describing donation {A ([9N3Me50x]
3) - B (Ln*") }together with the corresponding energies, AE™®, g, obtained from the ETS-
NOCYV method. The isovalue of the contours is 0.007 a.u.
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Fig. S12 Calculated Emission spectra of IN3Me50x ligand and [Ln(9N3Me50x)(H,0);].

Table 1. Frontier molecular orbital (FMOs) composition based on atomic orbitals (AOs)
contribution and their relative energies (eV) for all [Ln(9N3Me50x)(H,0);].

Closed Shell Open Shell

[La(9N3Me50x)(H,0);] [Lu(9N3Me50x)(H,0);] [Gd(9N3Me50x)(H,0);]
MO E(ev) AOs(%) MO E(ev) AOs(%) MO  E(ev) AOs(%)
192a -6.133  Pxc(37.9) 1992 6235 Px(77.3) 1920 -6417  Pxc(77.3)
PxN(1.44) Pzc(3.35) Pzc(3.35)

1932 -6.032  Pyoag)  200a 5891 P65 3) 1958 -6.128° Px0(59.0)
Pz0(34.6) P2C(8.02) PxC(23.7)

PyC(4.55) Dyl u(1.26) dyGd(1.35)

1942 5782 Pyo(e90)  20la 5767  Pyoggy 1990 -5.853  Pyo39.1)
P2C(8.39) P20(27.6) Px0(34.4)

dy21a(1.92) dy21u(1.92) PxC(5.65)

195a -5.642 py0(45.5) 202a -5.646 pYO(45.9) 202  -5.783 fZGd(60.9)
P20(26.8) P20(27.8) f22yGd(12.0)

Pyc(4.37) Pyc(4.37) fxGd(11.8)
fa2Gd(10.5)

196a  -4968 Pica7s) 2038 4852 Puc(3l7) 2040 -5.023 [aGd0.0)
PyN(16.7) P:0(14.5) f22yGd(28.0)

PxN(10.5) P2N(13.5) f23Gd(13.5)

fyGd(s.10)
197a  -4840 Pyo70) 2048 4797 Pxcss) 2068 4813 [12:Gd(56.2)
P2N(16.7) Px0(17.6) fxGd(22.4)

PyN(9.46) Py0(3.45) f23Gd(8.48)

fyGda.59)

198a -4.722 pxC(49.0) 205a -4.741 pxC(l8.7) 2000 -4.694 fxyZGd(70.6)




P0(20.7) PN(18.3) f2Gd(12.7)
P2N(4.60) PyN(12.1) f22xGd(4.64)
f23Gd(4.30)
199a -4.567 pZN(26.4) 206a -4.603 pxC(43.l) 2038  -4.671 fzzde(43_5)
PyN(18.7) Px0(23.4) f22xGd(22.0)
PxC(14.2) Pyc(4.24) f2Gd(16.0)
fxGd(7.05)
200a -4.529 ch(42_3) 207a -4.543 pZN(35.8) 2078 -4.396 fZ3Gd(44.8)
Px0(19.7) PyN(26.1) fyGde1.n
PYN(11.9) sH(12.7) f+Gd(7.65)
fav2Gd(6.47)
201a -4.260 pZN(38.4) 208a -4.371 PZN(40.9) 201la -3.690 pXN(64.3)
PyN(20.9) PyN(19.7) PxC(20.7)
sH (14.2) sH(17.2) pr(lg'z)
202a 2810 Pxc63.6) 209 2638 DPic(e] 8) 2058 2782 Pxce1.8)
HOMO PxN(20.3) HOMO P¥N(19.3) (S)OM PxN(19.2)
PyN(11.9) PyN(13.2) Pyc(12.4)
203a -2.518 pxC(64.2) 210a -2.580 pxC(SS.l) 2106 -2.572 pXC(58.9)
LUMO PxN(20.9) LUMO PxN(19.45) (S)OM PxN(16.8)
Gyl a(2.34) Dyl u(1.38) deyGd(1.38)
2048 2340 Prc70.3) 21la 2451 Pxc(s7.7) 2140 2499 Pro49.7)
PxN(19.2) PxN(17.4) PxN(14.2)
Py0(1.43) Pyc(8.29) Pyc(13.7)
205a -1.451 pxc(go.g) 212a -1.501 ch(83.3) 2090  -1.713 pxC(87.6)
FyLa(1.12) PyC(7.32) PyC(8.94)
sH(1.13)
206a -1.391 pxc(gz_g) 213a -1.445 pXC(81.8) 218  -1.524 pXC(83.9)
fryaLa(1.19) Pyc(7.95) Pyc(17.4)
207a -1.341 ch(88_4) 214a -1.374 pxC(85.6) 2200 -1.462 pxc(79'9)
fiLa(1.74) Pyc(11.8) Pyc(19.7)
f 2220 a(1.49)
favLa(1.44)
208a -1.261 fzzyLa(60,7) 215a -0.570  Pxc(85.6) 2158 -1.190 dzzGd(4O‘8)
fyLa8.07) sH(40.6) sH(18.8)
fZLa(6.88) dyZLu(1.39) sGd(15.1)
PxGd(7.84)
2092 -1172 Prais3q)  216a 0501 sH(48.9) 2120 0739 Pxc(26.3)
frac1.3) PxC(26.9) sH(25.9)
foavLa8.11) dz*Lu(3.09) 4y2Gd(10.2)
dx’Gd(8.67)
sGd(15.1)
210a -1.154 fx)’La(43.0) 217a -0.464 pxC(58.9) 2220 -0.627 pxc(35.7)




d

f22xa(32.3) PyC(13.5) xyGd(16.7)
fyLa(15.2) Dyl u(1.26) dy2Gd(3.54)
dx* - ¥’Gd(2.37)
211a -1.124 fYLa(37.5) 218a -0.395 pxC(67.8) 2198 -0.547 pXC(54.O)
12°La(26.4) PN (5 41) PN (4 56)
f22y1.(20.0) Derlu(1.02) 4yGd(3.10)
dyxGd(1.47)

Optimized coordinates of metal complex using GGA-BLYP-D3

88

La 3.32861950 7.35082750 ~3.89026689

0 5.55139718 7.24627863 ~5.26656246

H 6.03703738 6.89893369 ~4.37115685

0 2.05797121 9.63680175 ~4.49443293

H 2.29558706 10.59599548 ~4.41079657

0 1.44989962 6.65058546 ~5.50708328

H 6.04604190 8.02883513 ~5.62774448

H 1.37460940 9.35124453 ~3.78549425

H 0.90902346 6.15959788 ~4.71734361

H 0.87227126 7.31295056 ~5.97032541

0 3.26590172 5.84074121 ~2.05660043

0 1.17258538 7.96462937 ~2.85005279

0 4.95858146 8.61380390 ~2.71757957

N 6.34125195 6.17289123 ~2.98786317

N 0.54036091 5.30464001 ~3.44568860

N 3.86972088 4.78689954 ~4.47477188

c 4.23285348 4.30206744 ~5.68027600

c 4.51292551 2.92306628 ~5.88819349

c 4.39811107 2.03169217 ~4.82386633

c 4.01267298 2.50368425 ~3.53070525

c 3.77011702 3.91720579 ~3.39852877

c 3.43645540 4.49663359 ~2.11543536

C 3.28025283 3.62825282 ~1.02191750

C 3.46089356 2.22789386 ~1.16629782

C 3.85271314 1.66805414 ~2.38714928

C 6.03901227 6.65992134 ~1.71947935

C 6.16551610 5.81950325 ~0.54754851

c 6.57467694 4.46756661 ~0.76211011

c 6.88213954 4.01021320 ~2.03793839

C 6.76253090 4.89829369 ~3.13351981

c 5.43164438 7.98009570 ~1.60403792

c 5.21464111 8.48737765 ~0.31452593

c 5.40589333 7.67592859 0.82805050

C 5.82110366 6.34672885 0.74209797

c 0.47699090 3.98275240 ~3.70543893

C 0.27677874 3.02069744 ~2.68657549

C 0.14206878 3.44999155 ~1.37272807
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.82218177
.96470573
.16875426
.62719361
.90078209
.70267544
.28202990
.10359205
.37621390
.83519056
.52053175
.31478640
.18417778
.24226765
.47745295
.76400789
.15262807
.26259204
.56032074
.00019982
.22995428
.84477098
.41496097
.68840011
.29108264
.41360015
.08143039
.12382417
.38242389
. 79977574
.96051356
.94958532
.35639262
.32229185
.09927070
.96539225
.72787699
.21770013
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.87419808
.94628027
.53711045
.22668465
.32248108
.87169767
.41647125
.03753468
.11874446
.56068040
.97195560
.53141537
.64812730
.25092315
.70707085
.70941104
.88898022
.55387552
.09604357
.96693264
.98834826
.51493855
.72985274
.41555236
.00176333
.03834009
.46220671
.85079814
.77456423
.17607966
.35311094
.72987770
.63219492
.40777954
.29249211
.52048104
.87896243
.55823090
.73180839
.52106507
.30661162
.53225733
.29251526
.04851082
.29097122
.16547874
.71301341
.05633218
.01082059
.63140757
.87892941
.06931986

.01999437
.92187484
.68790767
.98919223
.55729354
.45290824
.70208687
.96815489
.91905479
.58260780
.39885343
.09333151
.00775612
.18982778
.44394907
.71297585
.54000035
.75887524
.04255194
.14106801
.58934894
.30587546
.83988867
.75398738
.82405033
.80862654
.49148912
.15671951
.24816291
.97011670
.18636797
.38712815
.66146664
.37107526
.01860996
.98532154
.31873807
.98970119
.76385432
.33399173
.15031773
.72149723
.18088536
.78769419
.71491233
.49045994
.99235661
.10929822
.02146522
.56648643
.08450496
.21776240
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.87458466
.62264538
.13857974
.66114367
.30533966
.07380554
.16972700
. 74865882
. 73103787
.42750924
.82811095
.17056435
.77188677
.83759399
.83662387
.17496402
.48067354
.50545896
.48369553
.41089094
.55053401
.12099994
.42006715
.18955016
.00365908
.33735547
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.63583659
.48796373
.14180184
.70941638
.97983789
. 72352991
.12294418
.68427226
.62098984
.96962736
.36079810
.99980504
.93058304
.16498863
. 74732882
.43153757
.18691397
.83893193
.32871473
.89869683
.10795733
. 77760481
.22083585
.14331050
.29868602
.17845820
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.16496613
.21180243
.82282303
.86425488
.06295274
.70373187
.40175537
.45251654
.13121602
.22891418
.15205565
.10355522
.01997071
.89498621
.32098513
.34787271
.08519500
.33750022
.15047987
.57350653
.92352546
.22896303
.89789255
.31703159
.07658824
.61982076



