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Supporting Information

Synthesis of ligands.

General Method. To a suspension of paraformaldehyde (60 mmol) and the corresponding phenol (60 mmol)
in methanol (100 mL) 2-(aminomethyl)pyridine was added (30 mmol) and the mixture was refluxed for 48 h
(H2L™) or 96 h (H,L®, HoL39), A first portion of the product was filtered and the solution was rota-
evaporated. Treatment of the residue with acetonitrile precipitate a second portion of the product. The
combined solids were recrystallized from boiling acetonitrile (HL“") or ethanol (H,L, H,L9) to give the
pure ligands in yields ranging from 40 to 70 %.

H,(L“). 'HNMR CDCl; 8(J Hz): 8.6 (1H, d(4.9), Ha-Py), 7.7 (1H, %(7.7)), 7.27 (1H, t(6.3)), 7.1 (1H, d(7.7))
pyridyl protons; 6.98 (2H, dd(8.7; 2.8)), 6.87 (2H, d(2.8)), 6.81 (2H, d(2.8)) phenyl protons, 3.89 (2H, s, CH»-
Py), 3.78 (4H, s, CH»-Ph), 2.25 (6H, s, CH3-Ph). FTIR (atr): 1596, 1570, 1500, 1433, 1284, 1262, 1216, 1005,
865, 824 cm™.

H>(L®). '"H NMR CDCl; 8(J Hz): 8.68 (1H, d(4.6), Ho-Py), 7.78 (1H, t(7.6)), 7.35 (1H, t(6.2)), 7.2 (1H,
d(8.3)) pyridyl protons; 7.16 (2H, dd(8.6; 2)), 7.07 (2H, d(2)), 6.92 (2H, d(8.6)) phenyl protons, 4.03 (2H, s,
CH,-Py), 3.95 (4H, s, CH>-Ph). FTIR (atr): 1598, 1578, 1482, 1461, 1369, 1353, 1277, 1253, 1090, 967, 815,
752 e,

Ho(L39), 'TH NMR CDCl; 8(J Hz): 8.68 (1H, d(4.9), Ha-Py), 7.75 (1H, t(7.6)), 7.32 (1H, t(6.3)), 7.2 (1H,
d(7.7)) pyridyl protons; 6.67 (2H, d(2.8)), 6.77 (2H, dd(8.7; 2.8)), 6.9 (2H, d(8.7)), phenyl protons, 3.98 (2H,
s, CH»-Py), 3.91 (4H, s, CH»-Ph), 3.76 (6H, s, CH3;O-Ph). FTIR (atr) 1595, 1569, 1495, 1468, 1449, 1432,
1367, 1309, 1254, 1222, 1150, 1038, 823, 762 cm’'.

Synthesis of Yttrium Complexes. To a solution of the appropriate ligand (0.5 mmol) in 20 mL MeOH
containing 1 mmol of MeONa, a solution of 383 mg Y(NOs3); (H20)s (1 mmol) in 5 mL MeOH was added
with stirring at ambient temperature. After three to five days the corresponding solid products deposited, in

yields ranging from 60 to 80%.

Y2(L),(MeOH)2(NO3): (V). Elemental analysis: Exp.(Calcd.) for CasHs:NgO12Y2: C: 51.8(52.18); H:
4.9(4.95); N: 7.9(7.94) %.

'H NMR DMSO-d® 8(J Hz): 8.62 (1H, d(5.1), Ha-Py), 7.74 (1H, t(7.6)), 7.28 (1H, 1(6.3)), 7.19 (1H, d(7.8)
pyridyl protons; 6.72 (2H, s(br)), 6.69 (2H, d(7.9)), 6.18 (2H, d(7.9)) phenyl protons, 3.73 (2H, s, CH,-Py),
3.37 (4H, s, CH,-Ph), 2.09 (6H, s, CHs-Ph), 4.1 (1H, q(5.2), HO-CH3), 3.17 (3H, d(5.2), CH3-OH). FTIR
(atr): 1607, 1570, 1490, 1442, 1381, 1280, 1248, 1217, 1157, 1126, 1083, 1026, 1011, 832, 816, 791, 766,
744 cm’'.



Y2(L)(MeOH)2(NO3)::2MeOH (VI). Elemental analysis: Exp.(Caled.) for CusHasNgO14CliY2: C:
49.3(49.73); H: 4.6(4.55); N: 8.1(7.91) %.

'H NMR DMSO-d® (8(J Hz): 8.54 (1H, d(5.3), Ha-Py), 7.57 (1H, t(7.6)), 7.12 (1H, t(6.4)), 6.97 (1H, d(7.7))
pyridyl protons; 6.9 (2H, s(br, unresolved)), 6.78 (2H, d(8.5)), 6.12 (2H, d(8.5)) phenyl protons, 3.79 (2H, s,
CH,-Py), 4.11 (2 H, q(5.2), HO-CH3), 3.18 (6 H, d(5.2), CH3-OH). The signal for the CH,-Ph protons is
displaced and therefore superimposed by that of the water present in DMSO. FTIR (atr): 1603, 1594, 1475,
1440, 1416, 1393, 1369, 1330, 1307, 1262, 1190, 1154, 1119, 1092, 1040, 10009, 815, 786, 755, 673 cm™..

Y2(LCH30),(MeOH)(NOs), (VII). Elemental analysis: Exp.(Calcd.) for C4sHs:NgOi6Y2: C: 49.1(49.2); H:
4.6(4.67); N: 7.4(7.49) %.

'H NMR DMSO-d¢ §(J Hz):8.60 (1H, d(5.3), Ha-Py), 7.70 (1H, t((7.7)), 7.25 (1H, t(6.3)), 7.16 (1H, d(7.7))
pyridyl protons; 6.56 (2H, d(3.0)), 6.49 (2H, dd(8.5; 3.0)), 6.16 (2H, d(8.5)), phenyl protons, 3.75 (2H, s,
CHa-Py), 3.39 (4H, s, CH»-Ph), 3.58 (6H, s, CH;O-Ph), 4.10 (1H, q(5.2), HO-CHs), 3.17 (3H, d(5.2), CHs-
OH). FTIR (atr) 1607, 1570, 1488, 1442, 1423, 1379, 1301, 1261, 1237, 1212, 1150, 1087, 1039, 853, 813,
796, 765, 753 cm’.

Diffuse reflectance spectra. The diffuse reflectance spectra (DRS) at room temperature in the range of 200
— 2500 nm (2500 — 250 cm™') of the Dy complexes are shown in Figure S2a, while those corresponding to

111

Y™ are shown in Figure S2b. For Dy complexes the spectra above 360 nm show a number of sharp peaks

corresponding to several transitions between the ®Hjs, ground state and the excited states of the 4f°

configuration of Dy

. The more prominent bands have been assigned following previous reported data,S!
being each one centered approximately at 364 nm (*Hisn, — “1112), 389 nm (*Hisp — *Kizz, ‘Mion21n2, iz,
“F11), 424 nm (*Hysp — *Giip), 456 nm (*Hysp — *11sp), 476 nm (°Hisn — “Fop), 747 nm (*Hysp — °Fip2), 761
nm (°Hjsp — °F3), 795 nm (°Hysn — %Fsp), 894 nm (*Hysp — °F7), 1084 nm (*Hisp — “H7p, SFop), 1260 nm
(°Hisn — SHop) and 1317 nm (°Hys2 — °Fi112). In addition, all spectra also display bands due to the absorptions
of the ligand at 1140-1200, 1670-2070 nm and 2170-2500 nm regions. All these bands are observed in the
DRS spectra of all Y™ complexes (Fig. S2b), indicating that all Dy"™ complexes, as well as the Y™ complexes

present the same intraligand processes.



Figure S1. Molecular structure diagram for II-2 and III-2. Atoms at 50% level of probability. Hydrogen
atoms, except those involved in intramolecular hydrogen bonds, have been omitted for clarity.
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Figure S2a: Diffuse reflectance spectra (DRS) of Dy™ complexes, taken at room temperature.
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Figure S2b: Diffuse reflectance spectra (DRS) of Y complexes, taken at room temperature.
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Figure S3: Photoluminescence spectra of Y™ complexes at 300K and 20K. Excitation wavelength: 280 nm.
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Figure S4 : Dy"! emission spectra under excitation at 325 nm as a function of the temperature. (a) for I11
and (b) for IV. The arrows indicate the temperature variation from 20 to 300 K.
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Figure S5. Luminescence decay profiles for complexes I excited at 340 nm and monitored at 575 nm, at 16K.
Red line: fit of the experimental datta with a two components function. Gren line: fit of the experimental datta
with a one component function.



Table S1. Crystal data and structure refinement details for [Dy2(LM3)2(NO3)2(MeOH)2] (I), [Dy2(LE13)2(NO3)2(DMF)2]-2DMF
(1), [Dy>(L)(NO3)>(DMF)2]-2DMF (III).

I 1T J11
FW/uma 1205.94 1434.24 1515.90
Crystal System Monoclinic Triclinic Triclinic
Temperature 293 100 293
Space Group P2i/c pl pl
a () 10.3951 (9) 11.1605 (9) 11.3354 (7)
b (A) 14.6680 (12) 15.6425 (12) 15.6984 (10)
c(A) 15.4118 (13) 16.9536 (12) 17.1069 (11)
a(°) 90 89.877 (6) 89.358 (1)
B(© 93.255 (1) 88.992 (5) 88.643 (1)
Y (©) 90 80.059 (6) 80.748 (1)
V(A3 2346.1 (3) 2914.8 (4) 3003.6 (3)
z(Z2) 4(2) 2(2) 2(2)
d (g cm?) 1.707 1.634 1.676
p (mm™1) 3.23 2.62 2.72
F (000) 1196 1444.0 1508
O range 1.9-26.0° 2.1-26.0° 1.8-26.0°
hkl range -12<h <12 -13<h <13 -13<h <13
-17<k <17 -19<k <19 -19<k <19
-18</7 <18 -20<7 <20 21<1 <£21
Ntot, Nuniq (Rint), Nobs 18093,4605(0.029),3832 22722,11442(0.100),7163 20501,11662(0.020),9587
Ref. Parameters 305 752 747
GOF 1.07 0.98 1.03
R1, wR2 (obs) 0.032, 0.083 0.056,0.113 0.036, 0.098
Max. and min Ap e A* 1.36,-0.51 1.06, -1.29 1.15,-0.61




Table S2. Selected bond and interatomic distances(A) and angles(®) for [Dy2(L"?)2(NO3)2(MeOH)2] (I),
[Dy2(LEH3)2(NO3)2(DMF)2]-DMF (I), [Dy2(L)2(NO3)2(DMF)2]-DMF (I11).

I

Dyl—Ol 2.2333) 02—Dyl! 2.308(3)
Dyl—O2i 2.308(3) Dyl—O4 2.468(3)
Dyl—02 2.311(3) Dyl—N3 2.508(3)
Dyl—O016 2.425(3) Dyl—NI 2.601(3)
Dyl—O3 2.456(3) Dyl Dyl 3.7280(4)
01—Dyl— 80.00(10) 03—Dyl—04 51.74(11)
02!

01—Dyl—02 83.86(10) Ol—Dyl—N3 75.26(10)
02i—Dyl— 72.38(11) 02—Dyl—N3 142.92(10)
02

O1—Dyl—06  154.04(11) 02—Dyl—N3 77.84(10)
02i—Dyl— 80.14(11) 06—Dyl—N3 112.59(12)
06

02—Dyl—06  7430(11) 03—Dyl—N3 134.53(10)
01—Dyl—03  11429(11) 04—Dyl—N3 93.25(11)
02— Dyl— 80.98(10) Ol—Dyl—NI1 128.24(11)
03

02— Dyl—03  144.68(10) 02—Dyl—NI 148.70(11)
06—Dyl—03 78.71(12) 02—Dyl—N1 118.61(11)
O1—Dyl—04  75.66(11) O16—Dyl—NI1 75.74(11)
02i—Dyl— 106.94(11) 03—Dyl—NI1 75.03(12)
04

02— Dyl—04  159.19(11) 04—Dyl—NI 73.20(12)
06—Dyl—04  126.45(12) N3—Dyl—NI 66.49(11)

11
-1 11-2

Dyl—Ol 2.153(5) Dy2—O010 2.150(5)
Dyl—O02 2.296(5) Dy2—020 2.301(5)
Dyl—02i 2.337(5) Dy2—O020 2.335(5)
Dyl—06 2.387(5) Dy2—060 2.394(6)
Dyl—03 2.452(5) Dy2—040 2.465(5)
Dyl—NI1 2.510(6) Dy2—NI10 2.527(6)
Dyl—N3 2.583(6) Dy2—N30 2.551(6)
Dyl—04 2.615(5) Dy2—030 2.575(5)
Dyl--Dyl! 3.7731(8) Dy2---Dy2i 3.7719(8)
01—Dyl—02  102.15(19) O10—Dy2—020 85.52(19)
01—Dyl— 84.96(18) 020—Dy2—020 71.10(19)
02i

02—Dyl— 70.97(19) 010—Dy2—060 140.00(19)
02

01—Dyl—06  137.98(18) 020—Dy2—060 106.76(18)
02— Dyl—06  106.44(17) 020i—Dy2—060 75.75(18)
02— Dyl— 76.20(18)  O10—Dy2—040 98.62(19)
06

01—Dyl—03 93.27(19) 020—Dy2—040 142.15(17)
02— Dyl—03  143.13(18) 020i—Dy2—040  143.30(18)

02—Dyl— 144.47(18)  060—Dy2—040 78.14(18)
03

06—Dyl—03 81.90(18) 010—Dy2—NI10 142.6(2)
01—Dyl—N1  142.04(19) 020—Dy2—NI10 71.90(19)
02—Dyl—NI 72.70(19)  020i-Dy2—N10  122.99(19)
02—Dyl— 125.53(18)  060—Dy2—N10 75.31(19)
NI

06—Dyl—N1 76.85(19) 040—Dy2—N10 73.37(18)
03—Dyl—N1 74.59(18)  010—Dy2—N30 74.81(19)
01—Dyl—N3 7429(19)  020—Dy2—N30 77.95(18)
02—Dyl—N3 77.48(18) 020i-Dy2—N30  139.68(19)
02—Dyl— 137.35(19)  0O60—Dy2—N30 139.34(19)
N3

06—Dyl—N3  141.63(19) 040—Dy2—N30 75.44(19)
03—Dyl—N3 74.82(19) N10—Dy2—N30 67.8(2)



N1—Dyl—N3 67.85(19) 010—Dy2—030 76.18(19)
01—Dyl—04 75.23(18) 020—Dy2—030 167.05(17)
02—Dyl—04  166.06(17) 020i—Dy2—030 96.18(17)
02i-Dyl— 95.11(17)  060—Dy2—030 71.22(18)
04
06—Dyl—04 69.58(17) 040—Dy2—030 50.68(17)
03—Dyl—04 50.63(17) N10—Dy2—030 118.76(19)
NI—Dyl—04  117.92(18) N30—Dy2—030 112.22(18)
N3—Dyl—04  114.23(17) 010—Dy2—020 99.81(19)
Dyl—0O2— 109.03(19) Dy2—020—Dy2i 108.90(19)
Dyl!
11
II-1 1I1-2
Dyl—Ol 2.174(3) Dy2—O010 2.168(3)
Dyl—O02 2.302(3) Dy2—020 2.312(3)
Dyl—O2ii 2.356(3) Dy2—O020ii 2.348(3)
Dyl—06 2.385(3) Dy2—060 2.391(3)
Dyl—04 2.439(3) Dy2—030 2.454(3)
Dyl—NI1 2.529(4) Dy2—NI10 2.520(4)
Dyl—N3 2.582(4) Dy2—040 2.551(4)
Dyl—O03 2.602(4) Dy2—N30 2.554(4)
Dyl Dyl 3.7986(4) Dy2---Dy2ii 3.8014(4)
0O1—Dyl—02 101.37(12) 0O10—Dy2— 84.13(11)
Ozoiii
Ol1—Dyl— 83.58(11) 020—Dy2— 70.70(11)
Ozii Ozoiii
02—Dyl— 70.73(11)  010—Dy2—060 139.69(13)
Qi
01—Dyl1—06 138.42(12) 020—Dy2—060 107.06(12)
02—Dyl1—06 105.68(11)  020ii—Dy2— 74.96(12)
060
02i-Dyl— 76.42(12) 010—Dy2—030 101.75(13)
06
01—Dyl—04 93.18(12) 020—Dy2—030 141.81(11)
02—Dyl—04  143.76(11)  020ii—Dy2— 143.50(11)
030
02i—Dyl— 144.54(11)  060—Dy2—030 77.94(13)
04
06—Dyl—04 83.27(12) 010—Dy2—N10 141.94(12)
O1—Dyl—N1 142.00(12) 020—Dy2—N10 72.45(11)
02—Dyl—NI 73.48(11)  020ii-Dy2— 123.74(11)
N10
02i-Dyl— 126.73(11)  060—Dy2—N10 77.08(12)
N1
06—Dyl—NI1 76.86(12) 0O30—Dy2—N10 71.99(12)
04—Dyl—NI1 74.68(12) 0O10—Dy2—040 76.57(14)
01—Dyl—N3 74.02(11)  020—Dy2—040 167.31(11)
02—Dyl—N3 77.10(11) 020/ —Dy2— 97.28(12)
040
02i-Dyl— 135.96(11)  060—Dy2—040 72.48(14)
N3
06—Dyl—N3  142.56(12) 030—Dy2—040 50.87(12)
04—Dyl—N3 75.32(12) N10—Dy2—040 119.04(12)
N1—Dyl—N3 68.11(11) 0O10—Dy2—N30 74.59(11)
01—Dyl—O03 75.26(12)  020—Dy2—N30 78.17(11)
02—Dyl—03 165.72(11)  020%i—-Dy2— 139.34(11)
N30
02i—Dyl— 95.03(11)  060—Dy2—N30 140.81(12)
03
06—Dy1—O03 70.73(12)  030—Dy2—N30 75.76(12)
04—Dyl1—03 50.45(11) N10—Dy2—N30 67.45(11)
N1—Dyl—03 117.85(12) 0O40—Dy2—N30 110.48(13)
N3—Dyl—03  114.45(11) 010—Dy2—020 97.62(13)
Dyl—02— 109.27(11)  Dy2—020— 109.30(11)
Dyl i Dyziii

Symmetry codes: i: -x, -y, -z+2; ii: -x, -y+1, -z+1; iii: -x+1, -y+1, -z+1.



Table S3. Hydrogen bond geometry (A, ©) for [Dy2(LH3)2(NO3)2(MeOH):] (I).

D—H-A D—H H-A DA D—H--A
06—HI1M--01" 0.85 1.83 2.680(4) 175

Symmetry code: v: -x, -y, -z+2.



Table S4 Luminescent lifetimes of I-IV complexes at different temperatures.

T(K) I I
71 (1s) T2 (1s) TAv (pS) 71 (1s) T2 (1s) TAv (pS)

16 040(7) | 10.6(2) | 8.9(7) | 0242) | 9.4(3) 7.6(5)

50 0.23(7) | 8.09) 7(2) 0333) | 11.04) | 9.6(4)
100 | 0.23(6) | 7.8(4) 7(1) 026(2) | 104(3) | 8.4(7)
150 | 020) | 7.82) 73) 0272) | 10.6(3) | 8.6(5
200 | 0.22(5) | 8.002) 7(1) 031(3) | 1093) | 8.8(6)

250 0.29(6) 8.1(4) 6.8(9) 0.33(2) 11.3(7) 9.04)
300 0.27(7) 8.9(5) 7.5(7) 0.33(2) 11.0(3) 8.8(4)
T(K) 111 v
71 (ps) T2 (ns) TAV (NS) 71 (ps) T2 (ps) TAV (MS)

16 0.192) | 9.8(4) 8.3(6) | 072(1) | 8.6(7) 8.1(4)
50 0282) | 11.03) | 9.1 | 077(1) | 8.1(7) 8.1(4)
100 | 026(2) | 1023) | 8.4(4) | 0.443) | 1338) | 8.3(4)
150 | 03002 | 1LI3) | 92(5) | 0312) | 1082) | 8.7(5)
200 | 036(2) | 1143) | 933) | 026(3) | 102(3) | 8.3(2)
250 | 0.332) | 1174 | 9.6(7) | 0.282) | 10.8(9) | 8.8(6)
300 | 0302) | 11.13) | 9.13) | 0222) | 9.703) 8.003)

Table S5: Relative amplitudes (in %) of the fitted decay curves of the I-IV complexes at different temperatures.

T(K) 1 I I IV
Al A2 Al A2 Al A2 Al A2

16 16.4 83.6 20.2 79.8 15.9 84.1 12.7 87.3

50 16.1 83.9 19.3 30.7 17.6 82.4 13.5 86.5

100 15.1 84.9 17.6 82.4 17.9 82.1 223 777

150 14.6 85.4 19.8 80.2 183 82.7 19.5 80.5

200 14.8 852 20.4 79.6 19.0 81.0 18.8 812
250 15.8 84.2 20.6 79.3 18.1 81.9 18.9 81.1
300 15.8 84.2 20.7 79.3 18.1 81.9 17.8 822
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