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'H NMR (DMSO, 500 MHz): 5 11.32 (s, 2H, —OH), 8.44 (d, J = 4.81 Hz, 2H), 7.66 (t, J = 7.69
Hz, 2H), 7.54 (d, J = 7.82 Hz, 2H), 7.26 (t, J = 6.18 Hz, 2H), 6.99 (m, 5H), 3.58 (tt, J = 7.82 Hz,
7.82 Hz, 1H, —CH), 3.27 (dd, J = 12.42 Hz, 8.65 Hz, 2H, ~CH,), 3.12 (dd, J =12.42 Hz, 7.28 Hz,
2H, —CHo).

13C NMR (DMSO, 500 MHz): § 156.7, 154.4, 148.3, 143.9, 136.2, 127.5, 127.3, 125.9, 123.1,
120.1, 30.4.



CRYSTAL STRUCTURE

There are approximately 52 CH,Cl, molecules in the asymmetric unit (26 per Mn;). Almost all
are too disordered to be modeled, and the program SQUEEZE was used to calculate the solvent
disorder area and remove its contribution to the overall intensity data.

Figure S3. Encapsulation of two CH,CI, molecules inside the Mnj, cation. H atoms have been
removed for clarity.



Table S1. BVS calculations for the Mn? and selected O° atoms of complex 3.

Mn(Il) Mn(I11) Mn(IV) | Assignment
Mn1 3.31 3.10 3.14 Mn(111)
Mn2 3.26 3.04 3.09 Mn(111)
Mn3 3.30 3.07 3.13 Mn(l11)
Mn4 3.35 3.13 3.17 Mn(l11)
Mn5 3.20 2.99 3.03 Mn(l11)
Mn6 3.31 3.10 3.14 Mn(111)
Mn7 3.30 3.09 3.13 Mn(111)
Mn8 3.37 3.12 3.16 Mn(111)
Mn9 3.28 3.07 3.11 Mn(l11)
Mn10 3.28 3.07 3.11 Mn(111)
Mn11 3.35 3.13 3.18 Mn(111)
Mn12 3.43 3.22 3.25 Mn(111)
Mn13 3.29 3.08 3.12 Mn(111)
Mn14 3.30 3.09 3.13 Mn(l11)
Mn15 3.30 3.08 3.13 Mn(111)
Mn16 3.30 3.08 3.13 Mn(111)
Mn17 3.30 3.08 3.13 Mn(111)
Mn18 3.24 3.03 3.07 Mn(l11)
Mn19 3.27 3.06 3.10 Mn(l11)
Mn20 3.28 3.07 3.11 Mn(111)
Mn21 3.30 3.08 3.13 Mn(111)
Mn22 3.25 3.04 3.08 Mn(111)
Mn23 3.32 3.10 3.16 Mn(l11)
Mn24 3.25 3.04 3.08 Mn(l11)
BVS | Assignment

037 2.20 0*

038 2.21 0*

039 2.22 o*

040 2.25 0*

077 2.17 o*

078 2.21 o*

079 2.18 0”

080 2.27 0”

 The bold value is the one closest to the charge for which it was calculated. The oxidation state of a
particular atom can be taken as the nearest integer to the value in bold.

® The O atom is not protonated if the BVS is ~1.8-2.2, mono-protonated if the BVS is ~1.0-1.2, and
doubly-protonated if the BVS is ~0.2-0.4.



Table S2. Selected interatomic distances and angles for complex 3 for both Mn;; cations in the

asymmetric unit.

Mn1-Mn2 3.212(2) Mn2-037-Mnl1 118.3(2)
Mn1-Mn3 3.1842(19) Mn3-037-Mnl1 115.3(3)
Mn2-Mn3 3.2012(19) Mn2-037-Mn3 118.6(3)
Mn4-Mn5 3.1887(18) Mn4-038-Mn5 116.5(3)
Mn4-Mn6 3.1726(18) Mn6-038-Mn4 116.9(3)
Mn5-Mn6 3.216(2) Mn6-038-Mn5 118.2(3)
Mn7-Mn8 3.180(2) Mn8-039-Mn7 116.3(3)
Mn7-Mn9 3.206(2) Mn9-039-Mn7 118.0(3)
Mn8-Mn9 3.205(2) Mn9-039-Mn8 118.7(3)
Mn10-Mn11 3.1850(18) Mn11-040-Mn10 118.5(3)
Mn10-Mn12 3.197(2) Mn10-040-Mn12 116.6(3)
Mn11-Mn12 3.218(2) Mn11-040-Mn12 119.3(3)
Mn13-Mn14 3.2046(19) Mn14-078-Mn13 117.6(3)
Mn13-Mn15 3.1887(17) Mn15-078-Mn13 116.8(3)
Mn14-Mn15 3.1995(17) Mn15-078-Mn14 118.1(3)
Mn16-Mn17 3.204(2) Mn16-077-Mn17 117.1(3)
Mn16-Mn18 3.194(2) Mn16-077-Mn18 117.3(3)
Mn17-Mn18 3.205(2) Mn18-077-Mn17 116.9(3)
Mn19-Mn20 3.187(2) Mn19-080-Mn20 117.2(3)
Mn19-Mn21 3.2008(19) Mn19-080-Mn21 118.8(3)
Mn20-Mn21 3.191(2) Mn21-080-Mn20 116.8(3)
Mn22-Mn23 3.2109(17) Mn22-079-Mn23 117.9(3)
Mn22-Mn24 3.1946(17) Mn22-079-Mn24 116.8(3)
Mn23-Mn24 3.2116(19) Mn23-079-Mn24 117.7(2)

Table S3. Displacement (r) of us-oxide ions from Mns planes, and

angles (6) in complex 3.

the Mn-N-O-Mn torsion

Triangle r (A) | Torsion Angles 0(°
Mn1-N19-010-Mn3 17.98
Mn1Mn2Mn3 0.31 | Mn2-N1-O1-Mn1 14.49
Mn3-N21-011-Mn2 10.90
Mn4-N17-09-Mn5 19.82
Mn4Mn5Mn6 0.32 | Mn5-N15-08-Mn6 10.75
Mn6-N28-012-Mn4 18.28
Mn7-N13-O7-Mn8 15.88
Mn7Mn8Mn9 0.29 | Mn8-N11-06-Mn9 9.97
Mn9-N9-05-Mn7 15.73
Mn10-N7-O4-Mn11 15.57
Mn10Mnl1lMnl12 | 0.26 Mn11-N3-02-Mn12 8.09
Mn12-N5-03-Mn10 12.59




FIT OF DC SUSCEPTIBILITY VS T DATA

The data were fit to the theoretical expression for four independent isosceles triangles, assuming that
interactions between Mnj; triangles are very weak compared to the interactions between Mn ions in each
triangle.

Fitting procedure: ypmnsj = 4ymnz + TIP Mn2

Isosceles triangles (e.g. Mn1-Mn2-Mn3):

5, -8 45 ) ’
H= -2](5,5 +5.5,)—-21'(5,5

IEQ e ',‘fj F],[;ql SL s Mn1 Mn3
H= —J(5 —S3 —53)—J(55— 51 —53) J

E(St, Sa) = = J[St(S7+1) — Sa(Sat1)] - I’[Sa(Sat+1)] _
Isosceles triangle

VAN VLECK EQUATION

vns = (Ng2ug®/3KT)[ + 30.0000 *exp( 6.0000 *m+ 0.0000 *n)
+6.0000 *exp( 0.0000 *m+ 2.0000 *n)
+30.0000 *exp( 4.0000 *m+ 2.0000 *n)
+84.0000 *exp( 10.0000 *m+ 2.0000 *n)
+0.0000 *exp( -6.0000 *m+ 6.0000 *n)
+6.0000 *exp( -4.0000 *m+ 6.0000 *n)
+30.0000 *exp( 0.0000 *m+ 6.0000 *n)
+ 84.0000 *exp( 6.0000 *m+ 6.0000 *n)
+180.0000 *exp( 14.0000 *m+ 6.0000 *n)
+6.0000 *exp( -10.0000 *m+ 12.0000 *n)
+30.0000 *exp( -6.0000 *m+ 12.0000 *n)
+ 84.0000 *exp( 0.0000 *m+ 12.0000 *n)
+180.0000 *exp( 8.0000 *m+ 12.0000 *n)
+330.0000 *exp( 18.0000 *m+ 12.0000 *n)
+30.0000 *exp( -14.0000 *m+ 20.0000 *n)
+84.0000 *exp( -8.0000 *m+ 20.0000 *n)
+180.0000 *exp( 0.0000 *m+ 20.0000 *n)
+330.0000 *exp( 10.0000 *m+ 20.0000 *n)
+546.0000 *exp( 22.0000 *m+ 20.0000 *n)] /

[+ 5.0000 *exp( 6.0000 *m+ 0.0000 *n)
+3.0000 *exp( 0.0000 *m-+ 2.0000 *n)
+5.0000 *exp( 4.0000 *m-+ 2.0000 *n)
+7.0000 *exp( 10.0000 *m-+ 2.0000 *n)
+1.0000 *exp( -6.0000 *m+ 6.0000 *n)
+3.0000 *exp( -4.0000 *m+ 6.0000 *n)
+5.0000 *exp( 0.0000 *m-+ 6.0000 *n)
+7.0000 *exp( 6.0000 *m-+ 6.0000 *n)
+9.0000 *exp( 14.0000 *m-+ 6.0000 *n)
+3.0000 *exp( -10.0000 *m+ 12.0000 *n)
+5.0000 *exp( -6.0000 *m+ 12.0000 *n)
+7.0000 *exp( 0.0000 *m-+ 12.0000 *n)
+9.0000 *exp( 8.0000 *m-+ 12.0000 *n)
+11.0000 *exp( 18.0000 *m+ 12.0000 *n)
+5.0000 *exp( -14.0000 *m+ 20.0000 *n)
+7.0000 *exp( -8.0000 *m+ 20.0000 *n)



+9.0000 *exp( 0.0000 *m+ 20.0000 *n)
+11.0000 *exp( 10.0000 *m+ 20.0000 *n)
+13.0000 *exp( 22.0000 *m+ 20.0000 *n)]
where m = J/KT and n = 37T

TIP=6.0x 10"

Constraints g > 1.85 and g<2.2

The fit gave:

J=16.7771+0.6111 cm™
J''=1.5439 + 0.7360 cm™
g = 1.9140 + 0.0029

R =0.999, R*=0.998
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Figure S4. Simulation of the plot of spin state energies vs applied magnetic field for a tetramer
of four Mnz SMMs, each with S = 6, that would give the avoided level crossings and QTM steps
at the experimental values of £0.18 T and O T for complex 3. The simulation was with the Jy, J,
and D values shown. Red = spin states involving only the M = +6 states of the four Mn3 sub-
units; Blue = spin states involving both Mg = +6 states and (only) one Ms = %5 state; Black =
other states. See the text for the spin states involved in the three QTM steps in Fig. 6, which are
all red levels.



