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Scheme S1 The triangular arrangement of the three metal ions in all of 1-6; isosceles in 4-6 and closely isosceles in 1-3.



Fig. S1 ORTEP drawing (ellipsoid probability at 30%) of the structure of
[{Cul'L(ClO4)} {Co"(CH3COCHj;)(H,0)} {Cu"L(CH;COCH;}]CIO4 (3). All hydrogen atoms,
and one perchlorate anion, are omitted for clarity.



Fig. S2 ORTEP drawing (ellipsoid probability at 30%) of the structure of
[{Cu'L(ClO4)},Mn'(CH30H),] (5). All hydrogen atoms are omitted for clarity. Symmetry code:
D, 2—x,y, 0.5—=z.



Fig. S3 ORTEP drawing (ellipsoid probability at 30%) of the structure of
[{Cul'L(ClO4)},Zn"(CH30H),] (6). All hydrogen atoms are omitted for clarity. Symmetry code:
D, 2—x,y, 0.5—=z.



Fig. S4 Perspective view of [{CulL(ClO,)},Cul(H,0)]-2H,0 (1), showing the dimer-of-
trinuclear type self-assembly. Only those hydrogen atoms which participate in hydrogen bonding
interactions are shown. Symmetry: E, 1-x, 2—y, 1-z.

Fig. S5 Perspective view of [ {Cu'L(ClO,)} {Ni'((H,0),} {Cu'L}]Cl1O04 CH3COCHj; (2), showing
the hydrogen bonding interactions. Only those hydrogen atoms which participate in hydrogen
bonding interactions are shown. Symmetry: E, 1-x, y, z.
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Fig. S6 Perspective view of the two—dimensional self-assembly in the crystallographic ab plane of [{Cu'L(ClO,)},Mn''(CH;0OH),]
(5). Only the hydrogen atoms participating in hydrogen bonding interactions are shown. Symmetry: D, 2—x, y, 0.5-z; E, 0.5+x, —
0.5+y, z; F, 1.5—x, —0.5+y, 0.5-z; G, —0.5+x, 0.5+y, z; H, 2.5—x, 0.5+y, 0.5-z.
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Fig. S7 Perspective view of the two—dimensional self-assembly in the crystallographic ab plane of [ {Cu'L(ClO4)},Zn"'(CH3;0H),] (6).
Only the hydrogen atoms participating in hydrogen bonding interactions are shown. Symmetry: D, 2, y, 0.5—z; E, 1.5—x, —0.5+y,
0.5—z; F, 0.5+x, —-0.5+y, z; G, 0.5+x, 0.5+y, z; H, 1.5—x, 0.5+y, 0.5z
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Fig. S8 Electrospray ionization mass spectrum in positive mode (ESI-MS positive) of [{Cu'L(ClO4)},Cu'(H,0)]-2H,O (1) in
methanol, showing observed and simulated isotopic distribution patterns.
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Fig. S9 Electrospray ionization mass spectrum in positive mode (ESI-MS positive) of

[{Cu"L(ClO4)} {Co"(CH3COCHj;)(H,0)} {Cu"L(CH3;COCH;}]ClO4 (3) in acetonitrile, showing observed and simulated isotopic
distribution patterns.
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Fig. S10 Electrospray ionization mass spectrum in positive mode (ESI-MS positive) of [{CuL(ClO,)},Fe'(CH;0H),] (4) in
acetonitrile, showing observed and simulated isotopic distribution patterns.
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Fig. S11 Electrospray ionization mass spectrum in positive mode (ESI-MS positive) of [{Cu'L(ClO4)},Zn"(CH30H),] (6) in
acetonitrile, showing observed and simulated isotopic distribution patterns.
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Fig. S12 Fitting of YT versus T of [{Cul'L(ClO4)},Zn"(CH;0H),] (6) between 2 and 300 K.
The experimental data are shown in symbols and the solid lines correspond to the fitted values.
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Fig. S13 Magnetization of [ {Cu'L(ClO4)},Mn''(CH;0H),] (5) at the indicated temperatures. The
symbols are the experimental data, while the solid lines represent the fitted curves.
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Fig. S14 J versus Cu—O(Phenoxo)—Cu bridge angle (a) in the trinuclear Cu!'Cu'Cu!" compounds
where the two copper(Il) centres in a Cu'l---Cu!! pair are bridged by solely bis(u,—phenoxo)
moiety (Table S5): No straightforward correlation is possible. Red filled circles: Data of previous
compounds. Black-white half-filled circle: Data of compound 1.
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Fig. S15 J versus Out—of-plane shift of phenyl group (¢) in the trinuclear Cu'Cu''Cul!
compounds where the two copper(Il) centres in a Cull----Cu! pair are bridged by solely bis(p,—
phenoxo) moiety (Table S5): No straightforward correlation is possible. Red filled stars: Data of
previous compounds. Black-white half-filled circle: Data of compound 1.
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Fig. S16 J versus Cu—O—-Cu-O torsion angle (t) in the trinuclear Cu'Cu''Cu! compounds where
the two copper(Il) centres in a Cu'’-Cu! pair are bridged by solely bis(u,—phenoxo) moiety
(Table S5): No straightforward correlation is possible. Red filled squares: Data of previous
compounds. Black-white half-filled circle: Data of compound 1.
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Fig. S17 J versus Cu—O(Phenoxo)-Ni bridge angle (o) in the compounds where copper(Il) and
nickel(Il) centres are bridged by solely bis(u,—phenoxo) moiety (Table S6): No straightforward
correlation is possible. Violet filled circles: Data of previous compounds. Black-white half-filled
circle: Data of compound 2.
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Fig. S18 J versus Out—of—plane shift of phenyl group (¢) in the compounds where copper(Il) and
nickel(Il) centres are bridged by solely bis(p,—phenoxo) moiety (Table S6): No straightforward
correlation is possible. Violet filled stars: Data of previous compounds. Black-white half-filled
circle: Data of compound 2.
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Fig. S19 J versus Cu—O-Ni—-O torsion angle (t) in the compounds where copper(Il) and
nickel(IT) centres are bridged by solely bis(u,—phenoxo) moiety (Table S6): No straightforward

correlation is possible. Violet filled squares: Data of previous compounds. Black-white half-
filled circle: Data of compound 2.
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Fig. S20 J versus Cu—O(Phenoxo)-Co bridge angle (a)) in the compounds where copper(Il) and
cobalt(IT) centres are bridged by solely bis(p,—phenoxo) moiety (Table S7): No straightforward
correlation is possible. Green filled circles: Data of previous compounds. Black-white half-filled
circle: Data of compound 3.
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Fig. S21 J versus Out—of—plane shift of phenyl group (¢) in the compounds where copper(Il) and
cobalt(Il) centres are bridged by solely bis(p,—phenoxo) moiety (Table S7): No straightforward
correlation is possible. Green filled stars: Data of previous compounds. Black-white half-filled
circle: Data of compound 3.
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Fig. S22 J versus Cu—O-Co—O torsion angle (t) in the compounds where copper(Il) and
cobalt(Il) centres are bridged by solely bis(p,—phenoxo) moiety (Table S7): No straightforward
correlation is possible. Green filled squares: Data of previous compounds. Black-white half-
filled circle: Data of compound 3.
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Fig. S23 J versus Cu—O(Phenoxo)-Mn bridge angle (o) in the compounds where copper(Il) and
manganese(Il) centres are bridged by solely bis(u,—phenoxo) moiety (Table S8): No
straightforward correlation is possible. Pink filled circles: Data of previous compounds. Black-
white half-filled circle: Data of compound 5.
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Fig. S24 J versus Out—of—plane shift of phenyl group (¢) in the compounds where copper(1l) and
manganese(Il) centres are bridged by solely bis(u,—phenoxo) moiety (Table S8): No
straightforward correlation is possible. Pink filled stars: Data of previous compounds. Black-
white half-filled circle: Data of compound 5.
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Fig. S25 J versus Cu—O-Mn-O torsion angle (t) in the compounds where copper(Il) and
manganese(Il) centres are bridged by solely bis(u,—phenoxo) moiety (Table S8): No
straightforward correlation is possible. Pink filled squares: Data of previous compounds. Black-
white half-filled circle: Data of compound 5.
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Fig. S26 J versus Out—of—plane shift of phenyl group (¢) in the compounds where copper(Il) and
iron(II) centres are bridged by solely bis(u,—phenoxo) moiety (Table 5 in the text): No
straightforward correlation is possible. Blue filled stars: Data of previous compounds. Black-
white half-filled circle: Data of compound 4.
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Fig. S27 J versus Cu—O-Fe-O torsion angle (1) in the compounds where copper(Il) and iron(II)
centres are bridged by solely bis(p,—phenoxo) moiety (Table 5 in the text): No straightforward
correlation is possible. Blue filled squares: Data of previous compounds. Black-white half-filled
circle: Data of compound 4.




Table S1 Some structural parameters (lengths in A and angles in °) around Cul and Cu2 centres in 1-6

CulICuIICuII CllHNiHCllH CUHCOHCUH CuIIFeIICuII CulIMnIICuII CllHZIlHCllH
@ 2) 3) “) (&) (6)

Cul-Ol 1.910(5) 1.906(2) 1.916(4) 1.915(2) 1.920(2) 1.928(5)

Cul-02 1.912(5) 1.909(3) 1.908(5) 1.908(2) 1.912(2) 1.920(5)

Cul-O5A/08/08A 2.596(6) 2.644(13) 2.597(45) 2.749(9) 2.723(14) 2.802(16)

Cul-N1 1.906(6) 1.911(3) 1.932(6) 1.918(3) 1.920(3) 1.935(7)

Cul-N2 1.902(6) 1.917(4) 1.928(6) 1.930(3) 1.929(3) 1.942(7)
Bond Lengths ~ Cu2-O3 1.916(5) 1.901(3) 1.906(5) - - -

Cu2-04 1.895(5) 1.906(3) 1.918(4) - - -

Cu2-010 2.868(7) - - - - -

Cu2-015 - - 2.671(12) - - -

Cu2-N3 1.889(6) 1.910(3) 1.925(6) - - -

Cu2-N4 1.896(6) 1.906(3) 1.914(5) - - -

02-Cul-N1 175.3(3) 177.02(14) 175.2(3) 176.98(13) 177.24(11) 177.7(3)

01-Cul-N2 175.6(3) 167.02(16) 166.4(3) 168.16(12) 168.57(10) 168.8(3)

01-Cul-02 81.3(2) 83.87(11) 83.79(18) 83.28(10) 84.10(18) 83.2(2)

O1-Cul- O5A/O8/08A 89.947(222)  91.441(291)  104.169(679)  92.124(217)  88.852(419)  89.491(462)

O1-Cul-N1 96.3(2) 95.53(13) 95.0(2) 95.74(11) 95.27(10) 95.8(2)

02-Cul- O5A/O8/08A 87.465(200)  88.608(288)  88.095(738)  84.967(247)  99.855(622)  87.259(535)

02-Cul-N2 96.4(2) 94.40(13) 94.2(2) 94.68(11) 94.72(10) 94.8(2)

O5A/08/08A-Cul-N1 88.457(233)  94.326(293)  96.66(74) 97.937(249)  82.818(621)  94.862(548)

05A/08/08A-Cul-N2 93.717(249)  101.409(297)  89.127(624)  99.348(225)  102.545(433)  101.449(491)

N1-Cul- N2 86.2(3) 85.53(15) 85.9(3) 85.70(13) 85.36(11) 85.8(3)

03-Cu2-N4 173.1(3) 176.07(14) 178.6(3) - - -

04-Cu2-N3 172.4(3) 170.07(14) 167.9(3) - - -

Bond Angles 3 5 04 84.12) 84.08(11) 83.05(19) - - -
03-Cu2-010 81.410(192)  — - - - -
03-Cu2-015 - - 88.041(303)  — - -
03-Cu2-N3 95.4(2) 95.16(13) 95.5(2) - - -
04-Cu2-010 104.947219)  — - - - -
04-Cu2-015 - - 105.51(30) - - -
04-Cu2-N4 95.4(3) 95.59(13) 96.2(2) - - -
010-Cu2-N3 82.378(247) - - - - -
010-Cu2-N4 92.1000251)  — - - - -
015-Cu2- N3 - - 86.412(304)  — - -
015-Cu2- N4 - - 91.051(308)  — - -

N3-Cu2- N4 86.0(3) 85.84(15) 85.5(2) - - -
Discrimination ~ Cul 0.005 0.1667 0.147 0.147 0.144 0.148
Cu2 0.012 - 0.179 - - -

parameter (1)

21



Table S2  The  geometries of  the

Symmetry for 2: E, 2—x, 1-y, 1-z.

hydrogen (1) and
[{Cu'L(ClO,)} {Ni'(H,0),} {Cu"L}]Cl10,-CH;COCH; (2) (distances in A and angles in °). Symmetry for 1: E, 1-x, 2-y, 1-=z.

bonds

n

[ {CUHL(CIO4) } ZCuH(HZO)] ' 2H20

1 2 1 2 1 2

C32-H32B----O10E | 2.512 — 3.382 — 148.33 —

O5-HS5A----O7 1.917 — 2.707 — 153.94 —

O5-H5B----010 2.089 — 2919 - 162.57 —
O5-H5B----O13E — 1.909 — 2.779 — 171.25
O6-H6A----Ol11E — 2.017 — 2.841 — 157.28
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Table S3 The geometries of the hydrogen bonds in [{Cu'L(ClO,)},Fe''{(CH3;0H),] (4), [{Cu"L(ClO4)},Mn!(CH30H),] (5) and
[{Cu'"L(C104)},Zn"(CH;OH),] (6) (distances in A and angles in °). Symmetry for 4: E, 0.5-x, —0.5+y, 0.5—z. Symmetry for 5: E,
0.5+x, —0.5+y, z. Symmetry for 6: E, 1.5—x, —0.5+y, 0.5—=z.

4 5 6 4 5 6 4 5 6
O3-H3A----O4E | 2.074 | 2.081 | 2.104 | 2.878 | 2.849 | 2.899 | 159.70 | 151.69 | 156.52
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Table S4 The composition (with drawing), peak position and relative peak intensity of the species in the ESI-MS positive spectra of 1
in MeOH and 2—6 in MeCN

Line—
. to-line 1 2 3 4 5 6
Tons in ESI-MS mz (M=Cu) (M=Ni") M=Co) (M=Fe") M=Mn) (M=2Zn)
gap
Intensity m/z Intensity m/z Intensity m/z Intensity m/z Intensity m/z Intensity m/z
2+
N
oo |
, /N\
A
Y |/
Se
o \\ /? 0.5 - - 37% 606 12% 606 28% 605 6% 604 7% 610

[(CuHL) MH 2+

@ C60H60N606CUH3MH)

ek

AN
/ \ / \ / \

OC]O 1.0 100% 930 100% 925 100% 926 100% 923 - - 100% 931
| ? 3 ? I

[(Cu'"L)M'(C10,)(Cu"L)]*
(II C40H40N40gClCU”2M“)
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Table S5 Magnetic exchange integral and some relevant structural parameters of the trinuclear
CulCu'Cu'" compounds where the two copper(Il) centres in a Cu'’--Cu'! pair are bridged by
solely bis(pu,—phenoxo) moiety:

Compound CSD Code J(cm!) Average Cu— Out-of- Cu-0O- Reference
No. O(Phenoxo)-  plane shift Cu-O
Cu bridge of phenyl torsion
angle (a) group (o) angle (1)
(deg) (deg) (deg)

1 DAHVEP02 -152 94.07 27.70 29.28 1(a)

2 ITIFOH -203 98.04 31.67 23.73 1(b)

3 WUYFUS —60 101.52 10.25 16.79 1(c)

4 LIFSAV —185 97.45 31.0 18.4 1(d)

5 IBERIQ —241 97.6 18.1 21.3 1(e)

6 FIDZUO —241 98.35 18.8 21.0 1(f)

7 FEZTEK —157 98.35 30.0 7.2 1(g)

8 VAVQOzZ 237 99.55 24.0 14.4 1(h)

9 IKOQUU -256 101.1 20.4 11.8 1(7)
10 FIDZOI —152 101.0 25.0 10.4 1(f)
11 RAJINAT —148 96.3 2.2 279 1(j)
12 RAJNEX —-162 96.3 2.1 27.9 1(j)
13 RAJNIB —165 96.85 3.1 26.5 1(j)
14 RAJNOH -207 97.65 4.7 26.1 1(j)
15 RAJNUN —221 98.8 6.3 259 1(7)
16 - —137 97.97 6.88 15.43 This work
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Table S6 Magnetic exchange integral and some relevant structural parameters of the systems
where copper(Il) and nickel(II) centres are bridged by solely bis(p,—phenoxo) moiety

Compound CSD Code J(cm!) Average Cu— Out-—of— Cu-O-Ni—  Reference

No. O(Phenoxo)-  plane shift O torsion
Ni bridge of phenyl angle (1)
angle (o) group (¢) (deg)
(deg) (deg)
1 KAJFEG -130 101.21 22.28 3.65 2(a)
2 GIWYEQ -118.6  101.62 6.5 2.11 2(b)
3 KAHVAQ -115.0 101.19 6.12 4.14 2(a)
4 LINWIO —47.0 101.58 6.6 17.88 2(c)
5 IXAZUC —-50.6 101.23 9.46 4.22 2(d)
6 UKIPOT —67.0 100.88 2491 6.97 2(e)
7 ZOJFEJ -90.0 99.86 12.6 6.27 2(
8 BIHZEX —-71.0 98.83 6.08 0.28 2(g)
9 UDUWEV  -12.0 94.54 38.01 15.78 2(h)
10 DEWPAW  -11.8 93.17 13.55 27.49 2(i)
11 YOXKED  -3.53 99.12 19.17 0.00 2(j)

12 - —22.16  96.32 8.587 20.39 This work
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Table S7 Magnetic exchange integral and some relevant structural parameters of the systems
where copper(II) and cobalt(Il) centres are bridged by solely bis(p,—phenoxo) moiety

Compound CSD Code J(cm!) Average Cu— Out—of- Cu-O- Reference
No. O(Phenoxo)- plane shift Co-O
Co bridge of phenyl torsion
angle (o) group (o) angle (1)
(deg) (deg) (deg)

1 CEPLEP -12.5 98.54 6.78 7.38 3(a)

2 CPRECO —-16.3 94.84 12.48 52.76 3(b)
3 DEXRAA -8 102.60 7.11 0.00 3(c)

4 FIHFIL —15 100.07 27.88 23.03 3(d)

5 ILAKIP -20.2 100.11 14.17 11.97 3(e)

6 IXAZOW -26.2 98.48 8.41 10.64 2(d)

7 MUQNES =51 98.98 7.74 5.78 3(f)

8 QADWUN -7.3 100.41 17.38 14.33 3(2)

9 TEGCOY -53.3 104.77 8.53 0.59 3(h)
10 UDUWAR -8 97.73 27.92 16.98 3(7)
11 UDUWIZ -38 101.12 14.48 16.76 3(i)
12 WIVHAM  -18.6 96.25 33.66 24.10 3(7)
13 WIVHEQ -25.8 97.70 19.03 23.42 3())
14 WIVHEQO1 -23.6 98.87 18.00 24.36 3(7)
15 YEHVEN —17.45 101.62 11.49 12.15 3(k)
16 ZOJQEW -33.4 99.28 14.34 26.02 3()

[y
|

___________ ~14.78  96.99 6.86 21.36 This work
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Table S8 Magnetic exchange integral and some relevant structural parameters of the systems

where copper(Il) and manganese(Il) centres are bridged by solely bis(p,—phenoxo) moiety

Compound CSD Code J(cm!) Average Cu— Out—of- Cu-O- Reference
No. O(Phenoxo)- plane shift Mn-O
Mn bridge of phenyl torsion
angle (o) group (o) angle (1)
(deg) (deg) (deg)
1 GAJYOH -36.8 107.11 10.75 3.36 4(a)
2 VOBLAA -32.35 106.00 5.1 5.04 4(b)
3 VOBLII -30.2 106.51 8.51 8.21 4(b)
4 BICCAT -29.1 106.9 2.54 5.82 4(c)
5 VOBKUT —24.45 106.34 5.96 2.07 4(b)
6 DEXQUT —-14.0 103.75 5.69 0.0 3(¢c)
7 YUVRAJ —-15.1 103.75 5.62 2.41 4(d)
8 MIXLEL —-15.9 103.42 6.47 343 4(e)
9 BICBIA —-15.9 102.66 6.8 8.27 4(c)
10 ILAKOV -11.0 101.61 7.55 11.72 3(e)
11 QEKFIW -18.4 100.9 14.23 9.79 4(f)
12 LEGJAI —-11.0 100.21 17.29 10.82 4(2)
13 UKIPEJ -30.0 100.48 26.55 8.53 2(e)
14 HETZIQ —-19.5 99.51 13.48 15.91 4(h)
15 YADNIB —8.35 96.84 13.1 24.43 4(7)
16 WATGON  -13.5 96.2 14.31 23.54 4(5)
17 FAEPCU —13.2 95.7 13.34 26.05 3(b)
18 FANHUZ -20.25,  99.5, 29.88, 20.54, 4(k)
-20.25, 99.93, 35.65, 15.69,
—6.35, 96.85, 26.48, 18.09,
19 YOXKAZ 1.02 100.15, 21.67, 4.62, 2(j)
99.53 20.13 0.00
20 — —6.02 97.08 7.46 23.12 This work
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