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Fig. S1. FTIR spectrum for 1.
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Fig. S2. FTIR spectrum for 2.
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Fig. S4. FTIR spectrum for 4.
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Fig. S5. Experimental and calculated PXRD at room temperature for 1.
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Fig. S6. Experimental and calculated PXRD at room temperature for 2.
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Fig. S7. Experimental and calculated PXRD at room temperature for 3.
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Fig. S8. Experimental and calculated PXRD at room temperature for 4.



Fig. S9. (Top) View of a fragment of the cyanido-bridged {Fe'Tb!}
heterobimetallic chain in 2. (Bottom) Asymmetric unit in 2 together with the atom
numbering scheme [Symmetry code: (a) = x, -1/2-y, -1/2+z].



Fig. S10. (Top) View of a fragment the cyanido-bridged {Fe'Dy''} heterobimetallic
chain in 3. (Bottom) Asymmetric unit in 3 together with the atom numbering scheme
[Symmetry code: (a) = x, 3/2-y, 1/2+z].



Fig. S11. (Top) View of the cyanido-bridged {Fe''"Ho'} heterobimetallic chain in
4. (Bottom) Asymmetric unit in 4 together with the atom numbering scheme
[Symmetry code: (a) = x, -1/2-y, 1/2+z].



Table S1. Bond Lengths (A) and Angles (°) of the environments of the iron(III) and lanthanide(III) ions in 1-4*.

1 2 3 4 1 2 3 4
Fel-N4 1.985(7)  1.977(6)  1.977(5) 1.980(4) NI-Lnl-N2a*  85.1(3)  84.6(2) 84.64(19) 84.78(15)
Fel-N6 1.975(7)  1.971(6)  1.968(5) 1.972(4) 01-Lnl1-02 71.52)  71.8Q2) 71.60(17) 71.96(14)
Fel-N8 1.955(7)  1.963(6)  1.965(5) 1.962(4) 04-Lnl1-05 50.8(2)  51.43(19) 52.09(17) 51.80(12)
Fel-Cl 1.922(9)  1.922(8)  1.920(6) 1.921(5) 07-Ln1-08 51.72)  51.91(19) 51.50(16) 52.66(13)
Fel-C2 1.905(9)  1.919(8)  1.911(7) 1.913(5) O1-Lnl-N1 143.02)  142.8(2) 144.39(17) 143.00(14)
Fel-C3 1.938(9)  1.939(8)  1.922(6) 1.934(6) O1-Lnl-N2a*  78.62)  78.7(2) 78.80(17) 78.64(14)
Lnl-N1 2475(8)  2.457(6)  2.448(5) 2.434(4) 01-Ln1-03 139.12)  139.5(2) 139.15(18) 139.28(13)
Lnl-N2a* 2469(7)  2.453(7)  2.445(6) 2.433(4) 01-Ln1-04 782(2)  78.32(19) 75.29(16) 78.46(13)
Lnl-O1 2413(6)  2.404(6)  2.388(5) 2.376(4) 01-Ln1-05 122.12)  122.42(19)  122.65(16) 122.96(13)
Lnl-02 2.382(6)  2.367(6)  2.352(5) 2.351(4) 01-Ln1-07 71.4(2)  71.16(19) 71.29(16) 71.25(13)
Lnl-03 2433(7)  2.412(6)  2.401(5) 2.394(4) 01-Ln1-08 84.8(2)  84.8(2) 85.01(17) 85.32(14)
Lnl-O4 2447(7)  2.441(6)  2.451(5) 2.400(4) 02-Lnl-N1 130.5(2)  130.8(2) 130.95(18) 130.85(14)
Lnl-O5 2.547(7)  2.545(6)  2.532(5) 2.523(4) 02-Lnl-N2a*  144.4(2) 144.6(2) 143.35(18) 144.35(14)
Lnl-07 2480(7)  2.472(6)  2.468(5) 2.455(4) 02-Ln1-03 68.9(2)  69.002) 68.84(17) 68.60(14)
Lnl-O8 2.485(7)  2.475(6)  2.422(5) 2.435(4) 02-Ln1-04 749(2)  74.51(18) 75.29(16) 74.38(13)
02-Ln1-05 111.822) 112.03(18)  111.89(16) 111.98(12)
N4-Fel-N6 88.83)  89.13)  88.9(2) 88.80(17) 02-Lnl1-07 116.3(2) 116.45(19)  116.64(16) 117.08(13)
N4-Fel-N8 8773)  88.53)  88.2(2) 88.19(17) 02-Ln1-08 75.12)  75.07(19) 75.29(16) 75.24(13)
N6-Fel-N8 88.2(3)  88.4(2)  88.5(2) 88.63(17) 03-Lnl-N1 7473)  74.6Q2) 74.64(16) 74.65(14)
Fel-C1-N1 175.6(7)  1753(7)  175.3(6) 174.8(5) 03-Lnl-N2a*  132.4(2) 132.2(2) 132.27(17) 132.18(14)
Fel-C2-N2a* 174.9(8)  175.3(6)  175.3(6) 174.9(4) 03-Lnl1-04 81.82)  81.8Q2) 82.02(18) 81.64(14)
Fel-C3-N3 178.9(8)  179.0(8)  177.9(6) 178.1(5) 03-Lnl1-05 65.9(2)  65.89 65.77(17) 65.72(13)
C1-Fel-C2 849(3)  84.93)  84.7(2) 85.2(2) 03-Ln1-07 137.2(2)  137.2(2) 137.31(18) 137.41(14)
Cl1-Fel-C3 89.3(4)  86.9(3)  86.9(3) 89.4(2) 03-Ln1-08 94.82)  94.6(2) 94.47(18) 94.08(14)
C2-Fel-C3 86.7(4)  89.4(3)  89.3(3) 86.6(2) 04-Ln1-N1 131.52)  131.4(2) 131.00(18) 131.09(14)
N4-Fel-C1 90.4(3)  90.2(3)  90.5(2) 90.46(19) 04-Lnl-N2a*  80.4(2)  80.12) 80.37(18) 80.44(14)
N4-Fel-C2 953(3)  952(3)  95.2(2) 95.3(2) 04-Ln1-07 140.92)  140.92(19)  140.56(16) 140.83(13)
N4-Fel-C3 178.03) 177.7(3)  177.8Q2) 178.1(2) 04-Ln1-08 148.9(2)  148.54(19)  148.89(17) 148.74(13)
N6-Fel-Cl 952(3)  94.9(3)  94.8(2) 94.44(19) 05-Ln1-N1 80.82)  80.8(2) 79.58(18) 79.39(14) .
N6-Fel-C2 175.93)  175.73)  175.9(3) 175.9(2) 05-Lnl-N2a*  68.6(2)  68.41(19) 68.54(17) 68.33(13)
N6-Fel-C3 89.2(3)  88.7(3)  89.02) 89.34(19) 05-Ln1-07 131.7(2)  131.33(19) 131.29(16) 130.78(13)
N8-Fel-Cl 176.13)  176.4(3)  176.4(2) 176.6(2) 05-Ln1-08 153.12)  152.8(2) 152.33(17) 151.71(14)
N8-Fel-C2 91.93)  91.93)  92.1Q2) 91.88(19) 07-Lnl-N1 71.82)  72.002) 72.36(17) 72.03(14)
N8-Fel-C3 92.6(3)  92.03)  92.1(2) 89.34(19) O7-Lnl-N2a*  70.0(2)  69.9(2) 69.88(18) 69.87(14)
Lnl-N1-Cl 152.6(7)  151.5(6)  169.2(5) 151.9(4) 08-Lnl-N1 75.93)  76.2(2) 76.37(19) 76.07(15)
Lnl-N2a-C2a* 169.0(7)  169.0(6)  151.4(5) 169.8(4) 08-Lnl-N2a*  121.7(2)  121.8(2) 121.90(18) 122.45(14)

*Symmetry code: (a) = x, 3/2-y, -1/2+z (1), (a) =x, -1/2-y, 1/2+z (2); (a) = x, 3/2-y, -1/2+z (3); (a) = x, -1/2-y, -1/2+z (4)




Table S2. Summary of SHAPE analysis for the [LnN,0O] fragment in 1-4 [Ln = Gd (1),
Tb (2), Dy (3) and Ho(4)]“

CN = 9b Gd(110) Thb(11I) Dy(11I) Ho(111)
EP-9 33.348 33.201 33.208 33.249
OPY-9 20.902 21.010 21.009 21.006
HBPY-9 16.226 16.300 16.330 16.494
JTC-9 14.848 14.850 14.773 14.785
JCCU-9 9.249 9.179 9.289 9.271
CCU-9 8.105 8.054 8.168 8.159
JCSAPR-9 3.375 3.303 3.258 3.214
CSAPR-9 2.371 2317 2.273 2.235
JTCTPR-9 3.098 3.006 2.972 2.865
TCTPR-9 2277 2.235 2.198 2.121
JTDIC-9 13.130 13.189 13.116 13.271
HH-9 8.958 8.943 9.097 9.081
MFF-9 2.206 2.165 2.154 2.119

“The listed values correspond to the deviation between the ideal and real coordination polyhedra, the lowest values being
given in bold. ’PEP-9, Dg,, enneagon; OPY-9, Cg,, octagonal pyramid; HBPY-9, D, heptagonal bipyramid; JTC-9, C,,
Johnson triangular cupola J3; JCCU-9, Cy,, capped cube J8; CCU-9, C4,, spherical-relaxed capped cube; JCSAPR-9, Cy,,
capped square antiprism; CSAPR-9, C,,, spherical capped square antiprism; JTCTPR-9, Dy, tricapped trigonal prism J51;
TCTPR-9, Dy, spherical tricapped trigonal prism; JTDIC-9, Cj,, tridiminished icosahedron; HH-9, C,,, hula-hoop; MFF-9,
C,, muffin.



Fig. S12. Distorted muffin-like geometry for the terbium(III) ion in 2.
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Fig. S13. Distorted muffin-like geometry for the dysprosium(IIl) ion in 3.
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Fig. S14. Distorted muffin-like geometry for the holmium(III) ion in 4.



Table S3. Selected intermolecular contacts (A, deg) for 1-4.

D-H--A D-H (A) H--A (A) D--A (A) Angle D-H---A

li

03-H3B---Ola 0.85 2.04 2.726(9) 137

03-H3A---O7a 0.85 2.25 2.899(10) 133
2ii

03a-H3B---01 0.86 2.00 2.731(8) 143

03a-H3A---07 0.83 2.20 2.910(8) 144
3iii

03a-H3B---01 0.89 2.01 2.745(7) 140

03a-H3A:--07 0.85 2.33 2.923(7) 127
4iv

03-H3A:--Ola 0.85 2.00 2.744(6) 145

03-H3B:--07a 0.86 2.39 2.921(6) 120

ita)=x, 3/2-y, -1/2+z; i(a) = x, -1/2-y, -1/2+z; #i(a) = x, 3/2-y, Vatz;, M(a) = x, -1/2-y, -1/2



Fig. S15. View of a fragment of the packing diagram of 2 showing the supramolecular layer assembled
in the crystallographic bc plane through C-H-- 7 (green-dotted lines) and slipped-off 77 (red-dotted
lines) stacking interactions established between pyrazolyl rings of the HB(pz); ligands. The intrachain
03a---01 and O3a---O7 hydrogen bonds are also represented as black-dotted lines [symmetry code: (a)
=x, -1/2-y, -1/2+z]. The bdpo (except for the O1 donor atom), the terminal cyanide, nitrate (except for
the O7 donor atom) and aqua ligands were removed for the sake of clarity.



Fig. S16. View of a fragment of the packing diagram of 3 showing the supramolecular layer assembled
in the crystallographic bc plane through C-H---mt (green-dotted lines) and slipped-off n-mt (red-dotted
lines) stacking interactions established between pyrazolyl rings of the HB(pz); ligands. The intrachain
03a---01 and O3a---O7 hydrogen bonds are also represented as black-dotted lines [symmetry code: (a) =
x, 3/2-y, -1/2+z]. The bdpo (except for the O1 donor atom), the terminal cyanide, nitrate (except for the
O7 donor atom) and aqua ligands were removed for the sake of clarity.
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Fig. S17. View of a fragment of the packing diagram of 4 showing the supramolecular layer assembled
in the crystallographic bc plane through C-H---m (green-dotted lines) and slipped-off n-n (red-dotted
lines) stacking interactions established between pyrazolyl rings of the HB(pz);- ligands. The intrachain
03---:Ola and O3---O7a hydrogen bonds are also represented as black-dotted lines [symmetry code: (@)
=Xx, -1/2-y, -1/2+z]. The bdpo (except for the O1 donor atom), the terminal cyanide, nitrate (except for
the O7 donor atom) and aqua ligands were removed for the sake of clarity.



APPENDIX A
Magnetic susceptibility of an Alternating Ferrimagnetic Chain.
We consider the alternating local spins S, and Sz with local Zeeman factors g4 and gz and the

interaction parameters between nearest neighbours Jap(1 + @) and /48 (1- a). The corresponding

spin Hamiltonian is given by eq 1B:

H =‘]ZS‘Bi[(1 + a),SAi +(1- a)S‘A(l' +1)
l. (1B)

S, is large enough to be treated as a classical spin and Sp is treated as a quantum spin. In our case

S,=1/2 and Sz = 7/2. We define
J =]AB[5A(5A + 1)]1/2
G =g,[S,(S,+ 1)]*?

g=9g; S=Sg; x=]/kT (2B)

_ NB®g*[S(S+1)(1- P) + 2QR] + 29G(Q + R) + G*(1 + P)

XChain_3kT 1_P
(3B)

with

P=A/A,

Q=x[(1+a)By+ (1-a)B,]/A,
R=x[(1-a)By+ (1 +a)B,]/A, (4B)

and

g=-Se=+%



+S

A= (%) Z Z [eexpii(oA,)/a*|[0°A2 - 30°A2 + (6 - 0°A*) oA, + 0°2% - 6]
o=-Se=%

g=-Se=1%
o\ &S
B, = (_4) Z Z [eexpiri(oA,) /5% [02/’@ -201,+2- %1%
A o=-Se=+ (5B)
_ _ _ 2252 2y, A2 _ .2 2
being A+ =~ 2% A =ad, 5 A =2 (1+a%); A =x"(1-a") (6B)

APPENDIX B [1]

Magnetic susceptibility of the °T, term arising from the (ty)! electronic configuration in a

trigonally symmetric ligand field.

Using the methodology reported by Figgis> and Mabbs,? the energy values obtained under the

combined action of the spin-orbit coupling and a trigonal ligand field component [eq 1A] are

given by eq 2A:
H = K/lLS + V;rigonal (IA)
E =E,=xkA(v-0.5)
KA
E‘3 = E4 = ﬁa
KA
E,=E,=—=b
V2 @A)
A
v=—
v being the distortion parameter defined as kA and

a= iz[(w 0.5)-Z]

1
b= ﬁ[(v+ 0.5)+Z7]

Z:\/V2+V+2.25 (3A)



The terms in the Hamiltonian which express the magnetic field perturbation for the parallel and
perpendicular components are given by eq 4A. Because of the axial symmetry of the system, the

x- and y-directions are identical.

H ) ﬂH(ch +2S)
HZeem,LzﬂH(KLx_i_sz) (4A)

The first- and second-order Zeeman energies for the parallel and perpendicular directions are

given in the Tables A1 and A2, respectively.

Table Al. First- and second Zeeman coefficients in the parallel direction.

E? (1)/,3 (2)/,6’
E1: Ez +x-1 0
E;=E, k+1-d° 2(x + 1 - ab)?
T 1+4? ) (1 +a>1 + hzz\Z
Es= E, L t1-b ~2(x + 1 - ab)
14+ p? (1 + a1+ b7

Table A2. First- and second Zeeman coefficients in the perpendicular direction.

E? (1)/ﬂ (2)/IB

E, = E, 0 202-,)"  202-
AQ+aDH(v-15-2) 11+ b*)(v-

2
—— O 2—2a [i{a +b) - aby2]* 2(\2 - &
(1+d?) AZ(1+a)A+bY  ad+a)(o-

2
Es= Eg T —Kbﬁ _Zb - [a+b) - aby2) + 262
(1+b%) Z(1+a®)(1+b%) a1 +b2)(

From the above Zeeman coefficients and using the Van Vleck’s equation, the parallel and

perpendicular components of the magnetic susceptibility can be obtained (eqs SA and 6A).



NB* [EQT exp(—E, / kT)+ {[EDT —kTEY y exp(—E, / kT)+ {[ELT — kTEY} exp(—E, / kT)

A=

kT exp(—E,/kT)+exp(—E, / kT)+exp(—E, / kT)
(5A)
NB* —kTE? exp(—E, | kT)+ {[E\V T —kTED}y exp(—E, | kT )+ {[E T — kTES Y exp(—E, / kT)
A= kT exp(—E,/kT)+exp(—E, / kT )+ exp(—E; / kT)
(6A)
The magnetic susceptibility for microcrystalline samples is determined through eqn 7A.
XNt
L=l
3 (7A)
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