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S1. Infrared Spectra.
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Figure 1. Infrared spectrum of 1
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Figure 2. Infrared spectrum of 2
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Figure 3. Infrared spectrum of 2 (O'® labeled)
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S2. Resonance Raman Spectra.
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Figure 4. Resonance Raman spectrum of 2
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Figure 5. Resonance Raman spectrum of 2 (O'® labeled)
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Figure 6. Comparative resonance Raman spectra for 2 (0" in black and O in blue)



S3. Details of magnetic susceptibility fitting.

Figure 7. Schematic structure of the complex core for 1 showing the super-exchange
interaction pathways: Jo — an interaction through (x,-O) (black bold line), Jg — an
interaction through (u-pz) (blue dashed line). According eq.1 J; represents the
isotropic exchange interactions in Fe™,04-cubane core mediated only through (,-O)
bridges (labeled as J, in this scheme), J, represents the isotropic exchange
interactions mediated through (z,-O) and (u-pz)bridges among each apical Fe(III)
center and the triangular base of the inner tetrahedron to which it lies closest (labeled
as Ja and Jp). Symmetry operations for D, point group are depicted.
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Figure 8. Contour graph for error functional depicting the area of the possible

solutions. The dark red color represent the lowest minima of the error functional R,
N
defined as R:100/Nx2(1—y;y’i/y;?’i), where g, is calculated and gy is

observed effective magnetic moment and N is number of experimental points.



Table 1. Classification of spin states in zero magnetic field according to D, point

symmetry group.

S A, B, B, Bs Total

0 776 630 630 630 2666
1 1820 1960 1960 1960 7700
2 3080 2940 2940 2940 11900
3 3625 3750 3750 3750 14875
4 4201 4076 4076 4076 16429
5 4066 4170 4170 4170 16576
6 3958 3854 3854 3854 15520
7 3340 3420 3420 3420 13600
8 2860 2780 2780 2780 11200

9 2128 2184 2184 2184 8680
10 1624 1568 1568 1568 6328
11 1057 1092 1092 1092 4333

12 721 686 686 686 2779
13 400 420 420 420 1660
14 244 224 224 224 916
15 108 118 118 118 462
16 60 50 50 50 210
17 18 22 22 22 84
18 10 6 6 6 28
19 1 2 2 2 7
20 1 0 0 0 1

Details about the factorization procedure according to the irreducible
representation of D, symmetry point group

D; |E | G2 | CXx) | Cy)
Ay | +1 | +1 +1 +1
B, | +1 | +1 -1 -1
By | +1 | -1 -1 +1
By | +1 | -1 +1 -1

A details about the general procedure are published in ref 41: Waldmann, O.,
Symmetry and energy spectrum of high-nuclearity spin clusters. Phys. Rev. B 2000,

61, 6138.
Symmetry Centers Clebsh-Gordon coefficients
operation
1 2 3 4 5 6 7 8 <1,2,12> | <3,4,34> | <5,6,56> | <7,8,78> | <12,34,1234>
0(12345678) E 1 2 3 4 5 6 7 8 <1,2,12> | <3,4,34> | <5,6,56> | <7,8,78> | <12,34,1234>
0(21436587) Cyz) | 2 1 4 3 6 5 8 7 <2,1,12> | <4,3,34> | <6,5,56> | <8,7,78> | <12,34,1234>
O(34128765) Cx |3 4 1 2 8 7 6 5 <3,4,34> | <1,2,12> | <8,7,78> | <6,5,56> | <34,12,1234>
0(43217856) Cy) | 4 3 2 1 7 8 5 6 <4,334> | <2,1,12> | <7,8,78> | <5,6,56> | <34,12,1234>




Generator for A spin states functions
| Al ’ SISZS1253S4S34S5S6S5657S8S7851234S567SSM> =
= %(0(12345678) +0(21436587)+0(43217856) + 0(34128765)) | S1S2512S3S4S34SSS6SS6S758S78S1234SS678SM> =
1
= Z[+1| SIS2512S354S34SSSGSS6S7SSS7SS123455678SM>

+( 1)sl+szfs]2+s3+s4fs34+s5+567s55+s7+s87578

S2S1S1254S3SS4S6S5S56S8S7S78S1234SS678SM>

+ (_1)51 8y =812 #8348, =834 +834+S512 =S1234 +S75 + 556 —Sse78

S4S3534S251512S7SSS78S5S6SSGSIZB4S567SSM>

+ (_1)55 +86—Ss56+87+S3=S73+S34+S1 =S1234+ 575 +S56 = Sse78

S3S4S34SISZSIZS8S7S78S6S5S56S1234SS67SSM>:|

Generator for B; spin states functions
|Bl;SISZSIZSSS4S34S5SGSS6S7SSS7SSIZ34S5678SM> =
= %(0(12345678) +0(21436587)—0(43217856) — 0(34128765))| SISZSIZS3S4S34SSSGSS6S7SSS7gS1234SSG78SM>
1
= Z[+1| SISZSIZS3S4S34SSS6SS6S7SSS78S1234SS678SM>

+( 1)sl+szfs|2+s3+s4fs34+s5+567556+S7+s87s78

S2S1S1254S3SS4S6S5S5658S7S7851234S567SSM>

(_1)51 8 =812 +83 48, =834 T34 +S515 =S 1234+ 575+ 556 =Sse78

S4S3534S251512S7 SSS78S5S655651234S567SSM>

. (_1)55 +86=S56+87+S83=S73+S534+S12 = S1234+ 575 +S56 = Ss78

SSS4S34SISZSIZS8S7S78S6S5S56S1234SS678SM>:|

Generator for B, spin states functions
|BZ;S1S2S1253S4SS4S5S6S56S7SSS7851234S567SSM> =
= %(0(12345678) —0(21436587)+0(43217856) — 0(34128765))| SISZSIZS3S4S34SSSGSS6S7SSS7gS1234SSG78SM>
1
= Z[+1| SISZSIZS3S4S34SSS6SS6S7SSS78S1234SS678SM>

( 1)S| +8) =815 +83+8, =834 +S5+S6—S56+S; +55—S75

S251S12S4S3SS4S6S5S56S8S7S78S1234SS678SM>

+ (_1)51 8y =812 #8348, =834 +834 +S12=S1234+S75+S56 = Ss678

S4S3S34S251S12S7SSS7SSSSGSS651234SSG78SM>

. (_1)55 +86=S56+87+S3=S73+S534+S12 = S1234+ 575 +S56 = Ss78

SSS4S34SISZSIZS8S7S78S6S5S56S1234SS678SM>:|

Generator for B3 spin states functions



|B3 5 SISZSIZSSS4S34S5S6556S7SSS7851234S5678SM> =
= i(0(12345678) ~0(21436587) — O(43217856) + O(34128765) )| 5,5,5 155,554,555 S5655 5557551234 Ss6765M ) =

1
- Z[+1| SISZSHSSS4SS4S5S6S56S7SSS7851234S567SSM>

( 1)51 +8, =815 +83+84 =834 +S5+Sg —Ss56+S7 + S5 =S5

SZSISIZS4SSS34S655556SSS7S7851234S5678SM>

(_1)51 +85 =813 +83 84 =834 +534+S815 =8 1234 +575+ 556 = Sse78

S4SSS34SZS1SIZS7SSS7SSSS6S56S1234SS678SM>

+ (_1)55 8685657 +S3 =578 +534 +S12 =S1234+ 575 + 556 —Ss678

S3S4S34SISZS12SSS7S7SSﬁsSSS6S1234SS678SM>j|

Example of usage:

|Al;%’%’5,%’%?5’%’%’4’%’%,4,1’1’1’M>:

= %(0(12345678) +0(21436587)+ 0(43217856) + 0(34128765))|% 555,55, %,.4.%.%,4,1,1, 1,M> =

=il:+1|%’%’5’%?%75’%’%’4’%,%7471’171,M>

(1) |50 54.5. 5. 74.5. 5. % 4.5 4. A LLLM)

(1) 4. 4.5 4. 5.5 5. 5.4 5. 7. 4.1, 1L LM )
(1) |4, 74, 5,940,590, 4, 74,95 41 LL M) |
=|%’%’57%?%’5’%?%’4’%,%’471,1717M>

|B3;%’%’5’%7%’5’%’%75’%7%a4710a9a197M>:
=%(0(12345678)—0(21436587)—0(43217856)+0(34128765))|%,%,5,%,%,5,%,%,5,%,%,4,10,9,19,M> =
:il:+1|%’%757%7%’59%’%95’%7%74’10’97197M>

(1) 54:95.5: 9,545, 5495559, %4, 4,10,9,19,M )
(1) |%.55,5. %7425, 7. %44, %4, %4,5,10,9,19,M )
+(—1)1|%,%,5,%,%,5,%,%,4,%,%,5,10,9,19,M}}

1
:5[|%,%,5,%,%,5,%,%,5,%,%,4,10,9,19,1\4)—|%,%,5,%,%,5,%,%,4,%,%,5,10,9,19,1\4)]

This function must be normalized. As a result we obtain
|B3;%’%’5’%’%’5’%’%’5’%’%’4’10’9’19’M> =

1
= S[AASAASAASAAAN0919M) |5 74.5. 70 74,4 74.54,5.10.9,19.M)



S4. Mossbauer spectra. Deconvolution with crossed-model.

Figure 9. Mossbauer spectra from powdered samples of 1 in the absence or presence
of an external magnetic field of 6T applied perpendicular to the y-rays. Solid lines are

theoretical simulations assuming two species A, B with the parameters quoted in

Table 6 (crossed model).



S5. Full Gaussian 03 reference (Reference 27).
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