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1. Sample Preparation

A. Materials

Acetonitrile, methanol, and 3,4,7,8-tetramethyl-1,10-phenanthroline (tmphen) were purchased
from Fisher Scientific; the solvents were distilled prior to use. Potassium hexacyanocobal-
tate(III), potassium ferricyanide, and 18-crown-6 were procured from Sigma-Aldrich. Cobalt
nitrate Co(NOj3)2-6H,0 was obtained from Baker & Adamson, and ferrocenium tetrafluo-
roborate was purchased from Alfa. Mineral oil, suitable for preparation of Nujol mulls for
infrared spectroscopy was purchased from Sigma-Aldrich. Solvents and reagents were used

as received unless otherwise stated.

B. [Co(tmphen);]|;[Fe(CN)g]. (CozFe,)

18-crown-6 (406 mg, 1.54 mmol) was added to a solution of K;[Fe(CN)y| (178 mg, 0.541
mmol) in 60 mL of acetonitrile in air, and the mixture was stirred overnight to solubilize ferri-
cyanide by caging the potassium ion within the cryptand to generate [(18—crown—6) |;[Fe(CN)g].
The solution was filtered to remove residual K;[Fe(CN)g|. The [(18 —crown—6) |5|Fe(CN)g4]
solution was slowly added to a mixture of Co(NO;),-6H,O (305 mg, 1.04 mmol) and tm-
phen (601 mg, 2.54 mmol) and dissolved in 150 mL CH;CN. The mixture was allowed to
stand for 2 days which resulted in red crystals. A yield of 37% (205 mg, 0.100 mmol) was

achieved.

C. CosFe;y characterization

Three distinct IR bands are observed in CozFe, at 2060 cm™!, 2104 cm ™!, and 2133 cm™!
in Figure S1. The lower energy band at 2060 cm ™! was previously assigned to the terminal
cyanide stretch, v(CN)erminal, and the two higher energy peaks correspond to the bridging
ligands, v(CN)piaging, Where the stretch at 2104 cm™! was assigned to Fe** - CN - Co**

and that at 2133 cm™! to Fe?T - CN - Co?*.! For comparison, the v(CN)sermina bands in
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K;|Felll(CN)g] and K, [FelI(CN)4| are observed at 2117 cm™! and 2050 cm ™!, respectively,
in Nujol,? and the position of the v(CN) stretches in these complexes have been shown to
shift to higher energies when the CN~ ligand bridges two metal centers.® These shifts are
consistent with the assignments of v(CN)serminar and v(CN)ppigging in CosFe,. The ESI mass

spectrum recorded for CosFe, exhibits a parent ion peak at m/z = 677 that corresponds to

[Co(tmphen),|;|Fe(CN)gl, - 3Hy " with z = 3+.
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Figure S1: v(CN) region of the IR spectrum of CosFe, in Nujol.

D. CosFe; solution

For further spectroscopic studies included in the main manuscript, the synthesized blue pow-
der sample was dissolved in various solvents to a deeply-colored saturation point, depending
on the experimental requirements. In water, 6 mg of CosFe, was dissolved for every 7 mL
water. In methanol, 6 mg of CozFey was dissolved for every 2 mL methanol. In acetonitrile,
0.72 g of CogFey was dissolved for every 9 mL of acetonitrile. In glycerol, 2 mg of CosFes
was dissolved in 0.5 mL of 60 wt.% glycerol solution. In all cases, the CosFey; complex and

solvent were mixed vigorously and left to stand for 24 hours to ensure dissolution.
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E. Solution drop-casting

The NAP-XPS and Kratos XPS experiments took place on a substrate of 50 nm Ti on Au.
The SFG experiments took place on a pure Au substrate. In both cases, the substrates were
cleaned with a UV-ozone pre-treatment for 30 minutes followed by surface hydroxylation.
The prepared CosFe, solution was drop-cast on the surface of the clean Au substrate multiple
times to build a uniform, concentrated layer. For the NAP-XPS and XPS measurements,
50 pL of the solution was dropped onto the surface 5 times per sample, allowing time for
each layer to dry before re-saturating the surface. For the SFG experiments, 10 uL of the

solution was dropped onto the surface 1 time per sample.
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2. XPS Fitting Parameters

Because the temperature and pressure-dependent NAP-XPS spectra shown in the main
manuscript represent a large sampling rate of individual spectra, significant standardization
of the XPS fitting parameters was necessary. Specifically, each XPS spectrum is collected as
a series of Co 2p, Fe 2p, O 1s, N 1s, and C Is scans (in that order) cyclically collected 4 times
per condition per sample. The purpose of this experimental order, rather than integrating
at each core level for a longer time before proceeding to the next core level, was to eliminate
the possibility for sample damage in unbalanced magnitudes as the binding energy shifted.
The data resolution and spectral smoothness resulting was of high quality to use only one
experiment per spectrum without need for significant data averaging.

The fitting parameters at the Fe and Co 2p core levels are represented in Table 1 (Fe)
and Table 2 (Co) below. The constraints were modeled after previous reports for comparable
metallic coordination motifs.*™

Table S1: Fe 2p XPS fitting parameter constraints.

Component Fe?"t 3/2 (A) Fe’' 3/2 (B) Fe’™ 1/2 Fe’t 1/2

Position 707.3 A+ 1.3 A+ 13.0 A+ 15.0
FWHM 1.2-1.7 1.8-2.2 A*1 B*1
Area — — A*05 B*0.5

Table S2: Co 2p XPS fitting parameter constraints.

Component Co?* 3/2 (A) Co’" 3/2 (B) Co’" 1/2 (C) Co’" 1/2

Position 779.9 A+16 A + 156 A +16.7
FWHM 1.6 -2.0 A*1 1.0-2.0 Cc*1
Area - - A*05 B *0.5
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2. NAP-XPS Controls

While the NAP-XPS has been commissioned for both temperature and pressure-dependent
photoemission experiments, several open questions arose while collecting measurements un-
der steady gas flow. To address these other possible outcomes for the resulting spectra shown

in the main manuscript, the following control experiments were performed.

A. Conditional exposure

One possibility for the spectroscopic change measured is a combination of X-ray exposure
in the presence of gas phase solvent. To eliminate the possibility of exposure-dependent
changes, two strategic experiments were performed.

Figure S2 shows a NAP-XPS measurement under UHV conditions of the Fe 2p core
level on a CozFe, sample prepared as described in section 1B above. First, a spectrum was
collected at the same spot (Spot A) for 3 full cycles (4.5 hours of data collection). Then, the
sample was shifted to a fresh spot (Spot B), which was not within the spot size of the X-ray
source and therefore unexposed. Each of the Fe 2p core level spectra plotted with total CPS
are within agreement. This indicates that the X-ray exposure under UHV conditions is not

enough to induce a spectral change to the sample.
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Figure S2: Fe 2p core level NAP-XPS measurements under UHV conditions. Spot A is
measured three times in a row (blue x 3), and the final measurement is taken on a fresh spot

B (pink).

Figure S3 shows a similar experiment with the introduction of water conditions. In this
sequence, measurements proceeded on a fresh sample in the following order: (1) UHV on
spot A, (2) 0.5 mbar water on spot A, (3) 2 mbar water on spot A, (4) 2 mbar water on spot
B. On this sample, spot A experienced 3 hours of X-ray exposure and 1.5 hour of X-ray +
water exposure before the final 2 mbar water spectrum plotted in dark red. Comparitively,
spot B, plotted in orange, experienced no time of X-ray exposure before the plotted spectrum
was collected. Again, the nearly identical lineshapes of the two results represent that the
X-ray in combination with the presence of a solvent cannot account for a significant sample
change, and the reversible dramatic spectral change seen in the Fe 2p core level is in fact

due to a chemical state change.

S8



=== Spot B, 2 mbar water (no X-ray exposure)
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Figure S3: The NAP-XPS measurement was collected at 2 spots in the following order:
UHV on spot A - 0.5 mbar on spot A - 2 mbar on spot A - 2 mbar on spot B. Spot A at 2
mbar water (red) and spot B at 2 mbar water (orange) overlay almost perfectly and show
no apparent degradation in signal.

B. X-ray exposure

Another question presented with the NAP-XPS spectra is whether there could be persis-
tent and progressive alterations to the sample state due to time-dependent X-ray exposure
alone. To resolve this concern, multiple scans were collected in one condition and processed
cyclically before stepping to a new condition and repeating the process. In this way, each
spectrum would reveal whether there are steady changes due to beam exposure while main-
taining a constant conditional pressure.

Figure S4 shows a contour plot of 12 experimental scans as a function of the normalized
Fe 2p core level intensity. Scans 1-4 are UHV conditions, 5-8 are 0.5 mbar water, and 9-12
are 2 mbar water exposure. There are clear step edges from scans 4 to 5 and scans 8 to 9

around the 3/2 and 1/2 Fe features. Furthermore, there is no clear indication that the beam
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exposure occurring between scans in the same condition had any effect on the spectra. These
observations support the principle that the beam exposure had minimal effect on the samples
and could not independently explain the large spectral differences visible as a function of

solvent pressure.
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Figure S4: Countour plot of the binding energy (Fe 2p core level) versus scan number during
an experiment, where scan 1-4 is UHV, scan 5-8 is 0.5 mbar water, and scan 9-12 is 2 mbar
water. The intensity bar on the right side shows that the only significant intensity changes
at the Fe features are between scans 4-5 and scans 8-9.

C. Solvent photoionization

A possible outcome of the presence of a gas phase solvent environment with the x-ray beam
is photoionization of the solvent and subsequent electron attachment and reduction of the
sample surface. We performed NAP-XPS measurements another solvent with a much higher
photoionization cross section compared to water, carbon tetrachloride (CCly). Figure S5

below shows the results of this measurement, where a negligible change in either the Fe or
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Co oxidation states as the sample is transitioned from UHV conditions to exposure to CCl,
is seen. In fact, the Fe reduction between UHV and CCl, is 11.3%, compared to 83.4% in
the case of water. This result supports the statement that X-ray ionization of the interacting

solvent does not explain the reduction of Fe in the solvated environment.
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Figure S5: NAP-XPS results under exposure to CCl,. Total background-subtracted counts
are shown as the gray solid line. The total fit is shown as the black solid line. Individual
components are highlighted in pink (Fe*"), green (Fe3"), blue (Co?*"), and orange (Co®T).

D. CO exposure

Figure S6 shows NAP-XPS results of the Fe and Co 2p regions cycling between UHV and 2
mbar CO exposure. This measurement, with no significant spectral change as a function of
CO exposure, confirms that the change in peak shape in other gas environments is not the
result of charging followed by sample neutralization in the presence of gas. Additionally, we

can confirm here that there is no possibility of ligand exchange in these conditions.
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Figure S6: NAP-XPS results at UHV, CO, and post-exposure UHV of the Fe 2p (left) and
Co 2p (right) core levels. Total background-subtracted counts are shown as the gray solid
line. The total fit is shown as the black solid line. Individual components are highlighted in
pink (Fe*™), green (Fe?"), blue (Co*"), and orange (Co®™).

E. N 1s solvent exposure

We evaluate the possibility of charge transfer between the metal sites and a phenanthroline
ligand in CosFe,. With NAP-XPS alone, this question is not directly addressed. Shown

in Figure S7, the N 1s measurement does not show a significant spectral difference when
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temperature and chemical environment are changed. Both of the two peaks, which can
be assigned to the phenanthroline ligands (399 e¢V) and the cyanide ligands (397 e¢V), have
steady position and intensity regardless of the environment. This suggests that the redox
activity of the ligands in CosFe, is not responsible for the reduction of the Fe shown in the

main manuscript.

CPS [ arb. units
CPS / arb. units

402 400 398 396 394 402 400 398 396 394
Binding Energy / eV Binding Energy / eV

Figure S7: N 1s NAP-XPS measurement with cycling between (left) temperature from 150 -
375 K and (right) UHV, water, and UHV conditions. The gray line represents the raw CPS,
the shaded regions are fits to the two peaks, and the black solid line is the envelope.
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F. C 1s solvent exposure

We evaluate the C Is region in CosFe, to calibrate the NAP-XPS data and show the fits below
to represent the validity of this calibration. Shown in Figure S8, the C 1s measurement does
not show a significant spectral difference when chemical environment is changed. The central

peak shifted to 284.5 eV has steady position and intensity regardless of the environment.
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Figure S8: C I1s NAP-XPS measurement with cycling between UHV, water, and post-

exposure UHV conditions. The gray line represents the raw CPS, the shaded regions are fits
to the peaks, and the black solid line is the envelope.
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4. SFG Controls

A. Clean substrate baseline

To confirm that the observed SFG signal is from Co,Fe, without any contribution from the
potential contamination on the Au substrate, SFG spectra were also taken for the ozone-
treated bare Au sample under both Ar and water conditions, at the same acquisition con-
dition as CosFe,. As shown in Figure 59, SFG spectra for the bare Au substrate are very
clean under both Ar and water purging conditions, showing no sign of contamination, which

indicates the observed resonant features are solely from the CosFe, complex.
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Figure S9: SFG spectra of the ozone-treated bare Au substrates under Ar and water purging
conditions.
B. Time delay interference

To confirm that there is no significant contribution from non-resonant signal to the obtained
SFG spectra, we took the non-resonant spectra on bare Au as a function of time delay

under both Ar (Figure S10) and water (Figure S11) purging conditions. The non-resonant

S15



signal is significantly suppressed as the time delay of the visible beam relative to the IR
beam increases. It almost completely disappears at the delay of 670 fs. Under experimental
conditions where the delay is about 850 fs, there should be no contribution from the non-

resonant background to the SFG spectra.
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Figure S10: The non-resonant profile of bare Au as a function of time delay under Ar purging
conditions.
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Figure S11: The non-resonant profile of bare Au as a function of time delay under water
purging conditions.

C. Sample pseudo-homogeneity

To confirm that the obtained SFG features are consistent and uniform among the whole
sample, we took SFG spectra at different spots on the drop-casted CosFe, thin film. Figure
S12 shows an example of the Ar purging case. Although the intensity varies from spot
to spot, the major features are consistent, indicating a good homogeneity of the prepared

sample and supporting that the observed features are real.
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Figure S12: SFG spectra at different spots of the drop-casted CosFe, sample under Ar
purging conditions.
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5. Single-Crystal X-ray Structure

The single crystal x-ray diffraction studies were carried out on a Bruker Kappa Photon III
CPAD diffractometer equipped with Mo Ka radiation (A = 0.71073 A). A 0.247 x 0.136 x
0.118 mm piece of a black block was mounted on a Cryoloop with Paratone 24EX oil. Data
were collected in a nitrogen gas stream at 100(2) K using ¢ and w scans. Crystal-to-detector
distance was 60 mm using variable exposure time (1 s - 10 s) depending on 6 with a scan
width of 1.0°. Data collection was 99.9% complete to 25.00° in 8 (0.83 A). A total of 126125
reflections were collected covering the indices, -22 < h < 22, -30 < k <29, -29 <1 < 28.
21231 reflections were found to be symmetry independent, with a R;,; of 0.0647. Indexing
and unit cell refinement indicated a primitive, monoclinic lattice. The space group was found
to be P21 /c. The data were integrated using the Bruker SAINT software program and scaled
using the SADABS software program. Solution by dual-space method (SHELXT) produced
a complete phasing model for refinement.

All nonhydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXI.-
2014). All hydrogen atoms were placed using a riding model. Their positions were con-
strained relative to their parent atom using the appropriate HFIX command in SHELXL-
2014. Due to unmodelable solvent disorder, OLEX2 solvent mask was used to remove the
electron density from the lattice due to the disordered solvent contribution. Solvent ap-
peared to be acetonitrile. One large void was found with approximately 549 electrons, which
equates to approximately 24 acetonitrile in the solvent void. The structure is shown below

in Figure S13. Crystallographic data are summarized in Tables S3-S6.
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Figure S13: CosFe, single x-ray crystral structure.
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Table S3: Crystal data and structure refinement for CosFe,.

Empirical formula
Molecular formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Crystal color, habit

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C120 H114 Co3 Fe2 N30

C108 H96 Co3 Fe2 N24, 6|{C2H3N]
2264.90

100.0 K
0.71073 A
Monoclinic
P121/c1

a = 18.9918(10) A
b = 24.9372(12) A
¢ = 24.5780(11) A

11542.0(10) A3

4

1.303 Mg/m?

0.729 mm™!

4708

0.247 x 0.136 x 0.118 mm?

black block

1.860 to 25.451°

22 <h <22 -30<k<?29 -29 <1< 28
126125

21231 [R(int) = 0.0647, R(sigma) = 0.0425]
99.9 %

Semi-empirical from equivalents

0.0439 and 0.0238

Full-matrix least-squares on F?

21231 / 0 / 1258

1.018

R1 = 0.0649, wR2 = 0.1711

R1 = 0.0910, wR2 = 0.1930

n/a

1.143 and -0.323 e.A~3

a= 90°
B= 97.449(2)°
v = 90°

Table S4: Atomic coordinates (x10%) and equivalent isotropic displacement parameters
(A%x10%). U(eq) is defined as one third of the trace of the orthogonalized U% tensor.

Atom x y z Uleq)
Co(1) 1446(1) 4535(1) 3364(1) 44(1)
N(1) 658(2) 4816(1) 2773(1) 47(1)
N(2) 1056(2) 3820(1) 3000(2) 53(1)

521



o~ o~ o~ o~ o~~~ o~ o~

~—_— O Y Y — Y~ — ~—  ~—  ~—  — ~M— N N~ S S~ ~—

o~ o~ o~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ o~ o~~~ o~~~ o~

S e e N Y e Y Y Y Y Y Y Y Y Y Y~ Y~ Y~ Y~ N~ Y~ Y~ ~—r ~—r ~ ~

~—~~ ~ ~ ~ ~~ ~~ ~~ N ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ N ~~ N N -~ N N ~ N

e T N N T e N N N T N U N N S e N e

~ o <4 +H4 O I~ © ©o MM © O O n JF o F OF N o FHFOoo - Mm Hn oY © 10
O - &N D o0 M O oo MY N O NN o b ©o a4 F &N oo O < o oo = O b O
< o ™ < o 0o <H* oo < o oo /MM o nH o a4 ft o n o o <o o 4 4 o ©o o™ <{f
A S Yo B oo B Too B S L N N e S A~ Y= R Te B N B e A A A A o R e N e N )
—~ —~ - —~ o e T R
Ny = a4 = T 2 N a4 @9~ <H o™ @ = L o L O o TN Ny =
— N = 5 O H = = N = = 0 4 N o O "N 99 nmh N = = o9 v ¢t O
S8z 882 2374788388283 g8¢83c¢=
~ & = 7% Y oa 9 9 » & ~ % QT T e ¥ 7 b s AoAA A
~~ o~ o~~~ o~ o~~~ I~ o~ o~ ~ o~ o~ o~~~ o~

—~ ~ ~ ~ ~ ~ o~ o~ ~ ~ ~ o 4 &N o T v ©o I~ o0 oo O —+H N o <X 0
N 4 a4 N fFon o ~ 0o oo A4 0~ A4 -4 —~ —~H4 A4 —~4 —~ —~H4 &N o o0 o o

M Nt e Y Y Y Y~~~ T~ Y~~~ T N~ Y~~~ ~—  ~—  ~—~




o~ o~ o~ o~ o~ o~ o~ o~ o~~~ o~~~ o~~~ o~~~ o~~~ o~ o~

o~ o~ o~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~

N~ e e N Y e Y Y N Y Y Y Y Y Y Y~ Y~ Y~ Y~ N~ Y~ N~ ~— ~ ~

~~ ~~ ~~ ~ N ~ ~~ N ~~ N N N N ~~ N~ N ~~ —~

M~ N Y~ N N T Y N Y Y N Y Y Y Y~ ~— Y~ ~—~ ~—~

<t I~ NeJ I~ D~ — [ap) (o] Nej ™ (o)) <t 0 — Ie) Ne) — (@) LO <t [@p) L0 (9] o0 D~ @) O
L I~ 2] Ne) L~ ] o) (@] [9\] <t <t <t [\ Lo — L (@) N N <t < Lo Lo I~ [e0] I~ r~
e0] D~ L0 0.0] (@] @] (] AN NeJ o D e <t Ne) — ™ ja) ™ o0 (e Ing N 0 @] ™ ™ Lo
() ™ ™ < <t () (A Ne) Nej D~ LO NeJ Ne) Ne)J I~ I~ I~ D~ I~ 0 D~ I~ I~ e0] Nej I~ o]
—~ —~ o _ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~~ —~ —~ —~ —~ —~ —~ —~ —~
a\ —~ ™ ~— A <t ™ — @\ N N N N e ™ ™ @\ N N ™ N @\ ™ ™ o™ <t <t
— o ~— I~ S ~— ~ ~ N N — — — ~— ~ ~— N — ~— N — ~— ~— ~— —  —
(@] ~— 9] [aN] D~ <t I~ A LO <t D D 0 (@] Ne) D (o] LO e [@p) [\ D 0 ) N D~ 0O
L0 a3 o] — < — P~ o0 D o] D o) D N L0 <t L0 (o] I~ ] o — D Lo ) 9] L
Ne) — < — Ne) (@) Ne) ™ Nej 0 ™ [a\] | Igv) o0 (9] ™ o — <t 10O 9\ D Ne) I~ I~ L0 0
o o0 — | (o] [ap] < < < LO < <t <t O LO LO O LO O LO <t O LO <t O LO
Py Py — Py — — Py —~ —~ —~ —~ —~ —~ —~
Ne) D~ 0 (=] (@] — [\ — - ~ ~ - (@) — (o] o™ < LO
AN N N N ™ e ™ ~ — N o <t — N ™ <t L0 =) r~ (9] D — — — — s —




o~ o~ o~ o~ o~~~ o~~~ o~~~ o~ o~ o~ o~ o~ o~~~ o~ o~~~ o~

~M— N N~ Y Y N~ N~ ~— ~— R N T U e e L S O e N e A

~~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ —~ o~~~ —~
AN N M A AN AN AN AN NN NN N N4 YN N~ 4 &N NN~ —~ N
_ = = o - . O O O O O O D e D O D - N e
0 a4 M N N o 0 b 4 o0 O 0o o o —H M HF O © MM AN O = M O AN =~ = M
<t O oo @ —=H —=S o O o0 o v I O N A4 © ‘H <t oo — O O o O O o, 0 W0
M oo o © o o o f - *F o ¢ I~ I 0o M - © *F o» ¥ o +F N8« 9 F 0+ -
0w om0 0 0 Fo 0 0 Mmoo o 0 49 4 4 oo o4 9~ — O O

~~~ ~~ ~ ~ ~~ ~~ ~~ N ~~ ~~ ~~ -~~~ -~~~ ~~ N N N N ~~ N N o~ o~

M e T Y~ N~ Y Y N Y~~~ Y Y N Y Y Y Y Y~ ~— Y~ ~—~ ~—~

— LO o0 Ne) o <t — N 0 ™ D N Lo I~ <t o] LO I~ el <t N2 r~ D~ o | Io] Lo oo
LO ) LO L D LO i 0] 0 ™ D (o] o0 (] ee] o0 (&) (] o o0 r~ LO S o — 9] —
D D Nel <t <t D~ o0 Nl Ne) D =} ™ ™ Nl — <t e ™ r~ P~ <t D N o0 (=] Lo D
r~ L Lo L L L L0 Lo L L Nej L0 L L0 L L Nej Nej L Nej Nej Ne) L < L0 ] L
~ o~ ~~ o~ o~ o~ o~ o~ o~~~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~~~

o ™ N ™ N N N e o™ ™ N o™ ™ e ™ ™ e — N ™ N @\ ™ ~—~ o~ o~
I N N s N N N N s NG o (o) H o
r~ 9\ <t ™ e I~ I~ LO o) - D I~ [\ — 0 Ne] (] LO 0 I~ ] <t 0 — ~—  ~—  ~—
Lo L0 — Ne) D N Ne} D e S — 0 <t D <t <t Lo D~ D g} =} o™ o0 N o] D~ <t
N D e NeJ ] <t 0 o0 ™ D~ I~ ] Lo — ™ o ) @] (e [} <t r~ <t o0 <t g O
(v} L0 Ne} Nej Ne} v} <t < . e} e Nej Lo r~ D~ < [ap) [a] — — (o] [a] — D [ap) (o] r~
~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~

- - - -~ -~ - -~ - -~ - -~ e~ e e e e -— — — — — — ~~ — — P
Ne] D~ oo D @) — N g N LO o] D~ o0 N @] — (] — = = = = = = = = =
— — — — N N N N @\ N a\ N N N ™ o ™ ~ — N g <t — N ™ <t L




—~ o~

—~ o o o [\l e o —~ o =] o] —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ el N —~ —~
(N D N s N a1 - = = [N (N (N — — — — — — — — — = [aN] —
~— (@) <t o (@) Ne) 0 ~— — <t (@] ~— ~— ~— ~— ~— ~— ~— ~— ~— ~— ~— ~— D (@) ~— ~—
o — (o] (ap] — (o] [a] [@)) (@] D o0 (] ] D NeJ r~  Iqn] 0] N [\ ] N LO (o] o LO o
o0 — — — — — — 0 — — — (e 0] (@) I~ Ne) LO O Ne) Ne) Ne) Ne) r~ D~ — — 0 I~
— —~ o~ — — e e e e N
T 2 a2 oo g g g @ o g
LO - ™ I~ ) 0 — — ()] 0O I~ L0 I~ [ ja=) ™ Nej — <t r~ D~ o™ (o] Yo o) — ey
— D (o] — <t ] <t (el 0 <t — NeJ o e I~ <t < O ] N o ™ (@] Yo Yo — (@)
— 0 D — — Ne) Ne) — Nej Ne) — < | <t (@) — — (o] (@] (o] LO — | N (e
~~ ~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ ~ ~ o~ o~ o~ o~ o~ o~ o~ o~ o~
N e e e N el e N e < el e e o N N @\ N N @\ N N N <t (ap) Q| a\
D s N N e N e N N N N N NN
o LO <t — I~ I~ [e0) Ne) — ™ N I~ ) LO Ne) ) D~ Ne) D [\ ) L0 LO Ne) LO <t I~
() ™ — D — ) 0 A N I~ ] [\ o o D ) LO D ) N o0 <t D~ 0 (o] ) L
L0 D~ ™ LO ™ o0 [ap) AN Ne LO ()] [\ <t 00] o D — O o0 Ne) — L0 D~ ] ja) ™ o0
Ne) Ne) I~ I~ I~ L Ne) <t < D~ o0 NeJ Ne) Ne)J r~ Ne) I~ D~ I~ r~ D~ I~ D~ Ne) I~ o0 I~

— —~ P e e e e e e e e e e e e e e R
— ~ 10 T 5 M HT o o~ M m MmN n MM n MmN n n
<H — — © — O 2 = 2 == I~ _ D L D o O D D D D D D e e
— 10 ) — 10 Na) 00 <t o 0 — < =) N D o ee] - e} L0 L0 (= N 0 <t Ne} —
o ~— ~— D~ I~ D o) 10 o) o0 Ne) — (@] I~ o0 (ap] o (@) 10 10O o 10 10O 10O o — I~
D LO I~ D — o <A — — N o0 [\ <t o0 ) o0 (e <t Ne) ™ (@) L I~ — — — <t
Nej I~ — L0 — — L0 [a] [a] o [ap] (o] [ap) [ap] o [ap] (o] [ap) [ap] (o] [ap) <t o

~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~~~ o~
o~ o~ o~ o~ = = = = = = = = = = = = = = = = = = = = = = =
= = = = @) — (@] ™ < LO Ne) I~ 0 D S — [\ ™ <t LO Ne) I~ 0 (@) S — (o]
O I~ 00 =2 — — — — — — — — — — @\ a\ N N N a N 9\ aQ\ Q\ g g Qe

M Y e~~~ T T T Y Y~ Y Y Y~ Y Y~ Y~ Y~~~ ~—  ~—  ~—




o~ o~ o~ o~ o~ o~~~ o~~~ o~~~ o~~~ o~~~ o~~~ e~~~

S e e e Y Y Y N Y Y Y Y Y~ Y~ Y~ Y~ ~— Y~ N~ N~ N~ ~ ~

a a9 o n o +H4 M I~ -~ 0 oo 4 © o U Ny MNmHn 4§ o o9 v O© M «ov NN o -f
o o oo M o 4 O N oo oo N o o JF oo o 4 on F oo 0o — >~ o a4 —+H N
< &5 o F o4 fH o - O O &N 0 0o o o <t >~ ¥ O o I~ 0o ©o nn O @ <f
a N4 4~ O N4 4 MM N4 . a3 Mo 494994 N MM /MM NyNnmo o o N F o Mm” N nm o n o on o<
~~~ ~~ N ~~ ~ ~~ ~~ ~~ ~~ ~ -~~~ ~ -~ -~ -~ -~ ~ -~ -~ ~ ~ ~~ ~—~ -~ -~ -
- = = &N M o4 aoaO aoaO O o HOo® N N 49 N 4 ™ N N AN AN AN AN AN N N
N~ N N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ ~ @ ~
o 4 o o ¥ o 4 4 o0 - oo *t » 4 oo —S O > m o v o +H 0 b~ D~
t I~ 4 O 0o oo © o 1H O oo N oH O NN~ O N O © A D MM v 0o <f
0 HH o © o =S 0 ©o I g9 o I - JF o9 o o b~ < I~ - MM 0 o <f ©
< < 0 0 0 <K M <FHFon o 0 f o g < o 0 O O >~ O © 0 ©o o >~ ©o ©o
/N /N /N /N /N /N /N /N N N N N N /N N N N/ ~—~ /N /N /N ~~
— AN &N &N M MM» »H» o N &Ny »» oHn o 4 N a4 49499 N O~ N N N O NN~ AN
DS - MMM o N N O M»Moo—-H M M I~ o - o a4 - Mm o —H O O =
o~ 0 - I fFf O F &N >~ oo O a4 o 0 o ©o© >~ 0 +H4 o0 © MM © o™m oo f
O N 0o o O —H =S I~ 4 o0 1 ™M O M~ I~ I~ ™ I &N oo I~ I~ I I~ &N oo
MmN Nt 0 N FoO N mo N o <t 04 A4 —~ M —= -~ -~ -4 — a0 — I~ -

e e e e e e e e e T e
e N N e e e e s e e e e e N N NSO N

526



Table S5: Bond lengths [A] and angles [?] for Co,Fe,.
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-1309 5609 1673 178
-1691 2136 1964 178
-959 2562 2100 227
-188 2204 2596 227
166 2253 2042 227
958 2112 3217 171
1731 2370 3232 171
1333 2132 2670 171
-95 4887 3545 79
2914 3947 3679 73
547 3724 5531 97
1625 3316 9558 96
-1486 4582 4122 139
-1176 5063 3793 139
-1195 5114 4440 139
-990 3989 5065 149
-901 4613 5213 149
-357 4184 9515 149
2664 3039 9583 154
3416 3093 5361 154
2875 2630 5130 154
3824 3392 3961 114
3648 2871 4298 114
4024 3377 4614 114
4329 6108 2559 69
4738 7055 4896 64
5902 8032 2606 105
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5978
4441
4412
5147
5254
9695
6026
5507
6030
6253
5749
5070
4968
5914
3302
6499
2577
7637
7045
7260
7266
7503
7718
4520
3873
4672
3149

8416
6636
6066
6284
7629
7091
7554
8820
8730
8525
8032
7675
8277
6038
6262
2150
5264
DT
2855
2265
4799
5337
5242
5115
5499
o712
6280

3451
1351
1646
1479
1579
1513
1918
4645
4193
4809
5494
9571
5348
3488
4757
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6098
3904
3384
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6363
6462
6586
6049

94

110
110
110
155
155
155
136
136
136
124
124
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97

66

80

82

173
173
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122
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2889
2678
1922
1562
-768
-882
754
1580
1239
10
-618
-312
-683
-730

-1093
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118

680

1920
2708
3721
4082
1896
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2557
3631
3098

5684
6170
2077
7518
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6543
4061
4204
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4365
7586
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7357
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8328
8334
2919
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7690
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o887
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2846
4422
4411
3814
3215
3980
3295

6865
8351
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8654
8198
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7606
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1825
2474
2100
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3154
3304

151
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110
110
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6. DFT-Optimized Structures

Coordinates (in A) are provided for structures optimized at the B(35)LYP /def2-SV(P) level:
the S = 3/2 state, corresponding to the low-spin configuration (Co?")(Co3")y(Fe?T),, and

the S = 9/2 state with the configuration (Co*")z(Fe*)s,.

A. S =3/2 state

Co 3.669561 0.847376 0.115931
N 3.917066  2.844589 0.931450
N 4.629373 1.974897 -1.502443
C 3.431745 3.2562114  2.088551
H 2.958049 2.497396 2.720666
C 3.474975  4.597947  2.520305
C 4.073988 5.535123 1.680872
C 4.581690 5.104691 0.421464
C 5.130850 5.993925 -0.564985
H 5.248680 7.047248 -0.319026
C 5.461159 5.556757 -1.814512
H 5.829479 6.270588 -2.548234
C 5.284326 4.185108 -2.203964
C 5.410822  3.721428 -3.544446
C 5.052526 2.406810 -3.830656
C 4.687968 1.571148 -2.751599
H 4.384941 0.542938 -2.951991
C 4.853007 3.271635 -1.221887
C 4.476048 3.738694 0.092318

C 2.853078 4.939378 3.851174
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.606028

.071880

.390602

.156297

.184111

.514127

.837627

.846350

.100343

.042408

. 726040

.989838

.547011

.996678

.358375

.577313

.142625

.231422

.838545

.375197

.840892

.133337

.497857

.385203

. 747165

.049303

.564270

5.348198

5.707583

4.051318

6.991247

7.369085

7.597783

7.162649

4.671419

4.138768

5.390077

5.253490

1.833168

2.554225

1.576688

0.929983

0.190262

-1.141627

0.843498

1.825186

0.347708

-0.912725

-1.638039

-2.959832

-3.426610

-3.646522

-4.650635

-3.082043

.546106

. 729956

.315980

.054038

.938651

.392805

.088477

.627919

.551982

.861310

.314214

.222665

.925246

.597342

.229478

.059005

.791990

.991074

.257186

.652844

.295451

.298179

.877308

.299162

.030154

.319640

.614635
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.718173

.644646

.410558

.580708

.216657

.997960

.024779

.077971

.495870

.007703

.048456

.509130

. 774041

.808818

.008999

.928962
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