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Abstract

This supporting information describes: (A) the dstaf the low temperature, high field
measurements, while also providing additional damat (B) the analysis of the high temperature,
low field data that was acquired in Nanjing andsainesville; and (C) the high temperature dc
and ac susceptibility df.

A. Low temperature, high field measurements

General Procedurefor 1 and 2. Similar to previous work [1], the magnetic
susceptibility studies were performed with ac muinductance coils mounted on a dilution
refrigerator equipped with a 10 T magnet. Withsheple immersed in putkle that provided
intimate thermal contact with the mixing chambgg in-phase and out-of-phase signals of the
susceptibility were recorded by a two channel lockmplifier. Various frequencies, ranging
from 24.7 Hz to 555 Hz, were used to search fop@imal response, and the ac field was
nominally 0.1 mT. Typically the data were obtairgdsothermal field sweeps at a rate of
50 mT/min, which is a rate that provides reversilults and avoids heating. For the Co and Ni
samples, the data were independent of the direofitime field sweep. In each case, a sample
mass of approximately 25 mg was used.

In parallel, specimens from the same batch of nadgeused for the low temperature
studies were measured in a commercial SQUID magredty at 2 K and in fieldsup to 7 T.
These results were consistent with the ones ragphtotas from the Nanjing Group, as described
later.
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General Procedurefor 3. See preceding paragraph for some details. Atl84.dand
50 mK, a sweep up to and down from 10 T was mautk saynificant hysteresis was observed
for the first time in any measurements made onitissument. Next, at 84.7 Hz, field sweeps
were then performed at 50 mK, 150 mK, 600 mK, 90Q &K, 4 K (a), 3 K, 4 K (b) (note
repeat at this temperature), and 5.5 K. At 5.5/ ia a field near 8 T, a dramatic signal change
was assigned to the superconducting to normalitram®f the primary coil. Typical sweep
rates of 5 T per 100 min were used, although séwénar rates were checked.

A sample mass of approximately 25 mg was usedt Biimportant to note that the Mn
sample is really small parallelpiped microcrystateereas the Co and Ni samples were more
powder-like, consisting of irregularly shaped sgser

In parallel, specimens from the same batch of nedsensed for the low temperature
studies were measured in a commercial SQUID magrettr at 2 K and in fieldsupto 7 T.
These results were consistent with the ones rgptotas from the Nanjing Group, as described
later.

Samples. All magnetic measurements in Gainesville werdgoered on powder-like
samples of each compound. Compolmdas a reddish powder-like sample composed of
irregular spheres with diameters ranging from 10BG0 um. Compoungwas a greenish
powder-like sample composed of irregular spherdis diameters of approximately 100 um.
Compound3 was composed of small dark-yellowish paralleleg@ipecro-crystals with lengths
ranging from 400 to 900 pm and widths spanning fi@@ to 200 um.

Analysis. In previous work [1], the low temperature andhigld signals allowed for a
background to be determined, since the sample \aathigll saturation and the signal was
strong. However, for the present work, whenevisr phocedure was attempted, the magnetic
field dependence of the treated data was highlgdgent on the subtraction protocol.
Consequently, the magnitude of the ac voltage if=pfiasé + out-of-phasg % was analyzed
without any background subtractions. This respodEdB, where M is the magnetization of
the sample anB is the applied magnetic field, was differentiateabtain dM/dB?, which is
plotted versu® in the plots. Ultimately, the shape of the regmois complicated by the
background arising from the measuring coils, andfddarch 2010, a different set of coils are
being developed for future measurements.

Data. The data for compounds 2, and3 are given Figures S1, S2, and S3, respectively.
The figure captions and legends provide informaéibaut the frequencies that were employed.
The magnetic field axes are limited to the regiwhere the temperature dependent features were
observed. Fot and2, no other signatures that could be assigned tedh®les were observed
at higher magnetic fields, although the sweeps wagrieally made to full field, 10 T. F@, the
hysteresis was interpreted as the physical reakginafterBs;was achieved, of part of the
sample that had not been fully immobilized.
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B. High temperature, low field analysis and data
Taking the dimer Hamiltonian &= —J S\-Sg, the equation for the dimer susceptibility is [2]

2S,

> S(S+1)(25+1) expk S(S+1) ]
Xoimer (T) = '\;?( iB EE KT . (S1)
B Z(25+1) exp[ S(S+1) T]

Incorporating a weak inter-dimer interactidf),in the molecular field approximation, as well as
a fraction of unpaired sping, and a temperature-independent background subi#ptiy,, the
equation for the total susceptibility of the samqa@ be written as
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New fits were performed at UF on th€ data from for compoundsand3 using Equation S2,
with g, J, zJ', andp as parameters. For compouhdie” = g° [S(S+1)] was replaced with the
effective moment for a single Co(ll) with spin-arboupling,

a, +a exp{— 2 Ax} +a, exp(— 4AX)
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with A = 3«/2, wherex is the orbital reduction coefficient that may vamstween 2/3 and k,=
MksT, wherehd = —{/(29) is the spin-orbit coupling, so for the free-iase of Co(INA =-((/3) =
-(515/3) cntt = -172 cm' [2,3]. Fits were performed for compouhgdtakingA as the new
parameter. These fits for both the UF and Namjiat from compounds—3 are shown in
Figure S4. The parameters obtained from thesar@given in Table S1. The resulting
temperature dependence of thactor forl is shown in Figure S5. For comparative purposes,
the UF data acquired dnwas fit whenA = 0, i.e. not including spin-orbit coupling, aret
results are shown in Figure S6 for the parameistexdl in Table S1.

Finally, for completeness, the possibility of zédiele splitting was considered, even though the
local ligand environment does not suggest a steffegt. The data d were fit to the equation
appropriate foS= 1 dimers with zero-field splittind), and mean-field inter-dimer interactions
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[4,5]. The results of the fits are indistinguisleafby visual inspection) from the lines shown in
Figure 5, and the resulting parameters are givarabile S2. As expected on the basis of the

inspection of the crystal structui®,is small and effectively “trades fitting weight’ith the
inter-dimer interaction.

Table S1. Values of the parameters obtained from fitting lanjing (N) and Gainesville (G)
high temperature and low field data, Figure S4e T@mperature dependence of Ahearameter

for the fitting of1 are shown in Figure S5, while the results of théof 1 (G) withA =0 are
shown in Figure S6.

IN) | 2(N) | 3(N) | 1(G) | 1(G) | 2(G) | 3(G)

S=3/2| S=1|S=5/2|S=3/2|S=32 S=1|S=5/2
g 1.95 2.09 2.03 Lot 248 | 2.26 1.98

2.69 ' ' 2.60 ' ' '
J -5.8 -5.8 1.1 -5.3 -4.6 -5.8 1.1
2y 3.0 1.6 -0.36 2.4 0.2 1.6 -0.33
p 0.02 | 0.06 | 0002 | 002 | 0.03 0.02 | 0.003
Yo -1x10% | 7x10° | -1x10* | -1x10* | 0.003 8x10* | 2x10*
A 1.5 1.34 0

Each fit was performed over the entire range oftd®. AllJ, zJ’ values are stated in units of K, andyglvalues
are in units of crhper mol of dimer (M).

t calculated from Equation S3&t 2 K; and
¥ calculated from Equation S3Bt 300 K, see Figure S5.

Table S2. Values of the parameters obtained from fitgr the Gainesville (G) high
temperature and low field data while excluding gooh repeated from Table S1) and including
finite zero-field splittingD. The standard “quality of fit” parameters areodlisted.

2(G) | 2(G)
S=1 | s=1

g 2.26 2.0

J -5.8 -4.9

z) 1.6 0.6

p 0.02 | 0.02
Yo 8 x 10*| 4 x 10*

D 0 0.5
Chi-sqr (fit) | 2 x 10% | 5 x 10°
R? (fit) 0.9995| 0.9995
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C. High temperature ac susceptibility of 1

A commercial SQUID magnetometer equipped withuscsptibility coils was used to

measurel, and these data, which can be contrasted to taeslawn in Figure S1, are give in
Figure S7.
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Figure S1. Isothermal data sets bfat 232 Hz, upper panel, and 25 Hz, lower panel.
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Figure S2. Isothermal data sets Bfat 232 Hz, upper panel, and 373 Hz, lower panel.

S-7



Mn-dimer
— (July 09 NHMFL)
2.0 \:?CZ 1 84.7 Hz
e E\\ Mag Field
A gy ~__ | UP (top trace)
= 15 7&:& ?\Eﬁ DN (low trace)
S SSSNNN
Z -_\""‘“-m\ §\\§§:\\J —— 150 mK
@ [T — — 600 mK
% 10} [~ §§§§ — o0mK
2 \%\\ — 2K
05 \Q\ R
~ T — 4K
\ —— 55K

0.0 05 1.0 1.5 2.0 25 3.0 35 4.0 4.
Magnetic Field (Tesla)

ol
o
o

1.2 ———r
o \
= Re Ol
>
: \‘\
S q0t _
()
g \\
'c
U’ .
§ Mn dimer
84.7 Hz
50 mK
Mag
0.8 D —— ¥ I N S} I N S PR S T P R S
0.0 0.5 1.0 15 2.0 2.5

Magnetic field (Tesla)
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Gainesville data
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Figure S4. Data (in units of crhper mol of dimer (M) and fits, Equations S1-S3 and Table S1.
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temperature, calculated using the parameters (G) whenA = 0.

obtained from the fits described in the text.
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susceptibilities ofl with B;c = 3 G, zero applied static magnetic field, andegdiency of 10 Hz.
The inset shows the isothermal= 1.8 K, as a function of temperature. In altamees, the
lines are connecting the data points to serve megtor the eyes.
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