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SUPPLEMENTARY  INFORMATION  

 

Table S1 

Cu!!!Cu and CuÐL(apical) distances (•), Cuááá(OOCR)4(plane) displacement (•) and intradimer 

superexchange coupling constants (cmÐ1) in paddle-wheel copper acetate (and other carboxylate) 

dimeric structure. 

compound a Cu!!!Cu CuÐL 
(apical) 

CuáááO4(plane) 2J ref 

[Cu2(µ-MeCOO)4(H2O)2] 2.64 2.20 Ð Ð292.2 1a 

 2.616(1) 2.156(4) 0.192  1b 

 2.6143(17) b 2.1613(14) b 0.1913 b  2 

 2.617(1) 2.157(1) Ð  3 

[Cu2(µ-MeCOO)4(MeOH)2] 2.596(1) 2.160(3) 0.18 Ð 4a,5 

[Cu2(µ-MeCOO)4(µ-dabco)]n 2.632(2) 2.193(8) 0.21 Ð 4b,5 

[Cu2(µ-MeCOO)4(MeCOOH)2] 2.581(1) 2.197(2) 0.18 Ð 4a,5 

[Cu2(µ-MeCOO)4(MeCOOH)2] 2.581(4) b 2.184(3) b Ð Ð 6 

[Cu2(µ-MeCOO)4(H2O)2(MeCOOH)2] 2.6128(16) b 2.1325(14) b Ð Ð 6 

[Cu2(µ-MeCOO)4(DMF)2] 2.614(1) 2.163(3) 0.20 Ð 4b,5 
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[Cu2(µ-MeCOO)4(MeCN)2] 2.6349(7) 2.203(4) 0.20 Ð 7 

[Cu2(µ-MeCOO)4(pyrazine)]n 2.583(1) 2.171(6) 0.28 Ð325(20) 8a,b 

[Cu2(µ-MeCOO)4(µ-pyrazine)]n 2.581 2.182(6) Ð Ð344.6 9 

[Cu2(µ-CCl3COO)4(µ-pyrazine)]n 2.733 2.148(6) Ð Ð238.5 9 

[Cu2(µ-MeCOO)4(nia)2] 2.614(1) 2.172(3) 0.197 Ð 10 

[Cu2(µ-MeCOO)4(nia)]n 2.628(1) 
2.621(1) 

2.158(2) (N) 
2.146(2) (O) 

0.201 (N) 
0.198 (O) 

Ð 10 

[Cu2(µ-MeCOO)4(daed)]n 2.63 2.248(8) Ð Ð 11 

[Cu2(µ-MeCOO)4(Trimethoprim)2] 2.679(1) 2.170(5) 0.23 Ð 12 

[Cu2(µ-MeCOO)4(pyridine)2] 2.630(3) 2.122(9) 
2.129(11) 

0.22 Ð325 13a 

 2.645(3) 2.186(8) Ð  13b 

[Cu2(µ-MeCOO)4(2-MeNH-py)2] 2.7192(7) 2.233(2) 0.25 Ð286 14 

[Cu2(µ-MeCOO)4(2-PhNH-py)2] 2.6479(9) 2.186(3) 0.209 Ð286 15 

[Cu2(µ-MeCOO)4(L
5)2] 2.6222(12) 2.165(3) Ð Ð344 16 

[Cu2(µ-tBuCOO)4(L
5)2] 2.6143(13) 2.183(4) Ð Ð384 16 

[Cu2(µ-C6H5CH2COO)4(L
9)2] 2.6337(10) 2.1786(19) Ð Ð320 16 

(Me4N)2[Cu2(µ-HCOO)4(NCS)2] 2.716(2) 2.093(9) Ð Ð485 17 

(Me4N)2[Cu2(µ-MeCOO)4(NCS)2] 2.643(3) 2.08(2) Ð Ð305 17 

NaH[Cu2(µ-MeCOO)4(MeCOO)2] 2.5911(6) 2.169(2) Ð Ð334 18 

[Cu2(µ-MeCOO)4(µ-dpp)]n 2.6294(11) 2.176(4) Ð Ð 19 

[Cu2(µ-MeCOO)4(µ-L6)]n 2.61 2.15Ð2.18 Ð Ð 20 

[Cu2(µ-MeCOO)4(µ-L7)]n 2.61 2.18   20 

[Cu2(µ-PhCOO)4(µ-L10)]n 2.6254(5) 2.174(2)   21 

[Cu2(µ-C5H11COO)4(µ-L10)]n 2.6189(5) 2.187(2)   21 

[Cu2(µ-MeCOO)4(µ-L10)]n 

0.5n[Cu2(µ-MeCOO)4(H2O)2] 

2.6121(5) 
2.5929(6) 

2.207(2) 
Ð 

Ð Ð 21 

[Cu2(µ-MeCOO)4(µ-L1)]n 2.6088(14) 2.162(4) Ð Ð363 22 

[Cu2(µ-MeCOO)4(L
8)2] 2.6528(6) 2.207(2) 0.207 Ð376 22 

[Cu2(µ-succinate)2(H2O)2!2H2O] 2.60(1) Ð Ð Ð324 24 

[Cu2(µ-L11)4(DMF)2] 2.6052(9) 2.140(3) 0.189 Ð 25 

[Cu2(µ-L11)4(hmta)!0.75H2O]n 2.6111(16) 
2.6096(16) 

2.244(5) 
2.215(5) 

0.180 
0.187 

Ð 25 

[Cu2(µ-L12)4(H2O)2] 2.594(3) 2.081(10) 0.201 Ð 25 

[Cu2(µ-L12)4(hmta)]n 2.6058(7) 2.227(2) 0.192 Ð 25 

[Cu2(µ-L12)4(dabco)]n 2.618(1) 2.219(5) 0.194 Ð 25 

[Cu2(µ-L12)4(pyrazine)]n 2.5320(8) 
2.5311(8) 

2.122(4) 
2.127(4) 

0.163 
0.154 

Ð 25 

[Cu2(µ-HCOO)4(DMF)2] 2.6509(19) 2.131(2) Ð Ð470 26 

[Cu2(µ-PhCOO)4(MeOH)2] 2.6157(5) 2.199(2) 0.188 Ð 27 
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[Cu2(µ-PhCOO)4(pyridine-N-oxide)2] 2.6199(5) 2.125(3) 0.192 Ð 27 

[Cu2(µ-L13)4(CH3OH)2] 2.6079(17) 2.188(3) 
2.154(4) 

0.182 
0.209 

Ð 28 

[Cu2(µ-L13)4(µ-dabco)]n 2.5639(1) 2.164(5) 0.202 Ð 28 

[Cu2(µ-L2)2(CH3OH)2]n 2.5835(10) 2.193(3) 0.179 Ð358 29 

[Cu2(µ-tBuCOO)4(NITpPy)2] 2.62(2) Ð 0.19 Ð332 30 

[Cu2(µ-tBuCOO)4(NITpPy)]n 2.62(4) 2.26(5) CuÐO 

2.16(4) CuÐN 
Ð Ð303 30 

[Cu2(µ-L14)4(pno)2] 2.686 2.1158(19) Ð Ð318 31 

[Cu2(µ-PhCOO)4(2,2Õ-bpno)2]n 2.639 2.1715(11) 0.202 Ð336 31 

[Cu2(µ-PhCOO)4(4,4Õ-bpno)2]n  2.137(12) 
2.119(11) 

 Ð314 31 

[Cu2(µ-C(CH3)3COO)4(µ-pyrazine)]n 2.584(2) 2.195(8) Ð Ð 32 

[Cu2(µ-benzoato)4(µ-pyrazine)]n 2.5899(7) 2.184(4) 
2.163(4) 

Ð Ð 33 

[Cu2(µ-maa)4(µ-dpp)]n 2.642(1) 
2.644(1) 

2.153(3) 
2.165(4) 

Ð Ð 34 

[Cu2(µ-maa)4(µ-dpp)2Cu(maa)2]n 2.646(1) 2.158(3) Ð Ð 34 

[Cu2(µ-trans-2-butenoate)4]n 2.5765(8) 
2.5844(11) 

2.197(3) 
2.221(3) 

Ð Ð330.6(1) 35 

[Cu2(µ-MeCOO)4(EtOH)2!Cu2(µ-
MeCOO)2(L

15)2] 
2.609(1) 2.198(9) Ð Ð 36 

[Cu2(µ-EtCOO)4(µ-EtCOO)2Cu2(µ-
EtCOO)2(phen)2]n 

2.6232(5) 2.120(2) 0.203 Ð299.5 37 

[Cu2(µ-L3)4(L
4)2] 2.6539(4) 2.181(2) 0.220 Ð278.5 37 

[Cu2(µ-MeCOO)4(L
4)2] 2.6306(3) 2.198(2) 0.203 Ð287.0 37 

[Cu2(µ-MeCOO)4(µ-
MeCOO)2Cu2(L

16)2]n 
2.615(1) 2.124(2) Ð Ð 38 

[Cu2(µ-MeCOO)4(µ-
MeCOO)2Cu2(L

17)2]n 
2.635(1) 2.135(6) Ð Ð 38 

[Cu2(µ-L18)4Ln2(µ-L18)6(H2O)4!3H2O]n 
(Ln = Gd, Er, Y) 

2.647(1)average 2.228(5) 
2.185(5) 

 Ð338(3) 39 

a abbreviations: nia = nicotinamide; daed = 1,8-bis(dimethylamino)oct-4-ene-2,6-diyne; Trimethoprim = 
2,4-diamino-5-(3Õ,4Õ,5Õ-trimethoxybenzyl)pyrimidine; dpp = 1,3-di-4-pyridylpropane; hmta = 
hexamethylenetetramine; dabco = 1,4-diazabicyclo[2.2.2]octane; pno = pyridine-N-oxide; bpno = bipyridyl-
N,NÕ-dioxide; Hmaa = 2-methylacrylic acid; NITpPy = 4,4,5,5-tetramethyl-2-(4-pyridyl)-2-imidazoline-1-
oxyl-3-oxide; dabco = 1,4-diazabicyclo[2.2.2]octane; L1 = 4,4Õ-dipyridyldisulfide; H2L

2 = diphenic acid; 
HL3 = 3-hydroxybenzoic acid; L4 = 4-acetylpyridine; L5 = 4,4,5,5-tetramethyl-2-(4-pyridyl)-2-imidazoline-
N1-oxyl N3-oxide; L6 = N,N'-(1,2-phenylene)dipyridine-4-carboxamide; ; L7 = N,N'-(1,3-
phenylene)dipyridine-4-carboxamide; L8 = 2,5-bis(2-pyridylethynyl)thiophene; L9 = 4,4,5,5-tetramethyl-2-
(3-pyridyl)-2-imidazoline N1-oxyl N3-oxide; L10 = 1,1Õ-(pyrazinyl)ferracene; HL11 = phenanthrene-9-
carboxylic acid; HL12 = adamantine-1-carboxylic acid; HL13 = anthracene-9-carboxylic acid; HL14 = 2-
nitrobenzoic acid; HL15 = N-methyl-NÕ-(4,6-dimethoxysalicylidene)-1,3-propanediamine); HL16 = 4-(2-
amino-propylimino)-pentan-2-one; HL17 = 3-(2-amino-ethylimino)-1-phenyl-butan-1-one; HL18 = trans-2-
butenoic acid. b neutron diffraction. 
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Fig. S1. XRPD pattern for compound 1 at room temperature with Cu-K"  radiation. 
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Spin system for Cu2+ dimer chains modeled as a ring of S = 1/2 spins with alternating 

exchange coupling described by a Heisenberg-Zeeman Hamiltonian 

Heisenberg-Zeeman Hamiltonian for a ring of S = 1/2 spins with alternating exchange coupling: 

    

!
H =

!
HH +

!
HZ = ! 2 J1

!
S2i "

!
S2i ! 1+ J2

!
S2i "

!
S2i +1( )

i =1

n

# + gµB

!
S2i +

!
S2i ! 1( ) "H0

i =1

n

#
  

where n is the number of dimer units arranged as a ring (it is understood that when i = n, 2i+1 = 1), 

J1 and J2 are the intra- and inter-dimer exchange coupling constants, g is the electron g-factor, and 

H0 is the applied field. The molar susceptibility (per dimer unit) is: 

    
! M (H0,T ) =

"M (H0,T )

"H0

=
Ng2µB

2

nkT
!
SZ

2 # SZ( )2$

%
&

'

(
)

!

 

Convergence with n 

!

Fig. S2. a) Molar susceptibility product !MT calculated using the ring model and g = 2.26, 2J1 = Ð

310 cmÐ1, 2J2 = Ð24 cmÐ1, and H0 = 5000 Oe. The ring size n is shown in the inset legend. The 

curves are labeled as to the number of dimers n in the ring. b) Difference between the calculated 

! MT(n < 6) and !MT(n = 6). Color legend as in (a). 

 

The maximum susceptibility difference [!M(n) Ð ! M(n+1)]T is less than 5 10Ð4 emu K/(mol Oe) for n 

= 3, and less than 5 10Ð5 emu K/(mol Oe) for n = 4. This fast convergence, observed as long as J1 is 

(even slightly) different from J2, makes the problem computationally tractable even by a standard 

a) 

b) 
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workstation. In particular, a model with n = 4 is easily manageable and gives accurate results (see 

Fig. S2b). 

 

Comparison with previously published polynomial expression of the susceptibility 

The following series of figures aims at showing that the model for alternating copper dimer chains, 

based on dimer rings of growing size described by the isotropic Heisenberg-Zeeman (HZ) 

Hamiltonian, agrees with the previously published polynomial expressions [W.E. Hatfield, J. Appl. 

Phys. 52 (1981) 1985Ð1990.] in the range where the latter ones are valid, i. e., J1 " 0, 0 "  J2/J1 " 1 

and kT/|J1| > 1/2. Therefore, we present figures comparing both the molar susceptibility ! M (= ! mol) 

and the !MT product for several choices of J1 and J2, spanning a wide range of both absolute and 

relative exchange coupling magnitude. When kT/|J1| > 1/2, agreement is indeed found within the 

validity ranges related to the exchange coupling except when J1 = Ð150 cmÐ1 and the J2/J1 ratio = 1. 

At low temperature (kT|J1| < 1/2) large deviations are observed. 

 

Fig. S3. Comparison of the polynomial expressions for the magnetic susceptibility given in [W.E. 

Hatfield, J. Appl. Phys. 52 (1981) 1985Ð1990.] with that numerically calculated using the isotropic 

Heisenberg-Zeeman Hamiltonian for different sets of parameters: J = J1 = Ð15 and Ð150 cmÐ1; # = 

J2/J1 = 0, 1/3, 2/3, and 1; g = 2; H0 = 0. In each panel one can find: top left, ! M from the HZ model 

(blue) and the polynomial expressions (green); bottom left, difference between the two curves (red); 

top right, ! MT from the HZ model (blue) and the polynomial expressions (green); bottom right, 

difference between the two curves (red). In all panels the vertical black line marks the temperature 

lower bound kT/|J1| > 1/2 for the validity of the polynomial expressions. 
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Fig. S4. Powder EPR spectra of 1 at different temperatures. a) 5 K; b) 10 K; c) 20 K; d) 70 K; e) 

295 K. The triplet state dominates the EPR spectrum for T $ 70 K. The paramagnetic impurity 

spectrum at g = 2 is the most intense at T = 5 K. 
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