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Abstract 

Copper(II)-nitroxide based molecular magnets Cu(hfac)2L
R
 exhibit thermally-induced transitions 

between high- and low-temperature (HT/LT) magnetostructural states. In this work we report the 

first study on spatial distribution of HT/LT phases during gradual transitions in these compounds. 

We explore the possibility of domains formation at intermediate temperatures that was never 

addressed before. For this purpose, we reexamine the available electron paramagnetic resonance 

(EPR) and X-ray diffraction data, and perform numerical calculations of EPR spectra for different 

models of exchange-coupled networks. Thorough analysis shows that during gradual transitions 

molecular magnets Cu(hfac)2L
R
 represent solid solutions of disordered HT and LT phases, and the 

formation of single-phase domains larger than a few nanometers in size is unlikely. 
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Introduction 

Design of molecular switches is an attractive field of fundamental research with promising 

perspective for future applications in nanosensing, data storage etc. In particular, a lot of studies 

have been focused on spin crossover (SCO) and related phenomena often found in transition metal 

complexes.
1-7

 Many topics of interest have been extensively investigated, including influence of 

chemical structure on SCO, influence of external stimuli such as pressure, light etc., relaxation 

behavior between phases, nature of cooperativity, theoretical models of SCO phenomena, etc. 

 Copper(II)-nitroxide based molecular magnets exhibit magnetic phenomena in many aspects 

similar to SCO.
8,9

 Although spin state of copper(II) cannot be changed, the total spin state of 

exchange-coupled copper(II)-nitroxide cluster can. These complexes contain either spin triads 

nitroxide-copper(II)-nitroxide or spin pairs copper(II)-nitroxide and undergo temperature-induced 

magnetostructural rearrangements of Jahn-Teller nature. They are often called “breathing crystals” 

due to the large and reversible changes of unit cell volume occurring upon magnetostructural 

transition. The elongated (Jahn-Teller) axes of coordination octahedra CuO6 (for triads) or CuO5N 

(for pairs) occupy different directions at high and low temperatures (HT/LT), creating two distinct 

structural states characterized by two different exchange couplings between copper(II) and nitroxide 

spins (J). Typically, HT structure corresponds to nitroxide ligands in axial coordination positions, 

resulting in weak ferromagnetic exchange J (so-called weakly-coupled spin state, WS). Instead, LT 

structure corresponds to nitroxide ligands in equatorial coordination positions, where J is strong 

antiferromagnetic (strongly-coupled spin state, SS). Stimuli-induced switching between these two 

states of breathing crystals is of great interest, and various related phenomena have been observed 

in other systems as well.
10-20

 

 The family of breathing crystals Cu(hfac)2L
R
 has dramatically expanded over last decade 

and presently includes more than 50 compounds, most of which were extensively characterized by 

X-ray diffraction (XRD), SQUID magnetometry, electron paramagnetic resonance (EPR), and some 

recently by optical spectroscopies.
8,9,21-34

 Temperature dependence of the effective magnetic 

moment (µeff(T)) strongly varies from compound to compound: abrupt or gradual transitions with 

one to three steps of different amplitude may be observed. In general, abrupt transitions are 

associated with high cooperativity and concerted switching of all clusters from one phase to 

another. At the same time, nature and molecular-level structure during gradual transitions is much 

less understood.  

 First possible explanation of gradual µeff(T) dependence observed in many breathing crystals 

relies on the interplay of gradually changing geometry of coordination octahedra in conjunction 
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with changes of exchange couplings and corresponding populations of spin levels. In principle, 

XRD data support this idea, since they also report gradual structural changes with temperature. 

However, if one phase is disordered inside the other one (solid solution), XRD is likely to report a 

spatially-averaged structure being a weighted combination of the two phases. Thus, second possible 

explanation has to be considered, namely that gradual transition in breathing crystals results from 

consequent switching of exchange-coupled clusters from one state to another.  

EPR of breathing crystals provides an excellent opportunity to distinguish between SS and 

WS states (LT/HT geometries), because the corresponding spectra are distinctly different.
9
 

Therefore, it seems that EPR data should be decisive for the two above explanations. However, it 

was found that relatively weak intercluster exchange couplings (Jinter~1-10 cm
-1

) between 

neighboring clusters couple them into an infinite chain and lead again to the averaging of signals of 

SS and WS states at intermediate temperatures.
26

 Conclusive evidence was recently found by FTIR 

spectroscopy, which is sensitive to the structural changes, but not sensitive to magnetic 

interactions.
34

 Studying the breathing crystal with gradual transition, we observed gradual 

replacement of one phase by another and no signs of intermediate phases. This clearly shows that 

the second explanation is valid: the two phases coexist during gradual transitions in breathing 

crystals, and temperature-dependent ratio of these phases results in the observed gradual changes in 

SQUID, XRD and EPR. Recent quantum-chemical studies provided an additional evidence for this 

conclusion.
35

 

 Having understood this, the next interesting question is whether or not magnetostructural 

domains exist at the intermediate temperatures. A number of studies addressed this topic for SCO 

compounds previously,
36-45

 and unveiling similar information for breathing crystals would be a 

topical task. In general, gradual transitions imply low cooperativity, and low cooperativity implies 

no domains formed, since domains ultimately result from cooperative interactions. However, (i) 

cooperativity in breathing crystals is still an unexplored field due to the pronounced synthetic 

difficulties in creation of magnetically-diluted analogues, and (ii) the occurrence of magnetic 

anomalies on the scale of exchange cluster (not a single ion) supposes much higher sensitivity of 

breathing crystals to the subtle cooperative interactions. The latter was indirectly confirmed by a 

very high sensitivity of breathing crystals to such external influences as pressure,
46

 embedding in 

polymer matrix,
32

 and even severe grinding.  

Thus, the question on possible domain structures vs. purely solid solution of two phases 

during gradual transitions in breathing crystals needs further investigation. In this work we perform 

numerical simulation of previously obtained high-field EPR spectra
25

 assuming domain structures 

of various sizes. Using this approach, we set upper limit for the domain size that allows fair 
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agreement with experimental EPR data. We also reexamine XRD data at intermediate temperatures 

yielding information on possible domain formation. Combination of these analyses allowed us to 

conclude on the spatial distribution of phases in the studied compounds. 

 

Results and Discussion 

Analysis of EPR data 

As was already mentioned above, EPR spectra corresponding to the two magnetostructural states of 

spin triads ({HT geometry, WS state} and {LT geometry, SS state}) are distinctly different.
9
 WS 

state is characterized by g>2 values, whereas SS state has g<2. We restrict ourselves here to spin 

triads only and do not consider spin pairs, because available experimental data for the former type 

of clusters is much more abundant.
8,9

  

Why can SS and WS states in breathing crystals become indistinguishable by EPR? The 

reason is the interplay of intercluster exchange interaction Jinter and temporal resolution of EPR 

traced back to the detection using oscillating (typically ~9-300 GHz) microwave magnetic field. If 

two clusters in different states are coupled by Jinter, electron is delocalized between these two 

clusters with characteristic hopping frequency being roughly f~Jinter.
47

 Assume that the two 

individual lines of SS and WS states are separated by static magnetic field ∆B≡∆ν/γe (where γe is 

the gyromagnetic ratio), and electron hops between these two states. The shape of the overall EPR 

spectrum will strongly depend on the ratio between ∆ν and f. In the limiting case ∆ν<<f, the two 

individual lines coalesce into a single EPR line with averaged spectral characteristics.
48

 If we 

extend our consideration to the large network of exchange-coupled clusters, hyperfine and dipolar-

type interactions may become completely averaged due to the electron hopping, and so-called 

exchange narrowing is observed. In the opposite limiting case ∆ν>>f, the influence of exchange can 

be neglected and two individual EPR lines of SS and WS states may be resolved. Since ∆ν depends 

on ∆B (and thus on the operating frequency of EPR spectrometer νmw), while f is purely a property 

of spin system, variation of νmw changes the ratio between ∆ν and f, being a useful experimental 

approach in many situations. 

Consider now the realistic model of breathing crystals: an infinite linear chain of clusters 

coupled by intercluster exchange Jinter (Fig.1). Exactly this magnetic motif has been established by 

means of EPR and quantum chemistry studies.
26

 Depending on the magnitude of Jinter (that for 

simplicity is assumed isotropic), the rate of spin diffusion (i.e. electron propagation/hopping) along 

the chain will take finite values. If continuous sequences of clusters in the same spin state (that we 

will call “domains”) will be long enough, a very strong Jinter will be necessary to fully average EPR 
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signals of neighboring domains of different phase. This is clearly understood because clusters in the 

center of big domain will have nearly zero interaction with clusters of the neighboring domain. 

Contrary to that, if clusters in different states are homogeneously mixed, so that there are no large 

domains of the same phase, much smaller Jinter couplings will efficiently exchange-narrow the EPR 

signals of two phases. Thus, clearly, for linear chains of exchange-coupled clusters the shape of the 

EPR spectrum will be sensitive to the ratio between the domain size and Jinter value, and this is 

exactly the property that we would like to exploit for the estimation of domain sizes in breathing 

crystals. 

 

Figure 1. Typical structure of breathing crystals exemplified using complex Cu(hfac)2L
Bu⋅C7H16 at 150 K (WS 

state). Spin triads are circled, magnetic chains spreading across the structural polymer chains through 

NO…ON contacts are highlighted in grey. Color code: Cu – light blue, O – red, N – blue, C – grey.  

 

We model infinite chain of coupled spin triads by 16- or 32-membered rings, where each 

triad has g-factor gSS or gWS depending on its state (Fig. 2). Previous studies assume that such rings 

model infinite chains very well,
49,26

 and, in addition, we have found the identical results obtained 

for 16- and 32-membered rings in this study. Each triad is connected by Jinter only with the two of its 

neighbors in the chain (ring). In order to account for EPR detection and describe exchange 

narrowing, we consider the magnetization vector of each cluster (triad) iM  and use the system of 

32 modified Bloch equations for the complex variables i

y

i

x

i iMMG −=  (i=1 to 32; (i+1)=33 refers to 

1, (i-1)=0 refers to 32):  

ii

i

ii

i

ii

i

ii

i
iii

i

ii GGGG
MiGi

T

G

dt

dG

→→+

+

→+→

++−−−∆+−=
1-

1-

1

1

1-1

01

2 ττττ
ωω     (1) 

where i

yxM 0,, correspond to x, y and equilibrium components of magnetization vector of the i-th 

cluster, 
iT2  is the transverse relaxation time of i-th cluster in the absence of intercluster exchange, 

iω∆ is the corresponding resonance offset, 1ω  is the microwave field amplitude, ji→τ  is the electron 
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hopping rate from i-th to j-th cluster. Since we seek a stationary solution of this system, 0=dtdGi
; 

the absorption lineshape is then obtained as usual by taking 






−= ∑
−= 321

Im
i

i

y GM . For simplicity we 

assume the 
iT2  and ji→τ  values equal for all i,j. 

 

Figure 2. Models of exchange-coupled chains of spin triads in breathing crystals. Filled circles correspond to 

spin triads in SS state, open circles for spin triads in WS state, exchange coupling between any neighboring 

triads is taken as Jinter. 16-membered “rings” in the bottom (and 32-membered analogues which are not shown) 

were assumed to be good models of corresponding infinite polymer chains. 

 

Figure 3 shows the results of model calculations for the “1/1” model (regular alternation of clusters 

in WS and SS states with overall equal amount of each state) for different values of intercluster 

exchange Jinter. As will be obvious below, the spectroscopic parameters considered in this 

calculation are typical for breathing crystals. The obtained trends perfectly agree with qualitative 

expectations. At smallest values of Jinter=0.01 cm
-1

 we observe two resolved EPR lines that are 

relatively narrow being mainly determined by T2 relaxation time. At higher values of Jinter the two 

lines start to broaden and coalesce at Jinter>0.5 cm
-1

; at even higher values of Jinter the coalesced line 

exchange-narrows. All these observations are typical for exchange narrowing (or motional 

narrowing) observed in EPR or NMR experiments.
48

 

 Next, we investigate the influence of domain size (where domain means the sequence of 

clusters in the same state) on EPR spectrum at fixed Jinter and compare the results with previously 

reported experimental data.
25

 We focus on two representatives of the breathing crystals family, 

Cu(hfac)2L
Bu⋅0.5C8H18 (where C8H18 is n-octane) and Cu(hfac)2L

Pr
, that have been previously 

investigated by EPR in broad frequency range 34-244 GHz.
25

 In addition, quantum chemical 

calculations of intercluster (interchain) exchange couplings are also available for these two 
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compounds: they equal to |Jinter|=9.55 cm
-1

 (Cu(hfac)2L
Bu⋅0.5C8H18) and |Jinter|=0.33 cm

-1
 

(Cu(hfac)2L
Pr

) in SS state at UB3LYP/6-31+G* level and do not change much (only by a factor of 

~2) with temperature.
26,35

 

 

 

Figure 3. Calculated EPR spectra of 32-membered ring with regularly alternating clusters in WS and SS state 

(model “1/1”) vs. value of intercluster exchange coupling Jinter. Model parameters used: microwave frequency 

νmw=244 GHz;  g-factors of WS and SS states gWS=2.07, gSS=1.97; T2=1 ns; ω1=10
4
 s

-1
; values of Jinter are 

indicated on the plot. All spectra are normalized. 

 

Figure 4a shows experimental EPR data for Cu(hfac)2L
Bu⋅0.5C8H18 obtained previously at 244 

GHz.
25

 This compound exhibits gradual magnetostructural transition between ~90 K (SS state) and 

~180 K (WS state). In Fig.4a (and Figs. 5a, 6a below) we show experimental EPR spectra of spin 

triads only. Single crystal (arbitrary) orientations in Ref.25 were adjusted to resolve completely the 

signals of spin triads and signals of one-spin CuN4O2 units (that appear at lower magnetic fields) at 

any temperature. Remarkably, we observed single EPR line of spin triad at all frequencies up to 244 

GHz and at any temperature.
25

 The shape of EPR line experienced pronounced changes, and the 

position gradually moved from that of WS to SS state as temperature changed; however, no 

resolved EPR lines of WS/SS states were detected. This means, that if the two states coexist at 

intermediate temperatures, the averaging due to Jinter should be very efficient.  
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 For simplicity of modeling, we restrict calculations to the particular situation when the 

number of WS states equals to the number of SS states, i.e. the transition is just 50% complete. For 

Cu(hfac)2L
Bu⋅0.5C8H18 this corresponds approximately to 120 K, because )SS(3)WS( 2

eff

2

eff µµ ≈ . 

Integral intensity of EPR lines in WS and SS states also differs by a factor of 3; however, without 

loss of generality and with the gain of visualization, the coalescence regime can be studied for two 

lines of the same integral intensity. 

  

 

Figure 4. (a) Experimental EPR spectra of Cu(hfac)2L
Bu⋅0.5C8H18 (single crystal) obtained at 244 GHz (data 

published previously in ref.25). All spectra are normalized. The indicated range of magnetic field corresponds 

to spin triads (CuO6 units) only, whereas EPR signals of CuO4N2 units appear at lower magnetic fields for 

chosen crystal orientation and are not shown (for full EPR spectra see ref.25) (b) Calculated EPR spectra of 32-

membered ring for different models of WS/SS spatial distribution (indicated on the plot). In all cases the 

amounts of WS and SS states were equal and Jinter=10 cm
-1

. Other parameters used: microwave frequency 

νmw=244 GHz;  g-factors of WS and SS states gWS=2.053, gSS=1.974; T2=1 ns; ω1=10
4
 s

-1
. All spectra are 

normalized. 

 

Figure 4b shows calculated spectra of 32-membered ring in five models corresponding to the 

continuous sequences of WS/SS states being 1 (“1/1”), 2 (“2/2”), 4 (“4/4”), 8 (“8/8”) and 16 

(“16/16”) (see Fig. 2). In all cases the value of Jinter=10 cm
-1

 was used, in agreement with previously 

reported value Jinter = 9.55 cm
-1

.
26

 Indeed, a single exchange-narrowed EPR line is observed in 

Page 8 of 16Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



9 

 

“1/1”, “2/2” and “4/4” models; however, starting from about 8 clusters of the same phase in a row 

the two lines become resolved. This reflects that for the same-phase domains of more than 8 

clusters Jinter = 10 cm
-1

 is not large enough to cause observation of single exchange-narrowed line. 

Thus, model calculation restricts the domain size in Cu(hfac)2L
Bu⋅0.5C8H18 at a level of ~8 clusters. 

One may argue that Jinter value calculated quantum-chemically is not accurate enough; however, the 

drop of µeff(T) dependence at T<20 K agrees very well with this value.
26

 Another objection can arise 

from the accuracy of estimation of the electron hopping rate to be f~ Jinter~1/τ. This is indeed a 

crude estimate, and to validate results we perform model calculations for the second compound 

Cu(hfac)2L
Pr

 at two microwave bands. 

Breathing crystal Cu(hfac)2L
Pr

 develops gradual magnetostructural transition between ~90 K 

(SS state) and ~250 K (WS state), with equal concentration of two states around 170-180 K. 

Cu(hfac)2L
Pr

 has much smaller value of Jinter~0.3 cm
-1

 compared to Cu(hfac)2L
Bu⋅0.5C8H18. In 

agreement with that, EPR spectra at 244 GHz demonstrate clearly resolved signals of SS and WS 

states at intermediate temperatures. Indeed, using Jinter ~ 0.3 cm
-1

 we easily obtain two resolved 

EPR lines even in “1/1” model (Fig.5b). Remarkably, the apparent linewidth in “1/1” model is very 

similar to that observed experimentally at 150-215 K (Fig.5a). Models “4/4”-“16/16” give much 

narrower spectra, close to those of pure SS state (90 K) or pure WS state (260 K). Thus, judging 

from linewidth, “1/1” model is again most adequate to account for experimental observations. 

Furthermore, calculations for Cu(hfac)2L
Pr

 can also be done at Q-band (34 GHz) mw 

frequency. At this relatively low frequency resolved lines of WS and SS states are not observed; 

instead, single EPR line moving with temperature is found (Fig. 6a), quite similar to the data for 

Cu(hfac)2L
Bu⋅0.5C8H18 at 244 GHz (Fig. 4a). Using Jinter~0.3 cm

-1
 we obtain that only “1/1” and 

“2/2” models result in single exchange-narrowed EPR line, whereas larger sequences of clusters in 

the same phase (“4/4”-“16/16” models) result in resolved structure that is not observed 

experimentally. Thus, similar to the first compound, EPR data on Cu(hfac)2L
Pr

 presumes that only 

small domains (<4 clusters in size) can hypothetically be formed in course of gradual 

magnetostructural transition. 
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Figure 5. (a) Experimental EPR spectra of Cu(hfac)2L
Pr

 (single crystal) obtained at 244 GHz (data published 

previously in ref.25). All spectra are normalized. The indicated range of magnetic field corresponds to spin 

triads (CuO6 units) only, whereas EPR signals of CuO4N2 units appear at lower magnetic fields for chosen 

crystal orientation and are not shown (for full EPR spectra see ref.25) (b) Calculated EPR spectra of 32-

membered ring for different models of WS/SS spatial distribution (indicated on the plot). In all cases the 

amounts of WS and SS states were equal and Jinter=0.3 cm
-1

. Other parameters used: microwave frequency 

νmw=244 GHz;  g-factors of WS and SS states gWS=2.07, gSS=1.97; T2=1 ns; ω1=10
4
 s

-1
. All spectra are 

normalized. 

 

Note that all considerations above were done in the model where a particular cluster 

switches from one state to another only once in course of the transition and statically resides in SS 

or WS state in the rest of the time. However, Jahn-Teller (JT) nature of breathing crystals does not 

exclude that each cluster might oscillate between two states (WS or SS having different JT axis) 

with the frequency on the order of GHz, so that the ratio of WS and SS states at particular 

temperature (e.g. measured by FTIR) is a statistical number.
9
 Similar manifestations of dynamic JT 

effect and vibronic coupling are well known for copper(II) complexes,
50-54

 and the possibility of 

dynamic JT behavior in breathing crystals could not be disproved by any experimental technique so 

far. Note, however, that such “dynamic equilibrium” between SS and WS phases in course of 

gradual magnetostructural transition is in principle inconsistent with the existence of domains of 

separate phases. Thus, whether equilibrium between different phases is dynamic or static, the 

restrictions for the domains size obtained by our modeling above remain valid. 
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Figure 6. (a) Experimental EPR spectra of Cu(hfac)2L
Pr (single crystal) obtained at 34 GHz (data published 

previously in ref.25). All spectra are normalized. The indicated range of magnetic field corresponds to spin 

triads (CuO6 units) only, whereas EPR signals of CuO4N2 units appear at lower magnetic fields for chosen 

crystal orientation and are not shown (for full EPR spectra see ref.25) (b) Calculated EPR spectra of 32-

membered ring for different models of WS/SS spatial distribution (indicated on the plot). In all cases the 

amounts of WS and SS states were equal and Jinter=0.3 cm
-1

. Other parameters used: microwave frequency 

νmw=34 GHz;  g-factors of WS and SS states gWS=2.065, gSS=1.975; T2=1 ns; ω1=104 s-1. All spectra are 

normalized. 

 

 

Analysis of XRD data 

Although crystal structures obtained by XRD analysis generally provide spatial averages over the 

crystal volume, one anticipates that such parameters of solved structure as symmetry, R-factor and 

mosaicity
55-57

 can indirectly inform on the possibility of domain formation in biphasic compounds. 

E.g., if large enough domains are formed, additional symmetry constrains might be required to 

solve the structure. Contrary, if two phases are homogeneously distributed in the crystal, the long-

range order should be found and the percentage of symmetry breakings is expected to be low. At 

least qualitatively, such reconsideration of crystal data can confirm or disprove the conclusions 

made solely on the basis of EPR above. 

 The detailed analysis of crystal structure of Cu(hfac)2L
Pr

 (single crystal, see Electronic 

Supplementary Information (ESI)) reveals abrupt symmetry change at ~220 K. Base-centered cell 
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(monoclinic space group C2/c) is found at T=290-225 K with insignificant percentage of this 

symmetry breakings <3.1% (Table S1 of ESI), indicating the presence of long-range order and 

confirming statistically homogeneous distribution of WS phase with the small admixture of SS 

phase. However, the processing of data collected at 220 K assuming space group C2/c yields >50% 

of breakings of base-centered unit cell (i.e. reflections with h+k ≠ 2n). At the same time, assuming 

space group P21/n that is an isomorphous sub-group of C2/c, we find the percentage of symmetry 

breakings as small as <3.1%. The difference in Cu atoms positions in space groups C2/c and P21/n 

is ascribed to the loss of centrosymmetry in coordination units {CuO6} (Cu(1) in Fig. 7a) at 220 K, 

whereas the coordination units {CuO4N2} are always centrosymmetrical (one crystallographically-

independent unit of C2/c symmetry (Cu(2) in Fig. 7a) and two units of P21/n symmetry (Cu(1) and 

Cu(3) in Fig. 7b)). Note that even though the {CuO6} unit is not centrosymmetrical, its two Cu-ONO 

distances are virtually the same at 220 K, as well as at lower temperatures.  

Thus, three simultaneous observations are made in the temperature region of mixed phases 

(220 K), namely (i) crystal symmetry changes compared to the pure phases, (ii) low percentage of 

symmetry breakings (<3.1%) implies long-range order and a good quality of the sample, and (iii) 

the two Cu-ONO distances in {CuO6} units are similar at T=220 K and below. Altogether, these 

observations are strongly favorable for the "1/1" model of homogeneously distributed units in WS 

and SS states in the crystal. At least XRD data do not point out to a multiple increase of any 

parameter of the unit cell, which would be expected for large enough domains.  

 

Figure 7. (a) Polymer chain in Cu(hfac)2L
Pr

 at 220 K in C2/c space group (n-Pr substituent is disordered on 

three positions (0.4/0.4/0.2) and only one position is shown. (b) Polymer chain in Cu(hfac)2L
Pr at 220 K in 

P21/n space group. Color code: Cu – light blue, O – red, N – blue, C – grey. 

 

Conclusions 

In this work we have revisited previously obtained experimental EPR data
25

 on breathing crystals 

Cu(hfac)2L
R
; we have analyzed these data using numerical calculations in order to obtain 

constraints for the size of domains potentially formed during gradual magnetostructural transitions. 
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Our analysis clearly shows that during gradual transitions molecular magnets Cu(hfac)2L
R
 represent 

solid solutions of two disordered phases, and formation of single-phase domains larger than 4-8 

clusters is hardly possible. Having the cluster size of ~1.3 nm, we set the upper limit of the domain 

size as ~5-10 nm, whereas the real size is likely to be smaller. Additional XRD analyses support 

these EPR-based findings. Note that apart from targeted application to particular family of 

compounds done in this work, the proposed methodology is generally applicable for studying 

spatial distribution of different types of paramagnetic centers in solids. To the best of our 

knowledge, such approach has been demonstrated by us here for the first time. 

 Understanding the spatial distribution of two phases in switchable molecular magnets 

Cu(hfac)2L
R
 is highly important from both fundamental and applied sides. In particular, the present 

study shows that magnetic properties of clusters in two different states, namely individual magnetic 

moments and exchange couplings, are averaged on the scale of a few nanometers. Unless a really 

single-ion/cluster property is targeted, one generally can operate with the average values, as was 

previously done in numerous EPR studies.
9
 In addition, this implies that nanocrystals of a few nm 

in size should reflect the physical properties of the big crystals, aiding their prospective preparation 

on surfaces for prototyping molecular spin devices. More experimental work is certainly required to 

downscale the crystals of Cu(hfac)2L
R
 family to nanometers and study their properties, and the 

present work sustains this topical direction of future research. 
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