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Abstract 

The spin crossover (SCO) transitions at both the surface and over the entire 
volume of the [Fe{H2B(pz)2}2(bipy)] polycrystalline films on Al2O3 substrates 
have been studied, where pz = pyrazol-1-yl and bipy = 2,2′-bipyridine. For 
[Fe{H2B(pz)2}2(bipy)] films of hundreds of nm thick, magnetometry and x-ray 
absorption spectroscopy measurements show thermal hysteresis in the SCO 
transition with temperature, although the transition in bulk 
[Fe{H2B(pz)2}2(bipy)] occurs in a non-hysteretic fashion at 157 K. While the 
size of the crystallites in those films are similar, the hysteresis becomes more 
prominent in thinner films, indicating a significant effect of the 
[Fe{H2B(pz)2}2(bipy)]/Al2O3 interface. Bistability of spin states, which can be 
inferred from the thermal hysteresis, was directly observed using temperature-
dependent x-ray diffraction; the crystallites behave as spin-state domains that 
coexist during the transition. The difference between the spin state of molecules 
at the surface of the [Fe{H2B(pz)2}2(bipy)] films and that of the molecules 
within the films, during the thermal cycle, indicates that both cooperative 
(intermolecular) effects and coordination are implicated in perturbations to the 
SCO transition. 
 

Keywords: spin crossover molecules, bistability, cooperative effects, interfaces 

 

1. Introduction 

In spin crossover (SCO) molecular materials, transition 
metal centers exhibit spin-state transitions that are driven by 

entropy and structural changes.1–5 These SCO transitions, 
although molecular in origin,3 become cooperative when the 
molecules are coupled in a solid, yielding phase-transition-
like changes of spin states and even hysteresis in the SCO 
transition in thermal cycles [as schematically indicated in 
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Figure 1a], due to the intrinsic coupling of spin state and 
structure.2 Various external stimuli can trigger SCO 
transitions by perturbing either the structure (pressure2,5,6) or 
the electronic states (light,7–13 charge injection and 
electromagnetic field14–16). This sensitivity to external stimuli 
may be exploited to realize molecular switches for next 
generation information storage and processing 
applications.15,17-29  

For widespread applications, one key aspect of the 
molecular switches is the non-volatile control, which for SCO 
molecular complexes, requires bistability of the spin states, 
ideally over a broad temperature range, around room 
temperature.11,30,31 Naturally, the coupling of spin state and 
structure may be employed to achieve this bistability.2 The 
challenge is to find the proper enthalpy differences between 
the spin states [denoted as Δ in Figure 1a] to place the SCO 
transition around room temperature and suitable structural 
differences between the spin states to generate sizable 
hysteresis.2,3,5,30 Another route to achieving these goals is to 
make use of perturbation caused by interactions at a substrate-
film interface, because 1) the electronic and structural 
couplings at the interface may change the enthalpy difference 
of the spin states (Δ) which changes the SCO transition 
temperatures; 2) the modification of the energy barrier 
between the spin states, by the interface, can tune the width of 
the hysteresis loop.29,31-35 In this regard, the spin state of thin-
film [Fe{H2B(pz)2}2(bipy)], a Fe(II) molecular SCO complex, 
exhibits remarkable tunability, where H2B(pz)2 = 
bis(hydrido)bis(1H-pyrazol-1-yl)borate, bipy = 2,2’-
bipyridine, as shown in Figure 1b. It has already been 
established that oxide substrates like SiO2,35 Al2O3,35 
NiCo2O4,16 and La0.67Sr0.33MnO3(001) (LSMO)16 tends to lock 
very thin [Fe{H2B(pz)2}2(bipy)] molecular films (< 40 nm) in 
a largely low-spin (LS) state, to temperatures well above the 
thermal SCO transition temperature, where the high-spin (HS) 
state would be generally favored. A comparison of different 
measurements of the spin-state occupancy suggests that a 
significant shift of the transition temperature is indeed 
possible.36 On the other hand, the effect of the interface on the 
spin-state bistability, which is caused by the energy barrier 
between the spin states, has not been fully investigated. 

Here we focus on the molecular complex 
[Fe{H2B(pz)2}2(bipy)],37,38 which is among the few SCO 
molecules that can be evaporated in vacuum without 
decomposition.9,16,29,35-41 This molecule exhibits a non-
hysteretic transition between a high-temperature HS state and 
a low-temperature LS state at T1/2=157 K in bulk.29,36-40 A 
thermal activation energy of about 60+7 meV was ascertained 
for [Fe{H2B(pz)2}2(bipy)] thin films on SiO2,35 consistent 
with the measured enthalpy of about 80 meV.40 The HS and 
the LS states of the Fe(II) complex correspond to electronic 
configurations of t2g4eg2 (S=2) and t2g6eg0 (S=0) respectively, 
where eg and t2g are the Fe 3d states split due to the ligand 

field. We found that the [Fe{H2B(pz)2}2(bipy)] films, 
hundreds of nm (300 nm, 900 nm) thick, surprisingly exhibit 
spin-state hysteresis in thermal cycles around the bulk SCO 
transition temperature, which suggests bistability. 

 
2. Experimental 

The 300 nm and 900 nm polycrystalline 
[Fe{H2B(pz)2}2(bipy)] films were deposited on 5×5 mm2 
Al2O3 substrates (at 300 K) using physical vapor deposition in 
high vacuum (1.0 × 10%& Torr), with a growth rate of 0.1 Å/s. 
The film morphology and thickness calibration was measured 
by atomic force microscopy and the RMS (root mean square 
roughness) was found to be about 50 nm. The temperature 
dependent (cooling, 2 K/min) x-ray (500 Hz, 80 ps pulse, 
1.033 Å) diffraction was carried out at the beamline 14ID-B 
in the Advanced Photon Source at the Argonne National Lab. 
The X-ray powder diffraction patterns were measured using a 
two-dimensional Rayonix MX340-HS detector 40 cm away 
from the sample and perpendicular to the incident x-ray on a 
20×20 µm2 sample spot for a period of 5 minutes for every 
temperature. The x-ray damage on [Fe{H2B(pz)2}2(bipy)] 
films was checked before the temperature-dependent x-ray 
diffraction, which showed neither structure change nor 
material loss after 1.0×105 x-ray shots. The sample 
temperature was controlled using a Cryostream system and 
calibrated using the lattice constants of the substrates obtained 
from the experimental diffraction angles.  

Temperature dependence of the [Fe{H2B(pz)2}2(bipy)] 
magnetic susceptibility (an indicator of spin state) was 
measured using  superconducting quantum interference device 
(SQUID) magnetometer. The soft X-ray absorption 
spectroscopy (XAS) measurements were performed at the 
bending magnet beamline 6.3.1, at the Advanced Light Source 
at Lawrence Berkeley National Laboratory, as in other studies 
of [Fe{H2B(pz)2}2(bipy)] thin films on Al2O3.35 The photon 
flux was estimated to be around 1.65×105 photons/s/µm2. X-
ray absorption spectra were obtained, in both the total electron 
yield (TEY) mode and photoluminescence yield mode (PLY) 
at the same time, at the absorption of the Fe L3 edge. In the 
TEY mode, the XAS data was recorded by measuring the 
compensation current from ground to the sample, proportional 
to the TEY from the sample. Due to the limited effective 
electron sampling depth 𝜆(, which is only a few nm or less, 
XAS acquired in the TEY mode is more sensitive to the 
surface properties of the [Fe{H2B(pz)2}2(bipy)] thin film than 
those acquired in the PLY mode, where there is x-ray 
transmission through the whole film, and photoluminescence 
in the sample is detected. The combination of the TEY and the 
PLY modes made it possible to characterize the surface and 
bulk property simultaneously across a temperature range from 
80 K to 300 K for both cooling and heating sequences. As 
noted above, one problem faced in these specific X-ray 
absorption experiments is that the X-rays initiate a spin state 
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change for [Fe{H2B(pz)2}2(bipy)] on many dielectric 
substrates, as discussed elsewhere.16,35,36 That means the 
influence of the X-ray excitation should be kept as low as 
possible while absorption data must be acquired rapidly, so as 
to avoid having the measured spin state occupancy to be too 
strongly affected by the measurement process. Only then the 
influence of molecular coordination on cooperative effects 
resulting in hysteresis and shifts in the thermal SCO transition 
can be resolved. In the case of the thin film studies, reported 
here, the XAS spectra have degraded energy resolution due to 
the need for rapid data acquisition so as to acquire spin state 
transition rates. The typical Fe L3-edge spectrum, for the 300 
nm [Fe{H2B(pz)2}2(bipy)] thin films on Al2O3, was acquired 
in ca. 15 seconds, as in previous studies.16,35 

 
3. Results and discussion 
3.1 Effect of the substrate/film interface 

The temperature dependence of magnetic susceptibility for 
two different [Fe{H2B(pz)2}2(bipy)] films are compared with 
that of the powder in Figure 2. Unlike the powder form, which 
shows minimum hysteresis as seen in Figure 2 and reported 
elsewhere,37-40 both [Fe{H2B(pz)2}2(bipy)] films thicknesses 
on Al2O3 exhibit more prominent hysteresis of the SCO 
transition. For the 900-nm thick [Fe{H2B(pz)2}2(bipy)] film, 
T1/2 equals to 152 K in cooling processes and 157 K in 
warming processes, respectively. Thus ∆𝑇+ ,⁄ = 𝑇+ ,⁄

/012 −
𝑇+ ,⁄
4556= 5 K. The temperature dependence of the magnetic 

susceptibility (or spin-state occupancy) of 300-nm film 
deviates more significantly from the bulk behavior. As shown 
in Figure 2c, the hysteresis measured using magnetometry 
shows ∆𝑇+ ,⁄ = 𝑇+ ,⁄

/012 − 𝑇+ ,⁄
4556 = 15 K in the 300 nm film, 

which is three times compared to ∆𝑇+ ,⁄  in 900 nm film. The 
differences in the extent of the hysteresis, ∆𝑇+ ,⁄ , suggest that 
the average energy barrier between the HS and LS states is 
larger in the 300 nm films than that in the 900 nm films. 

To further probe the transition between the spin states in the 
300 nm films, we carried out temperature-dependent X-ray 
diffraction measurements. The structures of 
[Fe{H2B(pz)2}2(bipy)] in bulk are monoclinic with space 
group C2/c for both the HS and the LS states.38 On the other 
hand, previous work shows that the lattice constants of the HS 
state (at 300 K) and that of the LS state (at 140 K) differ by 
about 1.5% which is much larger than what is expected from 
thermal expansion.38 This significant difference in lattice 
constants can be employed to probe the spin state occupancies 
using x-ray diffraction. 

Figure 3a shows a typical two-dimensional x-ray powder 
diffraction pattern. Integrating the azimuthal angle, one gets 
the powder diffraction intensity as a function of 2θ (diffraction 
spectrum), which is consistent with the C2/c structure. Figure 
3b shows the profile near the (17171) Bragg diffraction peak of 
the 300 nm thick [Fe{H2B(pz)2}2(bipy)] film at 125 and 255 

K. The diffraction profile at 125 K clearly has a main peak and 
a shoulder of a similar width at larger 2θ, so the diffraction 
profile can be fit using two Gaussian functions, as shown by 
the dashed lines. The centers of the main peak and the shoulder 
in Figure 3b differ by about 1.4%, suggesting that the main 
peak corresponds to the HS state and the shoulder corresponds 
to the LS state.3,38 

Figure 3c shows the evolution of the (17171) diffraction 
profile when the 300 nm film sample is cooled; the 
asymmetric broadening of the peaks at low temperature comes 
from the enhancement of the LS state. By fitting the 
diffraction profile with two components, we found that the 
main diffraction peak shifts towards a higher-angle when the 
temperature is lowered, as indicated by the line in Figure 3c, 
consistent with the lattice constant in linear contraction 
behavior with a coefficient 1.3×10-6 K-1. The ratio between the 
intensity (area) of the shoulder peak (LS) and that of the main 
peak (HS) grows upon cooling, as shown in Figure 3d. 

Hence, in the 300 nm film, coexistence of spin state 
occupancy which indicates bistability, was directly observed 
using x-ray diffraction, in line with the hysteretic behavior in 
the magnetic susceptibility [Figure 2b]. Furthermore, the 
bistability of spin states in the 300-nm film appears to occur 
at the crystallite level. As shown in Figure 3b, the widths of 
the main peak (HS) and the shoulder peak (LS) are similar and 
insensitive to temperature, indicating that the size of the 
crystallites for both spin states are similar (about 100 nm).42 
Therefore, the crystallites, as the unit of diffraction, are in 
either HS or LS state. They are spin-state domains. 

In contrast, the coexistence of both HS and LS spin states 
was less obvious in the x-ray diffraction of 900 nm films. 
Figure 4a shows the diffraction spectra near the (17171) Bragg 
peaks of the 900 nm film, in which the size of the crystallites 
is also about 100 nm according to the peak width.42 The shape 
of the 125 K spectrum resembles that taken at 255 K. As 
shown in Figure 4b, the evolution of the (17171) diffraction 
profile, as observed during cooling, behaves more like a peak 
shift due to a lattice constant change, instead of the appearance 
of an additional peak. Yet the effects seen are non-linear, with 
the shift of (17171) diffraction profile, toward the higher-angles, 
occurring faster at lower temperatures. 

The thickness dependence of the SCO transition in the 
[Fe{H2B(pz)2}2(bipy)] films on Al2O3, suggests that different 
parts of the films behave differently. If the films are divided 
into three parts: near substrate, interior, and near surface, the 
near-substrate part most likely contributes to the hysteretic 
behavior of the SCO transition the most, because it is known 
that the modification of the energy barrier between the spin 
states of the molecules by the interface can tune the width of 
the hysteresis loop.29,31-34 For the 
[Fe{H2B(pz)2}2(bipy)]/Al2O3 interface, in particular, the LS 
state of very thin films (< 40 nm) can be locked to 
temperatures well above the bulk SCO transition temperature, 
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indicating a significant interaction at the substrate/film 
interface. 

 
3.2 The effect of the coordination 

The question then is whether the thermal SCO transition is 
the same at the surface as within the volume of a molecular 
thin film, of sufficient thickness so that substrate effects are 
diminished, yet still present. The surface would be of lower 
coordination and farther away from the interface with the 
substrate than the interior of the film, thus could be affected 
differently by the incident X-ray, intermolecular cooperative 
effects, and the substrate. The spin state occupancy of the 
[Fe{H2B(pz)2}2(bipy)] Fe(II) complex may be extracted from 
the X-ray absorption spectra.9,16,35,36,41,43 In the LS of the 
[Fe{H2B(pz)2}2(bipy)] molecule, the 3d electrons occupy the 
t2g orbitals in pairs leaving the eg orbitals empty. This is 
generally observed in the Fe L3 edge (2p3/2) X-ray absorption 
spectra as a major feature at a photon energy around 708 eV 
(Figures 5 and 6). By comparison, in the HS configuration, the 
eg orbitals are partially populated while the t2g orbitals 
subsequently get partly depopulated, which corresponds to the 
XAS spectra with a decrease of the peak intensity at 708 eV 
and an increase of the t2g shoulder around 706.5 eV. The 
temperature-dependent XAS of the [Fe{H2B(pz)2}2(bipy)] 
thin films on Al2O3, is shown in Figure 5 and 6. Figure 5 shows 
XAS taken in the PLY mode, probing the bulk of 
[Fe{H2B(pz)2}2(bipy)] thin films on Al2O3, while Figure 6 
illustrates the XAS for the [Fe{H2B(pz)2}2(bipy)] films in the 
TEY mode, where the latter is more surface sensitive. The 
spectra taken at low temperature in blue (in Figures 5 and 6) 
are representative of the LS state and the spectra in red (in 
Figures 5 and 6) are representative of the HS state. We note 
that the SCO transition temperature, taken in the TEY mode is 
close to the expected SCO transition temperature of 157 K, for 
[Fe{H2B(pz)2}2(bipy)],35-40,44 although the observed thermal 
hysteresis make a precise comparison difficult. 

To further investigate the occupancy of the HS state, with 
changing temperature, we have used the “empty t2g / empty eg” 
ratio as an empirical approximation of molecules in the HS 
state at a given temperature.9,16,35,41,43 The HS state occupancy 
upon heating is different from the HS state occupancy upon 
cooling, as indicated in Figure 7, from the analysis of the XAS 
spectra taken in  both the TEY mode and the PLY modes. The 
SCO transition temperature T1/2 (50% HS state occupancy), in 
the TEY mode, the transition temperature T1/2 for cooling 
sequence is around 150 K on cooling the sample, and around 
170 K (Figure 6 and 7) on heating. In the PLY mode, T1/2 is 
around 160 K on cooling and 180 K for the heating sequence 
and is in agreement with SQUID magnetometry, as seen in the 
insert in Figure 7. Both SQUID magnetometry and XAS in the 
PLY mode, give around a 20 K difference of T1/2 between the 
cooling and heating process. Also, both the surface (TEY 
mode) and bulk (PLY mode) exhibit thermal hysteresis in 

spite of the much lower coordination at the surface of the 
[Fe{H2B(pz)2}2(bipy)] film, than should be the case in the 
bulk of the film. The molecules of [Fe{H2B(pz)2}2(bipy)], at 
the surface layers have vacuum on one side, while in the bulk 
of the thin film, the [Fe{H2B(pz)2}2(bipy)] molecules are 
surrounded by other [Fe{H2B(pz)2}2(bipy)] Fe (II) complex 
molecules. So the surface of the film has 
[Fe{H2B(pz)2}2(bipy)] with lower coordination and possibly 
diminished strain.  

The lower coordination at the surface implies reduced 
intermolecular interactions, which means that cooperative 
effects, induced by the Al2O3 substrate,16,35 that tend to lock 
the [Fe{H2B(pz)2}2(bipy)] in the LS state, would be 
diminished at the surface. In this scenario, the influence of the 
substrate to film interface on [Fe{H2B(pz)2}2(bipy)] would 
favor the LS state within the bulk of the film, where the 
coordination is high. This would push the apparent SCO 
transition temperature, for the bulk of the film, to higher 
temperatures than the surface, where coordination is low. This 
is what is observed. As we previously showed, that for the 
ferroelectric  polyvinylidene fluoride (PVDF),  the interface 
interactions favor the HS state in [Fe{H2B(pz)2}2(bipy)] when 
the ferroelectric is poled towards the [Fe{H2B(pz)2}2(bipy)] 
molecular film.45,46 This interface with PVDF, unlike Al2O3, 
should favor the HS state in the bulk of the film, and the LS 
state at the surface, where coordination is low. As shown in 
Figure 8, the X-ray absorption spectra, taken in the PLY mode 
and in the TEY mode for 20 molecular layers of 
[Fe{H2B(pz)2}2(bipy)] thin film on PVDF, taken at 150 K, 
indicate the presence of more HS state occupancy in the 
interior of the film (PLY) than at the surface (TEY). The 
electronic transition between spin states is enabled by a 
conformational change of the ligands around the Fe(II) ion. 
We suggest, that close to the interface this conformational 
change is sterically inhibited, whereas closer to the surface 
changes in conformation can be accommodated or even 
proliferated by neighboring molecules which are close to the 
interface. The local charge and strain environment is likely to 
influence the balance of electrostatic interactions between the 
ligands making the conformation associated with the LS/HS 
states favorable close to the interface. 

Other explanations cannot be completely excluded. 
Thermal gradient effects cannot be, a priori, excluded 
completely on the basis of measurements done here.  
However, they seem unlikely on the basis of the agreement 
between the superconducting SQUID magnetometry and the 
X-ray absorption, taken in the PLY mode. Recent 
measurements45 show the electrical resistance is much higher 
for [Fe{H2B(pz)2}2(bipy)] in the LS state than that in the HS 
state which might hint at a low thermal conductivity akin to a 
Wiedemann–Franz law.47 This potentially permits thermal 
excitations, associated with the XAS measurement, so that  the 
surface might locally heat more than the bulk due to the lower 
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coordination of [Fe{H2B(pz)2}2(bipy)] species at the surface. 
If significant, this reduced thermal conductivity could lower 
the measured SCO transition temperature at the surface 
compared with the bulk, if significant. Yet such thermal 
conductivity effects should also serve to decrease the observed 
thermal hysteresis in the surface SCO transition temperature, 
which is not seen. Thermal excitations, near the surface, due 
to the x-ray fluence are unlikely to be the cause – especially 
given that the x-rays largely pass through the film almost 
unimpeded. It is hard to see how such thermal effects could be 
significant on a nanometer scale and remain sufficiently local 
so as not to perturb the bulk (interior) of the 
[Fe{H2B(pz)2}2(bipy)] molecular film. This explanation also 
cannot be reconciled with the results obtained for the 
[Fe{H2B(pz)2}2(bipy)] thin film on PVDF, shown in Figure 8. 
An alternative explanation, for the observed difference 
between the surface and the bulk, involves quenching or 
screening of soft X-ray induced HS excited state 
configuration. Such quenching or screening of soft X-ray 
induced HS excited state configuration could indicate 
cooperative effect or intermolecular interactions, which 
should be more significant for the higher coordination number 
at the interface and would be expected to be less significant at 
the surface. This latter explanation requires a multi-excitation 
process, one to form the excited state configuration and a 
second for the core to bound excitation that is the basis for X-
ray absorption spectroscopy. These multi-excitations 
processes, here, would have to occur on much shorter time 
scale than indicated in prior work,16,35 i.e. seconds rather than 
minutes for a large ensemble of [Fe{H2B(pz)2}2(bipy)] 
species. Again, this explanation also cannot be reconciled with 
the results obtained for the [Fe{H2B(pz)2}2(bipy)] thin film on 
PVDF, shown in Figure 8. 

The temperature difference between the surface and the 
bulk spin crossover tranisition temperature, as seen in Figure, 
helps explain the shift in the spin crossover transition 
temperature seen in magnetometry in Figure 2. The Al2O3 
interface likely locks some volume of the 
[Fe{H2B(pz)2}2(bipy)] thin film in the low spin state.35 The 
remaining volume has a higher surface to volume ratio with 
decreasing film thickness, and thus more influenced by the 
surface volume, where the spin crossover transition is shifted 
to lower temperatures. 
 
4. Conclusions 

In conclusion, the bistability of the spin states and the spin 
state hysteresis have been observed in the films of hundreds 
of nanometers in thickness, indicating tunability of the energy 
barrier between the spin states in [Fe{H2B(pz)2}2(bipy)]. The 
thickness dependence of the hysteresis and the fact that the 
size of the crystallites are similar in these films, indicate that 
this effect comes from the [Fe{H2B(pz)2}2(bipy)]/Al2O3 
interface.33,48 Microscopically, the effect of the interface 

appears to cause the SCO transition collectively at the 
crystallite level, which enhances the barrier between the spin 
states and generates hysteresis and bistability in 
[Fe{H2B(pz)2}2(bipy)]. The thickness dependence of the 
hysteresis in spin state also points to a possibility that the 
temperature range of the bistability can be broadened, perhaps 
to include room temperature, although this may require a SCO 
complex different from [Fe{H2B(pz)2}2(bipy)]. We also used 
the X-ray absorption spectroscopy and magnetometry study to 
investigate the electronic state of the [Fe{H2B(pz)2}2(bipy)] 
thin film on Al2O3 substrates. Cooperative effects have been 
revealed from the temperature dependent hysteresis loops and 
confirmed by differences in the SCO transition temperature at 
the surface and the bulk. 
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Figure 1. (a) Schematic energy diagram of the SCO transition, in 
which the free energy changes with temperature according to 
entropy. HS state (HS) ↔ LS state transition temperature depends 
on the enthalpy difference Δ between the spin states. The width of 
the hysteresis depends on the free-energy barrier between spin 
states. (b) Molecular structure of [Fe{H2B(pz)2}2(bipy)]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Magnetic susceptibility (χ) of (a) powder (b) 900 nm and 
(c) 300 nm [Fe{H2B(pz)2}2(bipy)] films, on Al2O3, in thermal 
cycles plotted as scatters dots.  
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Figure 3. (a) Typical powder x-ray diffraction pattern of 
[Fe{H2B(pz)2}2(bipy)] films, on Al2O3, measured using a two-
dimensional detector. The rings show polycrystalline nature of the 
films. (b)-(d) includes data of a 300 nm film. (b) Diffraction profiles 
near the (17171) Bragg peak; the 125 K profile is fit using a main 
peak (HS) and a shoulder peak (LS). (c) Diffraction profiles plotted 
as a two-dimensional image around the (17171) Bragg peaks. (d) The 
intensity ratio between the shoulder (LS) and the main peak (HS) as 
a function of temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
Figure 4. X-ray diffraction of a 900 nm thick 
[Fe{H2B(pz)2}2(bipy)] film, on Al2O3. (a) Diffraction profiles near 
the (17171) Bragg peak at 125 K and 255 K. (b) Diffraction profiles 
plotted as a two-dimensional image around the (17171) Bragg peaks. 
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Figure 5. The X-ray absorption spectra, taken in the PLY mode for 
(a) cooling sequence and (b) heating of 300 nm 
[Fe{H2B(pz)2}2(bipy)] thin film on Al2O3. Red indicates XAS 
spectra representative of the HS state and blue indicates LS state. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 6. The X-ray absorption spectra, taken in the total electronic 
yield mode (TEY) for (a) cooling sequence and (b) heating of 300 
nm [Fe{H2B(pz)2}2(bipy)] thin film on Al2O3. Red indicates XAS 
spectra representative of the HS state and blue indicates LS state. 
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Figure 7. Temperature dependent hysteresis loops for 300 nm thick 
[Fe{H2B(pz)2}2(bipy)] thin films on Al2O3 indicating the HS state 
occupancy based on XAS taken in TEY mode (red hollow square) 
and PLY mode (black hollow triangle), arrows indicate cooling 
sequence and heating sequence. Insert: temperature dependent 
hysteresis loop measured by SQUID (dots) in comparison to PLY 
data measured by XAS (lines). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. X-ray absorption spectra of [Fe{H2B(pz)2}2(bipy)] thin 
film on PVDF substrate where the polarization has been poled 
towards the thin film, taken in the PLY mode (black) and in the 
TEY mode (red), at temperature 150 K. Insert:  x-ray absorption 
spectra of [Fe{H2B(pz)2}2(bipy)] thin film on Al2O3 substrate taken 
in two modes at 150 K. 
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