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Abstract Impedance spectroscopy measurements show that
complex conductivity of thermally ablated CH3NH3SnCl3
films is strongly enhanced when humidity increases. Copla-
nar two-electrode test devices are modeled through an equiv-
alent circuit comprising one resistance and two constant
phase elements. It is shown that the influence of ambient
humidity is mainly resistive. The dynamic responses of the
devices to humidification/dehumidification cycles point out
that the a.c. current varies by more than three orders of mag-
nitude when humidity is varied between dry air and 80%
relative humidity. The rise times are few hundred seconds
while fall times are as short as few tens of seconds. This ob-
servation suggests that impedance variations are determined
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by mechanisms involving loosely bound water molecules
physisorbed at the surface of the hybrid film. The results
obtained are discussed in terms of protonic conduction.

1 Introduction

The organic-metal-halide hybrid perovskites are currently
widely investigated [1], mostly in view of electronic de-
vice applications. In these crystalline solids, the structure-
properties relationships conveniently correlate, thus provid-
ing a mechanism for understanding and tailoring proper-
ties. The basic ABX3 hybrid structure (where A = organic-
ammonium cation, B = divalent metal, X = halide) is a
network of corner-sharing BX6 octahedra, with A occupy-
ing the 12-fold coordinated sites between the octahedra.
If appropriate-size elements (large B and X and small A
ionic radii) are combined, compact three-dimensional (3-D)
structures result, either cubic or distorted-cubic [2]. Among
the 3-D hybrid perovskites, CH3HN+

3 (methyl ammonium,
Ma)- Sn-based halides, MaSnX3, are attracting a lot of atten-
tion [3–8] mainly as a consequence of the intriguing elec-
tronic conductivity properties. The Sn-based 3-D hybrids
show, in fact, a semiconducting or even metal-like character,
differently from the homologous (Pb-based, for instance)
hybrids, which are insulating [9]. Besides, they can be pre-
pared by using relatively simple and low cost techniques
and are well suited for large area deposition on flexible sub-
strates.

The largest part of MaSnX3 literature refers to iodide
and bromide hybrid conductivity and the data are collected
on pressed powders. A metallic-like conductivity was re-
ported for MaSnI3[4], with a room temperature resistivity,
ρRT, ∼6.5 m� cm and a hole mobility ∼50 cm2 V−1 s−1.
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On the basis of the resistivity vs. temperature behavior, cu-
bic MaSnBr3 is described as a semiconductor [10] having
an a.c. ρRT ≈ 4.2 × 103 � cm [6], about 10 times larger
than the d.c. ρRT [10]. Such a discrepancy has been as-
cribed to processes involving electric contact potentials and
grain-boundary effects. MaSnBr3 pellets were also found
to undergo a semiconductor-insulator transition at about
230 K, corresponding to the cubic-rhombohedral phase tran-
sition [6]. Yamada et al. [7] measured the conductivity of
MaSnCl3 pressed powders by a complex impedance method
and obtained ρRT ≈ 1.25 × 105 � cm, higher than the re-
sistivity of both MaSnI3 and MaSnBr3. The authors ob-
served that the a.c. conductivity monotonically increased
with increasing temperature and suggested that MaSnCl3
is semiconductor in the 290–480 K temperature range,
in spite of the occurrence of three structural phase tran-
sitions (cubic→rhombohedral→monoclinic→triclinic) at
T = 463, 331, and 307 K, respectively.

To the best of our knowledge, only very few measure-
ments [5, 11] were reported dealing with the electrical
properties of MaSnI3 and MaSnBr3 films and no any was
found relevant to MaSnCl3 film. In particular, at the cubic-
orthorhombic transition temperature MaSnBr3 films were
reported to show only a smooth change in the conductivity
dependence on T [11]. Furthermore, when comparing the
transport characteristics of powders and films with the same
nominal composition, significant discrepancies result [4–7,
10, 11], which definitely demonstrate that the transport char-
acteristics are dependent on the sample morphology and his-
tory, as well as on the measurement technique. An additional
problem in such hybrids is represented by the chemical in-
stability. MaSnI3, for example, was found to be air sensi-
tive and to decompose in air within several hours, unless not
stored and manipulated in argon-filled glove box [4].

In the frame of a systematic research to evaluate the po-
tentialities of the hybrid perovskites for applications in opto-
electronic technologies, we demonstrated the deposition of
high quality MaSnCl3 films and combined optical absorp-
tion and structural characteristics with ab-initio calculations
[12]. On the same films, we are presently carrying out de-
tailed analyses of the transport characteristics. When mea-
suring the MaSnCl3 films resistivity by the van der Pauw
technique, we found a significant dependence on the ambi-
ent atmosphere, i.e., conduction could not be measured in
dry air or in vacuum, while resistivity decreases to about
6 × 104 � cm when measured under ambient atmosphere.
This evidence suggested that the transport characteristics of
MaSnCl3 hybrid are significantly affected by humidity, even
if literature data neither mention such an aspect nor give any
details about the conditions under which the experiments
were carried out.

In this report, we describe and discuss the results of
impedance spectroscopy measurements performed under

different humidity conditions on two-contact test devices
based on MaSnCl3 films. We show that, with respect to the
speed, magnitude and reproducibility of the response to the
humidity variations, MaSnCl3 hybrid may be envisaged as a
promising material for humidity sensing.

2 Experimental

100–500 nm thick MaSnCl3 films were simultaneously de-
posited at room temperature on both bare and Au-metalized
glass substrates by the single source thermal ablation tech-
nique [13]. Substrates were cleaned by rinsing in hot
trichloroethylene, acetone and isopropyl alcohol, and dried
in blowing nitrogen. The precursor was polycrystalline
CH3NH3SnCl3 obtained by evaporating under vacuum a
water suspension of CH3NH3Cl and SnCl2 in 1 : 1 molar
ratio. The film deposition was carried out by the SSTA tech-
nique, in a home-tailored ablation apparatus [14]. The op-
timal deposition parameters were determined by trials and
were periodically adjusted, in particular the heating power,
and deposition time. Typical deposition parameters are re-
ported in [11]. The substrates were generally kept at room
temperature. Films were deposited by passing a large cur-
rent (≥150 A) through the Ta crucible, thus enabling the
thermal ablation of the precursor from the liner toward the
substrate. The deposition process was accomplished in few
seconds and an almost instantaneous ablation occurred. The
film thickness was measured by a standard profilometer and
found to be qualitatively related to the used precursor mass.
Films considered in the present paper were 380 nm thick.

After the deposition, the structural quality and the stabil-
ity of the films were confirmed by X-ray diffraction mea-
surements in a Siemens (D500) powder diffractometer, with
CuKα radiation.

Electrical measurements were performed using interdig-
itated two electrode structures where the spacing between
the two electrodes was 500 µm. The active area, calcu-
lated from the free space between the gold fingers, was
9.75 × 10−2 cm2. Gold contacts were evaporated in a BOC
Edwards electron beam system using a Cr adhesion layer
and were defined by standard photolithography and lift off
procedures. After electrode deposition, the substrates were
rinsed in a piranha solution (97% H2SO4/30% H2O2 =
3/1) to give a fresh gold surface. The use of a shadow mask
allowed hybrid depositions to be aligned to the gold elec-
trodes. The resulting test devices (hereafter called “devices”
for the sake of brevity) were mounted on TO-8 headers and
electrically connected by 25 µm thick gold wires ultrasoni-
cally bonded at room temperature in a Hybond 626 bonder.

The electrical characteristics of the devices as a function
of the relative humidity (RH) were measured at constant
temperature (25 ± 2◦C) in a measurement chamber where
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Fig. 1 X-ray diffraction patterns of a typical MaSnCl3 hybrid film
on glass substrate. The patterns were sequentially taken before hy-
brid exposure to humidity (a), after 24 (b), and 72 (c) hours un-
der humidification/dehumidification cycles between RH = 25% and
RH = 80%, and after further 48 hours (d), and 3 weeks (e) in ambi-
ent air (25% ≤ RH ≤ 55%). In the inset, the peak indexing is reported,
within the P1 space group of the triclinic system [7]

RH was adjusted in the 0–80% range by two mass flow con-
trollers that allowed water-saturated air (synthetic air satu-
rated with water vapor by bubbling in a humidifier) to be
mixed in the proper ratio with synthetic air dried by a silica
gel filter. Under stationary humidity conditions RH instabil-
ity range was about ±1.5%, as measured by a Honeywell
HIH-4000-001 humidity sensor set close to the sample.

Impedance spectroscopy measurements were performed
in the 5 Hz–13 MHz frequency range, using a Hewlett
Packard 4192A impedance analyzer. 250 mV signal ampli-
tude and 0 V d.c. bias were used for all the measurements.

The response characteristics of the devices were tested
by applying an a.c. stimulus (Root Mean Squared Voltage
V ac = 0.21 V) through an Ortec 9473 signal source. I ac cur-
rent was measured as a function of time by a Femto DLPCA-
200 current amplifier connected to a Keithley 2000 multi-
meter.

3 Results and discussion

The X-ray diffraction patterns taken on the just deposited
hybrid, before exposing them to humid air, (Fig. 1) prove
that the films are perovskite single-phase and well crystal-
lized within the triclinic system (P1 space group), consis-
tently with the description of Yamada et al. [7]. The films
exhibit preferential crystallographic orientations,pointed out
by the occurrence of the (0kk) and (h00)/(0-kk) reflection
sets in the diffraction patterns. Less intense reflections at
2Θ ≈ 21.5◦ and ≈40◦ can be indexed as (02k0)/(–hhh)/
(-h-hh). The presence of gold contacts under the film does

Fig. 2 Impedance magnitude |Z| measured as a function of frequency
at different RH values: dry air ("), 10% (!), 20% (2), 30% (1), 40%
(a), 50% (e), 60% (Q), 70% (P), 80% (E)

not modify the diffraction patterns with respect to films de-
posited on glass substrates. In order to assess the stability of
the hybrid when it is exposed to humid air, X-ray diffraction
measurements were sequentially carried out on the same
film after 72 hours humidification/dehumidification cycles
with RH ranging between 80% and 30%, and after 21 days
in ambient atmosphere with RH comprised in the 25%–55%
range (Fig. 1). The diffraction patterns, i.e., peak shape and
height, remain almost unchanged within the experimental
uncertainty, thus indicating that MaSnCl3 films are stable
under the considered experimental conditions, in contrast to
MaSnI3 films that decompose in air within some hours [4].

The dependence of the impedance magnitude, |Z|, on the
stimulus frequency, f , is shown in Fig. 2 for various RH val-
ues. Under dry-air conditions the impedance falls off as f −1

over the examined frequency range, so that a capacitance
value of about 4 pF could be deduced. This capacitance can
be seen as the vacuum capacitance, C0, of the sample holder
and coplanar electrode arrangement, since its value is well
consistent with the 3.6 pF value we measured on the same
contact structure in the absence of the hybrid film. When
humidity increases (RH ≥ 30%), the dependence of |Z| on
frequency shows three main features (Fig. 2): (i) at high fre-
quencies |Z| exhibits the described f −1 behavior, that is al-
most independent of RH, (ii) at intermediate frequencies |Z|
varies very slowly with ω indicating that a resistive-type be-
havior of the film is dominant, and (iii) at low frequencies
|Z| increases with decreasing f . It is worth noting that hu-
midity influences the devices impedance mainly in the inter-
mediate frequency range.

In order to achieve an overview of the conduction proc-
esses involved in the device response, we plot the impedance
data in the so-called Nyquist diagram (imaginary, Z′′, vs.
real, Z′, impedance) (Fig. 3). In the high frequency range
complex, impedance spectra comprise a single skewed semi-
circle whose diameter increases when RH decreases, so that
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Fig. 3 Nyquist plots obtained at different RH values: dry air ("),
10% (!), 20% (2), 30% (1), 50% (e), and 70% (P). In order to be
included in the same graph, both Z′ and Z′′ have been multiplied by
appropriate factors (in parentheses). Relevant RH values are also indi-
cated. Dashed lines are straight lines having slope 1

only a minor arc is observed at low RH values (RH ≤ 20%).
At intermediate frequencies, for sufficiently high relative
humidity (RH ≥ 30%), a straight segment appears in the
Nyquist diagrams at an angle of about 45◦ to the real axis,
that is almost independent of RH. Finally, when RH ≥ 30%
the complex impedance spectra show at low frequencies a
smooth increase of Z′′ vs. Z′ slope. Similar behaviors have
been reported for humidity sensors based on titania thick
films [15], BaTiHO3/polymer composite materials [16] and
π -conjugated polymers [17]. Skewed semicircles are usu-
ally modeled through the parallel combination of an ideal re-
sistor, R, and a “non-Debye” capacitor [18]. In such circuits
the resistance represents a conductive path, while the dis-
persive capacitor is generally related to nonlocal processes
and is represented by a constant phase element (CPE). The
CPE is a nonintuitive circuit element whose impedance is
ZCPE = [jωCn(ω)]−1, where j is the imaginary unit, ω =
2πf the angular frequency, and Cn(ω) the non-Debye ca-
pacitance defined as [19]

Cn ≡ A(jω)n−1 = Aωn−1
⌊

sin

(
n
π

2

)
− j cos

(
n
π

2

)⌋
. (1)

In this equation, A is the CPE coefficient with dimensions
Fsn−1, while n is the CPE exponent that ranges from 0 to 1,
depending on the nature of the system and on the dispersion
of its physical properties [18] (n = 1 for an ideal capacitor).
Although physical interpretations of the CPE have been pro-
posed even recently [20], no accepted theory of ac conduc-
tion exists which establishes universal relationships between
the material properties and the parameters A and n.

A second constant phase element having n ≈ 0.5 is used
to model the 45◦ straight segment observed in the intermedi-
ate frequency range of the Nyquist diagrams, which is gen-
erally considered as indicative of a Warburg-type response,

Fig. 4 Representative Z′ and Z′′ spectra obtained at the RH values
reported in parentheses. Symbols indicate the measured real (+) and
imaginary (1) parts of the impedance. Lines are the best fit simulations
achieved by the parameters reported in Table 1. The inset shows the
equivalent circuit used to model the sensor

i.e., of a diffusion charge transport [21]. As for the increase
of Z′′ vs. Z′ slope at the low frequencies, the origin of
this nonlinear behavior is not definitely ascertained. Steeper
Warburg-type regions have been observed at low frequencies
and have been ascribed to film roughness [22] and inhomo-
geneity [23]. On the other hand, it has been established that
a CPE-like response can be well approximated only over a
limited frequency range [21]. In the present contest, we are
not further discussing the impedance data from the ultimate
low frequency range of the spectra.

By analyzing the Nyquist plots, we got the indication that
an equivalent circuit suitable for modeling the impedance
measurements should comprise the parallel combination of
an ideal resistor and a constant phase element, CPE1, in se-
ries with a second CPE, CPE2 [24]. We considered several
of such equivalent circuits and found they could partially
model the experimental data in either restricted frequency
ranges or limited RH conditions. Following the criterion of
simplicity, we choose the equivalent circuit shown in the in-
set of Fig. 4 because it allows the fitting of both Z′ and Z′′
vs. f at all the RH values. Data from the low frequency
range where the slope of the Z′′ vs. Z′ plot was observed
to increase were not used in the fittings.

Least square fittings were carried out considering the log-
arithms of Z′ and Z′′ in order to ensure equal weighting of
data over the whole range of impedance values. For each
RH the fitting quality was evaluated through both the co-
efficient of determination of the real component (R2r) and
that of the imaginary one (R2i). In particular we accepted as
suitable those parameter sets that result in the largest values
of the sum R2r + R2i. When different sets were found to
give comparable R2r + R2i values, the one giving the low-
est |R2r − R2i| was selected as the best fitting one, so that



Effect of humidity on the a.c. impedance of CH3NH3SnCl3 hybrid films 1185

Table 1 Values of the
equivalent circuit parameters for
different RHs

RH R (�) n1 A1 n2 A2 C0 (pF)

0 >1 × 1010 0.800 3.46 × 10−12 4.0

10 1.50 × 107 0.657 3.20 × 10−11 4.0

20 1.47 × 106 0.812 6.10 × 10−12 4.0

30 3.10 × 105 0.854 3.36 × 10−12 0.443 1.10 × 10−6 4.0

40 1.17 × 105 0.738 1.90 × 10−11 0.464 1.78 × 10−6 4.0

50 4.47 × 104 0.704 3.04 × 10−11 0.468 2.85 × 10−6 4.0

60 1.88 × 104 0.605 1.82 × 10−10 0.499 3.00 × 10−6 4.0

70 9.96 × 103 0.567 3.81 × 10−10 0.501 3.89 × 10−6 4.0

80 5.51 × 103 0.530 8.61 × 10−10 0.485 5.40 × 10−6 4.0

a good fitting of both real and imaginary components was
preferred to one excellent and the other only reasonable.
Following this approach, no problem concerning parameter
identification was met for all the measurements here consid-
ered. The parameter values obtained are shown in Table 1. It
should be specified that the 4.0 pF value reported for C0

was forced since using C0 as a free parameter results in
values ranging from 3.6 to 4.2 pF, but at high RHs in few
cases negative C0 values were obtained. Forcing the value
of 4.0 pF was found to give the best fitting results in the
whole RH range. Such value of C0 indicates that the paral-
lel capacitance C0 (inset of Fig. 4) corresponds to the vac-
uum capacitance. Figure 4 points out the correct matching
of the experimental data and the best fitting curves calcu-
lated through the parameters reported in Table 1. The pro-
posed circuit quantitatively accounts for the large resistance
observed under dry-air conditions. Indeed the R value de-
termined through the fitting at RH = 0 (R > 1010 �) fairly
agrees with the 9×1010 � value we calculated from the d.c.
resistivity (1.4 M� cm) measured at room temperature and
under vacuum in MaSnCl3 films [12].

The parameters of Table 1 quantitatively describe the
modifications of the circuit elements as a function of the
relative humidity. In particular, the slight increase of n2

with increasing RH indicates that the constant phase element
CPE2 tends to an ideal Warburg element (n = 0.5) when hu-
midity increases. Due to the increase of both n2 and A2 the
capacitance magnitude, |Cn2 |, increases as RH2 by a fac-
tor of ∼7 when RH is increased from 30% to 80% (Fig. 5).
As for the high frequency impedance, n1 and A1 show def-
inite trends only for RH ≥ 30%. In particular, A1 increases
with increasing humidity while n1 decreases, which means
that the dispersive character of CPE1 is larger the larger
RH. The combined variations of n1 and A1 make |Cn1 | in-
crease almost exponentially by a factor of about 14 when
RH increases from 30 to 80% (Fig. 5). Hence, both CPE1

and CPE2 are much less humidity sensitive than the resis-
tance R, which strongly depends on RH. It decreases by
more than three orders of magnitude when relative humid-
ity increases from 10% to 80%. This proves that the main

Fig. 5 Influence of relative humidity on R ("), |Cn1 | (Q) and
|Cn2 | (!). Cn1 and Cn2 have been calculated at 1 kHz through (1) by
using the parameters reported in Table 1

effect of humidity on current transport applies to the resis-
tance R, whose logarithm does not vary linearly with RH,
but decreases faster in the low RH range. Qualitatively simi-
lar behaviors of R and C were reported for humidity sensors
based on titania thick films [25], where the highly humidity-
sensitive resistance and less sensitive capacitance were dis-
cussed in terms of ionic charge transport in surface-adsorbed
water layers. In the case of nanocrystalline TiO2 thin films,
humidity sensors were modeled [26] through an equiva-
lent circuit very similar to the one we used. R and CPE1

(namely the high frequency semicircle in the Nyquist plot)
were attributed to a surface physisorbed water layer, while
the “non-Debye” capacitance CPE2 (i.e. the ∼45◦ spur) was
ascribed to electrode–electrolyte polarization, although its
dependence on RH was not discussed.

The role of surface adsorbed water is well recognized
in ceramics [27], whose impedance sensitivity to humid-
ity is generally related to water molecules physisorbed at
the surface where they are weakly bound and can be eas-
ily removed by decreasing RH, as pointed out by the rather
quick impedance changes observed in well conceived sen-
sors. On the other hand, the well reproducible results we
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Fig. 6 Typical dynamic response measured as a function of different
humidity steps at and 1.2 kHz (!). The response of a commercial sen-
sor set nearby the sample (dashed line) is shown as a benchmark. Inset
shows the impedance |Z| as a function of RH

described so far refer to stationary humidity conditions and
give little guidance as to the mechanisms that cause the ob-
served impedance dependence on humidity. In order to clar-
ify the physical origin of the above results, we studied the
dynamic response of the device to RH modulations. Figure 6
shows that large and reversible variations of the a.c. current
(I ac) are observable for the device undergoing a sequence
of humidification-dehumidification cycles in the 0–80% RH
range. The current fluctuations observed during humidifica-
tion likely originate from the ±1.5% humidity instabilities
occurring in the test chamber under nonstationary condi-
tions, as it is pointed out by the response of the commer-
cial sensor (Fig. 6). In particular, if allowance is made for
chamber humidity fluctuations, when RH is repeatedly var-
ied between dry-air conditions and RH = 60% (Fig. 6) the
1/e response and recovery times were estimated to be ∼74 s
and ∼3 s, respectively. The response time is slightly larger
than that of the commercial sensor (∼52 s), while the re-
covery time is much shorter than both the response time and
the commercial sensor recovery time. When RH is varied
between 0 and 80%, a 1/e rise time of about 85 s and a
fall time of about 10 s are estimated. These rise-time val-
ues have been observed to be rather reproducible in several
devices, although times as long as 120 s were measured in
few cases. On the other hand, fall time does not vary ap-
preciably from device to device. To explain this behavior
we should consider that any comparison with the recov-
ery of the commercial sensor is made difficult by its po-
sition in the chamber. Indeed, when the sensor was set in
the place of the test device its fall time was comparable to
the nominal one which is 15 s. This result and the nearly
constant fall times we observed on different devices suggest
that measured recovery may be affected by the chamber re-
action time. Thus, we can conclude that the recovery of the

devices under test is so fast that reported fall times should
be considered as the upper time limit for the device under
test.

The relatively short response times and, mostly, the very
short dehumidification times would reasonably support the
hypothesis that current changes are related to surface mech-
anisms, likely involving water molecules loosely bound at
the surface of the MaSnCl3 films. A plausible mechanism
could be analogous to the one first proposed for silica gel
[28] and used also for perovskite [29] and porous oxides
[25]. It assumes that the humidity dependent conduction is
of a protonic nature [30] and originates from the physisorp-
tion of water molecules on anchor points such as surface
hydroxyls and water ligands. In particular, at low humid-
ity (adsorbed layer less than one monolayer) conduction is
due to H3O+ ions, while when humidity increases (adsorbed
layer greater than one monolayer), the dominant charge car-
riers are protons, H+, that move freely in water layers show-
ing a liquid-like behavior, according to the Grotthuss proton
transmission mechanism [28].

Following this model, we can tentatively interpret our
results considering that (1) charge conduction takes place
in physisorbed water layers, where H3O+ and H+ are the
main charge carriers at low RH and medium to high RH, re-
spectively. Since H+ ions are more mobile than H3O+ and
the concentrations of mobile charge carriers increase with
H2O adsorption, the resistor R decreases when RH increases
due to increasing charge carrier concentration and mobility.
(2) CPE1 originates from water molecule polarization effect
that is enhanced when RH increases in the medium to high
humidity range [29]. This would explain the increase we ob-
served in Cn1 for RH ≥ 30% (Fig. 5). (3) Since gold con-
tacts are ion-blocking electrodes [29], charged ions are ex-
pected to accumulate at the electrodes causing space charge
polarization that increases when increasing humidity, thus
Inducing the increase of Cn2 . Thus, the results we have re-
ported can be qualitatively interpreted in terms of protonic
conduction in layers of water physisorbed on the surface of
the MaSnCl3 films.

As a final comment, we note that the device response is
quite reproducible on the time scale of a few days. This is
well demonstrated in Fig. 7 where we show the I ac values
measured on the same sample during two humidification-
dehumidification experiments (0–60% RH range). The ex-
periments were carried out before and after 72 hours work-
ing at RHs ranging from 30% to 80%. The two response
curves can hardly be distinguished from each other, thus
proving the device stability. This result is consistent with
the X-ray diffraction experiments (Fig. 1) and suggests that
MaSnCl3 may be considered for use in humidity sensing de-
vices. Work is under way to verify the device stability on
longer time scale.
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Fig. 7 Response and recovery curves measured at 120 Hz during two
sequences of humidification–dehumidification cycles before (!) and
after (Q) 72 hours working at RHs ranging from 30% to 80%. The re-
sponse of the commercial sensor (dashed line) is shown as a reference

4 Conclusions

The complex impedance of MaSnCl3 hybrid films has been
shown to depend on humidity. Interdigitated two-electrode
devices have been modeled in the whole 0–80% relative
humidity range by a rather simple equivalent circuit com-
prising one resistance and two constant phase elements.
The stationary humidity characteristics demonstrated that
impedance variations as a function of RH are mainly due
to the resistive component of the circuit, which decreases
by more than three orders of magnitude when RH increases
from dry-air to 80%. Dynamic responses of the devices dur-
ing humidification–dehumidification cycles showed large
and fast variations of the current, with rise times of few hun-
dred seconds and fall times as short as few tens of seconds.
This suggests that sensitivity to humidity originates from
mechanisms involving water molecules physisorbed on the
film surface.

The results obtained were quite reproducible when mea-
sured on different samples or on the same sample during
several working days. These observations hint that MaSnCl3
films could be envisaged as the active layer of hybrid humid-
ity sensing devices.
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