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ABSTRACT: Halide semiconductors are undergoing a period of intense interest, buoyed by the outstanding optoelectronic 
properties of hybrid perovskites. It is worthwhile to consider whether related materials sharing unique aspects of the 
perovskite chemistry, such as the incorporation of metals that provide lone pair s electrons when integrated within the halide 
lattice, might yield semiconductors with comparable properties. One such metal that has not been widely studied in the 
context of photovoltaics is monovalent indium. In this work, we investigate a method of depositing films of indium(I) iodide, 
coupled with optoelectronic characterization and incorporation of these films into thin-film solar cells. We find that, although 
indium(I) iodide exhibits a photovoltaic effect, it is likely to be compromised by difficult-to-remove defects, e.g., iodine 
vacancies, which are expected to introduce recombination centers deep within the band gap. 

The extraordinary optoelectronic and photovoltaic 
properties of the halide perovskite family have stimulated 
an interest in uncovering their physical origins and 
investigation of new materials with similar chemistry and, 
ideally, similar properties. One attribute that has been 
suggested to underpin the high optoelectronic quality of 
these materials is the contribution of lone pair electrons 
from the metal to the valence band (e.g., 6s2 electrons from 
Pb). This feature is proposed not only to make the valence 
band more dispersive, leading to a low hole effective mass, 
but also to improve defect tolerance due to the antibonding 
coupling between the metal lone pair s and halide p 
orbitals.1 It is thus reasonable to inquire which lone pair-
containing metals beyond Pb/Sn may be integrated into 
similar crystal structures, and whether such materials 
might possess the outstanding semiconducting properties 
of the halide perovskites. Such metals include In+ and Sb3+, 
or Tl+ and Bi3+, which are isoelectronic to Sn2+ and Pb2+, 
respectively. Sb3+ and Bi3+ have enjoyed some limited 
photovoltaic success when integrated into reduced-
dimensional perovskites (A3Bi2I9 or A3Sb2I9, where A is 
methylammonium or an alkali metal such as Rb),2-5 the 
double perovskite Cs2AgBiBr6,6 or related halide 
semiconductors such as BiI37, BiOI,8 or AgaBibIa+3b.9-11 While 
the addition of small amounts of Tl appears to reduce the 
band gap of Cs2AgBiBr6 to values more suitable for 

photovoltaics,12 it is highly toxic and therefore an 
undesirable replacement for Pb. However, despite some 
discussion in the context of radiation detectors,13-14 and a 
recent report by Brandt et al.15 suggesting that the carrier 
lifetime of InI compares favorably with other Pb-free halide 
semiconductors of interest for solar cells, the photovoltaic 
properties of In+-containing materials are underexplored, 
and the lower toxicity of In makes it an interesting 
candidate for investigation (with the caveat that In is a 
relatively scarce element, with abundance in the Earth’s 
crust about equal to that of Ag, and market price >$200/kg 
in 2017).16-17  

In this work, we focus on InI, one of the simplest In+-
containing halide semiconductors. InI has a crystal 
structure that is similar to the rock salt structure, but it is 
staggered every two atomic sheets such that the In atoms in 
one layer are more closely bonded to the In atoms in the 
adjacent layer, as opposed to the I atoms, as shown in Figure 
1a.18 Thus, each I atom is coordinated to five In atoms in 
distorted square pyramidal geometry, while each In atom is 
coordinated to five I atoms, also in distorted square 
pyramidal geometry, and additionally to two In atoms in the 
adjacent layer. The relatively strong bonding between the 
two-layer “slabs” results in a more 3-dimensional structure 
than would be typically expected for such a layered 
compound.18 As the lone pair metal and the halogen are the 
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dominant contributors to the valence and conduction band 
edges in halide perovskites,1, 19-20 it is reasonable to inquire 
whether InI might lead to a replication of favorable band 
structure properties.  

While the band gap of InI is reported as ~2.0 eV,18 slightly 
wider than ideal for single-junction photovoltaics, this 
material could in principle prove useful as the top cell in a 
tandem architecture, or otherwise in light-emitting 
applications. Prior calculations indicate that InI has a direct 
band gap with dispersive band edges.15, 21-22 This feature 
arises as a result of hybridization between the In 5s and I 5p 
orbitals in the valence band, and the cationic character of 
the In 5p orbitals in the conduction band.22-23 However, 
defect calculations by Biswas and Du18 have indicated that 
the presence of Schottky defects (i.e., paired vacancies of In 
and I, VIn and VI) may be troublesome, due to pinning of the 
Fermi level near mid-gap and the probable behavior of VI as 
a deep electron trap. Shi and Du24 indicate that, despite the 
presence of ns2 cations, InI lacks an appropriate structure to 
protect against formation of deep VI, as the neighboring In 
5p orbitals all point toward the center of the vacancy and 
may thus easily hybridize to form a localized state. More 
recent calculations indicate that VI has a low formation 
enthalpy,15, 25 and Kurchin et al.25 propose that the presence 
of a lone pair metal in binary metal halides can lead to 
shallow cation vacancies but does not preclude deep anion 
vacancies. However, experimental reports of reasonably 
high carrier lifetimes15 (~6 ns) and mobility-lifetime 
products13, 26 (μτ on the order of 10-4 cm2/V) in InI single 
crystals suggest that this material may nonetheless be 
suitable for photovoltaic energy conversion in thin-film 
devices. Assuming an Einstein relation between carrier 
mobility μ and diffusion coefficient (D = μkBT/q), the above 
μτ should correspond to a carrier diffusion length 𝐿஽ = √𝐷𝜏 
of ~16 μm. As the absorber in thin-film solar cells is 
generally no more than 1–2 μm thick, such a diffusion length 
should be more than adequate for efficient carrier 
collection. It is therefore worthwhile to investigate whether 
InI might serve as a promising optoelectronic material, and 
to develop ways of depositing and characterizing thin films 
of this material. In this work, we discuss the properties of 
InI thin films prepared by thermal evaporation, and assess 
the performance of solar cells based on these films. 

 

Figure 1. Crystal structure (a) of InI, drawn using 
CrystalMaker® software. Thick lines denote intra-slab In—I 
bonds, while thin lines denote inter-slab In—In bonds; SEM 
image (b) of an InI film on glass (scale bar: 500 nm); XRD 
pattern (c) of an InI film evaporated onto glass (plotted using a 
square root scale for ease of visualizing weak peaks), with all 
reflections indexed according to pattern 01-079-0534 in the 
International Centre for Diffraction Data database; UV-vis 
absorption spectrum (d) and Tauc plot (inset) of an InI film on 
glass, showing a direct band gap of 2.0 eV; PL spectrum (e) of 
an InI film evaporated onto glass and encapsulated with an 
overlying poly(methyl methacrylate) (PMMA) film, exhibiting 
band-to-band luminescence. 

Because InI is sparingly soluble in common organic 
solvents and also is liable to oxidize easily due to the 
relative instability of In+ relative to In3+, we have chosen to 
use a physical (i.e., single-source thermal evaporation) 
rather than chemical method to deposit InI. The as-
deposited films (on soda-lime glass substrates) were then 
characterized by X-ray diffraction (XRD), scanning electron 
microscopy (SEM), and UV-vis absorption and 
photoluminescence (PL) spectroscopies. Top-view SEM 
(Figure 1b) reveals a network of compact but very small 
grains, on the order of 100 nm. The XRD pattern (Figure 1c) 
of the as-deposited InI film is not dominated by reflections 
characteristic of any particular set of Miller indices, 
although the strongest peak belongs to the (040) reflection. 
This orientation corresponds to a configuration in which 
the layers of the InI crystal structure are parallel to the glass 
substrate. Such a configuration may be expected to 
dominate intuitively, as it is typical for layered compounds 
to favor alignment of the basal planes with the substrate; in 
fact, from this perspective, the extent to which other 
reflections are evident is somewhat surprising. However, 
the strength of inter-layer bonding in InI (as reflected by the 
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slab-to-slab In—In bonds being only slightly longer than the 
In—I bonds) contributes to a reduced anisotropy of this 
material relative to other layered compounds of similar 
chemistry (e.g., PbI2 or BiI3).18, 22  

The UV-vis spectrum (Figure 1d) of the as-deposited film 
indicates an absorption onset at ~620 nm, while the 
corresponding Tauc plot (Figure 1d inset), assuming a 
direct transition, yields a band gap of 2.00 eV, in good 
agreement with previous reports.13, 18 At wavelengths 
below that corresponding to the band gap, the absorption 
increases monotonically in a manner resembling that of 
other semiconducting halides such as CH3NH3PbI3. Note 
that there also appears to be an increase in absorption for 
wavelengths above the band gap. Plotting the UV-vis-NIR 
spectra of InI films of different thicknesses reveals that this 
effect is most likely due to thin film interference, as 
evidenced by the shifting maxima and minima in the 
infrared regime (Figure S1). These effects are also 
discernible in the visible/below band gap range, but 
absorption is clearly the dominant effect here, as evidenced 
by roughly linear scaling of the absorbance with film 
thickness. The PL spectrum (Figure 1e) of the InI film peaks 
relatively close to the band gap value, at 2.02 eV, and is thus 
likely characteristic of band-to-band recombination; 
however, the PL response is relatively weak, possibly 
indicating a large density of recombination centers. We also 
note that, although it is generally possible to obtain 
reasonable PL spectra from InI films, they are easily 
damaged by the 442 nm laser used to excite them, and care 
must therefore be taken when collecting and comparing 
these spectra. In general, these films are highly unstable in 
air, showing visible signs of decomposition within 3 h of 
continuous exposure to ambient atmosphere (relative 
humidity ~50% at room temperature).  

Ultraviolet and inverse photoemission spectroscopy (UPS 
and IPES) of an InI film evaporated onto indium tin oxide 
(ITO) were used to characterize band positions and work 
function, as shown in Figure 2. From the secondary electron 
cutoff at 16.4 eV below the Fermi level (Figure 2a) in the He 
I (hν = 21.2 eV) UPS spectrum, the work function is 
estimated to be 4.8 eV. Fitting the valence band edge in the 
UPS spectrum yields an ionization energy of 5.6 eV, placing 
the Fermi level nearly at midgap, while the IPES spectrum 
suggests an electron affinity of ~3.6 eV (obtained by fitting 
the signal as a sum of gaussians representing the 
conduction band density of states with an exponential 
function representing the background). The fundamental 
band gap, established by the 2.0 eV difference between the 
ionization energy and the electron affinity, agrees with the 
optical band gap measured by UV-vis, within the limits of 
experimental error. These measurements also agree closely 
with the defect calculations of Biswas and Du,18 which 
suggest that native Schottky defects should pin the Fermi 
level ~0.8 eV above the valence band. This result is thus 
consistent with these defects being active within the 
evaporated InI films; VI defects may possibly account for the 
observed weak PL.  

X-ray photoelectron spectroscopy (XPS) of the films 
deposited on both indium tin oxide (ITO) as well as glass 

substrates (the latter spectrum is shown in Figure 2c) 
demonstrates that, in addition to the expected 
contributions from indium, iodine, and adventitious carbon, 
a significant peak belonging to the oxygen 1s orbital 
appears, which may indicate the formation of a surface 
oxide. As noted above, the In+ state is not as stable as In3+, 
and it is possible that exposure to air when the film is loaded 
into the XPS tool may contribute to the presence of oxygen. 
However, oxygen is evident even in films that are deposited 
and transferred to the XPS chamber without air exposure, 
which suggests that it may originate from interactions of the 
film with trace moisture or O2 in the evaporation chamber 
or gloveboxes. The I:In elemental ratio of 0.8 in the film 
grown on glass may simply reflect the competition amongst 
I- and O2- anions for coordination to In at the surface of the 
film. However, it is potentially concerning in view of the 
deep electron trap nature of VI,18 which may be present in 
large quantity in I-deficient films, providing an alternative 
possible explanation for the weakness of the PL emission. 
The presence of band-to-band PL, though weak, is 
nevertheless evidence of the photovoltaic potential of this 
material. It is therefore of interest to develop strategies that 
can improve the morphology and the optoelectronic 
properties of the InI films. 

 

 

Figure 2. Photoelectron spectroscopy of InI films. Secondary 
electron cutoff region of the UPS spectrum (a) of an InI film 
evaporated onto ITO; band edge regions of an InI film on ITO 
(b) as measured by UPS (data: blue line) and IPES (data: purple 
dots, gaussian + exponential background fit: dashed purple 
line). Binding energies are referenced to the Fermi level. XPS 
spectrum (c) of an InI film on ITO, displaying contributions 
from In and I, as well as C and O. 

One means of influencing the properties of vapor-grown 
films is to modify the substrate, which can have a 
substantial impact on the morphology and properties of the 
resulting films.27 Strong crystallographic orientation of the 
substrate can be used to stimulate a similar degree of 
orientation in the overlying film (e.g., epitaxy),28 which may 
lead to improvement in the quality or functionality of that 
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film. The substrate need not possess a similar chemistry or 
crystal structure to the desired film in order to promote 
epitaxial growth, and may even be a thin film itself.29-31 
Alternatively, mobile species can diffuse from the substrate 
into the overlying film and affect its growth and material 
properties. Examples of such interactions have been 
observed in the perovskite literature for species such as 
Na32 or Cd.33-34 To modify the growth of InI, we employ a thin 
layer of SnI2, which deposits with a heavily preferred 
orientation, as evidenced by the strong, evenly spaced 
series of reflections seen in Figure S2, and is chemically 
similar to InI (In+ and Sn2+ are isoelectronic), which may 
reduce the chance of harmful defects arising from 
incorporation of Sn into the InI structure. SnI2 is deposited 
onto the substrates by spin-coating from an N,N-
dimethylformamide (DMF) solution in a nitrogen-filled 
glovebox, and thereafter annealing at 100 °C for 10 min to 
remove the solvent. We also compare the influence of 
amorphous soda-lime glass substrates relative to the half-
solar cell stack of ITO/CdS, the latter of which is deposited 
using chemical bath deposition by a previously reported 
method.33 CdS deposited in this manner is crystalline but 
with very small grains, as evidenced by previous work in 
which the only identifying feature in the X-ray diffraction 
pattern is a very weak and broad peak.33  

Figure 3. XRD patterns of InI films on various substrates with 
different SnI2 treatments: soda-lime glass (a), and ITO/CdS (b). 
All patterns are plotted on square root scale to emphasize 
weaker peaks; patterns in (a) are normalized for ease of 
visualizing off-axis peaks. 

When InI films are deposited onto a glass substrate 
treated with a 10 mg/mL SnI2 solution, the (0k0) peaks in 
the XRD pattern of the InI film are strongly enhanced, while 
all other orientations are suppressed (Figure 3a). 
Increasing the SnI2 concentration to 20 mg/mL further 
strengthens the (0k0) peaks relative to all other 
orientations, although the emergence of a weak peak at 2θ 
= 11.6° corresponds to the (002) peak of InSn2I5,35-36 
demonstrating spontaneous reaction between SnI2 and InI. 
No such peak is evident in the pattern corresponding to the 
10 mg/mL SnI2 substrate. However, this observation does 
not preclude the possibility of such reaction happening in 
this case as well—i.e., the amount of InSn2I5 generated is 
most likely below the threshold of observation. When 
ITO/CdS substrates are used in place of glass, the 
preference for the (0k0) orientation is lessened relative to 
the others, and the (111) reflection dominates the InI 
component of the XRD pattern (Figure 3b). Nevertheless, 
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the SnI2 treatment has the same effect on the InI film 
texture, with higher concentrations leading to an 
increasingly dominant (040) peak. The preferred 
orientation may, for example, be stimulated by epitaxial 
growth on the highly-oriented SnI2 surface, or by the 
influence of diffused Sn on nucleation/growth of grains 
within the InI film. There do not appear to be any significant 
morphological differences in films fabricated on ITO/CdS 
substrates with different SnI2 treatments, as seen in the SEM 
images in Figure S3. 

 

Table 1. Elemental Ratios from Quantification of XPS 
Spectra of InI Films on ITO/CdS and Glass Substrates for 
Various Concentrations of SnI2 Treatment (in mg/mL). 

 glass ITO/CdS 

SnI2 none 10 20 none 10 20 

I:In 0.80 0.96 0.98 0.91 0.92 0.97 

I:O 0.71 0.92 1.13 1.72 1.71 2.46 

Sn:In 0.00 0.02 0.02 0.00 0.02 0.02 

Cd:In - - - 0.04 0.02 0.02 

 

A further interesting effect of the SnI2 treatment is 
observed in the XPS spectra of the InI films (Figure S5). As 
noted above, the spectrum corresponding to the film on 
untreated glass contains a significant contribution from the 
O 1s peak, and an apparently I-deficient composition. 
Quantification of the elemental composition derived from 
these spectra is displayed in Table S1, and selected ratios of 
atomic percentages corresponding to different elements are 
given in Table 1. In films grown on the SnI2-treated glass 
substrates, the I:In and I:O ratios tend to increase with SnI2 
concentration. Similar behavior is evident for the InI films 
on ITO/CdS substrates; while the difference between the 
untreated and 10 mg/mL SnI2-treated substrates is 
marginal, the overall trend is clearly in the same direction 
as for the glass substrates. The correlation between the XRD 
and XPS results as a function of SnI2 treatment is intriguing, 
and suggest a possible relationship between the (0k0) 
preferred orientation of the InI film and its elemental 
composition. For a surface of an InI crystallite 
corresponding to any orientation other than (0k0), dangling 
bonds will exist where oxygen can bond to indium atoms 
and displace iodine, or more easily oxidize and extract 
indium from the lattice during or after film deposition, since 
any plane not parallel to the rock salt slab structure must 
intersect some In—I bonds. Also, the van der Waals gaps 
between adjacent slabs intersect the surface in this case, 
providing pathways along which adventitious species could 
easily diffuse into the film. By contrast, a film in which only 
the (0k0) facets are exposed can present a surface in which 
the In—I bonds are completely saturated, reducing the 
chance that impinging oxygen will invade the lattice either 
by direct reaction with the surface or through facile access 
to the bulk. In films fabricated on SnI2-treated substrates, 
slight contributions from Sn 3d and 3d- orbitals are evident, 
and in those on ITO/CdS, Cd 3d/3d- peaks are also present. 

Cd has been previously shown to diffuse into CH3NH3PbI3, 
but it is benign in small amounts.33-34 The amount of Cd is 
slightly reduced when films are deposited on SnI2-treated 
substrates, possibly signifying that the SnI2 layer impedes 
Cd diffusion. The presence of Sn at the surface of the films, 
together with the observations of InSn2I5 in the XRD 
patterns (for high concentration SnI2 treatment), signifies 
the ease with which Sn can interact with the InI film. 

To evaluate the photovoltaic quality of the evaporated InI 
films and assess the impact of the substrate treatment, solar 
cells were fabricated in which these films were used as the 
absorber. Figure 4a shows a schematic of the solar cell 
architecture, using an ITO/CdS/(SnI2)/InI/poly(3-
hexylthiophene-2,5-diyl) (P3HT)/Au stack, in which CdS 
and P3HT are the electron and hole transport layers 
(ETL/HTL), respectively, and SnI2 is used as an interface 
modification/growth templating layer as discussed above. 
Figure 4b illustrates the band positions of the ETL and HTL 
relative to InI, demonstrating that they are expected to be 
conducive to extracting and blocking the proper charge 
carriers. The average values of device parameters 
corresponding to solar cells prepared using substrates 
treated with 10 or 20 mg/mL SnI2 in DMF, or untreated, are 
displayed in Table 2. All groups of solar cells exhibit a clear 
photovoltaic effect, although overall efficiency is low and 
significant hysteresis is evident, with forward scans 
yielding significantly higher efficiency than reverse. Biswas 
and Du18 have calculated that VI and VIn have low energy 
barriers for diffusion, which may contribute to the observed 
hysteresis. The SnI2 treatment appears to be most beneficial 
at 10 mg/mL, yielding the highest JSC, VOC, and FF under 
forward scan and maintaining the highest JSC under reverse 
scan. Under reverse scan, the efficiency monotonically 
decreases with strength of the SnI2 treatment, driven 
predominantly by a reduction in VOC. It should be noted, 
however, that the stabilized efficiency of several selected 
devices generally tends to match the forward scan efficiency 
better than the reverse scan efficiency. This behavior is 
illustrated by the J–V curves of the best-performing device 
plotted in Figure 4c, with the (J, V) values corresponding to 
the stabilized power output conditions indicated by a green 
star. For this device, the stabilized PCE is 0.38% (as seen in 
the time-resolved photocurrent plot in Figure S6), while the 
slow forward scan yields an efficiency of 0.44%.  

 

Table 2. Device Parameters of InI Solar Cellsa with 
Varying SnI2 Treatment (in mg/mL), Taken from 
Forward (Reverse) J–V Scans.b 

SnI2 
treatment 

VOC (V) JSC 
(mA/cm2) 

FF (%) PCE (%) 

none 0.37 ± 
0.03 

(0.38 ± 
0.02)  

1.90 ± 
0.09 

(1.66 ± 
0.13) 

38.6 ± 
2.3 

(34.5 
± 3.7) 

0.28 ± 
0.03 

(0.22 ± 
0.04) 

10 0.45 ± 
0.01 

(0.33 ± 
0.02) 

2.14 ± 
0.09 

(1.99 ± 
0.16) 

40.2 ± 
1.9 

(29.7 
± 2.7) 

0.39 ± 
0.04 

(0.19 ± 
0.03) 
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20 0.45 ± 
0.03 

(0.27 ± 
0.03) 

1.84 ± 
0.07 

(1.83 ± 
0.12) 

38.9 ± 
2.5 

(30.6 
± 2.5) 

0.32 ± 
0.04 

(0.15 ± 
0.02) 

a Data are averaged over 10, 11, and 11 devices 
corresponding to untreated, 10 mg/mL, and 20 mg/mL SnI2 
substrate treatments, respectively. 

b Uncertainty in the measurements is quantified by the 
standard deviation. 

External quantum efficiency (EQE) measurement of the 
best-performing device (Figure 4d) yields an integrated JSC 
of ~2.4 mA/cm2, which is slightly higher than but 
reasonably close to the ~2.1 mA/cm2 value obtained from 
the J–V and stabilized photocurrent measurements. This 
discrepancy may be at least partially attributable to the 
smaller illuminated (sampled) area under the EQE beam 
than the 0.1 cm2 area exposed during J–V measurement, 
considering the possibility of spatial variations within the 
films composing the device. To verify that InI is the source 
of the photocurrent, the long-wave cutoff of the EQE 
spectrum is estimated by finding the maximum value of -
dEQE/dλ at this point. This measurement yields a band gap 
of ~1.98 eV/625 nm, agreeing well with the optical and 
photoelectron spectroscopy measurements of the InI band 
gap. From the device results, the SnI2 treatment appears to 
be helpful (at least to a limited extent) in boosting InI solar 
cell performance. The loss in performance as a result of 
increasing the SnI2 concentration to 20 mg/mL is likely a 
consequence of electron blocking, either by the SnI2 layer 
itself or the InSn2I5 product evident in the XRD patterns in 
Figure 3.  

In summary, to more fully explore the range of lone pair 
metal halides and their potential use in photovoltaics, we 
have investigated the thin film deposition of indium(I) 
iodide, which has not yet been integrated into solar cells. 
Thin films of InI can be obtained readily by thermal 
evaporation, and the composition and preferred 
crystallographic orientation can be manipulated through 
the use of different substrates/additives. While the 
morphology of the InI films is satisfactory for device 
fabrication (i.e., compact and conformal grain structure), 
their defect properties appear to be inferior to those of 
halide perovskites, as exhibited by their weak 
photoluminescence. Furthermore, photoemission 
measurements indicate that the Fermi level lies at a position 
deep within the gap, perhaps pinned due to the Schottky 
defects predicted by prior calculations.18 By modulating 
film growth using a SnI2 substrate treatment, solar cells 
prepared using InI as the absorber generate measurable 
photocurrent with power conversion efficiency of up to 
~0.4%, demonstrating that InI is indeed a photovoltaic 
material. The low performance of these solar cells may be 
attributable to the unfavorable defect properties of InI, 
suggesting that the presence of a lone-pair metal is not 
necessarily proof against the harmful influence of defect 
states near midgap (in agreement the proposition of 
Kurchin et al.25 that lone pair metals cannot protect against 
deep anion vacancies). Alternatively, oxygen impurities in 

the lattice could also lead to deep defect states or reduce 
carrier mobility. The prior reports of reasonable carrier 
lifetime/mobility-lifetime product13, 15, 26 suggest that it may 
be worthwhile to further investigate differences between 
InI thin films and single crystals, and develop strategies to 
make the former behave more like the latter. 

 

 

Figure 4. Device architecture (a) and band diagram (b) for the 
solar cells used in this work; J–V curves (c) and stabilized 
power parameters (indicated by green star) of the best-
performing device; EQE spectrum (solid line) and its derivative 
(dashed line) corresponding to the same device (d). 
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