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Inorganic HTLs are low-cost mate-
rials with versatile optoelectronic prop-
erties, superior physical and chemical 
stabilities.[2e,7] Generally, they can be clas-
sified into binary, ternary compounds, etc., 
according to their element composition, 
and ternary oxides are substantially attrac-
tive and promising in PVSCs application 
due to their good conductivity and tunable 
optical and electrical properties. Recently, 
sol-gel synthesized CuyCrzO2 particles 
with size >100 nm as HTL in PVSCs have 
been reported, yielding a PCE of 17.19%.[8] 
CuGaO2 nanoplates with 50–75 nm in 
diameter and 10–15 nm in thickness were 
synthesized by the microwave-assisted 
method at 230 °C and the PVSCs based 
on 345 nm thickness CuGaO2 HTL have 
been achieved with a PCE of 18.51%.[9] 
Co1–yCuyOx thin film was demonstrated as 
HTL into PVSCs via high-cost magnetron 

cosputtering technique, displaying a relatively low PCE of 10%.[10] 
Considering that small nanoparticles (NPs) favor the formation 
of a high-quality film including well-packed (i.e., elimination of 
the voids and gaps) and functional morphology (i.e., smooth and 
compact film), inorganic NPs with diameters in a few nanom-
eters fabricated by facile methods to ensure low-cost and good-
quality film for highly efficient HTLs in PVSCs still demand.

Spinel NiCo2O4, with Ni occupying octahedral sites and 
Co occupying both octahedral and tetrahedral sites, is a 
p-type semiconductor with a conductivity of 500 S cm−1, 
at least two orders of magnitudes higher than that of NiO 
and Co2O3.[11] It has been applied in photodetector, oxygen 
reduction, Li-ion batteries, and electrocatalysis due to its out-
standing merits like electrochemical activity, environmental 
friendliness, low-cost, and abundance.[12] Several synthesis 
methods of NiCo2O4, such as thermal decomposition, combus-
tion, electrospinning, spray pyrolysis, sol-gel, hydrothermal, 
and pulsed laser deposition, have been exploited.[11a,12b–d,13]  
However, the synthesized NiCo2O4 featuring different micro-
structures or large particle size is unsuitable for forming films, 
let alone the complicated fabrication processes, high tempera-
ture, and even toxic chemical agents (such as NH4F). Further-
more, surfactants such as ethylene glycol (EG) are typically 
added to decrease the particle size (≈10–20 nm) and main-
tain monodispersion,[14] making the application of NiCo2O4 
in PVSCs more difficult considering the degraded electrical 
properties resulting from surfactant ligands. The above issues 
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Perovskite Solar Cells

1. Introduction

Organic–inorganic hybrid perovskite solar cells (PVSCs) have 
emerged as a promising photovoltaic technology with power 
conversion efficiency (PCE) expeditiously improved over 22%.[1] 
Carrier (electron and hole) transport layers connected with 
perovskite in PVSCs are fundamentally crucial for the improve-
ment of device PCE and stability.[2] For hole transport layers 
(HTLs), numerous materials have been used in PVSCs, but 
most of them are very expensive, such as 2,2′,7,7′-tetrakis[N,N-
di-(4-methoxyphenyl)amino]-9,9′-spirobifluorene,[3] poly-3-hex-
ylthiophene,[4] and poly(triarylamine).[5] Some relatively low-cost 
material such as poly(3,4-ethylenedioxythiophene):poly(styrene 
sulfonate) (PEDOT:PSS) has good electrical property and simple 
solution process conditions, while acidic nature and hygroscopic 
nature of PEDOT:PSS cause poor device performance and 
instability.[6]
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explain the situation that successful application of NiCo2O4 
HTL in PVSCs has never been reported.

Here, we demonstrated a novel strategy of controllable deami-
nation of Co–NH3 Werner-type coordination compounds in a 
system containing Ni(OH)2 to synthesize ultrasmall ternary oxide 
NPs, NiCo2O4. Through this approach, ultrasmall (≈5 nm) and 
well-dispersed NiCo2O4 NPs are achieved, contributing to the 
formation of compact films with excellent coverage, interfacial 
contact, and hole extraction ability. Notably, NiCo2O4 HTL is first 
introduced in PVSCs with a decent PCE of 18.23% and a promi
sing stability (≈90% PCE maintained after 500 h continuous 
light soaking). We attribute the promising performance to the 
desirable optoelectronic properties of the high-quality NiCo2O4 
NPs, and the promoted perovskite crystallization due to the non-
wettability of NiCo2O4 films. This work develops a new p-type 
inorganic layer for PVSCs, which will boost the device strategic 
design and development; and provides an insight into the design 
and synthesis of ultrasmall and ligand-free NPs HTLs to enable 
cost-effective photovoltaic devices.

2. Results and Discussion

The synthesis of NiCo2O4 NPs is shown in Scheme 1. The Co 
source, Co(NO3)2, was dissolved in water. Adding ammonia 
dropwise into Co(NO3)2 solution, the dark green precipi-
tate was produced, and X-ray diffraction (XRD) pattern in 
Figure S1a (Supporting Information) confirmed the forma-
tion of Co(OH)2. When continuously adding ammonia to 
pH = 12, the dark green solid dissolved gradually and turned 
into red-brown solution due to the oxidation of Co2+ to Co3+ 
after stirring in air, yielding stable [Co(NH3)x(H2O)y](NO3)3 
complex, which was verified by Fourier transform infrared 
(FTIR) spectroscopy, as shown in Figure S1b (Supporting 
Information), and is consistent with the reference.[15] Ni 
source for NiCo2O4 was provided by Ni(NO3)2, which was 
added into the as-prepared [Co(NH3)x(H2O)y](NO3)3 complex 

to form a mixture solution. The mixture solution was heated 
to release ammonia gradually (named as deammonia pro-
cess) as well as to remove all water, and then NiCo2O4 crys-
tals start to be detected in the obtained solid (as shown in 
Figures S2 and S4a, Supporting Information). We note that 
during the addition of Ni(NO3)2, a small amount of Ni(OH)2 
formed due to the strong base condition, identified from the 
(003) plane of Ni(OH)2 (JCPDS card No: 00-038-0715) shown 
in Figure S3 (Supporting Information). Ni(OH)2 decomposes 
into Ni2+, serving as one of the components of NiCo2O4 in 
this system; and the gradually decomposed Co–NH3 complex 
then combines with Ni to form NiCo2O4. Further calcination 
of the above solid at 200 °C obtains high crystalline and high-
quality NiCo2O4 NPs. The sharp XRD peaks in Figure 1a and 
Figure S2 (Supporting Information) show the disappearance 
of ammonium nitrate and the appearance of strong charac-
teristic peaks of NiCo2O4 after calcination, suggesting the for-
mation and good crystallinity of NiCo2O4. The characteristic 
diffraction peaks in Figure 1a are indexed into a cubic spinel 
structure, which matches well with the standard JCPDF card 
(No. 20-0781)[12d,14c,16] and no impurity phases were detected. 
Intercalating ammonia into the complex is crucial in achieving 
ultrasmall particles because the deammonia process can be 
thermally controlled to suppress the NPs growth. To prove 
this point, we investigated the NPs size evolution at 150 and 
180 °C. NiCo2O4 was formed at both 150 and 180 °C, as shown 
by the XRD patterns in Figure S4a (Supporting Information). 
However, the NiCo2O4 NPs are larger than 14 nm at 150 °C 
condition; while the particle size reduced to an average size 
of 4.60 nm at 180 °C, as shown in Figure S4b,c (Supporting 
Information). The size reduction mainly attributes to the sub-
stantially shortened reaction time (from 24 h at 150 °C to 2 h 
at 180 °C), and therefore significantly suppressed NP growth 
after formation, indicating the size controllability in the deam-
monia process.

The excellent dispersity of NiCo2O4 NPs synthesized in our 
method is determined by the residual NH3 ligands attached 
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Scheme 1.  A schematic diagram for the synthesis of NiCo2O4 NPs.



www.advenergymat.dewww.advancedsciencenews.com

© 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim1702722  (3 of 7)

to NPs, which prohibits NPs aggregation during annealing. 
It is supported by the poor dispersity of NPs after replacing 
ammonia with sodium hydroxide (NaOH), as shown in 
Figure S5b (Supporting Information). The residual NH3 mole
cules were detected via FTIR technique, which displayed 
stretching bands of 3500–3000, 1766, 1390, and 845 cm−1

, as 
shown in Figure S5a (Supporting Information). They absorb on 
the surface of NPs and form H-bond with water to assist the 
dispersion of NiCo2O4 NPs.[14c,17] NH3 molecules can be easily 
removed during film fabrication and thus avoid electrical prop-
erty deterioration as is the case for most organic ligands.

We further characterize the NiCo2O4 NPs by high-resolution 
transmission electron microscope (HRTEM) image, as shown 

in Figure 1b. Diffraction rings were indexed to the (311), (400), 
(111), (220), (511), and (441) planes of NiCo2O4, consistent with 
the XRD pattern. Transmission electron microscopy (TEM) 
image in Figure 1c showed NiCo2O4 with an average diam-
eter of 4.6 nm (for ≈50 nanoparticles), which is the smallest 
NiCo2O4 NPs ever reported. The ultrasmall NiCo2O4 NPs are 
favorable for fabricating uniform and compact NiCo2O4 film, 
as shown in the scanning electron microscope (SEM) image in 
Figure S6 (Supporting Information).

To obtain more detailed information about the elemental com-
position and the oxidation state of our prepared NiCo2O4 NPs,  
X-ray photoelectron spectroscopy (XPS) measurements were 
performed and shown in Figure 1d–f. With Gaussian fitting, 
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Figure 1.  a) XRD pattern of the NiCo2O4 NPs. b) HRTEM image and the corresponding diffraction pattern (inset) of the NiCo2O4 NPs. c) TEM image 
and size distribution histogram (inset) of the NiCo2O4 NPs. d) Ni 2p, e) Co 2p, and f) O 1s XPS data for NiCo2O4 NPs.
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the spectrum of Ni2p (Figure 1d) exhibits spin–orbit doublets 
(Ni2+ and Ni3+) and shakes up satellite peaks. The peaks at 854.3 
and 871.9 eV are indexed to Ni2+, and the peaks at 852.5 and  
870.0 eV are indexed to Ni3+. There are a pair of spin–orbit peaks 
(Co 2p1/2 and Co 2p3/2) and two shakeup satellites peaks which 
are assigned to the characteristic of Co2+ and Co3+ (Figure 1e). 
The peaks at 779.6 and 795.0 eV are indexed to Co2+, and the two 
at 778.2 and 793.3 eV are ascribed to Co3+. As shown in Figure 1f, 
the fitting peak O1 at 528.0 eV represents a typical metal–oxygen 
bond, and O2 with a binding energy of 530.5 eV is attributed to 
defects, impurities, and surface species, like hydroxyls, chem-
isorbed oxygen, and undercoordinated lattice oxygen.[12e] O3 (with 
a binding energy of 531.7 eV) is associated with the multiplicity 
of physical and chemisorbed water at/within the surface.[14d] Con-
sequently, XPS results are consistent with the literature[18] and 
demonstrate the formation of cubic spinel NiCo2O4. The Ni:Co 
atomic ratio is about 1.25:2 based on the XPS peak areas and the 
sensitivity factors, indicating a higher surface Ni concentration in 
comparison to that of designed (Ni:Co, 1:2).

According to the contact angles (CA) shown in Figure S7  
(Supporting Information), NiCo2O4 is more hydrophobic, with 
its CA ( = 23o) larger than that of PEDOT:PSS (CA = 10o). The 
less wettability of NiCo2O4 favors the formation of large pero-
vskite grains due to the suppressed heterogeneous nuclea-
tion,[19] as demonstrated by atomic force microscope (AFM) in 
Figure 2a–d that average crystal size enlargement of 157 nm 
was obtained for poor wetting NiCo2O4. We obtained the same 
positive result for other perovskites (e.g., CH3NH3PbI3) yielding 
an average crystal size enlargement of 70 nm for NiCo2O4, as 
shown in Figure S8 (Supporting Information). Furthermore, 
the strengthened and sharpened XRD diffraction (Figure 2e) 
suggests the improved crystallinity of CH3NH3PbI3–xClx on 
NiCo2O4, which is consistent with the large grains shown in 
AFM.

The energy band diagram of the NiCo2O4 film determined 
by ultraviolet photoelectron spectroscopy (UPS) (see Figure S9,  
Supporting Information) suggests a promising candidate as 
HTLs in PVSCs. We fabricated inverted PVSCs with the archi-
tecture of indium tin oxide (ITO)/NiCo2O4/CH3NH3PbI3–xClx/ 
phenyl-C61-butyric acid methyl ester (PC61BM):C60/
zirconium(IV) acetylacetonate (ZrAcac)/Ag to demonstrate 
the effectiveness of NiCo2O4 as HTL. The energy levels of 
CH3NH3PbI3–xClx, PC61BM:C60, ZrAcac, and Ag collected 
from literature[7e,20] and the cross-sectional SEM image of the 
NiCo2O4 based device are shown in Figure 3a,b. The current 
density–voltage (J–V) characteristics of the best PVSCs under 
the illumination of AM 1.5 G, 100 mW cm−2 are shown in 
Figure 3c. The champion PVSCs with NiCo2O4 HTL offered an 
open-circuit voltage (VOC) of 1.07 V, a short-circuit current den-
sity (JSC) of 21.75 mA cm−2, a fill factor (FF) of 77%, and a PCE 
of 18.10% under reverse scan direction; and a VOC of 1.07 V, 
a JSC of 21.83 mA cm−2, a FF of 78%, and a PCE of 18.23% 
under forward scan direction. The stabilized photocurrent and 
PCE at the maximum power output point under AM1.5 sun 
illumination are shown in Figure 3d, which displayed a sta-
bilized photocurrent of 20.57 mA cm−2 and PCE of 18.52% at 
0.90 V, agreeing well with the value measured from J–V curves  
(Figure 3c). Notably, our spinel-type NiCo2O4 is first reported as 
HTL in PCSVs with the best PCE of 18.23%, which is compa-
rable to other reported ternary oxides.[8,9] This highly efficient 
PVSC based on NiCo2O4 is mainly attributed to the promoted 
perovskite grains growth and very good optical and electrical 
properties of the NiCo2O4 film.

The integrated JSC of NiCo2O4 based PVSCs obtained from 
incident-photon-to-current conversion efficiency (IPCE) spec-
trum (Figure S10a, Supporting Information) is 20.79 mA cm−2, 
which is consistent with the value determined by the J–V meas-
urement (see Figure 3c). Meanwhile, the PCE histogram of  
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Figure 2.  AFM images of CH3NH3PbI3–xClx a) on NiCo2O4, b) on PEDOT:PSS and size distribution histogram of perovskites c) on NiCo2O4, d) on 
PEDOT:PSS. e) XRD patterns of CH3NH3PbI3–xClx on NiCo2O4 and PEDOT:PSS, respectively.
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20 NiCo2O4 based PVSCs presented in Figure S10b (Sup-
porting Information) suggests good reproducibility with a 
narrow distribution in the range of 16–18%. Also, the device 
performances of NiCo2O4 based PVSCs are better than the 
PEDOT:PSS based PVSCs, as shown in Figure S11 (Supporting 
Information), which is comparable to our previously published 
results and is therefore used as a reference.[7d]

The dark J–V characteristics of NiCo2O4 based PVSC (as 
shown in Figure S11c, Supporting Information) show a lower 
dark current density comparing with PEDOT:PSS based PVSC 
under the reverse bias, indicating the excellent blocking elec-
tron injection from ITO to NiCo2O4 HTL. The blocking electron 
injection originates from the large electron injection barrier 
(1.82 eV) between ITO and NiCo2O4 HTL (shown in Figure 3a).  
Furthermore, a large electron extraction barrier (0.82 eV) at 
NiCo2O4 HTL/perovskites interface reduces carrier recombi-
nation, and thus increases VOC. Meanwhile, the Nyquist plot 
(dark) by the electrochemical impedance spectroscopy (EIS) 
measured at the open-circuit voltage in Figure S11d (Sup-
porting Information) is also consistent with the dark current 
measurement. The arc at low frequencies has been assigned to 
the interfacial recombination process,[21] and a large interfacial 
charge-recombination resistance (Rrec = 383.3 Ω) of NiCo2O4 
based PVSCs is obtained (for PEDOT:PSS, Rrec = 48.03 Ω), 
suggesting a very low recombination rate at the interface of 
NiCo2O4 PVSCs.

The charge extraction ability of the HTLs is another significant 
factor governing PVSCs performances, which is characterized by 
photoluminescence (PL) and time-resolved PL measurements, 
as shown in Figure S11e,f (Supporting Information), respec-
tively. Notably, the PL peak of CH3NH3PbI3–xClx on NiCo2O4 
shows a blue-shifted 757 nm (CH3NH3PbI3–xClx on PEDOT:PSS 

at 762 nm), indicating the reduced density of traps or subgap 
states for the perovskite on NiCo2O4 HTL.[22] The average 
PL lifetime (τave) of perovskite on NiCo2O4 is 32.83 ns (pero-
vskite on PEDOT:PSS: 50.97 ns; perovskite on ITO: 291.35 ns)  
in a single exponential decay, which is sharply reduced and 
implies a more efficient carrier extraction from perovskite to 
NiCo2O4, contributing to the desirable PVSCs performance.

In addition to photovoltaic performance, we also checked 
the long-term stability of NiCo2O4 based PVSCs by the max-
imum power point (MPP) tracking.[23] As shown in Figure 4, 
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Figure 3.  a) The energy diagram with respect to the vacuum level of the used materials. b) The cross-section SEM image of PVSC with the structure of ITO/
NiCo2O4/CH3NH3PbI3–xClx/PC61BM:C60/ZrAcac/Ag. c) J–V characteristics of the best NiCo2O4 based PVSCs measured under AM 1.5 G 100 mW cm−2  
illumination. d) Steady photocurrent (red) and PCE (blue) under 1 sun illumination of the best NiCo2O4 based PVSCs.

Figure 4.  Time-course variation of the normalized VOC, FF, JSC, and PCE 
of NiCo2O4 based PVSCs under 1 sun continuous illumination with 
encapsulation.
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the PCE of NiCo2O4 based PVSCs maintained ≈90% of the ini-
tial PCE after 500 h illumination at AM 1.5G (100 mW cm−2). 
This promising stability of NiCo2O4 based PVSCs is due to the 
formation of large perovskite grains (see Figure 2; Figure S8, 
Supporting Information) on NiCo2O4 as discussed above. The 
enlarged grain sizes of perovskite films lead to the reduction 
of grain boundaries density and thus the decrease of diffusion 
channel for the detrimental ions (e.g., I−) and molecules (e.g., 
H2O and O2),[24] which consequently enhances the long-term 
stability of NiCo2O4 based PVSCs.

3. Conclusion

We have demonstrated a novel strategy of controllable deami-
nation of Co–NH3 Werner-type coordination compounds in a 
system containing Ni(OH)2 to synthesize ultrasmall NiCo2O4 
NPs (5 nm in average), which favors the formation of a uniform 
thin film with a good surface coverage. The good dispersity in 
water of the ligand-free NiCo2O4 NPs counts on the residual 
coordinated-NH3 in the synthesis, which is removable at low 
temperature and thus yields good film quality and gives very 
good electrical properties at the same time. Based on the above 
advantages, NiCo2O4 NPs are first applied as HTL in highly 
efficient PVSCs in this work, and a champion PCE of 18.23% 
is obtained, thanks to the promoted perovskite quality and very 
good electrical properties of NiCo2O4. In addition, the enlarged 
perovskite grains on less wetting NiCo2O4 result in a promising 
long-time device stability (maintained ≈90% PCE after 500 h 
light soaking). Therefore, the newly synthesized NiCo2O4 with 
the features of low-cost, low-temperature, simplicity, ligand-
free, and solution processability exposes the opportunities of 
ternary oxides for the applications of emerging photovoltaic 
devices.

4. Experimental Section
Synthesis of NiCo2O4 Nanoparticles: All chemicals with analytical 

reagent grade were used as received unless otherwise noted. 
Ni(NO3)2·6H2O (97% in purity), lead (II) iodide (PbI2, 99%), lead (II) 
chloride (PbCl2, 99%), and zirconium (IV) acetylacetonate (ZrAcac, 
98%) were purchased from Sigma-Aldrich. Co(NO3)2·6H2O (98% 
in purity) was purchased from JK Science. Ammonium hydroxide 
solution in water (28–30%), dimethylformamide (extra dry, 99%), 
1,2-dichlorobenzene (extra dry, 98+%), chlorobenzene (extra dry, 
99.8%), isopropanol (extra dry, 99.8%) were purchased from Acros 
Organics. PEDOT:PSS (PVP AI 4083) was purchased from Clevios. 
CH3NH3I was purchased from Dyesol. PC61BM and C60 were purchased 
from Solarmer Energy, Inc.

Co(NO3)2·6H2O (0.8 mmol) was dissolved in 4 mL deionized water 
and followed by dropwise adding of 1.2 mL ammonium hydroxide 
solution. After sonicated 10 min, 2 mL Ni(NO3)2·6H2O solution  
(0.2 m in deionized water) was subsequently added and stirred for 
30 min. Evaporating all solvent at 180 °C in the air and then sintered 
at 200 °C for 2 h. A black color solid was obtained without any 
treatment.

Preparation of NiCo2O4 Films and Fabrication of Devices: ITO-
coated glass substrates were cleaned using sequential ultrasonication 
in deionized water, acetone, and ethanol for 15 min, respectively. A 
NiCo2O4 solution with a concentration of 20 mg mL−1 in deionized water 
was spin-coated on ultraviolet ozone-treated ITO substrates at 3500 rpm, 

followed by drying at 200 °C for 15 min. The thickness of the NiCo2O4 
film is about 20 nm. For comparison, a thickness of 40 nm PEDOT:PSS 
(Clevios PVP AI 4083, Heraeus) film on ITO glass was also prepared at 
4000 rpm and dried at 130 °C for 15 min. After transferring samples 
into the nitrogen-filled glovebox, the film of CH3NH3PbI3–xClx perovskite 
was formed on top of PEDOT:PSS and NiCo2O4 layer, and annealed at 
100 °C for 10 min, respectively. A total concentration of 20 mg mL−1 mix 
solution of PC61BM/C60 (weight ratio, 2:3) in dichlorobenzene was spin-
coated at 700 rpm for 60 s and then 4000 rpm for 60 s over the perovskite 
layer, followed by spin-coating ZrAcac (2 mg mL−1 in isopropanol) 
at 4000 rpm. Finally, Ag electrode with a thickness of 120 nm  
was thermally evaporated on top of the device under a base pressure 
of 10−4 Pa with a device area of 0.06 cm2. The device structure is ITO/
PEDOT:PSS or NiCo2O4/CH3NH3PbI3–xClx/PC61BM:C60/ZrAcac/Ag.

Characterization and Measurement: The NiCo2O4 crystal phase was 
identified by X-ray powder diffraction with Cu Kα radiation under λ of 
1.54056 Å (XRD, Bruker D2 PHASER). The nanoparticles morphology 
and lattice spacing were examined by tapping mode AFM (NT-MDT 
NTEGRA), TEM (Philips Tecnai G2 20 S-TWIN), and SEM (Hitachi 
S-4800, and LEO 1530 FEG), respectively. Chemical composition was 
verified by XPS of NiCo2O4 film on ITO, which was measured in the 
ultrahigh vacuum environment using Physical Electronics PHI 5802 with 
a monochromatic Al Kα X-ray source. The thickness of the NiCo2O4 film 
was measured by a profilometer. The FTIR spectrum was recorded by 
using a Fourier transform infrared spectrometer (Bruker Tensor 27). UPS 
was characterized by using a He discharged lamp (He I 21.22 eV, Kratos 
Analytical).

A Keithley 2635 sourcemeter was used to collect the current density–
voltage (J–V) characteristics and the solar cells were tested by using a 
Newport AM 1.5 G solar simulator under a light intensity of 100 mW cm−2,  
calibrated with a standard silicon reference cell. The steady-state PCE, 
PCE (t) was measured by setting the bias voltage to the VMPP (obtained 
from the J–V curve) and then tracing the current density. The IPCE 
measurement was performed by a system combining xenon lamp 
monochromatic chopper, and a lock-in amplifier with a calibrated silicon 
photodetector (Hamamatsu mono-Si cell). Time-resolved PL spectra 
were measured on PicoQaunt FluoTime 300 instrument. A picosecond 
375 nm pulse laser (LDH-P-C-75) with a pulse width of <40 ps and 
repetition rate of 5 MHz was used to excite the samples. The EIS 
analysis was conducted on a CHI660C electrochemical workstation (CH 
Instrument, Inc.) at the open-circuit voltage with the frequency ranging 
from 100 000 to 1 Hz.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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