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Abstract

Ruddlesden—Popper perovskites (RPPs), consisting of alternating organic spacer layers and
inorganic layers, have emerged as a promising alternative to three-dimensional perovskites for
both photovoltaic and light-emitting applications. The organic spacer layers provide a wide
range of new possibilities to tune the properties and even provide new functionalities for RPPs.
However, the preparation of state-of-the-art RPPs requires organic ammonium halides as the
starting materials, which need to be ex situ synthesized. This work presents a novel approach
to prepare high-quality RPP films through in situ formation of organic spacer cations from
amines. Compared with the control devices fabricated from organic ammonium halides, this
new approach results in similar (and even better) device performance for both solar cells and
light-emitting diodes (LEDs). High-quality RPP films are fabricated based on different types of
amines, demonstrating the universality of the approach. This approach not only represents a
new pathway to fabricate efficient devices based on RPPs, but also provides an effective method

to screen new organic spacers with further improved performance.

Halide perovskites with three-dimensional (3D) crystal structures have attracted intense
research interest due to their great success in high-performance optoelectronic devices.'>! A
power conversion efficiency (PCE) of 25.2% and an external quantum efficiency (EQE) over
20% have been realized for perovskite solar cells and light-emitting diodes (LEDs),

16-8] Tn spite of these significant advances, 3D perovskites suffer from intrinsic

respectively.
instability over moisture, light and heat.[*:1%]

Recently, Ruddlesden—Popper perovskites (RPPs) with a formula of (RNH;3)2A,-
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1M, X3,+1 have been explored as a promising alternative to their 3D counterparts.!'''?) For a
typical RPP, cations A*, M?* and halide anions X" form octahedral perovskite frameworks, and
RNH;3" cations are excluded from the 3D perovskite structure due to large ionic radius and act
as organic spacers between the perovskite planes, resulting in a structure of alternately stacked
organic and perovskite layers. Compared to their 3D counterparts, RPPs show enhanced

13.141 although the device efficiency is sacrificed to some extent.

ambient stability in solar cells,!
In addition, they also show compact and pinhole-free film morphology upon simple processing
and remarkably enhanced photoluminescence quantum yields (PLQY) to enable high-
efficiency LEDs.['>!®] These advantages make RPPs very attractive in both solar cells and
LEDs.['21718] More importantly, the organic spacer cations (RNH;") provide enormous
tunability by molecular design, such as changes of the alkyl chain length, insertion of =-
conjugated segments and introduction of functional groups, which could in turn tune
optoelectronic properties of RPPs.!!%2! The versatility of RNH3" offers great opportunities for
RPPs to achieve new properties for various applications.*?!

However, the starting materials for the RNH3;" of RPPs have been limited to organic
ammonium halides (RNH3X, X = Cl, Br, I), while the commercially available materials are
mostly organic amines (RNH>).!'>2324] Chemical synthesis of RNH;3X is usually required before
they are applied in perovskite precursor solutions, raising barriers for the development of new
RPPs 152

In this work, we develop a novel approach for convenient deposition of RPP films
through directly using RNH2 to in situ form RNH3", thus avoiding the extra chemical synthesis
processes of RNH3X. We choose the commonly employed (PEA)(MA):Pb4liz (PEA =
CsHs(CH2).NH3*, MA = CH3NH3") RPP as an example, and replace PEAI in the control
precursor with phenethylamine (PENH>) and HI, NH4l or MAI, respectively, to prepare three
new precursor solutions. The resulting RPP films all show high qualities as evidenced by a

range of characterizations and excellent device performance, indicating the effectiveness of our

ISSN: 1559-0836 19-6] 50



Metal lons In Life Sciences

new approach for RPP films. Remarkably, we achieve a high PCE of 14.3% with a high open-
circuit voltage (Voc) of 1.22 V for MAl-based RPP (n = 4) solar cells, which is among the
highest reported values for RPP devices.[**) Moreover, different types of RNH, with aliphatic,
electron-donating aryl, aryl ether, heterocyclic aromatic and polycyclic aromatic building
blocks are investigated to demonstrate the universality of our method. High-quality RPP films
are realized based on these RNHb>, enabling efficient RPP solar cells and LEDs. Impressively,
an efficient deep red LED is achieved with a peak EQE of 6.0%, which is among the best red
RPP LEDs.[?” Our finding provides a novel and efficient approach to prepare high-quality RPP
films from commercially available RNH>, which will help to spur the development of RPPs for
various optoelectronic applications.

Our previous work has successfully demonstrated high-quality (PEA)2(MA)3Pbsli3 RPP
films with vertically oriented perovskite frameworks and type-II band alignment, achieving a
high PCE of 12.1% for solar cells.!?®! The precursor solution in that case was to dissolve Pbla,
MAI, and PEAI (4:3:2 molar ratio) in anhydrous dimethylformamide (DMF) with
dimethylsulfoxide (DMSO) and MACI additives, and was used as a control in this study. As
described in the Experimental Section, our method for three new precursor solutions is to use
PENH; together with HI, NH4I and MALI, respectively, to replace PEAI while keeping all other
components the same. It is assumed that in situ formation of PEAI could happen via the

following three chemical equations:

PENH, + HI — PEAT 1)
PENH, + NH,I — PEAT + Nd, T )
PENH, + MAT — PEAT + CH,NH, T (3)

In order to demonstrate that the above reactions can happen in aprotic DMF solvent, we
first prepared three solutions by dissolving PENH> with equimolar HI, NH4I and MAI,
respectively, in DMF solvent. Three samples were prepared by spin-coating the solutions on

glass substrates, followed by annealing at 100 °C for 5 min to remove the residual solvents in
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a No-filled glovebox (O2 and H2O < 1 ppm). X-ray diffraction (XRD) measurements were
conducted for the samples as well as purchased PEAI NHsl and MAI As shown in Figure 1a,
the XRD patterns of the three samples all show strong diffraction peaks at 4.6°, 9.3°, 18.6°,
23.3° and 28.0°, which are fully consistent with those of the purchased PEAI, confirming the
formation of PEAI via Equation 1-3. In addition, from the XRD patterns (Figure S1, Supporting
Information), we observe no residual NH4l or MAI in the as-formed PEAI, suggesting almost
complete transformation of the starting materials.

To further understand whether the reactions occur in solution or during film preparation,
we first investigated the solution of PENH, with MAI by 'H Nuclear Magnetic Resonance
(NMR) spectroscopy. We observe no signal assigned to PEAI from the PENH> + MALI solution
(Figure S2, Supporting Information), suggesting that the reaction does not start in solution.
Then, we prepared film samples from three solutions dissolving PENH; with equimolar HI,
NH4l and MAI, respectively, in DMF solvent, which were annealed at 100 °C for different time.
We measured the XRD patterns of these samples and observed strong diffraction peaks assigned
to PEAI for the films even without annealing (Figure S3, Supporting Information). In addition,
the films annealed for 1 min show stronger diffraction peaks, whereas longer-time annealing
does not make any difference. These results indicate that PEAI in all the three reactions is
mostly formed during processing with the evaporation of solvents. Equation 1 is a well-known
reaction between Lewis acid (HI) and Lewis base (PENH>), easily resulting in the product PEALI
Equation 2 and 3 are displacement reactions. Since the basicity of PENH»>, NH3; and CH3NH>

(29301 the driving force of the two reactions could be the removal of NH;

are almost the same,

and CH3NH; gases due to the lower boiling points of NH3 and CH3NH> compared to PENH,.
To confirm that our method could work for RPP films, we prepared (PEA),Pbls (n =1)

and (PEA):MAPbL.I7 (n = 2) RPP precursor solutions in pure DMF by our method (See

Experimental Section for details), which was used to fabricate RPP films on glass substrates in

the glovebox. As shown in Figure S4 in Supporting Information, the resulting RPP films show

ISSN: 1559-0836 19-6] 52



Metal lons In Life Sciences

similar XRD and absorption characteristics compared to the control samples, suggesting that
our method is applicable to fabricate RPP films.

In order to demonstrate efficient RPP solar cells by our method, we prepared larger-n
RPP (PEA)>(MA)3Pbalis films by this novel approach (See Experimental Section for details).
The XRD patterns of these films show very similar features with strong (110) and (220)
diffraction peaks and narrow full-width at half-maximum (FWHM) of the (110) plane (Figure
1b), indicating highly preferred orientation and high crystallinity of the resulting films.
Interestingly, the film from the MAI-based precursor shows the smallest value of FWHM
(0.09°), which is still within the instrument resolution (0.07°), obtained from a calibration
standard (LaBs specimen, Figure S5, Supporting Information). Such a small FWHM value
suggests that it has better crystallinity than the control film from the PEAI-based precursor.!-32!
Figure 1c shows the UV—vis absorption spectra for the films. Similar absorption spectra with
absorption onsets at =750 nm and several excitonic absorption peaks at higher energy can be
observed, providing evidence that these films are a mixture of multiple RPP phases with
different n values.l*>*3! One may consider that the introduction of amines RNH, can also lead
to the formation of RPPs. However, as shown in Figure S6 in Supporting Information, replacing
PEAI in the precursor with PENH> on its own resulted in a completely different film by
characterizations of absorption and XRD. It can be explained by the fact that PENH> consumed
the MALI that is supposed to form the perovskite frameworks with Pblo, leading to more RPP
phases with smaller » values. This result indicates that it is necessary to use ammonium cations
RNH;3" to form RPPs with desirable 7 values.

Steady-state photoluminescence (PL) spectra of the RPP films were obtained from both
front excitation and back excitation (Figure S7, Supporting Information), which show a
dominant emission peak at =755 nm (from large-n RPP phases). The spectra under back
excitation show weak additional peaks at short wavelengths (from small-n RPP phases),

indicating that the small-n RPP phases are located at the bottom of the films, which is consistent
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with previous reports of RPP films.[?8323%) In Figure 1d, we compare transient PL decay curves
of the RPP films deposited on quartz substrates. All the curves were fitted using a bi-exponential
function with the relevant parameters listed in Table S1 (Supporting Information). The obtained
average lifetimes follow the order of MAI (66 ns) > control (51 ns) > NH4l (29 ns) > HI (25
ns), indicating that the MAI-based sample has the best film quality likely due to reduced
defects.** The improved film quality of the MAI-based film may be related to the byproduct
CH3NH: gas, which was reported to induce defect-healing of perovskite films.>’!

We investigate the morphologies of the RPP films through scanning electron microscopy
(SEM) (Figure 2a,b) and tapping-mode atomic force microscopy (AFM) characterizations
(Figure 2¢). Both the top-view (Figure 2a) and cross-sectional (Figure 2b) SEM images of these
films show no obvious difference, showing compact and pinhole-free morphologies, which are
highly desirable for efficient devices, especially solar cells The AFM images display wrinkle-
patterned surface morphologies with similar values of root-mean-squared (RMS) roughness
being 15.7, 18.7, 17.8 and 17.9 nm for the control, HI-, NH4l-, and MAI-based films,
respectively (Figure 2c). We note that the wrinkled morphologies obtained here are quite
different from our previous work,!?*! because the RPP film was further optimized by annealing
in ambient air instead of solvent annealing in glovebox. The formation of wrinkles was
proposed to be related to the release of compressive strain during perovskite crystallization. 367!

Since we have observed the formation of high-quality RPP films based on our novel
strategy, we further investigate the resulting photovoltaic performance employing an inverted
planar  device  configuration as shown in  Figure 3a.  Here poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) and [6,6]-phenyl-C61-butyric
acid methylester (PCBM) serve as hole and electron transport layers, respectively. Figure 3b
compares current density—voltage (J—V) characteristics of our best devices from different
precursor solutions, and their detailed photovoltaic parameters are summarized in Table 1.

Compared to the control device, the HI-based and NHul-based devices show slightly lower

ISSN: 1559-0836 19-6 ] 54



Metal lons In Life Sciences

efficiency while the MAI-based device presents a higher performance, which correlates well
with the observations by XRD and transient PL. Due to the improved film quality, the MAI-
based device achieves a best PCE of 14.3% with a high open-circuit voltage (Voc) of 1.22'V, a
short-circuit current density (Jsc) of 15.2 mA cm 2, and a fill factor (FF) of 76.9%, which is
among the highest efficiencies reported for RPP solar cells.?®3%3% The integrated Jsc values
calculated from the external quantum efficiency (EQE) spectra (Figure S8a, Supporting
Information) are 14.42, 14.22, 13.94, and 14.77 mA cm? for the control, HI-, NH4I-, and MAI-
based devices, respectively, which are in good agreement with those derived from the J—V
measurements with discrepancies below 5%. In addition, our devices show negligible
photocurrent hysteresis, as evidenced by the overlapping J-V curves under different scan rates
and scan directions (Figure S8b, Supporting Information). The best MAI-based device shows a
steady-state photocurrent of 13.99 mA c¢m 2 under illumination at a constant voltage bias of
1.02 V, generating a stabilized PCE of 14.3% (Figure S8c, Supporting Information).

The statistical distribution of photovoltaic parameters based on 20 devices for each
group is presented in Figure S9 and Table S2 in Supporting Information, showing comparable
performances between these devices. Average PCEs of 12.9 4+ 0.4%, 12.8 + 0.3%, 12.5 = 0.3%,
and 13.5 + 0.3% are obtained for the control, HI-, NH4I-, and MAI-based devices, respectively,
showing a similar trend as the performances of the best cells. It is noteworthy that we further
optimize the device by annealing in ambient air instead of solvent annealing in glovebox (See
the Experimental Section for details), thus the control device showed significantly increased

(28] The improved performance

average PCE of 12.9% compared to 10.7% in our previous work.
can be ascribed to the positive effect of moisture, which was reported to facilitate nucleation
and crystallization of the perovskite material, resulting in better film quality.l***!] The XRD
result shows reduced FWHM value from 0.16° (previous work)?®! to 0.10° (this work),

confirming the improved film quality. The purchased HI is a water solution, and the addition of

HI introduces impurities including a small amount (4.8 vol% vs. DMF) of H>O, which may be
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uncontrollable factors for device performance. In fact, the HI-based precursor solution shows
brown color, while the other three precursor solutions are yellow (Figure S10, Supporting
Information). Despite similar results for the HI-, NH4l-, and MAI-based RPP films in our
system, NHa4l and MAI prove to be better choices for our method.

Voltage loss (Viess), which is defined as the difference between optical bandgap (Egap) of
the active layer and the Voc, is a key parameter that affects the maximum achievable PCE for
any type of solar cells.[*?] The high Voc of 1.22 V achieved for the MAI-based devices suggests
a very low Viess of 0.43 V considering the bandgap of 1.65 eV for the MAI-based RPP film.
This motivates us to study Viess in the devices. Highly sensitive Fourier-transform photocurrent
spectroscopy-EQE (FTPS-EQE) was conducted to determine the radiative Voc limit
(Voc,raa)™*¥, which was calculated to be 1.38 V for a representative MAI-based device (Figure
3c). Physically, Voc raa refers to the maximum Voc of the device only considering radiative
recombination. The nonradiative recombination Voc loss (4Vocar) is quantified by measuring
the EQE of electroluminescence (EQEgL)*>*. The MAl-based solar cell exhibits a relatively
high EQEgL 0f 0.13% at a driving current density equal to the Jsc (Figure 3d), corresponding to
a AVoc nr value of only 0.17 V based on the equation

kT
A VOC,M? = —-—1In (EQEEL)

a “
where £ 1s Boltzmann constant, 7 is temperature, and ¢ is elementary charge. Consequently, the
calculated Voc is 1.21 V (Voc,raa -4Voc,nr), Which is consistent with the measured Voc (1.22
V). The low value of 4Voc nr is comparable to high-performance 3D perovskite and crystalline
silicon solar cells!***¥, indicating suppressed nonradiative recombination and a high-quality
RPP film from the MAI-based precursor solution.

We further demonstrate the general applicability of the developed novel strategy on
fabricating RPP films with different » values and from different types of RNH; for solar cells.

We first fabricated (PEA)>MA>Pbslio (n = 3) and (PEA)2MAsPbsli9 (n = 6) RPP solar cells by
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using the PENH; + MAI method. As shown in Figure S11 in Supporting Information, these
devices also show similar performance compared to the control devices with RPP films
prepared from purchased PEAI Figure 4a shows the chemical structures of different types of
RNHo. 2-picolylamine (PCNH>), butylamine (BNH>), 2-phenoxyethylamine (POENH>) and 4-
methoxyphenethylamine (MOPENHo>) are alkylamines with heterocyclic aromatic, aliphatic,
aryl ether and electron-donating aryl building blocks, respectively. To the best of our knowledge,
PCNHz, POENH; and MOPENH; are used as organic spacers for RPP solar cells for the first
time. Several excitonic absorption peaks can be observed in the absorption spectra of the four
RNH»-based RPP films (Figure S12a, Supporting Information), suggesting the formation of
mixed RPP phases. The XRD patterns also show strong diffraction signals at 26 = 14.1° and
28.2° (Figure S12b, Supporting Information), indicating highly preferred orientation. Figure 4b
presents the J-V curves of these RNH>-based solar cells, showing decent PCEs of 11.3%, 10.2%,
8.8% and 7.8% for the PCNH>-, BNH»-, POENH>-, and MOPENHD>»-based devices, respectively
(Table S3, Supporting Information). We have shown previously that the amount of additives
(DMSO and MAC]) had significant impact on the device performance!?® and here we used the
same amount of additives as the PEAI-based device, thus it is expected that further performance
improvement for these devices can be achieved by optimization of the additives.

Finally, we extend our method to fabricate RPP LEDs based on (NMA )>Cs;-1Pb,l3,+1
(NCPL, NMA = 1-naphthylmethylammonium).””! The HI-, NH4I-, and MAI-based precursor
solutions are prepared using 1-naphthalenemethylamine (NMNH?), which is an alkylamine
with a polycyclic aromatic unit (Figure 4a), together with HI, NH4I and MALI, respectively, to
replace NMALI in the control precursor solution. Similarly, the resulting RPP films show no
obvious difference by characterizations of absorption, XRD, PL and SEM (Figure S13,
Supporting Information), and the RPP LEDs show comparable device performances with a best
peak EQE of 6.0% (Figure 4c,d) and electroluminescence (EL) emission peaks at 695 nm

(Figure 4e). Here the Cs-based RPP further confirms the reaction paths via Equation 1-3. These
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results justify the universality of our method to fabricate high-quality RPP films from different
types of RNH> for solar cells and LEDs. Furthermore, our method is expected to fabricate green
or blue RPP LEDs by replacing I with Br or Cl in the precursor solutions and study new RNH>-
based RPPs for various optoelectronic applications, which are currently under investigation in
our group.

In summary, we have developed a straightforward approach to prepare RPP precursor
solutions based on commercially available amines (RNH2) which were supposed to in situ form
organic spacer cations (RNH3"), avoiding the chemical synthesis processes of RNH3X. The new
precursors enable formation of RPP films with high quality comparable to or even better than
the control film. Remarkably, the MAI-based solar cell achieved a best performance with a PCE
as high as 14.3%, which is among the highest values for reported RPP solar cells. In addition,
an efficient deep red RPP LED has been achieved with a peak EQE of 6.0%, which is among
the best red RPP LEDs. In addition, high-quality RPP films have been realized based on
different types of RNH», indicating the universality of our method. These findings will pave the

way to develop new RPPs for various optoelectronic applications.

Experimental Section

Preparation of PEAI films: The PEAI precursor solutions for preparing PEAI films were
prepared by dissolving purchased PEAI or PENH. with equimolar HI, NHsl and MAI,
respectively, in DMF. The PEAI films were deposited by spin-coating the solutions on glass
substrates, followed by annealing at 100 °C in N>—filled glovebox (O2 and H>O < 1 ppm).

Preparation of (PEA)2Pbls (n = 1) and (PEA)2MAPb2I7 (n = 2) films: The control PEAI-
based precursor solutions were prepared by dissolving Pbl2, MAI and PEAI in DMF according

to their stoichiometric ratios. For the HI-, NH4l-, and MAI-based precursor solutions, PEAI in
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the control precursor was replaced by equimolar PENH. together with HI, NHsl and MALI,
respectively, while keeping the other materials the same. RPP films were fabricated by directly
spin coating the RPP precursor solutions on glass substrates at 4000 rpm for 30 s, followed by
annealing at 95 °C for 15 min, in N2 —filled glovebox.

Preparation of larger-n RPP films (n = 3, 4, 6): The control PEAI-based
(PEA)2(MA)3Pbal1z precursor solution was prepared by dissolving Pbl> (0.95 mmol), PbCl>
(0.05 mmol), MAI (0.85 mmol) and PEAI (0.5 mmol) in mixed solvents of DMF (0.938 mL)
and DMSO (0.062 mL) as described in our previous publication!®l, For the HI-, NH4l-, and
MAI-based precursor solutions, PEAI in the control precursor was replaced by equimolar
PENH: together with HI, NHsl and MAI, respectively, while keeping the other materials the
same. To get accurate amount of PENHo, it is suggested to use electronic balance to measure
the mass instead of pipetting gun to measure the volume. The precursor solutions were stirred
at room temperature for several hours before use. RPP films were fabricated by directly spin
coating the RPP precursor solutions onto the substrates at 4000 rpm for 30 s, followed by
annealing at 95 °C for 15 min. All the RPP films were annealed in ambient air with humidity
of 40 £ 10% unless otherwise specified. The RPP films with n = 3 and 6 were prepared
following the same procedures as the n = 4 RPPs. The RPP films with various organic spacer
cations were prepared by replacing PENH> with RNH: in the (PEA)2(MA)3Pbal13 films.

Solar cell fabrication. Indium tin oxide (ITO) coated glass substrates were cleaned as
routine.[?l PEDOT:PSS (Baytron P-VP Al4083) was spin-coated onto the ITO substrates at
4000 rpm, followed by drying at 140 °C for 10 min in air. Then the samples were transferred
into N>—filled glovebox. RPP films were fabricated following the procedures described above.
PCBM was then coated onto the RPP layer at 1000 rpm for 30 s from a chlorobenzene solution
(20 mg mLY). Then, BCP solution with concentration of 0.5 mg mL? in absolute ethanol was

spin-coated without additional annealing. Finally, devices were finished by thermal deposition
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of Ag electrode under high vacuum. The active device area was defined as 0.0725 cm? by the
overlapping of Ag and ITO electrode.

Characterization. A scanning electron microscope (SEM, Philips XL30 FEG SEM) and
a tapping-mode atomic force microscope (AFM, Park XE7) were used to characterize the
morphology of samples. X-ray diffraction (XRD) measurements were performed with an
X’Pert PRO X-ray diffractometer using Cu Ka radiation. Absorption spectra were measured
with a PerkinElmer model Lambda 900. External quantum efficiencies (EQESs) of the devices
were obtained using an EQE system (QE-R3011, Enli Technology Co. Ltd), and the system
was calibrated using a standard crystalline silicon solar cell before measurement. Current
density—voltage (J—V) characteristics of the devices were measured by using a Keithley 2400
source meter under AM1.5G illumination with intensity of 100 mW cm™. The light intensity
was calibrated by a standard Si solar cell. The voltage was swept from -0.3 V to 1.4 V, then
back to -0.2 V with a rate of 52 mV s* at a step of 20 mV. Transient PL measurements were
performed using 400 nm femtosecond excitation pulses (50 fs). The laser pulses were generated
by passing the strong fundamental 800 nm femtosecond laser beam (Coherent Libra™, 50 fs)
through a beta barium borate (BBO) crystal (frequency doubler). The emitted light was
collected at a backscattering angle by an Optronis Optoscope ™ streak camera system which

has an ultimate temporal resolution of 10 ps.

Supporting Information
Supporting Information is available from the Wiley Online Library or from the author.
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Figure 1. a) XRD patterns for purchased PEAI and films obtained from solutions of PENH;
with HI, NHs4I or MAL b) XRD patterns, c) UV—vis absorption spectra and d) transient PL decay
curves of the RPP films from different precursor solutions.
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Figure 2. a) Top-view SEM images, b) cross-sectional SEM images and ¢) AFM images of the
RPP films from different precursor solutions. The films are deposited on ITO/PEDOT:PSS
substrates.
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Figure 3. a) A schematic of the device structure. b) J-V curves of the champion devices from
different precursor solutions. ¢) FTPS-EQE and d) EQEEL of a representative MAI-based solar
cell.
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Figure 4. a) Chemical structures of PCNH,, BNH>, POENH>, MOPENH; and NMNHa,. b) J-
V curves of the four RNH2-based RPP solar cells. ¢) Current density—voltage—luminance curves
and d) EQE versus current density of RPP LEDs from different precursor solutions. e)
Normalized EL spectra of the LEDs under 3.5 V.

Table 1. Photovoltaic parameters of the best performing devices from different precursor

solutions.
Devices Voc (V) Jsc (MA cm™?) FF (%) PCE (%)
Control 1.22 14.8 75.5 13.6
HI 1.20 14.6 76.4 13.4
NHal 1.20 14.3 76.5 13.1
MAI 1.22 15.2 76.9 14.3
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