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Abstract

At present, the cost-effective synthesis and stability are major concerns for perovskite halide, which are high-efficient light
absorbing solar cell materials. In this work, the cesium lead halides CsPbX; (where, X =1 and Br) were synthesized by simple
but unique cold sintering method. The structural (XRD and Raman), microstructural (SEM), electronic (XPS) and optical
studies (UV—Visible spectra) revealed that the samples synthesized are in the single phase with Pnma symmetry. The thermal
stability of the samples synthesized was explored by estimating AG and AS. A negligible change in crystal structure and
band gap of the samples is observed after 100 days of synthesis showing the stability of samples in the ambient condition.
Along with structure—property correlation, the thermo-optical correlation for halide materials has also been established. A
comparative of the band gap (on the basis of synthesis technique) suggests the samples synthesised by cold sintering are at

par with other synthesis technique.

1 Introduction

Our world is in need of replacement of conventional energy
resources such as coal, petroleum with renewable energy
resources such as solar and wind. Solar energy is the most
abundant source of renewable energy. Hence, in the last dec-
ade, solar cell materials have been intensively studied. One
of the critical parameters for a material to be selected for
solar cell application is durability (~25 years). The materials
known for practical solar cell applications are still based on
silicon technologies. According to present fabrication tech-
niques, a reasonably high quality material with the optimum
thickness of a few tens of micrometers show incomplete light
trapping (<31% in 1 um Si-cell photonic light trapping
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technique [1]) and parasitic losses that create the hindrance
in improving the efficiency upon the current record of 26.1%
for crystalline-Si based solar cells [2, 3]. For the increase in
efficiency of silicon technology, there is a huge demand for
other highly efficient solar cell materials. With this objec-
tive, perovskites have attracted researchers due to better pho-
tovoltaic and promising optoelectronic properties.
Perovskite lead halides have shown utility as better opto-
electronic devices with a band gap in the range of 1.5-2.3 eV
due to high absorption coefficient and removal of liquid hole
transport layer, in case of dye-sensitized based solar cell
materials. The cesium lead halides, CsPbX; (where, X =1
and Br), have gained enormous interest in opto-electron-
ics and photovoltaic applications [4]. Cesium lead halide
compounds direct band gap nature and high light absorbing
power in the UV and visible range prove their utility for
the solar cell applications [4, 5]. These materials are also
used in light emitting diodes (LED) [6], photo-detector and
energy storage applications [7, 8]. But, the major disadvan-
tage of these materials is that they are too prone to moisture
and degrade very fastly. Therefore, in spite of very signifi-
cant opto-electronic features, stability of these compounds
becomes a vital issue to be resolved. This may be the reason
why onethird of published articles in 2017 on halide materi-
als were focused on stability issue. To resolve the stability
issues, there are various techniques employed to synthesize
these materials in air such as solvo-thermal synthesis [9],
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quantum dots [10], one-step preparation microwave-assisted
[11], low temperature synthesis [12] and solution phase syn-
thesis [13] etc. apart from compositional variation [14, 15].
Hence, it appears necessary to understand why these materi-
als are unstable, and too hard to synthesize in ambient condi-
tion. If it is intrinsic instability then it would not have been
synthesized through the conventional solid state route (SSR).
But, we observed that perovskite halides are nucleated at
room temperature just by mixing the precursors and that too
in ambient condition, thus there is no need of calcination.
The grain growth occurs, after sintering the pellet in the
vacuum at 80 °C for 1 h (the synthesis details are provided in
the sect. 2). Therefore, this effortless cold sintering method
[16, 17] was considered worthwhile to synthesize CsPbX,
(where X =1 and Br).

In the present work, the formation of CsPbl; and CsPbBr;
through cold sintering has been analyzed using thermo-
dynamical parameters AG and AS. The thermodynamical
stability using AS is also discussed. For the further verifi-
cation of the formation of these compounds, structural and
optical properties are studied. A thermo-optical correlation
between free energy and the band gap is also established
for the two perovskite halides. The results obtained in the
present work are compared (on the basis of synthesis tech-
nique) with the existing literature. In addition, the stability
with time and light (1 Sun, AM 1.5 G) has also been studied.

2 Experimental details
2.1 Synthesis of samples

CsPbBr; and CsPbl; were prepared by the solid state reac-
tion method at room temperature. For preparing CsPbBr;
and CsPbl;, the powders of CsX (X=1, 99.9% and Br
99.999%, Aldrich) and PbBr, (98%, Aldrich) were weighed
in stoichiometric quantities. For the synthesis of Pbl,, the
powders of lead nitrate Pb (NO;), and potassium iodide (KI)
were weighed according to their mass ratio. The chemical
reaction took place as below.

Pb(NO3), + 2KI — Pbl, + 2KNOs (1

Pb(NO;), and KI were mixed with distilled water in two
separate beakers. The solution of both beakers heated up to
the boiling point on a hot plate with a constant stirring rate
of 550 RPM. After that, the solution of Pb(NO;), and KI
were mixed in a new beaker and kept for natural cooling.
After cooling the solution, the yellow precipitate of Pbl, was
formed; these precipitates were filtered and finally heated in
the vacuum oven at 100 °C for 2 h to remove moisture. The
powder of CsX (X =1, Br) and PbX, (X=1I, Br) were mixed
(Humidity, 34%) and ground up to 2 h in pestle mortar at
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room temperature in air. CsPbBr; and CsPbl; powders were
synthesized using the following Eqgs. (2) and (3).

Csl + Pbl, — CsPbl, )

CsBr + PbBr, — CsPbBr; 3)

After grinding, the powders of CsPbBr; and CsPbl; were
pelletized using a hydraulic press and finally sintered in the
vacuum oven at 80 °C for 1 h.

2.2 Characterization

The thermodynamics of the powders obtained has been stud-
ied using SHIMADZU DSC-60 plus 230V. The resulting
perovskite products were characterized by X-ray diffraction
(XRD) technique using Rigaku Miniflex for the identifica-
tion of phase formation. The diffraction patterns were refined
by Rietveld refinement method using FULLPROF suite
software. The Raman spectra of perovskite powders were
detected by DXRxi Raman imaging microscope by Thermo
SCIENTIFIC with the excitation wavelength of 780 nm.
The optical absorption spectrum was measured by JASCO
V-770 ultraviolet—visible (UV) spectrometer. The X-ray
photoelectron spectroscopy (XPS) spectrum was recorded
at KRATOS (Amicus model) high-performance analytical
instrument utilizing Mg target under 107 Pa pressure. -V
curve measurement has been performed using Keithley 2450
source meter on exposure to radiation through Science tech
solar simulator class: AAA with AM1.5 G filter and higher
collimated beam.

3 Results and discussion
3.1 Thermodynamics

Figure 1a, b shows the variation of specific heat (Cy;) with
temperature for CsPbBr; and CsPbl;, respectively. From
the specific heat graphs, it is observed that in CsPbBr; and
CsPbls;, there are three peaks at ~177 K, 252 K and 272 K.
The heat loss graphs (shown in inset) depict two peaks in
CsPbBr;: one endothermic peak at 175 K and one exother-
mic peak at 249 K. Similarly, one exothermic large peak
is observed in CsPbl; at ~252 K showing that the crystal-
lization of these samples is completed well below room
temperature, indicating that room temperature would be the
higher temperature for the conversion from amorphous to
crystalline substances. Moreover, some small exothermic
peaks are also observed e.g. at ~275 K in both the com-
pounds apart from major variation at ~250 K. The specific
heat at ~250 K is observed to be higher in CsPbl; (37 J/
mol) than CsPbBr; (29 J/mol). Figure 1c, d shows the vari-
ation of AG and AS with temperature. In CsPbBr;, value
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of AG is —27 J/mol and AS is 0.122 J/mol K, whereas, in
CsPbl;, value of AG is —40J/mol and AS is 0.159 J/mol K
at 252 K. The higher negative values of AG and higher posi-
tive values of AS favour the product formation well below
room temperature more in CsPbl;. In addition to it, there is
gradual increase in AG for CsPbl; and CsPbBr;, showing
the possibility of forward reaction. In CsPbBr;, the increase
in AG is steeper than that of in CsPbl;, whereas, entropy is
nearly constant showing the thermodynamical stability of
the studied samples.

3.2 Structural studies
3.2.1 X-ray diffraction

The phase formation of CsPbBr; and CsPbl; was verified by
XRD with Cu—Ka radiation (A= 1.540598 10\) in the 20 range
of 5°-70° with a step size of 0.01° at room temperature.
Figure 2 shows the XRD patterns of CsPbBr; and CsPbl,
samples. It is observed that XRD of CsPbBr; and CsPbl;
show the orthorhombic phase with Pnma symmetry. The
comparison of XRD patterns shows that CsPbl; has more
diffraction peaks than that of CsPbBr;. The diffraction peak
(121) corresponding to 20 ~21.53° of CsPbBr; is shifted
to lower angle in comparison to the diffraction peak (212)
of CsPbl; corresponding to 20~ 27.02° (as highlighted in
Fig. 2 in grey rectangle). It may be attributed to the lattice
contraction as I” (ionic radius 2.2 A) is larger than Br™ (ionic
radius 1.96 A). This should create more disorder in CsPbl,
sample.

T(K)

For the strain in the lattice, microstrain and crystallite
size have been calculated using the Williamson—Hall (W-H)
equation (graphs not shown here).

fcosf = 0.9% + 4esinf 4)

where f, A, € and @ are the full width at half maximum
(FWHM) of the diffraction peak, the X-ray wavelength
(A=1.54098 A), microstrain and Bragg angle of the dif-
fraction peak, respectively. It is observed that the lattice
of CsPbl; (¢=0.09) is more strained than that of CsPbBr;
(e=0.03). The average crystallite sizes of CsPbBr; and
CsPbl; materials obtained from W-H plots are 102.58 and
60.50 nm, respectively. For further verification of phase for-
mation, the XRD data of these materials are well refined
with Pnma symmetry using FULLPROF software pack-
age (Fig. 3) and the lattice parameters; R, R, and R, etc.
obtained after refinement are mentioned in Table 1.

3.2.2 Raman spectroscopy

In order to understand the structure of these samples in
depth, Raman measurements were carried out in the wave
number range of 50-500 cm~!. The Raman spectra of
CsPbBr; and CsPbl; were obtained by exciting 780 nm
lasers light at the room temperature (Fig. 4). Accord-
ing to the Bilbao crystallographic server, the number of
modes for Pnma symmetry should be 9. On deconvolut-
ing the data, we have observed that the number of modes
in CsPbl; (9) is more than that in CsPbBr; (7). But the
number of modes is less than nine inferring the presence
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Fig. 3 Rietveld refinement of XRD with the evaluated parameters for
CsPbBr; and CsPbl; respectively

of same symmetry. The difference in the number of modes
in Raman and number of peaks in XRD are very well
correlated. For the number of peaks in XRD pattern, we
studied h®+k?+1%; there are nearly double reflections
observed along the c-axis in the CsPbl; in comparison
to the b-axis orientation in CsPbBr;. This shows the dif-
ferent orientation of the two compounds. In the case of

Pnma symmetry, the modes observed are Ag, B lg> B2g and

@ Springer

Table 1 Lattice parameters and fitting parameters for the studied

samples

Parameters CsPbBr; CsPbl,
Structure Orthorhombic Orthorhombic
Space group Pnma (62) Pnma (62)
Lattice parameters a=pF=y=90° a=pF=y=90°
a(A) 8.261559 10.471622
b(A) 11.766452 4.804939
c(A) 8.212267 17.798300
Cell volume (A% 798.3081 895.5330
Rexp 2.79 2.71

R, 6.54 8.99

Ryp 6.85 11.4
RF-factor 2.74 2.88

Bragg R-factor 3.85 3.37

Bj, stretching modes. The A, and B, modes correspond
to the stretching of Pb—I and Cs-I bonds. The intensity
of stretching mode observed at ~ 110 cm™! is higher in
CsPbl; than that of CsPbBr;. In addition to it, the FWHM
observed for the band corresponding to ~ 110 cm™! is less
in CsPbl; (19.70 cm™!) than CsPbBr; (33.42 cm™Y). This
shows that bonds are more stretched in CsPbl; in compari-
son to CsPbBr;.
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Fig.4 De-convoluted Raman spectra of CsPbBr; and CsPbl; showing
the number of modes in agreement with the Pnma symmetry accord-
ing to Bilbao crystallographic server

3.3 Microstructural studies

To study the grain morphology and density of the studied
samples, SEM micrographs of CsPbBr; and CsPbl; are
recorded and shown in Fig. 5. It is observed that CsPbBr;
show a large distribution of grains in spherical form with
pores. But in case of CsPbl;, the distribution of grains is
in the regular form without voids. It is found through grain
size distribution histograms (Fig. 5 respective insets) that the

Fig.5 SEM micrographs of
CsPbBr; and CsPbl; samples

average grain sizes of CsPbBr; and CsPbl; are 1.90 ym and
0.51 pm, respectively. It can be correlated with the crystal-
lite size as larger crystallites result in larger grains in case
of CsPbBr;.

3.4 XPS studies

The XPS spectra of CsPbBr; and CsPbl; were analyzed for
the constituent’s elemental details after calibration with the
C 1s peak at 284.5 eV. Figure 6 shows the wide range spec-
trum to confirm the oxidation state of different ions. All
peaks are assigned from the National Institute of Standard
and Technology (NIST) XPS database [18]. To confirm the
presence of Cs, Pb, I and Br in the powder samples, The
most intense photoelectric peaks are observed for Cs 3ds),,
Cs 3d;,, Cs 4d;),, Pb 4f5,, I 3ds,, and Br 3ds),. Other low
intensity peaks are collected for Cs 4ps,, Cs 3ps), C 1s, Br
3pys, and Br 3s,,,. Further, some auger peaks—Cs auger
and Cs loss are also observed. The presence of constitu-
ent elements was confirmed in the XPS spectrum of these
materials.

Figure 7 shows the deconvoluted comparative elemental
XPS spectrum along with the spin—orbit interaction. The
presence of 3ds;, and 3d5, for Cs, 4f5,, and 4f;,, for Pb and
doublets 3ds,, and 3d;,, for I” and Br~ confirms the elec-
tronic states. After analyzing the data, a left chemical shift
of Cs peaks is observed for CsPbBr; showing the change in
oxidation state of Cs. It is also observed that in the peak cor-
responding to Cs, there is a formation of a hump in CsPbl;,
and can be classified as auger peak. In addition to it, Pb
doublets of 4f5,, and 4f;,, peaks are observed along with the
satellite features. In Br~ and I™ spectra, some shake ups are
observed leading to the formation of some small peaks [19].
The change in oxidation state indicates the higher binding
energy of I than that of Br™. The satellite features observed
in Pb indicate the metal-ligand interaction i.e. interaction
between Pb and X (=1, Br). Also, the intensity of 4f5,, and
4f,,, for Pb is swapped in I and Br i.e. the peak having a
higher intensity in CsPbBr; has lower intensity in CsPbl,
or vice-versa.

o gl CsPbl;
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Fig.6 Wide range XPS spectrum for the confirmation of oxidation
states of different constituent elements

3.5 Band gap using UV-Vis

The optical spectrum is obtained in the wavelength region
between 250 and 700 nm. In the optical absorption spec-
trum, (Fig. 8a), a strong absorbance edge at 555 nm is
observed for CsPbBr;. But CsPbl; sample shows two absorb-
ance edges at 501 and 543 nm. It shows that the absorbance
edge in CsPbBrj is shifted towards higher wavelength than
that of CsPbl;. To obtain the value of the band gap energy
of studied samples, the variation of (ahv)? versus hv is plot-
ted (Fig. 8b). It is observed that for CsPbl; there are two
band gaps while there is only one band gap in CsPbBr;. The
optical band gap energy (E,) for these materials is estimated
from the intercept with the energy axis and is found to be

2.26 eV for CsPbBrs;. In the case of CsPbl;, two band gaps
are observed nearly at 2.33 eV and 2.63 eV. This band gap
energy change may be attributed to large ionic radii of I” in
comparison to the radii of Br™ [20].

To evaluate the type of band gap, power factor has been
evaluated using the well-known relation [21] (Fig. 9).

(ahv) = A (hv — E,)" 5)

where a is the absorption coefficient, A is an energy inde-
pendent constant, E, is the optical band gap energy, hv is the
incident photon energy and another constant (n) represents
the power factor of transition modes. Taking logarithm on
both sides of Eq. (5) and the equation becomes

In(ahv) = nln(hv — E,) + InA (6)

Then, comparing Eq. (6) from the straight line equation
y =mx +c. We have obtained the value of slope (m=n),
which give the transition modes. To confirm the power fac-
tor (n) for direct allowed (n=1/2), indirect allowed (n=2),
direct forbidden (n=3/2) and indirect forbidden (n=3) tran-
sitions [22], we have taken the plot of In (ahv) versus In
(hv—E,).

After analyzing the linear curves fitting, we found the val-
ues of n. As seen from Fig. 9, CsPbBr; and CsPbl; possess
the direct allowed transitions as the value of power factor (n)
are 0.47 and 0.46, respectively (i.e. close to 0.5).

3.6 Urbach energy

In optical absorption spectra, near band edges have an
exponential part called exponential tail (Urbach tail). In

Fig.7 De-convoluted elemen-
tal XPS spectrum along with CS—CSPbBrs ',pb—CspbBr3 Br_CSPbBr3
the spin orbit interaction for
CsPbBr; and CsPbl,
i
3. ; 1 - - - - L T :
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) ] 1
=) " Cs_CsPbl ! Pb_'CsPbl
)] S_arRl, f - 3
c
O
o
£
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v
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Fig. 8 a Optical absorption spectra for CsPbBr; and CsPbl;, a strong
absorbance edge at 555 nm is observed for CsPbBr; while, on the
other hand, for CsPbl; two absorbance edges at 501 nm and 543 nm
are observed, b direct band gap energy estimation from Tauc relation
for CsPbBr; and CsPbl; respectively

the energy range E <E,, an exponential dependence of the
absorption coefficient () on photon energy (hv) (Urbach
tail) is expressed as [23]:

a = o exp (hv/Eu) 7

where o is a constant and E, represents the Urbach
energy or indicates the energy of the band tail. Taking loga-
rithm both sides of the above Eq. (7)

Ina = (hv/E,) + Ina (8)

here, Urbach energy is the inverse of the slope of Eq. 8.

Figure 10 shows the plot of In () versus hv (eV) for
Urbach energy estimation. The value of E, obtained from
the slope (m) of linear fit analysis of these curves for
CsPbBr; is 50 meV and in case of CsPbl;, the values of
the Urbach energy obtained are 135 meV and 303 meV
corresponding to the band gaps 2.33 eV and 2.63 eV,

In (hv-E,)

Fig.9 Direct allowed transitions in CsPbBr; and CsPbl;

8
Urbach energy
CsPbBr
/ 3
- ~ —— CsPbI
3
c
= &l
54
2 | 3 ' 4
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Fig. 10 Plot of In () versus /v (eV) for Urbach energy
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respectively. The Urbach energy for CsPblj; is higher than
that of CsPbBrj. It is attributed to the perturbation of
structural disorder in CsPbl; and is in correlation with
the strain obtained from structure [24].

4 Structure-property correlation
and stability

4.1 Structure-optical correlation

It is well known that quantum size of material and defect
present in the sample are correlated to optical band gap
energy. In the present study, it is observed that CsPbBr;
is having small unit cell volume, but large crystallite
and grain sizes. Also, the lattice of CsPbl; (e=0.09)
is more strained than that of CsPbBr; (¢ =0.03). The
Urbach energy and band gap energy are higher for
CsPbl; than CsPbBr;. The lattice orientation of CsPbBr;
is about b-axis but for CsPbls, it is more about the c-axis.
Although both structure is orthorhombic but in case
of CsPbBrj; all lattice constants are larger (> 8 10%) than
begpprz (=4.804939 A). So, the optical band gap energy
is in correlation with the structure and microstructure of
materials. The strained matrix generates structural dis-
order, hence should possess localised states and higher
Urbach energy. The strained matrix in CsPbl; is attributed
to the increase in the number of stretching modes in com-
parison to CsPbBr;. To further verify the structural disor-
der observed in Urbach energy, we have coupled it with
the FWHM of the Raman mode at ~ 110 cm™! which is
lower in CsPbl; (19.70 cm™") than CsPbBr; (33.42 cm™).
This decrease in FWHM increases the structural disorder
and hence, Urbach energy. The shifting of the peak at
~110 cm™! of CsPbl, increases the strain and hence the
band gap has increased in CsPbl;.

4.2 Thermo-optical correlation

The enthalpy obtained from thermodynamics is correlated
with the band gap through the empirical relation [25, 26],
E, = Aexp (0.34 X EAHo) where A is a pre-exponential
factor, a property of the cation and as reported earlier, value
of A is 1.35 for p-block elements, E, is the band gap and
E 0 1s the energy obtained from enthalpy using the follow-
ing relation

19 AHfQ
E = —-522 x 10 —_—
AH Nne

where AH}) (in cal/mol) is the standard enthalpy of the

formation of halides, N is Avogadro’s number and ‘n’ is the
number of electrons transferred in the reaction and ‘e’ is the
basic electronic charge. E , ;0 correspond to the energy levels
related to one metal-halide bond in the halide. These rela-
tions are used in oxides and found true for halides as well in
the present case. In the present case, the ratio of band gap

obtained thermodynamically using enthalpy is
(@ _exp(034 X Egpo),
Ey  exp(034xEyp),

obtained from UV-Vis data is 0.96.

=)1.03 the ratio of band gap

4.3 Comparative (on the basis of synthesis
techniques) of band gap

The comparative table (Table 2) of band gap energy
observed for these two samples synthesized with other sig-
nificant methods indicates that the value is smallest for the
samples prepared by cold sintering.

4.4 Stability

Till now we have seen that the structural and optical prop-
erties of compound synthesized by cold sintering are well

Table 2 Comparative (on the

. . . Material Synthesis method Band gap (eV) References

basis of synthesis techniques) of - - -

structural and optical properties CsPbBr; CSPbl,
CsPbBr; and CsPbl;  Solution phase synthesis (nanowires) 2.38 2.71 [13]
CsPbBr; Transformation doping method (nanocrystals) 2.84 X [27]
CsPbBr; Quantum dot 2.39 X [28]
CsPbl, One-pot solution spin coating 2.82 X [29]
CsPbBr; Facile synthesis 2.35 X [30]
CsPbBr, Two-step sequential deposition technique 2.36 X [31]
CsPbBr; and CsPbl;  Spin coating 23 2.82 [32]
CsPbl, Thin film by thermal evaporation X 3.013  [33]
CsPbBr, Two step-sequential deposition 2.39 X [34]
CsPbBr; and CsPbl;  Cold sintering 2.26 2.33 In present work

X—not reported
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in the agreement with the literature. To verify the stability
of sample, we have already shown through thermodynam-
ics that these compounds are thermally stable. Further,
the structure of these materials was re-examined from
time to time. The comparative between normalized XRD
patterns and UV spectra for 0 day (i.e., freshly prepared
sample) and after 100 days (i.e., aged sample) are plotted
for the two samples and shown in Fig. 11. It is observed
that there is no difference in the XRD peak positions
for CsPbBr; (Fig. 11a) whereas, for CsPbl; (Fig. 11b)
the peak positions are slightly shifted towards higher
angle. However, the UV absorption spectra in both cases
(Fig. 11c, d) show very small increase in the band-gap.
Thus, the samples prepared by the cold sintering methods
are well stable in structure and absorption spectra with
time (for more than 100 days).

Moreover, stability of the samples is also examined in
Sun-light exposure, the I-V curves are recorded in the
interval of the 30 min over the duration of 3 h in the
continuous exposure of AM 1.5G Sun-light (Fig. 12). For
both the samples, the current response is observed as soon
as AM 1.5G Sun-light switched on, as compared from

the dark light and room light. However with the time,
no significant degradation is observed for CsPbBr; but
for CsPbl;, the degradation in the AM 1.5G Sun-light
was significant as evident from I-V plot for these two
samples.

5 Conclusion

The samples CsPbl; and CsPbBr; synthesized through cold
sintering are crystallized in orthorhombic phase with Pnma
symmetry as verified through structural and electronic stud-
ies. The samples synthesized through cold sintering method
are favoured thermodynamically. Hence, it’s not intrinsic
instability which governs the formation. The band gap
energy observed for these two samples synthesized with
other significant methods indicates that the value is small-
est for the samples prepared by cold sintering. Moreover,
structure-optical and thermo-optical correlation has been
observed for the synthesized samples. Also, CsPbBrj; is more
stable than CsPbl; on exposure to AM 1.5G sunlight. Hence,
we report the cold sintering method as easiest and cheapest
method to synthesis perovskite halides in ambient condition.
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Fig. 12 Current (I)-Voltage (V) plot in different light exposure (dark,
room light and AM 1.5 G Sun light) along with current degradation
with time (0-3.0 h) in AM 1.5 G Sun light
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