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INTRODUCTION

Nowadays, much consideration was provided to the non-
linear optical materials, which are the main focus of many
research works going on around the world. The role of organic
non-linear optical (NLO) materials with large optical non-
linearity in the fabrication of devices in telecommunication,
optical information processing and high optical disk data
storage is immensely significant [1-7]. Organic materials are
the prime choice of researchers because they have tendency
to show higher order of non-linearity. The laser beam interacts
with the delocalized π-electrons existing in the organic
molecule produce non-linear polarization. The non-linear
susceptibility of an organic material would be larger when it
has donor–acceptor conjugated molecular systems. Normally
amino acids have the tendency to crystallize in a non-centro-
symmetric form which is useful for non-linear optical appli-
cations. A sequence of second order/third order NLO active
materials composed of L-Lysine have been synthesized, such
as, L-lysinium picrate, L-Lysine adipate, L-lysine acetate, tetra
L-Lysine alanine mono hydrochloride dehydrate [8-11]. From
the coordination chemistry, 5-sulfosalicylicacid (5SSA) is
especially an attractive ligand, possessing three potential coordi-
nation groups such as OH, COOH and SO3H [12-15].
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In this work, the single crystal of L-lysinium 5-sulfosali-
cylate (LL5SS), an organic NLO compound has been synthe-
sized by slow evaporation method in aqueous solution at room
temperature. In this work, the structural, optical, dielectric,
hardness, photoluminescence, laser threshold damage, second
and third order non linearity characterization of LL5SS are
reported.

EXPERIMENTAL

Synthesis: The high purity L-Lysine monohydrochloride
was mixed with 5-sulfosalicylic acid in the molar ratio of 1:1
and it was dissolved in deionized water. The chemical reaction
scheme is given in Fig. 1. The solution was stirred well using
magnetic stirrer for about 5 h at 40 °C and it was filtered using
Whatman filter paper and kept for evaporation in a constant
temperature bath (CTB). The purity of the LL5SS salt was
enhanced by recrystalizing the salt four times. Colourless
needle shaped crystals of LL5SS having a typical size of 12 mm
× 5 mm × 2 mm were collected in 20 days and the photograph
of grown crystal is presented in Fig. 2.

Solubility: Solubility of a material in a particular solvent
defines the super saturation which is the driving force for the
rate of crystal growth. The solubility data were determined by



Fig. 2. As-grown crystal of LL5SS

dissolving the synthesized salt of LL5SS in 100 mL solvent at
a constant temperature with continuous stirring. After attaining
saturation, the equilibrium concentration of the solute was
analyzed gravimetrically. The solubility of LL5SS has been
determined for different temperatures, 30, 40 and 50 °C,
respectively as shown in Fig. 3.
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Fig. 3. Solubility curve of LL5SS in water

RESULTS AND DISCUSSION

Single crystal X-ray diffraction studies: The single crystal
X-ray diffraction studies have been carried out to confirm the

crystallinity and to determine the lattice parameters of the
grown sample. The single crystal of LL5SS with dimensions
0.250 mm × 0.220 mm × 0.120 mm was chosen for X-ray
diffraction study. The structure of LL5SS was solved by the
direct method using SHELXL-2014/7 fined by the full-matrix
least squares methods on F2. A Bruker kappa APEXII single
crystal X-ray Diffractometer with MoKα (λ = 0.71073 Å)
radiation was used for X-ray diffraction study. The calculated
lattice parameter values are a = 6.8770 Å, b = 16.4266 Å, c =
11.9729 Å and V = 1351.39 A3. LL5SS crystallizes in mono-
clinic system with noncentro symmetric space group P21. The
crystal data and the structure refinement for LL5SS material
is given in Table-1. The ORTEP diagram of the grown LL5SS
single crystal is shown in Fig. 4. The structure was solved using
collected/unique reflections 10406/4681 [R(int) = 0.0177]. The

TABLE-1 
CRYSTAL DATA AND STRUCTURE REFINEMENT FOR LL5SS 

Identification code L5SS  
Empirical formula C20H30N2O17S2  
Formula weight 634.58  
Temperature 296(2) K  
Wavelength 0.71073 A  
Crystal system, space group Monoclinic, P21  
Unit cell dimensions a = 6.8770(2) Å α = 90°  

b = 16.4266(4) Å;β = 92.3535(14)° 
c = 11.9729(3) Å; γ = 90° 

Volume 1351.39(6) Å3  
Z, Calculated density 2, 1.559 Mg/m3  
Absorption coefficient 0.282 mm-1  
F(000) 664  
Crystal size 0.250 × 0.220 × 0.120 mm  
Theta range for data collection 1.702 to 25.000° 
Limiting indices -7 <= h <= 8, -19 <= k <= 19,  

-14 <= l <= 14 
Reflections collected/unique 10406/4681 [R(int) = 0.0177]  
Completeness to theta = 25.000° 100.0 %  
Absorption correction None  
Refinement method Full-matrix least-squares on F2  
Data/restraints/parameters 4681/2/427  
Goodness-of-fit on F2 1.070  
Final R indices [I>2σ(I)] R1 = 0.0270, wR2 = 0.0679  
R indices (all data) R1 = 0.0284, wR2 = 0.0688  
Absolute structure parameter 0.006(18)  
Extinction coefficient n/a  
Largest diff. peak and hole 0.273 and -0.365 e.A-3  
CCDC 1562492 
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Fig. 4. ORTEP diagram of LL5SS

goodness-of-fit was 1.066. The crystallographic data (CIF)
for the molecule compound structure reported in this paper
have been deposited in the Cambridge Crystallographic Data
Centre as supplementary material number CCDC 1562492.The
bond length is given in Table-2. Hydrogen bond distances and
angles given in Table-3.

Fourier transform infrared spectroscopy analysis: FTIR
spectroscopy is an important tool to identify the presence
of various functional group and the types of vibration in the

TABLE-2 
BOND LENGTHS (Å) FOR LL5SS 

C1-C6 1.375(4) C1-C2 1.392(4) 
C1-S1 1.772(3) C2-C3 1.381(4) 
C2-H2 0.93 C3-C4 1.386(5) 
C3-H3 0.93 C4-O4 1.352(4) 
C4-C5 1.409(4) C5-C6 1.403(4) 
C5-C7 1.475(4) C6-H6 0.93 
C7-O5 1.224(4) C7-O6 1.312(4) 
C8-C9 1.371(4) C8-C13 1.397(4) 
C8-S2 1.765(3) C9-C10 1.399(4) 
C9-H9 0.93 C10-C11 1.395(4) 
C10-C14 1.471(4) C11-O10 1.349(4) 
C11-C12 1.398(5) C12-C13 1.376(4) 
C12-H12 0.93 C13-H13 0.93 
C14-O11 1.220(4) C14-O12 1.323(4) 
C15-N2 1.491(4) C15-C16 1.505(4) 
C15-H15A 0.97 C15-H15B 0.97 
C16-C17 1.528(4) C16-H16A 0.97 
C16-H16B 0.97 C17-C18 1.525(4) 
C17-H17A 0.97 C17-H17B 0.97 
C18-C19 1.521(4) C18-H18A 0.97 
C18-H18B 0.97 C19-N3 1.476(4) 
C19-C20 1.520(4) C19-H19 0.98 
C20-O14 1.200(4) C20-O13 1.308(4) 
N2-H4N 1.00(4) N2-H5N 0.90(4) 
N2-H6N 0.84(5) N3-H2N 0.93(4) 
N3-H1N 0.74(4) N3-H3N 0.98(4) 
O1-S1 1.451(2) O2-S1 1.461(2) 
O3-S1 1.454(2) O4-H8O 0.86(5) 
O6-H1O 0.89(4) O7-S2 1.468(2) 
O8-S2 1.449(2) O9-S2 1.448(2) 
O10-H10 0.82 O12-H2O 0.90(3) 
O13-H5O 0.73(4) O15-H4O 0.82(5) 
O15-H3O 0.77(6) O16-H9O 0.62(3) 
O17-H7O 0.87(4) O17-H6O 0.75(4) 

 

TABLE-3 
HYDROGEN BOND DISTANCES (Å)  

AND ANGLES (°) FOR LL5SS 

 Donor-H Acceptor-
H 

Donor-
Acceptor 

Angle 

N2-H6N···O9 0.84(5) 2.23(5) 2.895(4) 136.(4) 
N2-6N···O5  0.84(5) 2.45(5) 2.958(4) 120.(4) 
O4-8O···O5 0.86(5) 1.83(5) 2.604(4) 150.(4) 
O12H2O···O17 0.90(3) 1.84(3) 2.704(3) 160.(6) 
O6-H1O···O16 0.89(4) 1.71(4) 2.588(3) 168.(3) 
O16-H9O···O2 0.62(3) 2.19(4) 2.810(4) 173.(4) 
N2-H5N···O8 0.90(4) 2.13(4) 2.961(4) 154.(3) 
N2-H4N···O15 1.00(4) 1.83(4) 2.790(4) 162.(4) 
N3-H3N···O11 0.98(4) 2.20(4) 2.848(4) 122.(3) 
N3-H3N···O3 0.98(4) 2.01(4) 2.853(4) 143.(3) 
N3-H1N···O17 0.74(4) 2.20(4) 2.905(4) 162.(4) 
N3-H2N···O1 0.93(4) 1.91(4) 2.791(4) 157.(3) 
O17-H6O···O8 0.75(4) 2.19(4) 2.859(3) 148.(4) 
O17-H7O···S2 0.87(4) 2.82(4) 3.667(3) 162.(4) 
O17-H7O···O9 0.87(4) 2.67(4) 3.321(4) 133.(4) 
O17-H7O···O7 0.87(4) 2.04(4) 2.887(3) 164.(4) 
O13-H5O···S2 0.73(4) 2.89(4) 3.427(2) 132.(3) 
O13-H5O···O7 0.73(4) 1.95(4) 2.652(3) 159.(4) 
O15-H3O···O14 0.77(6) 2.14(6) 2.865(4) 158.(6) 
O15-H4O···S1 0.82(5) 2.81(5) 3.570(3) 154.(4) 
O15-H4O···O3 0.82(5) 2.63(5) 3.157(4) 124.(4) 
O15-H4O···O2 0.82(5) 2.05(5) 2.870(4) 175.(4) 
O10-H10···O11 0.82 1.89 2.598(3) 144.5 
C19-H19···O6 0.98 2.59 3.330(3) 132.5 
C15-H15A···O14 0.97 2.61 3.315(4) 129.4 
C2- H2···O13 0.93 2.6 3.480(4) 158.6 

 
material. FTIR transmission spectrum of LL5SS crystal was
recorded in the region 4000-400 cm-1 employing a Perkin
Elmer spectrometer by KBr pellet method is shown in Fig. 5.
The frequency assignment for LL5SS with various functional
groups is presented in Table-4. The peak observed at 3522
cm-1 is assigned to NH stretching vibration. The broad peak
at 3094 cm-1 is due to the presence of water molecule in the
crystal. The vibrational band at 1741 cm-1 is due to the C=O
stretching vibration. The asymmetric and symmetric bending
vibrations are observed at 1611 and 1517 cm-1. The peaks at
1497 cm-1 and 1474 cm-1 are attributed to CH scissoring and
wagging. The bending vibrations of OH group are observed
at 1440 cm-1. The peaks at about 1328 and 1024 cm-1 assigned
for CN stretching vibrations. The CO stretching vibration band
appeared at 1290 cm-1. The peak with wave number at 1161
cm-1 was observed for the rocking NH3

 structure. The band at
910 cm-1 is due to the CC stretching vibration. The sharp peak
at 841 cm-1 is due to the out of plane bending vibration of hydrogen
bonds. The CH bending vibration and CS stretching vibrations
absorbed at 819 and 793 cm-1. The COO- scissoring, SO2 scissoring,
SO2 wagging vibrations are positioned at 711, 588, 529 cm-1

respectively. This observation confirms the formation of LL5SS
compound.

UV-visible spectroscopy: The optical property of the LL5SS
compound has been assessed by using LAMBDA-35 UV spectro-
meter in the wavelength range of 200-800 nm. The UV-visible
studies give structural information. Absorption of UV and
visible light involves promotion of the electrons in π and σ
orbitals from the ground state to higher energy states. Lower
UV cut off wavelength plays an important role in identifying
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Fig. 5. FTIR spectrum of LL5SS

TABLE-4 
FT-IR ASSIGNMENTS OF LL5SS 

Wavenumber (cm-1) Assignments 
3522 NH3

+ symmetric stretching 
3094 OH stretching vibration 
1685 C=O stretching frequency of COOH 
1611 NH3

+Asymmetric bending vibration 
1517 NH3

+ Symmetric bending vibration 
1290 C-O Stretching vibration 
1161 Rocking of NH3

+ 
910 C-C Stretching vibration 
711 COO– scissoring 
588 SO2 scissoring 
529 SO2 Wagging 

 
the potential of an NLO material. The lower cut off wavelength
of the crystal is found to be 324 nm and there is no absorption of
light to any appreciable extent in the visible range of the electro-
magnetic spectrum [16]. The optical band gap of LL5SS crystal
was determined using Tauc’s extrapolation method as depicted
in Fig. 6. The optical band gap of LL5SS is found to be 3.536
eV. The large value of band gap indicates that the crystal can be
suitable material for the optoelectronics and NLO applications.
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Fig. 6. Optical Absorption spectrum of LL5SS single crystal along with
its Tauc plot (as inset)

Photoluminescence properties: The photoluminescence
technique is the accurate method for determining the optical
quality as well as its excitation fine structure [17]. The photo-
luminescence spectrum was recorded using a Perkin Elmer
photoluminescence unit at room temperature with slit width
10 nm in the range of 350-650 nm. The LL5SS was excited at
324 nm and the emission spectrum was obtained as shown in
Fig. 7. The strong luminescence broad peak at 432 nm was
observed and is due to intermolecular interactions of lattice
vibrations and indicates that the grown crystal has a violet
fluorescence emission. This property of having strong emission
in this range may lead to potential application of this material
in optoelectronic devices [18]. The materials with photolumine-
scence of violet and deep red are found to be more useful for
OLED applications and optical data storage applications [19].
Hence the broad luminescence profile gives information about
the electronic property of the grown crystal.
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Fig. 7. Photoluminescence spectrum of the LL5SS crystal excited at 432 nm

Thermal analysis: Thermogravimetric analysis and differen-
tial thermal analysis gives information about the phase transi-
tion and various stages of decomposition of the crystal. Thermal
analyses (TG/DTA) were performed by a Instrument: TGA
Q500 V20.10 Build 36 and the spectrum is shown in Fig. 8.
The three major exothermic peaks were observed at 118.4,
242.5 and 559.2 °C due to the major decomposition of material
in the DTA curve. From the TG curve, it is observed that there
was 7.8 % of weight loss around at 97.4 °C. This confirms the
removal of water molecule in the sample. In the second stage
of decomposition, sulfosalicylates, CO2 and CH4 get liberated
with the weight loss of 65.87 % of the material [20]. Third stage
of weight loss is due to the release of NH3. Hence, the LL5SS
material has reasonably good thermal stability which satisfies
the requirement for the device fabrication.

Dielectric measurement: The dielectric measurements
were carried out on the grown LL5SS single crystal with respect
to the temperature and frequency. The well polished and good
quality single crystal was subjected to dielectric measurements
by using Numetriq PSM1735 equipped with resistive furnace
and that is connected with a temperature controller (Eurotherm
model No. 2404 with the accuracy of ± 1 °C). The dielectric
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Fig. 8. TGA-DTA curve of LL5SS

constant εr indicates the ability of the dielectric to polarize
and it can be defined as the ratio of the dielectric’s permittivity
to the permittivity of a vacuum:

εr = Ct/Aε0

where A is the area of the plate, d is the distance between the
two parallel plates. ε0 is the absolute permittivity of the free
space. The frequency dependence of the dielectric constant
(ε) is shown in Fig. 9.
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The dielectric constant has high values in the lower freque-
ncy region and then it decreases with increasing the frequency.
The high value of dielectric constant at low frequency may be
due to the orientation, space charge, electronic and ionic
polarization [21]. The increase in temperature leads to increase
in dielectric constant and is due to the presence of electronic
polarization. Dielectric loss is the absorption of energy by
movement of charges in an alternating field and is particularly
high around the relaxation and resonance frequencies of the
polarization mechanisms. It is observed that the dielectric
loss decreases with increasing frequency. The frequency
dependence of the dielectric loss (ε) is shown in Fig. 10. The

low dielectric loss at high frequencies indicates that the LL5SS
possess enhanced optical quality with lesser defects and it is
suitable for NLO application.
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Non-linear optical (NLO) studies

Second-order non-linear optical property: A high intensity
Nd:YAG laser (λ = 1064 nm) with a pulse duration of 6 ns was
passed through the powdered sample. The second harmonic
signal produced in LL5SS was verified from the green light
(λ = 532 nm) emission from the crystal. It is observed that the
SHG efficiency of the grown single crystal is 0.87 times that
of the standard KDP crystal

Third order non-linear optical property: Z-scan approach
is a standard method for the precise assessment of intensity
dependent non-linear refractive index n2, non-linear absorption
coefficient β and non-linear susceptibilities. OBIS CW laser
of wavelength of 640 nm was used in this experiment. In the
Z-scan technique a stepper motor was used to move a crystal
sample across the +Z to -Z axial direction and thus the crystal
sample will experience different light intensity at its various
positions. The transmission of the beam through an aperture
placed in the far field is measured using a photo detector fed
to the digital power meter. Using the collected data of Z-scan,
the difference between the normalized valley and peak
transmittance ∆Tp-v can be calculated by

0.25
P VT 0.46(1 S)−∆ = − ∆Φ (1)

where |∆Φ| is on axis phase shift at the focus, S is the aperture
linear transmittance and it can be calculated by

2
a

2
a

2r
S 1 exp

 −
= −  

ω 
(2)

where ra is the radius of the aperture and ωa is the beam radius
at the aperture.

Leff is the effective thickness of the sample measured from

eff

[1 exp( L)]
L

− −α
=

∝
(3)
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where L is the thickness of the sample and a is the linear
absorption coefficient. The value of non-linear refractive index
(n2) can be measured using the relation:

2
0 eff

n
KI L

∆Φ
= (4)

where K is the wavenumber (2π/λ). The real parts of the third
order non-linear susceptibility [χ3] is determined by non-linear
refractive index n2 collected from the closed aperture Z-scan
data employing the relation:

4 2 2 2
(3) 0 0 210 ( C n n ) cm

Re
W

−  ε
χ =  

π  
(5)

The value the non-linear absorption coefficient β can be
estimated from open aperture curve using the expression:

0 eff

2 2 T
I L

∆
β = (6)

The imaginary parts of the third order non-linear
susceptibility [χ3] is determined by the non-linear absorption
coefficient β employing the relation:

2 2 2
3) 0 010 ( C n ) cm

Im
4 W

−
( ε λβ  

χ =  
π  

(7)

The third-order non-linear optical susceptibility is thus
obtained by:

3 3 2 3 2Re( ) Im( )χ = χ + χ (8)

Fig. 11 shows the normalized transmittance for the open
aperture (OA) curve of LL5SS and the transmission is
minimum at the focal point This indicates that the materials
exhibit two-photon absorption (TPA).
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Fig. 12 shows the normalized transmittance for the closed
aperture curve of LL5SS. The valley to peak configuration of
the curve shows that the refractive index changes is positive,
exhibiting a self-focusing effect. From the closed aperture
curve, the pre-focal transmittance valley is followed by the
post focal peak which is the signature of positive non-linearity
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Fig. 12. Z-scan curve of LL5SS in closed aperture

[22] The large molecular polarizability of the material is
responsible for high value of χ(3) in the LL5SS crystal and is
attributed to the π electron cloud movement from donor to
acceptor levels [23,24].

This may be an advantage for the application in protection
of optical sensors. Some of the third order non-linear para-
meters are tabulated in the Table-5.

TABLE-5 
THIRD ORDER NON-LINEAR OPTICAL PARAMETER OF LL5SS 

Laser beam wavelength (λ) (nm)  640 
Lens focal length (f) (cm) 30 
Optical path distance (Z) (cm) 85 
Spot-size diameter in front of aperture (ωa) (cm) 3.3 
Aperture radius (ra) (mm) 2 
Effective thickness (Leff) (mm) 5.208 × 10-2 
Non-linear refractive index (n2) (cm2/W)  1.433 × 10-12 
Non-linear absorption coefficient (β) (cm/W) 2.4215 × 10-6 

Absolute susceptibility |χ(3)| esu 5.326172 × 10-10 

 
Micro hardness studies: Hardness measures the resis-

tance of a sample to material deformation due to a constant
compression load from a object and extremely important as
far as the fabrication of devices is concerned. The high quality
of the polishing material significantly improves the hardness
values [25]. The hardness number (HV) is determined by the
load over the surface area of the indentation and not the area
normal to the force and is therefore not pressure. The hardness
number of the grown crystal is calculated by using the following
expression:

2
V 2

P
H 1.8554 (kg/mm )

d
 

=  
 

(9)

where P is the applied load in kg, d is the average length of
indented impressions in mm and 1.8544 is a constant of
geometrical factor for the diamond pyramidal indenter. The
plot of HV versus P is shown in the Fig. 13. From the plot, the
hardness number increases with the applied load and that
satisfies the reverse indentation size effect (RISE). The plot
log (P) versus log (d) is shown in Fig. 14 and using this plot
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Fig. 13. Dependence of microhardness (Hv) on applied indentation load P
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Fig. 14. Plot of log D versus log P of LL5SS crystal

the value of work hardening coefficient n was estimated. The
n value was 3.26 which confirm that LL5SS crystal belongs
to the soft material category. The elastic stiffness constant (C11)
for different loads (Fig. 15) calculated using Wooster’s empirical
formula:

4/7
v11 HC = (10)

The calculation of stiffness constant shows that the binding
forces between the ions are strong.

The resistance to fracture indicates the toughness of a
material Kc and is given by a relation:

C 3/2
0

P d
K , l

l 2
= ≥

β
(11)

where β0 is the indenter constant, equal to 7 for the Vicker’s
diamond pyramid indenter.

Brittleness affects the mechanical behaviour of a material
and gives information about the fracture induced in a material.
Brittleness index (Bi) is calculated using relation:
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Fig. 15. Plot of load P versus stiffness constant of LL5SS crystal
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The value hardness number (HV), Stiffness constant (C11)
and Brittleness index (Bi) of LLSS was shown in the Table-6.

TABLE-6 
MECHANICAL PARAMETERS OF LL5SS CRYSTAL 

Load 
P (g) 

Hardness 
number (HV) 

(kg/mm2) 

Stiffness 
constant (C11) 

(× 1014 Pa) 

Toughness 
(Kc) g 
(µm)3/2 

Brittleness 
index (Bi) 

(µm)3/2 
25 35.11503 506.5390 1.755865 19.99871 
50 45.32317 791.6996 3.511729 12.90622 
100 60.10540 1297.474 7.023458 8.557807 

 
Laser damage threshold (LDT) measurement: One of

the important criteria for a NLO crystal to progress as a photonic
device is its resistance to laser damage, since high optical
intensities are involved in non-linear processes. The laser induced
breakdown in the crystals caused by various physical processes
such as multi photon absorption and electron avalanche for
the transparent materials. A fundamental wavelength of 1064
nm Gaussian beam of pulse width 6 ns with a repetition rate
of 10 Hz and was used to measure the laser damage threshold
of LL5SS crystal. Laser damage threshold of the crystal was
estimated using the relation:

d

E
Power density (P )

A
=

τ
(13)

where A = πr2, E is the input energy (mJ), τ is the pulse width
(ns) and r is the radius of the spot (mm). The calculated values
of the LDT of 5.6 GW/cm2. Good value of LDT indicates that
a grown crystal contains a low defect and it can be used for
device fabrication.

Conclusion

Single crystals of LL5SS were grown in aqueous solution
using slow evaporation method. Single crystal X-ray analysis
confirms that the crystals belong to the monoclinic system
with space group P21. The various functional groups were
confirmed by FTIR analysis. Optical assessment showed that
it has UV-Visible absorption cut off at around 324 nm the
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optical band gap energy is 3.536 eV calculated by Tauc’s Plot.
The photoluminescence of LL5SS single crystal has maximum
intensity at 432 nm, which corresponds to violet emission.
Dielectric studies show that the sample has low loss factor.
Thermo gravimetric analysis showed the different decompo-
sition stages. The SHG of LL5SS was confirmed by green light
emission. The non-linear refractive index, absorption coeffi-
cient and third order susceptibility were found to be 1.433 ×
10-12 cm2/W, 2.4215 × 10-6 cm/W and 5.326172 × 10-10 esu,
respectively. Vickers micro hardness test showed that the grown
crystal belongs to soft material category. The laser damage
threshold power density for the grown crystal is 5.6 GW cm-2.
All these studies indicates that the grown crystal possess good
optical as well as mechanical properties towards the materials
suitability for optical device fabrications.

Supplementary: CCDC: 1562492 contains the supple-
mentary crystallographic data for the compound reported in
this Article.
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