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Abstract 

In this study, Sn-doped Cobalt molybdate was synthesized via an electrochemical deposition 
technique to enhance photovoltaic application. The Sn-doped CoMo has diffraction angles of 
(36.58°, 34.67°, 47.21°, 61.52°, 65.32°, 71.35°, and 75.67°), which correspond to the Miller 
indices (111, 211, 200, 211, 212, 300, and 311). Each peak, denotes a distinct crystal structure, 
indicating a polycrystalline material. A redshift indicates a smaller band gap, whereas a 
blueshift suggests a larger band gap. CoMo and Sn0.3@CoMo have low visible absorbance, 
whereas Sn0.1@CoMo and Sn0.2@CoMo have higher absorbance, making them better suited 
for photovoltaics, solar cells, photocatalysis, and energy storage applications. CoMo shows 
semiconductor qualities due to its 2.11 eV bandgap. The bandgap drop to 1.92 eV indicates that 
Sn caused extra energy levels in the bandgap. The FTIR spectrum of CoMo contains peaks 
related to metal-metal bonding and Mo-O vibrations. The bands between 600-800 cm⁻¹ (Mo-O 
stretching) and 1000-200 cm⁻¹ (Co-O stretching). Introducing Sn at a low concentration (0.1) 
causes modest changes or broadening of the existing peaks. The peaks at 300-400 cm⁻¹ indicate 
Sn-O vibrations. 
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I. INTRODUCTION 

he population growth in developing nations has led to an 
increased demand for energy for a better lifestyle. The 

negative impact on human existence caused by environmental 
degradation and excessive carbon monoxide emissions is 
severe [1]–[4]. Acknowledging the importance of harnessing 
abundant sunlight, key technologies are recognized to address 
climate change. Therefore, researchers are exploring 
innovative materials for solar photovoltaic systems to replace 
traditional energy sources and meet the need for reliable, 
renewable, and clean energy [5]. These technologies focus on 
improving the efficiency of solar cells for better collection and 
conversion of sunlight into electrical power through 

photovoltaic systems [1]–[4], [6], [7]. Energy transformation 
and storage systems are crucial for a nation's sustainable 
economic strength. Developing practical electrical systems is 
vital for scientific and technological progress, specifically in 
producing cobalt molybdate-based electrode materials [8]. 
Thin film solar cells have found chalcogenides to be highly 
promising materials.  

Cobalt molybdate (CoMo) exists in three polymorphs: α, β, 
and γ, each with a unique coordination of Mo6+ ions. The γ-
phase occurs at elevated temperatures and pressures. Cobalt 
molybdate's electrical, optical, and catalytic properties entice 
researchers. This material has strong redox activity, 
photovoltaic, electrical conductivity, and catalytic properties. 
It has outstanding characteristics and can function as an 
electrode material [3], [6], [9]. The remarkable properties of 
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cobalt molybdate make it beneficial for various applications, 
such as oxygen production in chemical processes [10]. 

Reference [11] mentioned the effective ion radii of Tin (II) 
cation, which has six-fold ionic bonds ranging from 0.67 Å to 
1.37 Å. This makes it useful for estimating nanocrystal 
structural characteristics. Tin's tiny ionic radius mixes with 
cobalt molybdate to increase surface area and intrinsic 
conductivity. Cobalt molybdate has been doped with 
manganese, chromium, nickel, iron, and gallium to improve 
energy storage performance in supercapacitors. [7]. Tin 
doping increases cobalt molybdate's conductivity, improving 
its effectiveness. Tin doping boosts thermal and chemical 
stability, resulting in longer-lasting materials. Fine-tuning a 
material's properties for applications is possible by adjusting 
the doping concentration. Despite extensive research on cobalt 
molybdate, the impact of tin doping is relatively unexplored, 
offering the potential for groundbreaking results. Sustainable 
material goals are advanced by developing new, less toxic, and 
more efficient materials. 
This study will explore the photovoltaic applications of tin-
doped cobalt molybdate through electrochemical techniques. 
Semiconductor. Doping aims to insert an intermediary level to 
lower the energy bandgap, enabling electron movement from 
the valence to the conduction band [12]. A highly efficient 
material is created through the collaborative action of dopant 
and host atom unpaired electrons. Studies on metal-doped 
cobalt molybdate have largely focused on its performance 
through potential sweeps, impedance spectroscopy, and 
charge-discharge cycles. We explored multiple approaches 
with a focus on photovoltaic applications. The decision 
stemmed from a lack of research into cost-effective and high-
performance tin-doped cobalt molybdate thin films.  

II. EXPERIMENTAL PROCEDURE 

A. Preparation of FTO substrate 

CoMo and Sn-doped CoMo were used to coat the FTO 
substrate. Approximately 2.5 cm2 was the extent of the area 
covered by the FTO-immersed region. Before deposition, the 
FTO underwent a 15-minute cleaning process in ultrasonic 
baths with ethanol, acetone, distilled water, and ammonia 
water. The FTO was dried in an electric thermostatic oven at 
65 °C for a predetermined period. FTO's large band gap allows 
it to be very transparent in the visible spectrum, making it ideal 
for solar cells and optoelectronic devices. A large 
concentration of free carriers from oxygen vacancies and 
fluorine doping increases the material's conductivity as a 
substrate, resulting in low electrical resistance. FTO's 
chemical stability makes it more durable and reliable in a 
variety of experimental circumstances than other conducting 
glasses.  

B. Synthesis of CoMo and its Sn-doped variants 

A solution with 0.1 M concentration and 10 mL volume is 
mixed with cobalt (II) nitrate hexahydrate Co(NO3)2·6H2O, 
sodium molybdate dihydrate Na2MoO4.2H2O, and tin (II) 

sulfate SnSO4 ranging from 0.1 to 0.3 mol in a 20/25 ml 
electrolyte solution. CoMo and Sn-doped CoMo were 
subjected to ECD analysis. The ECD setup, as shown in Fig. 
1, comprises a DC power supply connected to a three-
electrode cell. During every experiment at room temperature, 
the deposition remained constant for 15 seconds at a voltage 
of 10 V and pH of 5.4. The synthesized CoMo and Sn-doped 
CoMo were tested under controlled parameters. A 10 V 
potential was used for deposition in a 50-ml beaker with 
solvents. The electrochemical bath was established by 
adjusting the dopant molar concentrations from 0.1 to 0.3 mol. 
The bath system was filled with 10 ml of cobalt and molybdate 
precursor and 5 ml of Tin precursor. The material's tension 
dissipated when the resulting samples were heated to 200oC 
for 30 minutes. A Bruker D8-Advance X-ray diffractometer 
was used to analyze the structural properties of the films, with 
Cu-Kα radiation (ʎ = 1.5406 Å) in continuous-scan. The film's 
surface morphology was analyzed using MIRA3 TESCAN 
scanning electron microscopy. The 756S UV-visible 
spectrophotometer was used to conduct measurements of 
optical material wavelength ranging from 300 to 900 nm. The 
films' optical and solid-state properties were determined by 
analyzing the absorbance values using optical spectral 
analysis. Using the Jandel four-point probes method, we 
examined their electrical properties. 

 
Fig. 1. Schematic diagram of electrochemical deposition 

technique (ECD). 

III. RESULTS AND DISCUSSIONS 

A. Structural study of cobalt molybdate and tin-doped 
cobalt molybdate 

Fig. 2 shows the XRD diffraction patterns of CoMo, 
Sn0.1@CoMo, Sn0.2@CoMo, and Sn0.3@CoMo materials. 
The diffraction angles (26.56, 33.63, 37.31, 51.42, 61.52, 
65.32, 71.35, and 75.67) correlate to certain crystal planes 
(011, 101, 111, 200, 211, 300, and 311). This depicts the 
material's atomic arrangement as well as its crystal structure. 
The intensity fluctuations at these angles disclose information 
about the density of the diffraction peaks, which helps to 
determine the crystal lattice's composition. The Sn-doped 
CoMo has diffraction angles of (36.58°, 34.67°, 47.21°, 
61.52°, 65.32°, 71.35°, and 75.67°), which correspond to the 
Miller indices (111, 211, 200, 211, 212, 300, and 311). Each 
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peak, including numerous peaks, denotes a distinct crystal 
structure, indicating a polycrystalline material [5], [11]. The 
broadening of the peaks shows increased crystallite size (see 
Scherrer equation (1)). The peak intensities and locations are 
altered by adding tin (Sn) at various concentrations (0.1, 0.2, 
and 0.3), suggesting changes in crystallinity and phase 
composition. A slight alteration of the CoMo structure at low 
Sn concentration may improve photovoltaic and solar cell 
performance while preserving the crystal structure [9-12]. The 
moderate concentration induces more noticeable alterations, 
potentially resulting in higher peak intensities due to better 
crystallinity or the formation of new phases. When the 
concentration of Sn increases, the CoMo lattice undergoes 
phase segregation or distortion, which causes peak broadening 
or shifts in diffraction angles. The Scherrer equation (1) [13]–
[23] was used to calculate the size of the crystallites by 
examining the width of the peaks. Sn inclusion alters lattice 
properties, indicating successful doping, the production of 
solid solutions, or even phase transitions. The crystallite size 
of the CoMo material is (4.77, 4.85, 4.90, 5.16, 5.41, 5.52, 
5.72, and 5.89) nm, while the crystallite size of the Sn doped 
CoMo material is (2.44, 2.49, 2.53, 2.69, 2.75, 2.85, and 2.93) 
nm. A larger peak indicates lower crystallite size or higher 
microstrain as a result of Sn incorporation into the cobalt 
molybdate matrix. 

𝐷 =  
௞ʎ

ఉ஼௢௦ఏ
     (1) 

 
Fig. 2. XRD pattern of CoMo and its Sn-doped variants. 

B. Optical study of Sn-doped CoMo 

The UV-Vis spectrophotometry was used to quantify 
absorbance across several wavelengths, getting insights into 
the materials' electrical structure and illustrating how doping 
affects light absorption in Fig. 3. According to the Beer-
Lambert Law, absorbance is proportional to the concentration 
of the absorbing substance. As Sn doping levels grow, so does 
absorbance, which affects the optical performance of the 
material. Fig. 3 (a) shows how the absorbance spectrum of 
cobalt molybdate (CoMo) and its Sn-doped derivatives 

changes with higher Sn concentration, resulting in increased 
light absorption. Despite this, the undoped cobalt molybdate 
(CoMo) outperforms the material doped with 0.3 mol Sn. 
These important modifications have a significant impact on 
solar and energy storage applications. The peak positions in 
the absorbance spectrum alter, indicating electronic transition 
shifts produced by Sn inclusion. A redshift indicates a smaller 
band gap, whereas a blueshift suggests a larger band gap. 
CoMo and Sn0.3@CoMo have low visible absorbance, 
whereas Sn0.1@CoMo and Sn0.2@CoMo have higher 
absorbance [4], [5], [10], making them better suited for 
photovoltaics, solar cells, photocatalysis, and energy storage 
applications. We can investigate how Sn concentration affects 
optical characteristics by doping at various levels (0.1, 0.2, 
and 0.3). The increase in visible range absorption suggests that 
photovoltaic, solar cell, photocatalysis, and energy storage 
applications could benefit from improved efficiency. The 
optical properties of CoMo and its Sn-doped versions change 
considerably as the Sn concentration increases. Optimizing 
materials is critical for many applications, particularly 
photonics and catalysis. 

Fig. 3 (b) depicts the transmittance of CoMo, 
Sn0.1@CoMo, Sn0.2@CoMo, and Sn0.3@CoMo, providing 
information about their optical properties. These materials are 
more light-transmitting than absorbent. Each variation (0.1, 
0.2, 0.3) represents a different Sn doping level, which 
influences the electrical structure and consequently 
transmittance behaviour. The transmittance of these materials 
is crucial for optoelectronics applications because increased 
optical properties lead to better performance in devices like 
sensors and solar cells. Cobalt molybdate's high transmittance 
implies excellent optical clarity, making it ideal for light 
transmission applications. Incorporating 0.1 Sn into CoMo 
changes its electrical structure, possibly affecting light 
transmission. When the Sn content is increased to 0.2%, the 
material's structure and electron mobility undergo significant 
changes. If transmittance continues to rise, it indicates that the 
doping levels have been tuned for better light transmission. 
Reduced transmittance implies that there is too much doping, 
resulting in more defects or scattered centres. When Sn 
concentrations approach 0.3, the material's optical properties 
are saturated [4], [5], [10]. A significant decrease in 
transmittance suggests increased light scattering or absorption 
due to material density or disorder. The measurement of 
transmittance in these materials is crucial for defining the best 
doping quantity and enhancing optical performance. Fig. 3(c) 
shows the reflectance of CoMo and its doped material, which 
include Sn0.1@CoMo, Sn0.2@CoMo, and Sn0.3@CoMo. 
The reflectance is increased by altering the Sn content, 
resulting in improved optical characteristics due to changes in 
electronic structure and surface interactions. The wavelength 
influences reflectance, revealing unique spectral features and 
material properties. The undoped reflectance levels are 
determined by the electrical structure and surface form. The 
undoped reflectance is used as a reference point to evaluate 
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how Sn doping changes optical characteristics. Incorporating 
0.1 Sn lowered undoped reflectivity marginally. Changes in 
electrical band structure and surface roughness are responsible 
for this alteration. Reflectance changes more visibly after 0.2 
Sn doping. The combination of Sn and CoMo produces 
various electronic states that affect light scattering and 
absorption. When the material's optical properties are properly 
regulated, its reflectance changes dramatically, potentially 

improving its performance in specific applications. 
Reflectance changes may occur at 0.3 Sn, possibly due to 
saturation effects or the development of new phases. Higher 
doping levels cause a rise in surface defects, which impair 
reflectivity. Increased reflectance enhances light control, 
whereas decreased reflectance disturbs the electrical structure 
due to excess Sn.

 
Fig. 3. (a) Absorbance, (b) transmittance, (c) reflectance, and (d) bandgap energy of undoped and Sn-doped material. 

In Fig. 3 (d), the energy bandgap values of CoMo and Sn-
doped CoMo indicate how Sn affects the material's electronic 
properties, with lower bandgap values indicating increased 
conductivity or changes in semiconductor behaviour. CoMo's 
bandgap decreases as Sn doping concentrations increase. 
Doping with Sn alters the electrical structure by adding new 
energy levels to the bandgap. This change improves charge 
carrier mobility and has ramifications for the material's 
prospective use in electronics and photonics. Increasing Sn 
concentrations reduces bandgap energy from 2.11 eV to 1.59 
eV, improving the performance of devices with lower energy 
barriers, such as transistors and solar cells. CoMo shows 
semiconductor qualities due to its 2.11 eV bandgap. To pass 
from the valence band to the conduction band, an electron 

requires 2.11 eV of energy [4], [5], [10]. The bandgap drop to 
1.92 eV indicates that the presence of Sn caused extra energy 
levels in the bandgap. The reduction in bandgap to 1.77 eV 
implies that the material is more conductive. The reduction in 
bandgap to 1.59 eV indicates significant changes in the 
electrical structure. 

C. FTIR study of cobalt molybdate and tin-doped cobalt 
molybdate 

Fig. 4 illustrates how FTIR analysis reveals functional 
groups and bonds in CoMo and Sn-doped versions by 
examining absorption peaks in the spectrum. Each shift in the 
peak correlates to distinct chemical conditions or doping-
induced changes. Doping CoMo with Sn improves the 
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material's photovoltaic activity by altering electronic 
characteristics and stability, as seen in FTIR spectra via 
changes in bond vibrations. The FTIR spectra for variants 0.1, 
0.2, and 0.3@CoMo exhibit gradual modifications, 
demonstrating a relationship between dopant concentration 
and structural/chemical changes in the materials. The FTIR 
spectrum of CoMo contains peaks related to metal-metal 
bonding and Mo-O vibrations [3], [5], [6], [10]. The bands 
between 600-800 cm⁻¹ (Mo-O stretching) and 1000-1200 cm⁻¹ 
(Co-O stretching). The introduction of Sn at a low 
concentration (0.1) causes modest changes or broadening of 
the existing peaks. The peaks at 300-400 cm⁻¹ indicate Sn-O 
vibrations. The alterations indicate that Sn interacts with the 
CoMo matrix, potentially increasing photovoltaic activity by 
modifying electrical characteristics. At 0.2 Sn concentration, 
more dramatic changes and peaks emerge. The Sn-O 
associated peaks become increasingly intense, indicating more 
Sn incorporation into the lattice. This suggests a greater 
connection between Sn and CoMo, which enhances 
photovoltaic performance and stability. At 0.3 Sn 
concentration, the FTIR spectrum changes significantly, with 
new peaks and the removal of several CoMo peaks. Sn-O 
vibrations dominate the spectrum, indicating significant Sn 
incorporation. This shows that extensive Sn doping promotes 
the creation of new phases. As the Sn concentration increases, 
the FTIR spectra show changes in the bonding environment, 
demonstrating that Sn is successfully changing the CoMo 

structure. The observed spectrum changes are consistent with 
projected increases in photovoltaic activity due to improved 
electron transport and stability. 

 
Fig. 4. FTIR of CoMo and its Sn-doped variants. 

D. Surface microstructures of CoMo, Sn0.1@CoMo, 
Sn0.2@CoMo, and Sn0.3@CoMo. 

Fig. 5 shows that the microstructures of CoMo, 
Sn0.1@CoMo, Sn0.2@CoMo, and Sn0.3@CoMo each have 
distinct properties determined by doping levels and element 
interactions. CoMo's grain structure is distinct and distinctive. 

 
Fig. 5. SEM of CoMo and its Sn-doped variants.
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The size and distribution of grains have an impact on 
photovoltaic and solar cells, impacting their performance and 
stability. Moderate surface aggregation influences the 
adsorption characteristics of reactions. The addition of 0.1 mol 
Sn to the CoMo lattice alters the surface morphology, resulting 
in smaller particle sizes. The incorporating 0.2 mol Sn results 
in a surface with more distinguishing properties, such as 
increased porosity or different phases [3], [5], [6], [10]. The 
shape enhanced the performance of photovoltaic and solar 
cells by expanding the active area. Sn creates a more equally 
dispersed surface than other doping levels. When 0.3 mol of 
Sn is introduced, the morphology varies considerably in 

comparison to CoMo, with aggregation or phase separation. 
The surface's complexity grows as critical elements influence 
its performance. Surface morphological alterations have a 
direct impact on photovoltaic and solar cell activity, with 
optimal doping levels improving performance and excessive 
doping reducing it. 
Fig. 6 and Table I show how EDX is used to perform 
elemental analysis and calculate the composition of CoMo and 
its derivatives. Measuring the substance indicates the relative 
amounts of each ingredient. Sn content variations affect the 
electrical and structural properties of Sn0.1@CoMo, 
Sn0.2@CoMo, and Sn0.3@CoMo. 

 
Fig. 6. EDX of CoMo and its Sn-doped variants. 

Table I. EDX spectra atomic weight percentages of the constituent elements. 
CoMo Atomic 

Weight 
(%) 

Sn0.1@CoMo Atomic 
Weight 

(%) 

Sn0.2@CoMo Atomic 
Weight 

(%) 

Sn0.3@CoMo  
Component Component Component  

Co 60.00 Co 59.00 Co 59.00 Co 58.00 
Mo 37.0 Mo 37.00 Mo 36.00 Mo 36.00 
Ca 0.90 Ca 0.90 Ca 0.90 Ca 0.90 
Si 2.10 Sn 1.00 Sn 2.00 Sn 3.00 
- - Si 2.10 Si 2.10 Si 2.10 
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The EDX analysis indicated variances in CoMo elemental 
ratios with Sn ranging from 0.1 to 0.3, which have an impact 
on photovoltaic and solar cell performance, as well as 
electrical properties. The various peaks in each version 
represent Sn and CoMo components. The primary elements 
detected were cobalt (Co) and molybdenum (Mo). The EDX 
spectrum shows separate peaks corresponding to various 
components. The Co/Mo ratio exposes the features of the 
material's photovoltaic and solar cells. The addition of 0.1 
atomic percent Sn resulted in the appearance of additional 
peaks in the EDX spectrum, which correspond to tin. At this 
low concentration, Sn changes the electrical characteristics 
and increases the surface area, potentially increasing the 
activity of photovoltaic and solar cells while not appreciably 
affecting the Co and Mo ratios. The Sn peaks in the EDX 
spectrum are stronger at 0.2 Sn than Sn0.1@CoMo. Increasing 
the concentration improves the material's characteristics, 
resulting in increased stability and selectivity in reactions. The 
interaction between Sn and CoMo has a substantial impact on 
the electrical structure. The addition of Sn beyond 0.3 reduces 
the activity of photovoltaic and solar cells, potentially due to 
agglomeration or phase separation. The correct balance of Co, 
Mo, and Sn is critical, as too much Sn obstructs the important 
active areas for photovoltaic and solar cells. As Sn 
concentration increases, so does the strength of Sn peaks in 
the EDX spectrum, indicating successful absorption into the 
CoMo structure. 

E. Electrical study of CoMo and its Sn-doped variants 

Using the relations [24]–[38], the resistivity and 
conductivity of the CoMo and its Sn-doped variants were 
determined. 

Rୱ = R ൫V
Iൗ ൯     (2) 

Where 𝐾 = 𝜋
𝑙𝑛2ൗ  

ρ = t × Rୱ     (3) 
𝜎 =  1

ρൗ      (4) 
Table II displays the resistivity and conductivity of CoMo 

and Sn-doped CoMo at various dopant concentrations. The 
materials' thickness decreased from 121.24 to 106.12 nm, and 
the film resistivity decreased from 9.34 to 2.62 Ω.m. 
Conductivity decreased from 5.79 to 2.22 S/m. The deposition 
of materials involved dopant molarities ranging from 0.1 to 
0.3 mol. The films produced are suitable for photovoltaic and 
solar applications due to their high resistivity and low 
conductivity. 

Table II. Electrical properties of CoMo and its Sn-doped 
variants. 

Specimen 𝑇 
(𝑛𝑚) 

𝜌 
(Ω𝑚) × 10ି଼ 

𝜎 
(𝑆/𝑚) × 10଻ 

CoMo 121.24 9.34 5.79 
Sn0.1@CoMo 118.06 7.92 1.54 
Sn0.2@CoMo 111.02 5.84 1.35 
Sn0.3@CoMo 106.12 2.62 2.22 

 

IV. CONCLUSION 

We have successfully synthesized cobalt molybdate and tin-
doped cobalt molybdate via electrochemical deposition 
technique. The crystallite size of the CoMo material is (4.77, 
4.85, 4.90, 5.16, 5.41, 5.52, 5.72, and 5.89) nm, while the 
crystallite size of the Sn doped CoMo material is (2.44, 2.49, 
2.53, 2.69, 2.75, 2.85, and 2.93) nm. A larger peak indicates 
lower crystallite size or higher micro-strain as a result of Sn 
incorporation into the cobalt molybdate matrix. The materials' 
thickness decreases from 121.24 to 106.12 nm, and the film 
resistivity decreases from 9.34 to 2.62 Ωm. Consequently, 
conductivity decreased from 5.79 to 2.22 S/m. The addition of 
0.1 mol Sn to the CoMo lattice alters the surface morphology, 
resulting in smaller particle sizes. The addition of Sn increases 
surface area, hence improving photovoltaic and solar cell 
performance. The FTIR spectra for variants 0.1, 0.2, and 
0.3@CoMo exhibit gradual modifications, demonstrating a 
relationship between dopant concentration and 
structural/chemical changes in the materials. The FTIR 
spectrum of CoMo contains peaks related to metal-metal 
bonding and Mo-O vibrations. The bands between 600-800 
cm⁻¹ (Mo-O stretching) and 1000-1200 cm⁻¹ (Co-O 
stretching). The introduction of Sn at a low concentration (0.1) 
causes modest changes or broadening of the existing peaks. 
The peaks at 300-400 cm⁻¹ indicate Sn-O vibrations. CoMo 
shows semiconductor qualities due to its 2.11 eV bandgap. 
The bandgap drop to 1.92 eV indicates that the presence of Sn 
caused extra energy levels in the bandgap. The ionic radius of 
Sn²⁺ (around 0.69 Å) is smaller than that of Co²⁺ (roughly 0.74 
Å) and Mo⁶⁺ (approximately 0.62 Å). This size mismatch 
caused substantial lattice distortions in the crystal structure 
when Sn substituted Co or Mo. Introducing a smaller Sn ion 
causes local lattice distortions, altering bond lengths and 
angles. This distortion interrupts the crystal structure's regular 
pattern, affecting the material's stability. Vacancies or 
interstitial defects, caused by distortion, affect the material's 
electronic properties. Conductivity is affected by these 
defects, which act as charge carriers or traps. Although better 
charge carrier mobility usually improves conductivity, the 
defects from distortion also affect conductivity. Defects create 
extra routes for charge movement. Complex conductivity 
arises from the combined effects of doping-induced carrier 
concentration and lattice distortion scattering.  
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