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Abstract

Transition metal dichalcogenide alloys form a broad class of 2D layered materi-

als with tunable bandgaps leading to interesting optoelectronic applications . In the

bottom-up approach of building these atomically thin materials, atomic doping plays a

crucial role. Here we demonstrate a single step growth procedure for obtaining uniform

binary alloys and heterostructures by tuning atomic composition. We show that very

minute doping of tin during the growth phase of Mo1�x

W
x

S2 alloy system leads to

phase separation of the alloy regions to almost pure phases and promotes lateral and

vertical heterostructure growth. HAADF-STEM imaging and DFT calculations also

support the modified stacking and growth mechanism due to the non-isomorphous Sn

1



substitution. Our experiments demonstrate the possibility of growing heterostructures

of TMD alloys whose spectral responses can be desirably tuned for various optoelec-

tronic applications.
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2D semiconducting transition metal dichalcogenides (TMDs) are an interesting class of

2D materials due to their layered structure, band gaps varying from direct to indirect with

increase in layer number and reasonable room temperature carrier mobilities which have a

great potential in low-power, flexible optoelectronics.1 Their high quantum efficiency and

optical absorption even for monolayer thickness have led to the demonstration of various

applications as photodetectors, photovoltaic cells and light emitting diodes.2 These prop-

erties have led to further research to engineer the optical band gap of the TMD materials

by introducing strain,3–5 alloying6–14 and building heterostructures.15–17 Controlled straining

of atomically thin TMDs poses challenges in wide tunability. The heterostructures of 2D

TMDCs constructed by layer-by-layer mechanical stacking and epitaxial growth by chemical

vapor deposition have been shown to result in Type-II band alignment and host inter-layer

excitons having long lifetimes.16,18 These vertical heterostructures have led to the develop-

ment of atomically thin solar cells with high quantum efficiency.19 Alloying of the TMDs

provides freedom and control to tune the structure and properties. Alloy compositions of

M(=Mo, W) and X(=S, Se) have also been theoretically predicted to be stable thermody-

namically and exhibit band gap modulation depending on the concentration of the various

constituent atoms.6–8,10–12,14 These alloys also offer versatility in engineering the spin-orbit

coupling, which influences the population of bright and dark excitons leading to changes in

light emission intensity, which is a desired property in the design of LEDs.20 They also show

a non-linear variation in the degree of valley polarization based on their composition which

can be utilized in valleytronics-based devices.20

The 2D TMD alloys have been mainly synthesized as bulk crystals using chemical vapor

transport followed by micromechanical exfoliation to thinner layers.12,14,20,21 Even though this

technique offers very good composition tunability, it does not yield large-sized flakes required

for the envisioned optoelectronic applications. An alternate technique of sulphurization of

Mo1�x

W
x

O
y

alloy thin films grown by super-cycle ALD has also been explored which has

led to the growth of large area 2D alloys.7 Chemical vapor deposition has already been



established as a facile route to grow 2D transition metal dichalcogenides with high quality

and lateral sizes22–24 and has been recently explored to synthesize the alloys of TMDs as

well.6,8,25,26 The structural characterization studies reveal isomorphous substitution of Mo

and W (S and Se). In the current work we demonstrate how non-isomorphous substitution

of a ternary metal precursor can lead to phase separation in a 2D binary alloy system of

Mo1�x

W
x

S2 and increase the growth kinetics in the out-of-plane direction resulting in a

layered structure of alloy heterostructures. DFT-based calculations are performed to get

insights into the possible growth mechanisms.

The 2D binary alloys of Mo1�x

W
x

S2 were grown at 8000C from a homogeneous mixture

of MoO3 and WO3 taken in known weight ratio (1:2, 1:4 and 1:6) and sulphur in the presence

of continuous Ar gas flow (See supplementary information). The compositions are chosen

keeping in mind that MoO3 has a higher vapor pressure than WO3. The composition of W in

this alloy is tuned by increasing the mole fraction of WO3 in the precursor mixture. Mo and

W mix isomorphously leading to 2D Mo1�x

W
x

S2 alloys with well-defined compositions. The

optical micrographs and AFM images of such alloys obtained by changing the weight of MoO3

and WO3 in the precursor mixture in the ratios of 1:2, 1:4 and 1:6 are shown in Fig. 1b and

d respectively. In general we observed monolayer growth followed by second layer growing

from a random distribution of secondary nucleation sites. Following this we introduced an

additional element, Sn, to the growth atmosphere of the binary TMD alloys. We select Sn

because it is distinct from the elements in the transition metal family. Also, SnS2 crystallizes

in CdI2-type crystal structure (a = 3.65Å, d
S�Sn

= 2.57Å), which is different from MoS2 and

WS2 structures (a = 3.15Å, d
S�Sn

= 2.42Å) and has an indirect bandgap for bulk as well as

monolayer flakes.27 These considerations show that Sn would give rise to non-isomorphous

substitution in MoS2 and WS2 lattice and it would be interesting to investigate the stability

of such an alloy system and its properties. Growth was carried out with different ratios

(1:2:8, 1:4:8, and 1:6:8) of MoO3, WO3 and SnO2 under identical conditions. The optical

and AFM images of the 2D crystals obtained from these growths are shown in Fig. 1c and e



respectively. Unlike in the case of binary alloy of Mo1�x

W
x

S2 which had random secondary

nucleation sites, the crystals grown from ternary metal precursors grew in a layered structure

as seen from the optical and AFM studies indicating entirely different growth kinetics.

The composition of the various binary and ternary alloys was investigated using Raman

and photoluminescence studies, X-ray photoelectron spectroscopy and HR STEM imaging.

The unpolarized Raman and PL maps with 532 nm excitation for the samples grown from the

binary precursor mixtures are shown in Fig. 2a-c. For the samples grown with the precursor

weight ratio of 1:2, the Raman spectra (Fig. 2a(ii)) obtained at the center showed peaks

at 381 cm�1 and 405 cm�1 corresponding to E1
2g and A1g modes of MoS2,28 whereas at the

edges additional peaks were observed at 350 cm�1 and 417 cm�1 representing the WS2-like

2LA(M) + E1
2g and A1g modes respectively.29 The Raman maps at 350 cm�1 (green) and

381 cm�1 (red) shown in the inset and the combined PL map of peaks at 1.82 eV (red) and

1.90 eV (green) plotted in Fig. 2a(iii) clearly reveal WS2-like modes developing at the edges.

The well-defined boundary seen in the Raman and PL maps along with the AFM images in

Fig. 1d showing zero step height within the flakes are indicative of a lateral heterostructure

evolution in these flakes. On increasing the WO3 ratio to 1:4, we observe uniform Raman

spectra across the whole sample as shown in Fig. 2b(i) which contains both the MoS2-like

and WS2 like modes clearly identified in the Raman maps at 350 cm�1 (green) and 405 cm�1

(red) in Fig. 2b(ii). The PL map at 1.85 eV shown in Fig. 2b(iii) exhibits a central low intense

region surrounded by a relatively larger intensity region. The PL peak at the central regions

was found to be blue-shifted to 1.87 eV and could be attributed to the defects like S vacancies

during the initial stage of growth.30,31 The secondary nucleation sites of bilayer regions are

clearly distinguishable from the quenched regions in the PL map. On further increase in the

ratio of WO3 precursor to 1:6, we again obtained lateral heterostructures indicated by a clear

peak shift in PL from 1.82 eV at the center to 1.9 eV at the edges as shown in Fig. 2c(iii).

The Raman spectra (Fig. 2c(i)) and AFM images also confirm the formation of this type of

lateral heterostructure as the central region exhibits both MoS2-like and WS2-like Raman



peaks whereas the edges have predominantly peaks from WS2, implying the reverse growth

scenario from that in 1:2 ratio. These observations clearly point to the fact that at the fixed

growth temperature of 8000C, the difference in the sublimation rates of MoO3 and WO3

can be utilized along with tuning the precursor ratio to obtain uniform alloys and lateral

heterostructures of binary alloys.

The atomic structure of these alloys was studied using an aberration-corrected scanning

transmission electron microscope (STEM) operated at an accelerating voltage of 60 kV.32

Fig. 2d(i) shows a high angle annular dark field (HAADF) STEM image of a large region of a

bilayer binary alloy grown from 1:4 precursor ratio. In HAADF imaging, the primary contrast

mechanism is Z-contrast, meaning elements with higher atomic numbers (higher Z) exhibit

higher intensity in the HAADF image. As a result, Mo and W atoms can be distinguished

based on the difference in intensity between atomic columns in the HAADF-STEM image.

To determine the composition of the sample from the HAADF image, a relative intensity

threshold is needed to distinguish between Mo and W atoms. A higher magnification view

of the HAADF image in Fig. 2d(i) is shown as an inset, along with a line profile of the inset

image directly below. However, the line profile shows that there are not two discrete HAADF

intensities corresponding to each of the two metals, but rather a quasi-continuous spectrum

of intensities. There are three possible reasons for the lack of discrete Mo and W peaks

beyond simple signal-to-noise errors in the image acquisition: carbon contamination, W

mobility, and intermediate Z-contrasts. The sample is not perfectly clean, and hydrocarbon

contamination can build up on the surface, which alters the detected HAADF intensity

without affecting the genuine composition. Additionally, the W atoms are mobile under

electron irradiation, which raises the issue of an atom jumping mid-scan. To mitigate this

issue the STEM images are acquired by taking multiple frames with fast scan parameters

and then summing them to enhance the signal-to-noise ratio, but this means that W atoms

can contribute partial intensity to multiple sites broadening the detected W signal in the

intensity histogram. Lastly, since the alloy is bilayer, there are likely many columns with



one Mo and one W atom (as opposed to pure Mo and pure W), providing an intermediate

Z-contrast level that fills in the gap between Mo and W in the histogram. Fig. 2d(ii) shows

a histogram of the intensities of all the atoms in the image, and as expected from the line

profile in (i), there is not a clear point where the Mo intensities and the W intensities begin.

The continuous intensity distribution in the image precludes rigorous quantification, however

the atoms can be labeled by setting an approximate threshold to obtain a qualitative picture

of how W atoms are distributed in the bilayer. The threshold is chosen such that it captures

the brightest atoms in the HAADF as W and the dimmer atoms as Mo. The value of the

threshold was changed until the atom-labeled image shown appeared to most accurately

represent the original HAADF image, which occurs at a relative intensity threshold of 0.36,

the atom labeled image for this threshold is shown in Fig. 2d(iii). The resulting concentration

from the STEM quantification is W-985 atoms (17.2%) and Mo-4736 (82.8%). The atom-

labeled image shows that the W atoms are distributed in isolated packets throughout the

bilayer, as opposed to being uniformly alloyed throughout the sample.

Following this the composition analysis and characterization of the ternary alloys were

carried out to understand the non-isomorphous Sn substitution growth scenario. For the

growth where the Mo,W and Sn precursor weight ratio was 1:2:8, we obtained layer-by layer

growth, with thicker crystal growth at the edges. The PL spectra acquired at the centre

(red) and the edges (black) showed peak positions at 1.83 and 1.9 eV respectively (Fig. 3a(i)).

The Raman spectra and maps at 350 cm�1 and 405 cm�1 revealed MoS2-like peaks at the

center and WS2-like peaks at the edges as shown in Fig. 3a(ii). This clearly indicates phase

separation of MoS2 and WS2 at the edges unlike the binary alloys. For the growth where

the WO3 weight was doubled (1:4:8), we observe layer-by-layer growth nucleating from the

center of the first grown layer. The Raman spectrum of the bottom layer (marked in black)

showed Mo-dominant alloy, while the second layer has Mo-dominated center with increasing

W towards the edges as can be seen from Fig. 3b(ii). The PL spectra shown in Fig. 3b(iii)

shows two peaks at 1.81 and 1.98 eV corresponding to the A-excitonic peaks of MoS2 and



WS2. The observation of two separate peaks indicates microscopic phase separation of the

Mo and W regions. For further increase in the weight ratio of WO3 (1:6:8), we observe

multilayer growth of W-dominated alloys with secondary layers nucleating from the center

of the primary layer as can be seen from the PL map at 1.94 eV shown in Fig. 3c(ii) and the

Raman spectra and map at 350 cm�1 shown in Fig. 3c(iii). In the region of the second layer,

the PL is quenched and the intensity ratio of the 2LA(M)/A1g mode is reduced. The Raman

and PL maps show that there is a possibility of phase separation between the Mo-rich and

W-rich alloys in the presence of Sn. In our Raman spectrum analysis we do not observe the

Raman modes corresponding to 2H-SnS2 single layer at 315 cm�1 (A1g) and 205 cm�1 (E
g

) as

they have much lower intensity27,33 as compared to MoS2 and WS2. Hence a direct inference

on the Sn concentration in the different regions of the heterostructure is not possible to make

from the Raman spectra.

In order to identify the role of Sn in this phase separation, we have studied these samples

using STEM. Fig. 3d(i) shows a STEM-HAADF image of the monolayer region in the sample

grown with the precursor ratio 1:4:8. The wispy streaks of contrast in the HAADF image

come from carbon contamination on the sample, so the image is Fourier-filtered to leave only

contributions to the intensity from atoms in the crystal lattice as shown in Fig. 3d(ii).The

intensity histogram of the Fourier-filtered image (Fig. 3d(iii)) shows that the region is mostly

Mo (large peak at 0.5 relative intensity), but that there are two distinct sub-peaks can be

viewed at higher relative intensities of 0.6 and 0.7 (better viewed in the inset) which

intuitively correspond to Sn and W. Fig. 3e shows localized regions of the HAADF image

and atom-labeled image from Fig. 3d. The difference in intensities between different types

of atoms is clearly seen in a line profile across a row which contains each different type of

atom. The raw HAADF and the Fourier-filtered image show a distinction between three

different classes of atoms. Finally, the thresholds in Fig. 3d(iii) are confirmed through image

simulation (Fig. 3f). A continuous lattice of alternating (Mo/Sn/W)S2 is simulated using

the same acquisition parameters as used in the microscope. The relative intensities of the



Mo, Sn, and W columns have the same linear progression in intensity as was observed in the

histogram in Fig. 3d, which substantiates the atom-labelling performed in Fig. 3d(iv) and

demonstrates that the Sn precursor has alloyed into the crystal lattice of the bilayer.

The region shown in Fig. 3d and e are dominated by Mo, however different regions of the

same sample, exhibit large compositional differences, and different types of phase segregation

in the sample. Fig. 4 contains STEM-HAADF images from two different regions of the sample

that demonstrate different growth mechanisms. In Fig. 4a(i), the bilayer is separated into

high intensity regions (corresponding to WS2) and low-intensity regions (corresponding to

MoS2). At the edge of the bilayer, one of the layers has flaked off revealing a monolayer

region underneath, revealing that the composition of the bilayer and monolayer regions have

the same intensity discrepancies, and not only that are epitaxial to one another. Fig. 4a(ii),

on the other hand, shows the same Mo-rich monolayer region from Fig. 3d and 3e, but with

an expanded field of view to see the surrounding bilayer regions. The bilayer is observable

due to the sharp increase in HAADF intensity (beyond what carbon contamination could

account for), as well as the appearance of a distinct Moiré pattern. The Moiré pattern

illustrates that here there is no epitaxial relationship between the top and bottom layers

here, and that a separate growth mechanism (such as vertical phase segregation) must be

responsible for producing the bilayer alloy in this region.

We now put forth the following possible explanation of the observed phase separation and

shift towards forming lateral/vertical heterostructures in the presence of Sn. The proposed

growth steps and mechanism are shown in supporting information. Without Sn, concentra-

tion of nucleation sites on top of the first layer is quite low, resulting in the growth of isolated

islands with random orientations whose stoichiometry is not very different from that of the

first layer. Due to the high energy of mixing (varying between 0 and 0.72 eV/MX2 unit, as

predicted by our cluster expansion calculations of the Mo1�x

Sn
x

S2 alloy, Fig. S3) of Sn and

MoS2, addition of Sn yields high concentration of defects in the first layer, which serve as

nucleation sites for the second layer. Thus, in the presence of Sn, many secondary islands



are more likely to nucleate and grow. As a result, the island boundaries reach each other

at much earlier growth stages, when the island size is small. This allows the formation of

the experimentally observed monocrystalline second layer through facile re-oriented attach-

ment.34,35 As the initial concentrations of Sn and Mo precursors are larger, MoS2 lattice is

formed preferentially at first. Subsequently, as the feedstock gas is depleted of Mo and Sn,

WS2 regions form, leading to lateral heterostructures Mo1�x

W
x

S2 alloys and WS2. We tested

computationally the hypothesis of Sn-substitution defect as a nucleation site for the subse-

quent growth of the second layer. We prepared a defect with a Sn atom substituting a Mo

atom, Sn
Mo

, using a 15⇥15 supercell of MoS2. Due to larger size of Sn atom, Sn substitution

creates a strain field of radial compression. The calculated in-plane radial displacement, u
⇢

of Mo atoms as a function of the distance ⇢ from the Sn atom is shown in Fig. 4b. The least

square fitting on the log-log plot shown in the inset of Fig. 4b yields the following expression

for the radial displacement: u
⇢

= 0.56⇢1.4. If out of plane motion is allowed, the Sn
Mo

defect

displays out-of-plane buckling of 0.13Å. We next evaluated the effect of Sn
Mo

on precursor

adsorption by comparing adsorption energies using a 8⇥8 supercell of MoS2. In our DFT

calculations, MoS2 and WS2 molecules were considered as typical gas phase precursors. En-

ergies of adsorbed MoS2 and WS2 on pristine single-layer 2D MoS2 and near Sn-substitution

defect in 2D MoS2 were compared. Fig. 4c shows the equilibrium geometry for MoS2 ad-

sorption on pristine 2D MoS2. The molecule is positioned directly above the Mo atom and

each of the molecule’s pair of S atoms is located above the hollow sites of the surface. The

calculated adsorption energy of MoS2 at Sn
Mo

is 1.0 eV lower than that on the pristine MoS2

lattice, due to which Sn
Mo

proves to be an active site for MoS2 adsorption. The equilib-

rium geometry is shown in Fig. 4d. The energy difference is significant enough for a large

population difference of MoS2 precursors at pristine and Sn-substituted sites of 2D MoS2 to

exist at the growth temperature of 8000C. The initial seeding at Sn
Mo

could further lead to

facile nucleation of the second layer. The adsorption of the WS2 precursor at the pristine 2D

MoS2 and Sn
Mo

is similar to that of MoS2 as can be seen from the equilibrium geometries of



WS2 at these sites shown in Fig. 4e and f respectively. The difference in adsorption energy

between the two sites is 1.1 eV. It is larger than that of MoS2, giving slight preference for

the adsorption of WS2 over MoS2 at Sn
Mo

, assuming that chemical potentials of the two

precursors are set to give equal populations of MoS2 and WS2 on the pristine surface. This

difference may serve as an explanation for the vertical phase segregation seen in Fig. 4a(ii).

The proposed growth mechanism for the alloys and heterostructures as a function of doping

and Sn addition is summarized in the schematic in Fig. 4g.

In conclusion, we have demonstrated that systematic tuning of the initial precursor con-

centration can engineer the structure which varies from uniform alloy to in-plane heterostruc-

ture of the 2D TMDs. By controlling the composition, we can modify the bandgap of the

binary alloy TMDs. The experimental and simulation results concludes that the substitution

of a non-isomorphous ternary atom in a binary alloy system can result in phase separation

to form Mo-rich and W-rich alloy regions and facilitates mutlilayer growth of these alloy

heterostructures. This technique of growing alloy heterostructures would be of interest in

designing optoelectronic devices with tunable spectral responsivity.
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Figure caption

Fig 1: (a) Schematic of growth of TMDC alloys and heterostructures. Optical micro-

graphs of samples grown from binary metal precursors, MoO3 and WO3 in the ratio 1:2, 1:4

and 1:6 (b) and from ternary metal precursors, MoO3, WO3 and SnO2 in the ratio 1:2:8,

1:4:8 and 1:6:8 (c). Scale bar = 10µm. AFM images and step height analysis for samples

grown from binary (d) and ternary (d) metal precursors.

Fig 2: (a) (i) Optical (ii) Raman and (iii) PL characterization of the sample grown from

binary precursor mixture in the ratio 1:2. Scale bar = 5µm. Raman spectra at the points

marked in red and black in (i) is shown along with maps obtained at 350 cm�1 (green) and

405 cm�1 (red). The combined PL map at 1.82 and 1.9eV is plotted. (b) Raman spectra (i),

Raman maps at 350 cm�1 (green) and 405 cm�1 (red) (ii) and PL map at 1.85 eV (iii) of

the sample grown from binary precursor mixture in the ratio 1:4 whose optical micrograph

is shown in the inset (i). Scale bar = 5µm. (c) (i) Raman spectra obtained for the sample

grown from precursor ratio 1:6 is shown at the two regions marked in red (center) and black

(edge) in the optical micrograph in inset is shown. Scale bar = 10µm. (ii) Raman map

overlay and (iii) PL maps at 1.82 (red) and 1.9 (green) eV is shown. (d) (i) HAADF-STEM

image of large region of bilayer Mo1�x

W
x

S2 binary alloy. The image on the lower right shows

a higher magnification image where the difference in intensity between the Mo and W atoms

can be clearly seen from the line profile across a row of atoms. (ii) In order to attempt to

quantify the relative concentrations of Mo and W, a threshold in HAADF intensity is set

at the ad hoc relative intensity value of 0.36. The resulting concentration is W-985 atoms

(17.2%) and Mo-4736 (82.8%). (iii) From the 0.36 threshold the HAADF image is most

faithfully recreated and the atom positions are plotted by type - Mo (blue) and W (yellow).

Fig 3: (a) The PL (i) and Raman (ii) spectra for the ternary sample grown from precursor



ratio 1:2:8 is shown at the two regions marked in red and black in the optical micrograph

in inset. Scale bar = 10µm. The Raman maps obtained at 350 cm�1 (green) and 405 cm�1

(red) shown in the inset reveals WS2 segregation at the edges. (b) The optical (i), Raman (ii)

and PL (iii) characterization of the sample grown from ternary precursor mixture in the ratio

1:4:8. Scale bar = 20µm. Raman maps obtained at 350 cm�1 (green) and 405 cm�1 (red) and

their combination map is shown in the top panel while the bottom panel shows the Raman

spectra and (iii) shows the PL spectra acquired at the three points shown in (i) indicated

by blue, red and black dots. (c) Optical micrograph (i), PL map at 1.94 eV and Raman

spectra (iii) of the sample grown from ternary precursor mixture in the ratio 1:6:8. Scale bar

= 5µm. The Raman map at 350 cm�1 and spectra acquired at the two points indicated in

(i) shows bilayer W-dominated alloy at the center. (d) (i) High resolution STEM-HAADF

image of the monolayer region obtained from samples grown from 1:4:8 precursor ratio. (ii)

Fourier filtered HAADF image showing contributions to the intensity from atoms in the

crystal lattice alone. (iii) From the Fourier-filtered image the locations and intensities of all

the atoms are found, and a histogram of the different Z-contrasts is plotted showing three

distinct peaks at relative intensity values of 0.5, 0.6 and 0.7 (seen more clearly in the inset),

which seem to correspond to Mo, Sn, and W atoms. Gaussian fit to these peaks is shown

from which thresholds are set at the crossover point of the fitted peaks. (iv) Map obtained

from the threshold showing the type of atom at each site is shown over the top of the Fourier-

filtered image with Mo in blue, Sn in red and W in yellow. (e) Localized regions of HAADF

image (i) along with atom-labelled image from Fig. 3d(ii). The line profile across a row of

atoms shows the differences in intensity between Mo, Sn and W atoms as shown in raw and

Fourier-filtered image. (f) The threshold chosen to distinguish between atoms is validated

through HAADF image simulation of a continuous lattice of alternating (Mo/Sn/W)S2 using

same experimental acquisition parameters.

Fig 4: (a) (i) Example of lateral phase segregation. In this region, the bilayer is shown

to split into high-contrast regions (WS2) and low-contrast regions (MoS2) that are epitaxial



at both the monolayer and bilayer levels. (ii) Example of vertical phase segregation showing

MoS2-rich monolayer region and a rotated bilayer region of MoS2/WS2 heterostructure. (b)

Calculated in-plane radial displacement u
⇢

of Mo atoms as a function of the distance ⇢ from

the Sn in Sn-substitution defect Sn
Mo

in 2D MoS2. The inset shows the log-log plot with least

square fit giving the dependence u
⇢

= 0.56⇢1.4. Equilibrium geometries of (c) MoS2 molecule

on pristine single layer 2D MoS2, (d) MoS2 molecule near Sn-substitution defect Sn
Mo

in

2D MoS2, (e) WS2 on pristine single layer 2D MoS2, (f) WS2 molecule near Sn-substitution

defect Sn
Mo

in 2D MoS2. Blue, yellow, red, and grey spheres designate Mo, W, Sn, and S

atoms, respectively. (g) Proposed growth mechanism for the alloys and heterostructures.
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