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Synthesis of oxynitrides for photocatalysis - ‘ L | Electrostatic control of assembly of chiral amphiphiles

Charged chiral molecules are abundant in nature. Prime
examples are the amino acids. Efficient packing of chiral Chiral amphiphile: C 4-Lysine
molecules requires that the neighbors exhibit a twist with
respect to each other, leading to helical structures. Here,

Transition-metal oxynitrides, materials with both O and N anions, are emerging photo- and electro- catalytic
materials due to their unigue physical, chemical and opto-electronic properties. Oxynitrides are synthesized by
flowing NH; over an oxide precursor at elevated temperatures. Final products are sensitive to heating profile,
precursor, and extent of reaction, making it challenging to obtain single phase products reproducibly, which is key ! :
for performing further characterization studies. Probing reaction pathway via in-situ studies corroborated with DFT we show that the nature of the lionic environment

determines the type of helical assembly, with weak long- 0

calculations, allows more controlled synthesis of these oxynitrides. A\ Froga e 12 R S G /pe | | weak
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Single crystal, epitaxial Ta-O-N films are
Time/ Temperature profile grown by PLD. By matching the TaON

lattice constants to the substrate, specific crystallinity in bilayers reduces
Allows direct observation and identification of intermediate phases, thereby . 5P : - LA ' and bilayers twist. Depending
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. A high quality epitaxial film of TaO2 (101)/AI203 (012) Wide Angle X-ray

Currently: Elise Goldfine (PhD student) [Collaboration with Prof. Sossina Haile] provides starting point of oxynitride film growth. Scatterl ng (WAXS) /

INTERFACIAL SCIENCE
by its very nature brings together a
diverse interests in oxide films, catalysis,
/ semiconductors, nano-science, bio-membranes,
' surface physics, corrosion, and electrochemistry.

. . .. _ _ Small Angle X-ray
Characterization of 2D transition metal dichalcogenides Scattering (SAXS)

Growing 2D materials epitaxially on single  « WSe, is of interest as a 2D semiconductor

crystal substrates provides a means for (SC) with a direct band-gap. Due to low doping

Contro”ing their orientation. levels, it Is an intrinsic SC and shows

ambipolar transport. This affords the possibility

to realize devices with the Fermi level located |

In the valence band, where the spin/valley R
coupling is strong and leads to novel and "\ |
Interesting physics. A\
WS, and WSe, were deposited on sapphire _
substrates using HT-MOCVD by collaborators X-Ray Absorption &,
at The 2D Crystal Consortium, Penn State Fine Structure

Interparticle Interactions in Concentrated Electrolytes

Ca2*ions induce crystallization * Dissolved ions act as mediators of electrostatic forces in
aqueous systems. lons can induce exotic behavior, such
as attractions between like charges.

One of many grand challenges in the overall
Interdisciplinary field of interfacial science is the need
to observe and control the assembly of atoms,
molecules and supported nanoparticles at well-defined
Interfaces in complex environments.

Y ) | « Small angle X-ray scattering (SAXS) is utilized to
,-, +cacl, H-” 0 H iInvestigate the crystal symmetries and effective particle

separations of DNA-functionalized gold nanoparticles
omM Cac'z 330mM Cac'z 175mM Cac'z assembled in divalent salt solutions.

Crystal Structure Changes with Salinity
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triangular shaped WS, atomic resolved surface Atomic resolution AFM was carried out with our

m0n0|ayer on C-A|203. of the WSZ Iayer. The neWIy |nSta”ed VT'AFM . - ‘\"-‘JL:;\
overlay shows the atom Synchrotron X-ray characterization (CTR and

locations. XSW) of the structures is ongoing. A
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 Increasing the solution Ionic
strength changes the lattice type
from FCC to BCC, -eventually
eliminating long-range-order

A\ With atomic resolution and high penetrating power/
\. we are developing and applying sophisticated /
In situ X-ray methods to meet
these challenges.
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Extraction of Effective Particle Sizes

7 | - | The nearest-neighbor distance (D,,,) in the
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33\;,3:;3133‘\ 3 \ | A | S == = X Ray RefIECtIVIty (XRR) concentration (expected from classical
ALOyPemm) [ ) . ) i scmiases A theory), but eventually reaches a minimum

25 3.0 3.5 4.0

. . . . Q(AI) T (°C [l .
WS, has a van der Waals epitaxial relation with the n-plane XRD  confirming the orientation  relation and begins to increase.
substrate c-Al,O;. The orientation relation is

WS2()//IALL,O4(). High temperature in-plane XRD
WSo{000L)7AI,04(0001) and WS,(//AL,04() elucidating the Se doping effect on the thermal Currently: Roger Reinertsen (PhD student) and Sumit
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Atomic-scale x-ray interface studies of heterogeneous catalytic systems Improving the coherence time of superconducting qubits through materials characterization and optimization
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