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Self-assembly is the spontaneously organization into ordered structures,
which happens both in natural and artificial forms. The building blocks of
self-assembly can be isotropic or anisotropic nanocrystals (NCs). NCs are
grafted with organic molecules, termed capping groups of ligands that
provide mobility and stability in solution (Figure 1C). Liquid-air interface self-
assembly (LAISA) can be used for NCs monolayer fabrication (Figure 2). Due
to tunable properties of nanocrystals (NCs) , monolayer of NCs has
applications in nanodevices and pattern transfer (Figure 1A,B,D).
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Figure 1. Pattern transfer process. (A) NCs monolayer mask. (B) substrate material
between NCs is etched. (C) close-packed structure of the monolayer. (D) dot array is
obtained after removing the NCs monolayer mask.

Introduction of This Project

Iron Oxide NCs (Fe;0,@OA) Synthesis:

¢ lIron-oleate precursor preparation:
iron(lll) Chloride and sodium oleate are [
dissolved in DI water, ethanol and

hexanes (Figure 3): v - M&

Figure 3 Iron-oleate precursor synthesis|
FeCly-6H,0 + C;gH33Na0, - CyHgFeO, (A) Reflux at 60°C for 4 hours; (B)iron-
oleate precursor after drying.
¢ Medium size NCs synthesis (around 10 nm in diameter): the mixture is
heated to 315°C (290°C) and kept at this temperature for 30 min (60 min),
with 1.0 mL (1.25 mL) oleic acid (OA) added (Recipe modified for sub-5
nm iron oxide synthesis) (Figure 4), N, flow N, flow
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Figure 4. The schematic presentation of iron oxide NCs synthesis.

This capstone project uses monodisperse NCs of spherical iron oxide and

gold, as well as rhombic nanoplates of gadolinium fluoride as building blocks

for LAISA and binary superlattice study.

The first goal is to building a library of monodisperse NCs for self-assemble

and binary superlattice system study. Objectives are:

* Synthesis of iron oxide, gold and gadolinium fluoride NCs

* Size selection and post-synthesis treatment

¢ Characterization: TEM, SAXS, DLS and TGA

The second goal is to improve the overall

quality of monolayers obtained from LAISA.

Moderate evaporation rate of organic

solvent for NCs dispersion is the key.

Objective are:

* Solvent choice of NCs dispersion and its
concentration

* Uncovered length of Teflon well (1)

* Ambient environment: relative humidity
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Figure 2. LAISA demonstration. NCs
solution added onto the subphase
surface in a Teflon well, which is
partially covered with a glass slide.
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Gold NCs (Au@DDT) synthesis (Figure 5): N, flow
* Precursor preparation: HAuCl,-3H,0 is \ l

dissolved in oleyamine (OAm) and U
1,2,3,4-tetrahydronaphthalene ﬁ <
(tetraline) mixture =

* Dissolve tert-butylamine-borane (TBAB) __10
in oleyamine and tetraline mixture Inject TBAB in gold Ligand exchénge ay
+ The 1-dodecanethiol (DDT) is used for Precursor rapidly  30°Cfor 5 minutes

. . igure 5. The schematic presentation of|
ligand exchange to replace OAm ligands gold NCs synthesis and ligand exchange.

Gadolinium fluoride (GdF;@O0A) synthesis:

* Precursor preparation: gadolinium (lll) oxide and triflouroacetic acid in DI
H,O0 is refluxed at 80°C until the solution is clear, which is then dried under
vacuum to get powder.

* NCs synthesis: Gd(CF,COO0),, Er(CF,COO0),, Yb(CF;COO), and LiF are added
in OA and 1-octadecene for degassing, then heated at 290°C for 4 hours.
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Results and Discussion
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Figure 6. NCs characterization. TEM images of iron oxide NCs (A, B, C); DLS analysis (D);
SAXS measurement (E, F, G); and TGA of as-synthesized and OA annealed samples (H).

* Small angle X-ray scattering (SAXS) measures inorganic core size of NCs:
8.2+0.6, 10.3+0.6, 13.2+1.0 nm. (TEM gives slight smaller numbers)

* Dynamic light scattering (DLS) gives hydrodynamic diameters of NCs in
toluene: 11.7, 15.7 and 18.2 nm in diameter

* Thermogravimetric Analysis (TGA) evaluates OA annealing effects. The

surface ligand density is improved by 3.2%, to 17.2% of total mass

(A) The Au@DDT NCs are used
in binary superlattice study
* TEM image analysis give
5.2+0.3 nm in diameter
The diameter of
inorganic core is 4.8+0.3
nm by SAXS
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Figure 7. Gold NCs characterization. (A) TEM; (B) SAXS; (C) DLS; (D) TGA.
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Figure 8. Uncovered percentagof Teflon well study.
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Figure 9. Comparison between OA-annealed (A) and as synthesized (B) Fe;0,@O0A in LAISA.

(B) {C) (D) substrate etching

nd NCs removal

NCs monolayer as
mask on substrate

58 Etched substrate

Figure 10. NCs geometry study. (A) Monolayer of anisotropic NCs: rhombic nanoplates of

GdF;@O0A; (B,C) are magnified TEM images showing long-range order; (D) pattern transfer.
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Figure 12. Binary superlattice of iron oxide and
gold NCs. o 0, @OA to Au@DDT
Size ratio=10.3:4.8
Number ratio=1: 2

Figure 11. LAISA of 7.3 nm Fe;0,@0A.
(A,C) centimeter scale coverage; (B) long-
range ordered structure; (D) ambient
environment control (high humidity).

Conclusion

In this project, spherical iron oxide, gold NCs, and gadolinium fluoride
rhombic nanoplates were synthesized and characterized, enriching the
library of building blocks. LAISA was optimized to obtain monolayers with
long-range, closed-packed order over centimeter scale. Binary superlattice
self-assembly was studied using optimized conditions of LAISA.




