11

Inorganic nanorings and nanotori: state of the art.
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Complete caption to Fig. 1
Fig. 1. Particle models and stable microstructures observed in colloidal nanorings of various geometries. A–G represent the structures exhibited by rings of different symmetry but with a similar planar area: (A) smectic-A (SmA) phase for circular rings (Nb=28); (B) SmA phase for ellipsoidal rings (Nb=28) with an aspect ratio of e=0.85; (C) disordered phase for ellipsoidal rings (Nb=28) with e=0.5 exhibiting clustered domains of tubular morphology (only clusters of more than three particles are shown); (D) and (E) SmA phases for hexagonal and pentagonal rings (Nb=30), respectively; (F) SmA phase for square rings (Nb=32); and (G) nematic (N) phase for triangular rings (Nb=36). In each case we present a single particle with the corresponding number of beads, a snapshot of the liquid-crystalline structure, and a single layer of the SmA phase or N phase observed along the director. H–J correspond to the phases observed in circular rings of type 1 (doughnuts) of increasing thickness. Systems H and I both form SmA phases, while system J, having no ring–ring interpenetration, is isotropic (Iso). K corresponds to the SmA phase formed by multistacked cylindrical rings of type 2 (bands) comprising three layers. L corresponds to the N phase formed by circular rings of type 3 (washers) comprising one layer. For each system in H–L two particles are depicted to help visualize the maximum possible interpenetration. The static structure factor S(k) projected in a plane containing the director of the phase is shown for all systems. The low wave vector S(k)) for systems A, B, D–F, H, I, and K is characterized by strong unidimensional signals due to the formation of SmA layers. Reproduced with permission of the PNAS. 
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Fig. S1. A schematic model of a polygonal nanotorus with n-fold symmetry (n = 6 is shown here), consisting of n nanotube segments that are connected by n nanotube elbow joints. The nanotube segments are characterized by the width W, length L, and height H. Reprinted with permission from Ref. #15, APS Physics.
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Fig. S2. (a) Structural models, (b) local Gaussian curvature G, and (c) local curvature energy Ec /A across the surface of torus isomers with different heights H. The non-hexagonal rings in (a) are shaded. The values of G and Ec/A have been interpolated from their values at the atomic sites. Reprinted with permission from Ref. #15, APS Physics.
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Fig. S3. [(a) and (d)] Structural models, [(b) and (e)] local Gaussian curvature G, and [(c) and (f)] local curvature energy Ec/A across the surface of torus isomers with different rotational symmetry numbers n. Structures in [(a) and (c)] and [(d) and (f)] represent two distinct torus families. The nonhexagonal rings in (a) and (d) are shaded. The values of G and Ec/A have been interpolated from their values at the atomic sites. Reprinted with permission from Ref. #15, APS Physics.
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Fig. S4. Models of corrugated carbon nanotori constructed by coalescing, covalently, C60 molecules along the different axes of symmetry: (a) 2-fold; (b) 3-fold, and (c) 5-fold. In (b) the necks possess heptagonal rings, whereas the structures shown in (a) and (c) contain octagonal rings within the necks. Reprinted with permission from Ref. #21, American Chemical Society.

[image: image5.emf]
Fig. S5. C170: (a) Relaxed structure at 1 K, (b) at 3600 K, (c) 3700 K where the structure considered deforms. Reprinted with permission from Ref. #23, Taylor and Francis Group.
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Fig. S6. The geometry of C120 nanotorus with the atom numbering. Reprinted with permission from Ref. #28, Springer.

[image: image7.emf]
Fig. S7. Lateral view of a (a) NCN and (c) one turn MCN sliding outside (20, 20) carbon nanotubes at t=0 ps and t=33 ps; (b) front views at t=0 ps and t=33 ps of the NCN (left) and MCN (right) sliding coaxially along the inner carbon nanotube. Initial geometries of the NCN and MCN structures (grey color) and t=33 ps geometries (green color) are shown. Reprinted with permission from Ref. #32, American Institute of Physics.
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Fig. S8. Schematic diagram of a CNR–graphene hybrid structure. (a) Top view; (b) Front view; (c) Side view; (d) Schematic diagram of a CNR junction. Reprinted with permission from Ref. #34, IOP Science. 
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Fig. S9. [N]-cycloparaphenylenes with N = 9, 12, and 18. Each cycloparaphenylene is composed solely of phenyl rings sequentially connected in the para position to form a single nanoring [
]. Reprinted with permission from Ref. #1 in Supplementary Materials, American Chemical Society. 
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Fig. S10. Schematic of carbon nanorings formation. Reprinted with permission from Ref. #46, Elsevier Science. 

[image: image11.emf]
Fig. S11. Representation of tribological mechanism of carbon nanotori (a) loadbearing under extreme-pressures, and (b) rolling/sliding for anti-wear conditions. Reprinted with permission from Ref. #48, Elsevier Science.
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Fig. S12. SEM image of silver nanorings of on the glass substrate by drop casting. Reprinted with permission from Ref. #52, Wiley.
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Fig. S13. A schematic illustration showing polymer-assisted self-assembly of Au NPs and the fabrication of gold nanoring arrays. Reprinted with permission from Ref. #54, Springer.  
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Fig. S14. a) SEM image of the as-synthesis sample. Ring-like structures were grown. b) Enlarged image of a typical single ring. c) EDX spectrum of the nanorings. Reprinted with permission from Ref. #66, AIP Publishing.
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Fig. S15. AFM topographical 3D images of CdSe nanorings obtained from solutions using CdSe to polystyrene microsphere ratios of (A) 10000:1, (B) 4000:1, (C) 2000:1, (D) 1000:1 (width 20-30 nm). (E) Line profiles through the center of each ring. The scale bars in each image are 200 nm long. Reprinted with permission from Ref. #67, American Chemical Society. 
Complete caption for Fig. 14:

(A) Depicts the formation of PbI2 nanosheets in nonanoic acid. At first lead nonanoate and nonanoic acid form a cloud. Step 1 depicts the separation of the lead oleate and the acid. To reduce the distance between the lead oleate molecules and therefore increase the reactivity nonanoic acid is pushed out of the cloud. Due to the large size of the cloud and the steric hindrance of the molecules the acid is pushed in two directions, outside and in the middle of the cloud. The result is the formation of ring or half ring clouds composed of lead nonanoate. In step 2 iodide ions react with lead to lead iodide particles. In step 3 lead iodide particles partly merge and form a monocrystalline ring while inside the lead nonanoate reacts further to lead iodide particles. At the end the hole is closed and single crystalline nanosheets of lead iodide are formed. (B) Shows the etching of these sheets by TOP. At first only the middle is decomposed due to crystallographic defects. Later the sheet is etched everywhere. High amounts of TOP can destroy the sheets completely. Reproduced with permission of the Royal Society of Chemistry.
[�] Wong BM. Optoelectronic Properties of Carbon Nanorings: Excitonic Effects from Time-Dependent Density Functional Theory. 2009 J. Phys. Chem. C 113 21921.





