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die neuen “Düsseldorfer” 



“Look deep into nature, and then you will understand everything better”, scientists up to date 

νᾶνος (





–



ε ω

𝜔0 𝛾𝐸⃑ (𝑡)   −𝑒𝐸⃑⃑ (𝑡)⏟    driving (electric)force = 𝑚𝑥̈⏟acceleration force + 𝑚𝛾𝑥̇⏟frictionalforce + 𝑚𝜔02𝑥⏟  restoringforce



“electron cloud” as described in the plasma model. Therefore, the following picture applies.

𝐸⃑ 
𝛾 = 1𝜏 𝜏

−𝑒𝐸⃑ (𝑡) = 𝑚𝑥̈ + 𝑚𝛾𝑥̇𝑒 𝑚
𝐸⃑ (𝑡) =  𝐸⃑ 0 ∙ 𝑒−𝑖𝜔𝑡𝐸⃑ 0 𝜔

𝑥 (𝑡) =  𝑥 0 ∙ 𝑒−𝑖𝜔𝑡 = 𝑒𝑚(𝜔2 + 𝑖𝛾𝜔) 𝐸⃑ (𝑡)
𝑃⃑ 

𝑃⃑ = −𝑛𝑒𝑥 (𝑡) = − 𝑛𝑒2𝑚(𝜔2 + 𝑖𝛾𝜔) 𝐸⃑ (𝑡) = (𝜀𝑟 − 1)𝜀0𝐸⃑ (𝑡)𝜀0𝜀𝑟𝜔𝑝
𝜀𝑟 = 1 − 𝑛𝑒2𝜀0𝑚(𝜔2 + 𝑖𝛾𝜔) =  1 − 𝜔𝑝2(𝜔2 + 𝑖𝛾𝜔)𝜔𝑝2 = 𝑛𝑒2𝜀0𝑚𝜀𝑟′ 𝜀𝑟′′



𝜀𝑟(𝜔) =  𝜀𝑟′(𝜔) + 𝑖𝜀𝑟′′(𝜔)𝜀𝑟′ = 1 − 𝜔𝑝2𝜏2(1 + 𝜔2𝜏2)𝜀𝑟′′ = 𝜔𝑝2𝜏𝜔(1 + 𝜔2𝜏2)
𝜔𝑝 = 13.8 ∙ 1015 1𝑠 𝛾 = 1𝜏 = 1.1 ∙ 1014 1𝑠



𝜔0−𝑒𝐸⃑ (𝑡) = 𝑚𝑥̈ + 𝑚𝛾𝑥̇ + 𝑚𝜔02𝑥𝜀𝐿
𝜀𝐿 = 1 + 𝜔12(𝜔02 − 𝜔2 − 𝑖𝛾1𝜔)𝜔1 𝛾1

𝜀𝐷𝐿
𝜀𝐷𝐿 = 1 − 𝜔𝑝2(𝜔2 + 𝑖𝛾𝜔) +∑ 𝑓𝑗𝜔𝑗2(𝜔𝑗2 − 𝜔2 − 𝑖𝛾𝑗𝜔)𝐾

𝑗=1𝐾𝜔𝑗 𝑓𝑗 𝛾𝑗



𝜀𝑟(𝜔)



𝜀𝑚 𝐸0⃑⃑⃑⃑ 

𝐸0⃑⃑⃑⃑ 
Φ𝑖𝑛(𝑟, 𝜃) = − 3𝜀𝑚𝜀𝑟(𝜔) + 2𝜀𝑚 𝐸0𝑟𝑐𝑜𝑠𝜃Φ𝑜𝑢𝑡(𝑟, 𝜃) = −𝐸0𝑟𝑐𝑜𝑠𝜃⏟      applied field + 𝜀𝑟(𝜔) − 𝜀𝑚𝜀𝑟(𝜔) + 2𝜀𝑚 𝐸0𝑎3 𝑐𝑜𝑠𝜃𝑟2⏟              induced dipole field𝑟 𝜃 Φ𝑜𝑢𝑡𝑝 
Φ𝑜𝑢𝑡(𝑟, 𝜃) = −𝐸0𝑟𝑐𝑜𝑠𝜃 + 𝑝 𝑟 4𝜋𝜀0𝜀𝑚𝑟3𝑝 =  𝜀0𝜀𝑚𝛼𝐸⃑ 0𝛼

𝛼 =  4𝜋𝑎3 𝜀𝑟(𝜔) − 𝜀𝑚𝜀𝑟(𝜔) + 2𝜀𝑚
|𝜀𝑟(𝜔) + 2𝜀𝑚|

𝜀𝑟′(𝜔) =  −2𝜀𝑚 𝜀𝑚 = 1𝜔0 = 𝜔𝑝√3



𝜀𝑚𝐸⃑ = −∇Φ
𝐸⃑ 𝑖𝑛 = 3𝜀𝑚𝜀𝑟(𝜔) + 2𝜀𝑚 𝐸⃑ 0𝐸⃑ 𝑜𝑢𝑡 = 𝐸⃑ 0 + 3𝑛⃑ (𝑛⃑ ∙ 𝑝 ) − 𝑝 4𝜋𝜀0𝜀𝑚 1𝑟3𝑛⃑ 𝐸⃑ (𝑟 , 𝑡) = 𝐸⃑ 0𝑒−𝑖𝜔𝑡 𝑝 (𝑡) =  𝜀0𝜀𝑚𝛼𝐸⃑ 0𝑒−𝑖𝜔𝑡

𝛼
𝜎𝑠𝑐𝑎𝑡 𝜎𝑎𝑏𝑠
𝜎𝑠𝑐𝑎𝑡 = 𝑘046𝜋 |𝛼2| = 8𝜋3 𝑘04𝑎6 | 𝜀𝑟(𝜔) − 𝜀𝑚𝜀𝑟(𝜔) + 2𝜀𝑚|2𝜎𝑎𝑏𝑠 = 𝑘0𝐼𝑚(𝛼) = 4𝜋𝑘0𝑎3𝐼𝑚 ( 𝜀𝑟(𝜔) − 𝜀𝑚𝜀𝑟(𝜔) + 2𝜀𝑚)𝑘0 𝑘0 = 2𝜋𝜆 𝑎6𝑎3

𝜎𝑒𝑥𝑡
𝜎𝑒𝑥𝑡 = 𝜎𝑠𝑐𝑎𝑡 + 𝜎𝑎𝑏𝑠 = 9𝜔𝑐 𝜀𝑚3/2𝑉 ( 𝜀𝑟′′(𝜔)(𝜀𝑟′(𝜔) + 2𝜀𝑚)2 + 𝜀𝑟′′(𝜔)2)



𝑉

static approximation can be extended to ellipsoids (Gans’ 𝛼𝑖
𝛼𝑖 =  4𝜋𝑎1𝑎2𝑎3 𝜀𝑟(𝜔) − 𝜀𝑚3𝜀𝑚 + 3𝐿𝑖(𝜀𝑟(𝜔) − 𝜀𝑚)𝑎1 ≤ 𝑎2 ≤ 𝑎3 𝐿𝑖Σ𝐿𝑖 = 1𝑒

𝐿1 = 𝐿2 = 𝐿3 = 13



𝑎1 = 𝑎2𝑎3 13 ≤ 𝐿1 = 𝐿2 ≤ 12 𝐿3 → 0𝐿3
𝐿3 = 1 − 𝑒2𝑒2 (−1 + 12𝑒 𝑙𝑛 1 + 𝑒1 − 𝑒)

𝑒2 = 1 − 𝑎1/22𝑎32 𝐿1/2
𝐿1/2 = 1 − 𝐿32



𝛼𝑀𝑖𝑒 = 1 − 110 (𝜀𝑟(𝜔) + 𝜀𝑚)𝑥2 + 𝑂(𝑥4)(13 + 𝜀𝑚𝜀𝑟(𝜔) − 𝜀𝑚) − 130 (𝜀𝑟(𝜔) + 10𝜀𝑚)𝑥2 − 𝑖 4𝜋2𝜀𝑚323 𝑉𝜆03 + 𝑂(𝑥4)
𝑉

𝑥 = 𝜋𝑎𝜆0 𝑎𝜆0 𝑥2 𝑥2

𝜀𝑟(𝜔) 𝜀𝐷 𝜀𝑟(𝜔)
𝜀𝐷−𝐿





𝑎 =  40 nm 𝜀𝑚 ≡ 𝑛 = 1.0 𝑡𝑜 1.6

𝛼𝑀𝐿𝑊𝐴
𝛼𝑀𝐿𝑊𝐴 = 𝛼𝑠𝑡𝑎𝑡𝑖𝑐(1 − 23 𝑖𝑘3𝛼𝑠𝑡𝑎𝑡𝑖𝑐 − 𝑘2𝑎 𝛼𝑠𝑡𝑎𝑡𝑖𝑐)𝑎 𝑘 = 𝑛𝑘0 = 2𝜋𝑛𝜆

𝑛 = √ 𝜀𝜀0 𝛼𝑠𝑡𝑎𝑡𝑖𝑐
23 𝑖𝑘3𝛼𝑠𝑡𝑎𝑡𝑖𝑐𝑘2𝑎 𝛼𝑠𝑡𝑎𝑡𝑖𝑐



𝜆𝐵𝑟𝑎𝑔𝑔



𝛼

𝛼𝑒𝑓𝑓
𝛼𝑀𝐿𝑊𝐴 𝛼𝑀𝐿𝑊𝐴

𝛼𝑒𝑓𝑓 = 11𝛼𝑀𝐿𝑊𝐴 − 𝑆
𝑆 =∑𝑒𝑖𝑘𝑟𝑗 [(1 − 𝑖𝑘𝑟𝑖𝑗)(3𝑐𝑜𝑠2𝜃𝑖𝑗 − 1)𝑟𝑖𝑗3 + 𝑘2𝑠𝑖𝑛2𝜃𝑖𝑗𝑟𝑖𝑗 ]

𝜃𝑖𝑗 𝑟𝑖𝑗
𝐶𝑒𝑥𝑡 = 4𝜋𝑁𝑘𝐼𝑚(𝛼𝑒𝑓𝑓)1𝛼𝑀𝐿𝑊𝐴 𝑆



𝐼𝑚 ( 1𝛼𝑀𝐿𝑊𝐴 − 𝑆) 𝐼𝑚 ( 1𝛼𝑀𝐿𝑊𝐴) 𝐼𝑚(𝑆)

α

α



𝑎 = 50 𝑛𝑚







θ θ

≤

∞

= 30 of the ‘infinite’ array. This shows that already rather small lattices are able to support 

assumed to be ‘infinite’.



α

α. (d) Real and imaginary parts of the array factor and 
1/α of a rectangular lattice in dependence of the polarization direction of the illuminating 







–













–



Δ

Δ
Δ

Δ
Δ



, Δ

, Δ

Δ

γ

Δ

∆G =  ΔGbulk + ΔGsurface = −43πr3|∆Gv| + 4πr2γ
, Δ

∞

∆Gv = −kB T ln(S)v
Δ d∆Gdr = 0



r∗ = 2 γ|∆Gv| =  2 γ vkB T ln(S)
Δ

∆𝐺∗ = 16 𝜋 𝛾33 |∆𝐺𝑣|2 = 43  𝜋 𝛾 (𝑟∗)2
γ

Δ

𝑑𝑁𝑑𝑡 = 𝐴 exp ( − ∆𝐺∗𝑘𝐵𝑇) = 𝐴 exp( + 16 𝜋 𝛾3 𝑣23 𝑘𝐵3𝑇3 (ln(𝑆))2) 

θ θ < π) and the surface term in the 



∆𝐺ℎ𝑒𝑡𝑒𝑟𝑜∗ =  𝜙 ∆𝐺ℎ𝑜𝑚𝑜∗

𝜙 =  (2 + 𝑐𝑜𝑠𝜃)(1 − 𝑐𝑜𝑠𝜃)24

δ

δ. The 

≈

≈



drdt = Dr  2 γ v2 [M]bkB T  (1r∗ − 1r)
drdt = k 2 γ v2 [M]b𝑅 T  ( 1r∗ − 1r)



Δ







N,N’











𝜓

𝜓(𝑥) =  𝐶1𝑒−𝜅𝑥 + 𝐶2𝑒𝜅𝑥



𝜅 =  √ 2𝑐0𝑒2𝜀𝜀0𝑘𝐵𝑇
κ ε ε the relative 

𝜓
𝜓(𝑥) =  𝜓0𝑒−𝜅𝑥

λ = κ

λ𝐷 = 3.04 Å√𝑐0 𝐿𝑚𝑜𝑙

Ψ)





θ

θ

θ

θ



θ θ
θ θ

θ

–





–

γ



γ

γ

β



β.



Thus, the assembly is “frozen”, 
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1 μm





Π
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–
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Dimensional Nanoparticle Arrays†. 



https://www.iso.org/committee/381983.html


Fe@Γ

–

–

–
–

–



Gel Derived Α

–

–

—

–







ion of Aucl4− 

crylate, Ethylenglykol Dimethacrylate, and N,N′

(213) Karg, M.; Hellweg, T. New “Smart” Poly(Nipam) Microgels and Nanoparticle Microgel 

—



of “Smart” Microgels in Bulk Solution and Adsorbed at an In



(236) Ballauff, M.; Lu, Y. “Smart” Nanoparticles: Preparation, Characterization and 

−



Stabilised Particles (“Soft Spheres”). 



—

H.; Binks, B. P. Order−Disorder Transition in 
Monolayers of Modified Monodisperse Silica Particles at the Octane−Water Interface. 



–

–

–





–

through the Langmuir−Blodgett Technique. 







N,N’

’s of approximately 







–



’s







’s between 356 nm and 506 nm were prepared and 

–

–

–



–

1𝑑2 = 43(ℎ2 + ℎ𝑘 + 𝑘2𝑎2 ) + 𝑙2𝑐2
c−c 𝑐 = 2(𝑑𝑓𝑖𝑙𝑚 − 65 𝑛𝑚)

𝜆ℎ𝑘𝑙 = 𝑅𝐼 ∙ 𝑑 







α indicates the rotational angle 



σ

σ

σ













Dimensional Nanoparticle Arrays†. 

(12) Volk, K.; Honold, T.; Feller, D.; Karg, M. Surface Lattice Resonances in Self‐T





–



′

Q water with a resistivity of 18.2 MΩ ∙ cm was used in 





syringe equipped with a 27G×3/4″ cannula (0.4×20 mm). The water/ethanol solvent mixture 



Dynamic light scattering (DLS) and zeta potential (ζ) experiments 

measured and calculated into ζ

–

–







– –

–



–

–

micrographs. λ
vis measurements of aqueous particle dispersions and λ

particles and ζ deno

λ λ ζ

–



– 496 nm. The LSPR wavelengths, λ





–
–

–

–

–

–

–



densities (ρ) were obtained from the AFM height profiles using ImageJ software. The 
LSPR positions (λ ) and absorbance values (Abs(λ

ρ λ λ

–



Figure 4 a shows the dependence of the LSPR position (λ

λ





































factor with a characteristic exponential decay length ℓ

ain length scale, much larger than ℓ

C could be described by using an average ℓ

justification for introducing ℓ









Aldrich, ≥ 99.9 %), sodium citrate dihydrate 

(Aldrich, ≥ 99 %), sodium dodecylsulfate (SDS; Merck), butenylamine hydrochloride (BA; 

‘

nbisacrylamide (BIS; Fluka, ≥ 98 %) potassium peroxodisulfate (PPS; Fluka, ≥ 99 %), 

100 %, VWR Chemicals), glycine (≥ 99.7 %, Merck), 

exadecyltrimethylammonium bromide (≥ 96.0 %, Fluka), silver nitrate (puriss. p.a. ≥ 99.5 %, 

Ω



θ













+ 0.12 ≈ 1.45. The best 





≈ 1.06 (black) are compared to experimental absorbance spectra 
≈ 1.3 (red) is included for d

≈ 1.06. The match is quite good for

≈ 1.3, which results in a different but 

κ α κ λ α π

λ π ℓ λ ℓ

α



≈ 1.06 and ℓ ≈ 210 nm (black) are compared to 

ℓ



≈ 1.28 and ℓ





–

–







functional device at the SLR (λ











– –







≈ d ≈ 

 

shift, from 513 nm to 551 nm (Δλ = 3

greatly red shifted SLR positions, from 612 nm to 674 nm, and enhanced tuning, Δλ = 62 nm. 





674 nm (Δλ = 161 nm). This is possible just by variation of the dwell



(d) shows a SLR shift from 543 nm to 570 nm (Δλ = 27 nm), while the larger 

) shows a shift from 595 nm to 639 nm (Δλ = 44 nm). An exemplary temperature 

Δ Δ Δ 







Aldrich, ≥ 99.9 %), sodium citrate dihydrate (Aldrich, ≥ 

‘

(BIS; Fluka, ≥ 98 %) potassium peroxodisulfate (PPS; Fluka, ≥ 99 %), L

100 %), glycine (Merck, ≥ 99.7 %), hex

bromide (Fluka, ≥ 96.0 %), silver nitrate (Fluka, puriss. p.a. ≥ 99.5 %), sodium hydroxide 

Dioxane (Merck, ≥ 99.5 %), and benzophenone (Acros organics, 99 % 

resistivity of 18.2 MΩcm was used for all synthesis, purification and assembly steps. All 





–















urce simulation (λ = 300 –

−5



–

–







– –

 











ility α of the individual particles

α



sistivity of 18.2 MΩcm was used 



λ



λ

(λ –



−





 

λ λ

λ

λ



λ

λ

λ λ

λ

1𝑑2 = 43(ℎ2 + ℎ𝑘 + 𝑘2𝑎2 )

𝜆ℎ𝑘 = RI ∗ d



α



λ

λ





λ

λ

–



λ

λ



λ



1𝑑2 = 43(ℎ2 + ℎ𝑘 + 𝑘2𝑎2 ) + 𝑙2𝑐2

𝑐 = 2 ∙ (𝑑𝑓𝑖𝑙𝑚 − 65 𝑛𝑚)

λ

λ









–

–













 




 dc−c  d(0,1) = √32 ∗ dc−c



  



1𝑑2 = 43(ℎ2 + ℎ𝑘 +𝑘2𝑎2 ) + 𝑙2𝑐2

1𝑑2 = 43 (ℎ2 + ℎ𝑘 + 𝑘2𝑎2 )















–

–

ideally from stable “colloidal inks”. Furthermore, the application to functional collo

–

–

–

–





Aldrich, ≥99.9%), sodium citrate dihydrate (Sigma

Aldrich, ≥99%), butenylamine hydrochloride (Sigma

′

≥99%), silver nitrate (99.999%, Sigma), ascorbic acid (p.a., Roth), acetonitrile (HPLC grade, 

of 18.2 MΩ cm was used for all synthesis, purification and assembly steps. Microscope glass 

–

flask. Then 79 μ



dish (6 cm in diameter) was filled with MQ water and approximately 7 μL 

–

– −

–



topographic AFM images (10 × 10 μm

−

–

–

σ

λσ λ

𝑢(𝑟) = {𝑢𝑐(𝑟) + 𝑢𝑓(𝑟)𝑢𝑓(𝑟)    𝑟 < 1 + 𝑤1 + 𝑤 ≤ 𝑟
𝑢𝑓(𝑟) = 𝜀2(1 + 𝑡𝑎𝑛ℎ (𝜆 − 𝑟𝑤 ))

𝑢𝑐(𝑟) = ℎ𝜀(𝑟 − 1𝑤 − 1)4



ε

– λ

σ λσ

σ –

σ λσ
–

α

α

ṙ

𝑟̇𝑖(𝑡) = 𝐷0𝑘𝐵𝑇 [−∇𝑖𝑢(𝑟)+𝐹𝑒𝑥𝑡]+√2𝐷0𝑅𝑖(𝑡)

〈 ′)〉 δ δ − ′)



λσ
− − ε λ σ

−

λσ λσ

λσ

σ≫ σ

–



–

–

λ

–

𝑑𝑣𝑜𝑖𝑑 = 2√3𝑑𝑐−𝑐 − 𝑑𝑑𝑟𝑦
† –



–

–



–



†



α

α



†



†

σ

σ

γν γ

ν ν

γν σ

σ – ∼
σ σ

σ

α

σ

–

†

α

σ

https://pubs.rsc.org/en/content/articlelanding/2019/cp/c9cp03116b#fn1
https://pubs.rsc.org/en/content/articlelanding/2019/cp/c9cp03116b#fn1
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

23 𝑙
 



 



angle of rotation α matching the experiment to give Moiré motifs (c, f, I, l, o).
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–

–



–

–

– –

–

–



–

by the angle of rotation α between the first and second deposited mono

has a rotation angle α

–

patterns with specific values of α at will. We see great potential to achieve a much better 



–

–

particles in dispersion (Δλ



–
c−c



λ nm for the hexagonal array, for the hc structure at λ

the coated sample at λ

= FWHM/λ

–

–

–

〈 〉



–

≈ 490



〈 〉

–

–

〈 〉

samples and every domain can possess a different angle α between the monolayer that was first 

minor variations in dependence of α. In contrast, the optical response in the lower wavelength 



–

–

nance positions of λ nm and λ

shifted to λ

with the inverse of the polarizability α

–



exhibits an SLR of λ nm, the Moiré structure of λ
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at λ nm and λ
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Aldrich, ≥99.9%), sodium citrate dihydrate (Sigma

Aldrich, ≥99%), butenylamine hydrochloride (Sigma
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≥99%), silver nitrate (99.999%, Sigma), ascorbic acid (p.a., Roth), acetonitrile (HPLC grade, 



18.2 MΩ cm. MQ water was used for all synthesis,
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perform a broadband source simulation (λ –
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drying conditions. The rotational angle α between the first and second deposition 
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different rotation angles α
w the rotation angle α between the hexagonally ordered monolayers 
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an “isostructural 

phase transition” from shell to shell contact to core to core contact is witnessed. Other works 
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