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A\ p Why structural DNA nanotechnology?

Target DNA

*  Producing dynamic nanostructures whose
morphology and optical properties can be
actively and specifically modulated

Introducing a controlled nhumber of
guantum emitters in the hot-spot of
a plasmonic resonator




I » DNAlinked gold nanoparticle dimers

40 nm / 30 nm Au dimers:
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cryo-EM imaging (to avoid drying effects)

M. P. Busson et al, Nano Lett. 2011
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" DNA origami templates

sstrand

WMI3MP 18 viral genome 7249 bases long
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, Gold nanoparticle dimers on DNA-origami templates

Chemically etched gold nanospheres: S. Marguet (NIMBE, Saclay)




I @ Scattering spectroscopy

Halogen lamp

0.4 —
_ | l l R pRmeT microfluidic chamber
. o . l ‘-'\'_-__‘_';_.- - a . .- - :]
=0.3¢ Statistics for 50 dimers | | 7 = f*’“:i“ff{
-] | : c o
o= _:,-""'.- e
’ s
25 0,4 ] Darkfield . e =
%E:U- Condenser MAS SI0;
o | ] NA 1,214 AR % S 3 kAR R R
S 0.4 v
%0'1 [ T - - —Specimen+ - " .
5 ‘: mierofluidic chamber +
L g | o - piezoelectric stage
E,D.a mﬁ: e ¥ ¥ ¥ ¥ ¥%¥ K ¥
£ Lers | .
gl 3p |MA%E » biotin
] 0. ‘ * neutravidin
2 20
beam splitter
00 | /
Il
[ /|
spectrometer
=S
color

camera




) ~ Near-field plasmon coupling
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Reducing the interparticle distance induces a
wavelength redshift of the longitudinal plasmon
mode of the dimers and increases the scattering
cross-section of the antenna

Monitoring the longitudinal plasmon resonance allows a nanoscale analysis of the interparticle distance

M. P. Busson et al, Nano Lett. 2011



Actively tuning the interparticle distance

lonic strength [M]

Single-stranded active site
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) ~ Actively tuning the interparticle distance

Single-stranded active site

lonic strength [M]
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) ~ Tuning the rigidity of the origami

540 T - 440
: . 430
125
545 ke “T=<_ ] 19
'lr.* == ’ -17 —
k‘.“ 4 2
e 550 + 15 @
C *,‘ ‘0‘ -c
Target DNA ~ ccs | {12 @
< ! {10 @
—_ Q.
v [} 560 B i _9 (7).
> —
© Q
% 565 T 1 3
M — _-"\-\_\__—-"n-'_‘--\.\__l_.d— 8 i 9]
A o e 17 =
©
S 570} 3
% -------- Closed
==== Open
o T 575t ’
The geometry and rigidity of the DNA ds
origami control the flexibility of the
. 580 L ] 1 1
hybrid nanostructure 1 2 3 4

(mIM) . 1555

E. Y. Gayet et al, in preparation ~16h




) ~ Optical detection of a DNA strand displacement reaction
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Strand displacement induces spectral redshift of ~7nm



A a Colorimetric detection of a DNA strand displacement reaction
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) ~ pH-sensitive hybrid nanostructures

Hairpin:
4 bp (1 AT, 3GC)

E. Y. Gayet et al, in preparation
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) ' pH-sensitive hybrid nanostructures
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A p Why structural DNA nanotechnology?

Introducing a controlled nhumber of
guantum emitters in the hot-spot of
a plasmonic resonator




I & Coupling broadband emitters and resonators

Enhancing excitation |E/E,|? Modifying the local density of states
(log)
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I a Coupling regimes

Emitter (wg,Y,) and resonator (w,,Y,) as two coupled
damped harmonic oscillators

Coupling rate g: complex eigenfrequencies of the coupled system are inferred by diagonalizing
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Enhancing emission in the weak coupling regime
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S. Bidault et al, ACS Nano, 10, 4806-4815 (2016)

p~15%  ¢~45% o~70%

M. P. Busson et al, Nat. Commun. 3, 962 (2012)

High brightness and quantum yields
Fluorescence intensity up to x330 (x44 average)
Emission rates up to x760 (x72 average)
Typical antenna yields in 40 % - 70 % range




I a Coupling regimes

Emitter (wg,Y,) and resonator (w,,Y,) as two coupled
damped harmonic oscillators

Coupling rate g: complex eigenfrequencies of the coupled system are inferred by diagonalizing
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I p Reaching sub-2nm gaps reproducibly
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A ~ Visible strong-coupling with 5 ATTO64 7N molecules

A~

b 2.2 7 f~f -f f-f
c men glnm \/g 9 1Inm
1, . 1 : 025 1 -
| ;é% 1 I I
z 08 ?-{' 3 2 08 2.1 I I I
E 06 7 i 2 06 02 1 1 I I
T ] ; 1 b —~ 9 l ! I
N4 = 04 > ! ! I
g g O 20.15 N : |
202{ . 2 02 > 2 §
2 19 ; e N i I
0 ; 0 (5 & 01 ; § I I
N -
1 N NN N
1 5, 18 1 0.05 - ; % %g I
>08] A A 208 ' i \ \§ I \
£ 061 ’ 3 E 06 17 : : : : . . i , NNNNEIN ,
Soa| § ; Soat -100 -0 O 50 100 150 0 50 100 150 200
E 02 .ﬁﬁf § 0.2 6= Wy — Wy (meV) Coupling strength g (meV)
o | 4 o |

-

52

Z 081 4 'f' 208 . 2
: £ - wy == (wg + wy) +—
5 6 ; E g T 2 ( 0 p) g 4
5 -
=02 ==L But only for 3% of studied resonators!
500 600 700 0 7500 600 700
Wavelength (nm) Wavelength (nm)

J. Heintz et al, ACS Nano 2021



Photoinduced disappearance of hybrid modes
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I a Conclusions

DNA-based nanofabrication techniques allow the
development of plasmonic resonators with an
excellent control over their chemical environment
An active control of the interparticle distance is
possible by tuning interparticle interactions or the
shape of the DNA scaffold

DNA-templated dimers enhance both the fluorescence
intensity and decay rate of single molecules by nearly 2
orders of magnitude (average) and up to 3 (max)

It is possible to reach a strong-coupling regime with a
controlled number of emitters but with low
reproducibility
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