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Supplementary Materials 

 

Preparation of DNA-gold nanoparticle superlattices 

Gold nanoparticle lattices are composed of DNA origami frames and spherical 10 nm or 15 nm 
gold nanoparticles. DNA origami frame was employed as a linker and scaffold to direct the 
assembly of gold nanoparticles into lattices. In this report, we used two different face-centered 
cubic (FCC) lattices and one simple-cubic (SC) lattice to demonstrate the silica coating principle. 
Here, we provide only the summarized description of the synthesis route leading to the uncoated 
DNA-gold nanoparticle superlattices; while more details can be found in our previous reports 
(26,27). 

The DNA origami frames were designed using caDNAno software (http://cadnano.org), and the 
sequences of the sticky ends binding to the gold nanoparticles were designed using the SEQUIN 
program (67). The M13mp18 DNA genome was purchased from Bayou Biolabs. Staple strands 
and DNA strands coating gold nanoparticles were purchased from Integrated DNA Technologies, 
Inc. Gold nanoparticles were purchased from Ted Pella, Inc. 

Preparation of DNA-gold nanoparticle conjugates. 

Thiolated DNA oligonucleotides were reduced by tris(2-carboxyethyl)phosphine (TCEP) with a 
molar ratio of DNA to TCEP as 1:100 for 2 hours. Then the oligonucleotides were purified using 
size exclusion columns (G-25, GE Healthcare) to remove the small molecules. The thiolated 
oligonucleotides were incubated with aqueous gold nanoparticle solution with a DNA/nanoparticle 
ratio of 300:1 (10 nm gold nanoparticle) or 800:1 (15 nm gold nanoparticle) for another 2 hours. 
The solution was then buffered at pH 7.4 in 10 mM phosphate buffer and aged for 2 hours. Salt (2 
M NaCl) was gradually added into the solution until the final salt concentration reached 0.3 M. 
The sample was allowed to age for another 12 hours. Unbound DNA was removed by 
centrifugation and rinsing with 0.1 M PBS buffer (10 mM phosphate, 0.1 M NaCl). 

http://cadnano.org/


  

Self-assembly of DNA tetrahedron frames. The assembly was carried out by mixing 20 nM of 
M13mp18 DNA genome, 40 nM of anchoring staple strands and 100 nM of other staple strands 
(final concentrations reported herein) in 1× TAE/Mg2+ buffer (40 mM Tris-HCl, pH 8.0, 20 mM 
acetic acid, 1 mM EDTA, and 12.5 mM magnesium acetate). The mixture was heated at 90 °C for 
2.5 minutes, cooled from 90 °C to 70 °C at a rate of 1.5 °C min–1, from 70 °C to 60 °C at a rate of 
0.5 °C min−1, from 60 °C to 30 °C at a rate of 0.05 °C min−1, and then cooled from 30 °C to 20 °C 
at a rate of 0.1 °C min−1 in a thermo-cycling machine (Eppendorf). 

Self-assembly of FCC lattice composed of DNA tetrahedral frames. As-synthesized DNA 
tetrahedra were mixed with 14.5 nm spherical gold nanoparticles functionalized with 
complementary DNA with a molar ratio of 1:1. The sample was heated at 50 °C for 20 minutes 
and then slowly cooled from 50 °C to 20 °C at a rate of 0.4 °C h−1. 

Self-assembly of DNA octahedral and cubic frames. The assembly was carried out by mixing 
10 nM of M13mp18 DNA genome and 100 nM of staple strands in 1× TAE/Mg2+ buffer (final 
concentrations). The mixture was heated at 90 °C for 10 minutes, cooled from 80 °C to 60 °C at a 
rate of 1 °C min−1 and then cooled from 60 °C to 20 °C at a rate of 1 °C h−1. 

Self-assembly of FCC lattice composed of DNA octahedral frames and SC lattice. 10 nm 
spherical gold nanoparticles were mixed with corresponding as-synthesized DNA frames with a 
gold nanoparticle/DNA frame ratio of 2:1. The sample was slowly cooled from 50 °C to 20 °C at 
a rate of 0.3 °C h−1. 

 

 

Figure S1. An overview of DNA-AuNPs superlattice building blocks with the locations of 
gold nanoparticles attachment marked with arrows: (a) tetrahedral, (b) octahedral (c) cubic 
units. 

 



 

 

Morphology of uncoated DNA-gold nanoparticle superlattices 

This FCC lattice was assembled by DNA tetrahedron frames and 14.5 nm gold nanoparticles with 
a molar ratio of 1:1 The DNA tetrahedron was built by six 10-helix bundle edges with a length of 
36 nm. Two single-stranded DNA were extended at both ends of each bundle to hybridize 
complementary DNA strands coated on the nanoparticle. The nanoparticle with a core diameter of 
14.5 nm was anchored on each vertex of DNA tetrahedron by six anchoring strands. Each 
nanoparticle was connected by four DNA tetrahedrons to form an FCC lattice. The assembled 
lattice was investigated by in-situ small-angle x-ray scattering (SAXS). The 2D scattering pattern 
and the associated structure factor S(q) was shown in Figure XX. The ratio of the higher-order 
peak position to first peak position (q/q1) matched 1 :�4/3 : �8/3 : �11/3 : 2: �16/3…, 
confirming the formation of FCC lattice. 

 

 

Figure S2. SAXS pattern of FCC lattice consisting of 15 nm AuNPs and DNA tetrahedral 
frames collected in aqueous solution. Structure factors are plotted on the linear scale, Miller 
indices are marked for each reflex in the range. 

 

DNA octahedron frame could also assemble gold nanoparticles into FCC lattice. The DNA 
octahedron frame was composed of 12 six-helix bundle edges with a length of 28.6 nm. One single-
stranded DNA was designed at both ends of each bundle for binding with a spherical gold 
nanoparticle. At each vertex, one gold nanoparticle with a core diameter of 10 nm was anchored 
by four anchoring strands. However, gold nanoparticles have two different connection manners 



 

with DNA frames. Each nanoparticle in-plane was shared by four DNA frames to form an 
octahedron layer. The octahedron layers were linked by nanoparticles; each of them was shared 
by two DNA frames. Thus, the ratio of DNA octahedrons to gold nanoparticles is 1:2 in the FCC 
lattice. A series of sharp scattering peaks were shown in the 2D scattering and the associated 
structure factor S(q). The ratio of peak position (q/q1) showed 1 :�4/3 : �8/3 : �11/3 : 2: 
�16/3…, in a good agreement with the calculated S(q) profile for an FCC lattice. 

 

 

Figure S3. SAXS pattern of FCC lattice consisting of 10 nm AuNPs and DNA octahedral 
frames measured in aqueous solution. Intensity plotted in the logarithmic scale. 

 

In addition to FCC lattice, SC lattice could also be assembled by DNA origami frame and gold 
nanoparticles. To assemble SC lattice, DNA cubes and gold nanoparticles with a core diameter of 
10 nm were mixed with a ratio of 1:2. DNA cube has a similar edge length and diameter with DNA 
octahedron. Same as the design of anchoring strands on the DNA octahedron, each vertex of DNA 
cube has four anchoring strands to bind one nanoparticle and connect them into the SC lattice. The 
formation of SC lattice was further confirmed by SAXS measurement. The ratio of peak position 
(q/q1) exhibits 1 :√2 : √3 : 2…, indicating the formation of the SC lattice. 



 

 

Figure S4. SAXS pattern of the SC lattice consisting of 10 nm AuNPs and DNA cubic frames 
measured for sample in aqueous solution.  

 

Silica coating process 

Time series 

Silica-coating reaction can be carried out at 4 °C, however it takes substantially longer to complete. 
Below, in Figure S5 we show a series of TEM images taken of samples incubated in a coating 
solution with 1:20:10 and 1:20:15 DNA:Linker:TEOS molar ratio at different time intervals. The 
hydrolysis reaction is incomplete after 4 hours, particularly for the sample with lower 
concentration of TEOS. 



 

 

 

Figure S5. Coating time influence at a constant (high) concentration of the linker. Room 
temperature bright-field TEM (BF-TEM) micrographs of silica-coated FCC DNA-AuNPs 
superlattice composed of tetrahedral DNA origami units. (a) 1:20:10 DNA:Linker:TEOS coating 
buffer composition (b) 1:20:15 DNA:Linker:TEOS coating buffer composition. All samples were 
incubated in the coating buffer at 4 °C. 

 

Coating thickness and mechanical stability 

Thickness coating and mechanical stability of the superlattices are affected by the amount of the 
linker (TMAPS) and TEOS used in the coating reaction. The stability can be qualitatively assessed 
by TEM imaging of the samples air-dried on TEM grids; the samples which are coated too thinly 
collapse upon drying even when dried from low-surface tension solvents. The stability of the 
coated FCC lattices is influenced both by the amount of linker (without the linker, coating cannot 
be accomplished irrespective of the amount of TEOS used) and TEOS since both chemical species 
possess reactive ethoxide groups which can cross-react to form silica cladding. The concentration 
threshold which provides air-stable samples was observed near 1:10:20 ratio (DNA:Linker:TEOS) 
in the series where linker concentration was held constant at 1:10 DNA:Linker ratio (Figure S6a) 
and near 1:20:10 (DNA:Linker:TEOS)  if higher linker concentration, 1:20 (DNA:Linker) was 
used (Figure S6b). The stability series is shown in Figure S6, where the ratios of 
DNA:Linker:TEOS are reported in the top-left corner of representative TEM images. All samples 
were incubated in the coating buffer for 16 h at 4 °C. 



 

 

 

Figure S6. The influence of the linker (TMAPS) and TEOS concentration on air-stability of 
silica-coated FCC DNA-AuNPs superlattice composed of tetrahedral DNA origami units. 
BF-TEM images of samples obtained at constant DNA to linker molar ratios a) 1:10 (DNA:Linker) 
and b) 1:20 (DNA:Linker). Concentration of TEOS increases along the rows in the table. All 
samples were incubated in the coating buffer for 16 h at 4 °C. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Electron microscopy studies of DNA-gold nanoparticle superlattices. 

 

 

 

Figure S7. Room temperature bright-field TEM (BF-TEM) micrographs of the silica-coated 
FCC DNA-AuNPs superlattice composed of tetrahedral DNA origami units. (a) Low and high 
(b) magnification images of the sample where SiO2 forms 5 nm thick layer around DNA bundles 
(15 nm of apparent strut’s diameter), occupying approximately 20% of available volume. (c) 
Completely coated superlattice, referred to as “100% silica-coated”. 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

Figure S8. Room temperature scanning TEM (STEM) micrographs of the silica-coated FCC 
DNA-AuNPs superlattice composed of tetrahedral DNA origami units. a) Bright-field image 
(BF-STEM), b) high-angle annular dark-field image (HAADF-STEM), darkfield images obtained 
using detectors positioned at an intermediate angle — DF4 (c). 

 

 

 

 

Figure S9. Room Temperature STEM EDS of silica-coated FCC DNA-AuNPs superlattice 
composed of tetrahedral DNA origami units. a) High angle annular dark-field scanning TEM 
micrographs of FCC DNA-AuNPs superlattice composed of tetrahedral building blocks after air 
drying. EDX elemental distribution mapping (raw x-ray counts) of gold (AuNPs) (b), phosphorus 
(DNA strands) (c), Si, (SiO2 silica) ( d), Au, P, Si elemental maps overlaid on HAADF image (e).  

 



  

 

 

 

Figure S10. Electron microscope micrographs of air-dried FCC DNA-AuNPs superlattice 
composed of octahedral DNA origami units coated with silica to a near-saturation extent. (a) 
Low magnification SEM image, (b and c) BF-TEM images. 

 

 

Figure S11. Room temperature scanning TEM (STEM) micrographs of the silica-coated 
FCC DNA-AuNPs superlattice composed of octahedral DNA origami units coated with silica 
to a near-saturation extent. a) Bright-field image (BF-STEM), b) high-angle annular dark-field 
image (HAADF-STEM), darkfield images obtained using detectors positioned at an intermediate 
angle — DF4 (c). 

 



  

 

Figure S12. STEM micrographs of air-dried silica-coated superlattice composed of 
octahedral DNA-AuNPs origami building blocks a) High angle annular dark-field scanning 
TEM micrographs of an isolated octahedral structural motif with visible voids (lower electron 
density region) along the DNA tubules connecting gold NPs.  EDX elemental mapping (raw x-ray 
counts) of gold (AuNPs), (b) phosphorus (DNA strands) (c) Si, (SiO2 silica), d) Au, P, Si elemental 
maps overlaid on HAADF image (e). The sample is coated with silica to a near-maximum extent. 

 

 

 

 

 



 

 

Figure S13. Room temperature bright-field TEM (BF-TEM) micrographs of the silica-
coated SC DNA-AuNPs superlattice composed of cubic DNA origami units. Silica occupies 
approximately 40% of the sample volume. (a) Low and high (b, c) magnification images reveal 
highly-regular arrangements of open channels in each grain (monodomain).  

 

 

 

Figure S14. Room temperature scanning TEM (STEM) micrographs of the silica-coated SC 
DNA-AuNPs superlattice composed of cubic DNA origami units. a) Bright-field image (BF-
STEM), b) high-angle annular dark-field image (HAADF-STEM), darkfield images obtained 
using detectors positioned at an intermediate angle — DF4 (c). 

 

 

 

 

 

 



  

 

Figure S15. Scanning TEM EDX  (STEM-EDS) micrographs of the silica-coated SC DNA-
AuNPs superlattice composed of cubic DNA origami units.a) High angle annular dark-field 
scanning TEM micrographs of the SC DNA-AuNPs superlattice after air drying. EDX elemental 
distribution mapping (raw x-ray counts)  of gold (AuNPs) (b), phosphorus (DNA strands) (c), Si, 
(SiO2 silica) ( d),  Au, P, Si elemental maps overlaid on HAADF image (e). 

 

 

 

 

 

 

 

 

 



  

Thermal stability of silica scaffold. 

 

Figure S16. Analysis of the DNA-AuNPs FCC tetrahedral superlattice shrinking process 
over the temperature increasing, from room temperature to 1100 °C. a)–b) HAADF-STEM 
images and c)–d) BF-STEM images showing superlattice structures at room temperature and 1100 
°C. The inserted FFT of each image infers no structural order changing. The superlattice retains 
its structure over the whole range of temperatures tested, however, the FFT shows a modest 



  

shrinkage of the lattice constant at elevated temperatures compared with the samples air-dried at 
room temperature corroborating the SAXS results (Fig 4 of the main text) (e)). 

The values of superlattice shrinkage plotted in Figure 4a in the main text and Figure S5 are reported 
as a fractional contraction of the unit cell constant during the heating relative to the initial, dry-
state, room temperature value inferred from SAXS data or FFT of TEM images. 

 

Elemental maps by EDS/STEM at elevated temperatures. 

 

 

Figure S17. EDS analysis (raw x-ray counts) of the FCC DNA-AuNPs superlattice a)–d) 
before and e)–h) after a heating cycle. a), e) HAADF-STEM; b), f) Au mapping; c), g) P mapping; 
d), h) Si and Au mapping. After the heating (0.5 oC/s) from room temperature to 1200 oC, waiting 
time of 10 min, and then cooling (−0.5 °C/s) to room temperature, it is observed the AuNPs 
shrinking and vanishing. Because there is no trace of Au over the rest of the SiO2 scaffold after 
the heating cycle (h)), the melting and evaporation processes have taken place as opposed  to Au 
dispersion over the lattice by diffusion. 

 

 

 



  

Dark-field STEM after isothermal heating at 1200 oC 

In this experiment, we have verified that the steady disappearance of gold nanoparticles during the 
in-situ thermal ramps is not caused by the electron-beam damage and is rather a result of the 
evaporation of material. As indicated by the STEM image in Fig. S5a which was taken only after 
very brief illumination with the e-beam, the evaporation is not limited to the areas that are directly 
exposed to the beam and can be seen in the entire sample. This process, however, might not be 
instantaneous nor uniform across the specimen as thermal gradients along the structures are 
expected. In fact, it is observed the AuNPs vanishing occurs initially outer of the DNA-AuNPs 
superlattices (green circles in the images), while the inner AuNPs last longer (blue circles in the 
images). 

 

 

Figure S18. Dark-field STEM of Isothermal Heating of FCC tetrahedral DNA-AuNPs 
Superlattices a) and b) HAADF-STEM images of FCC tetrahedral DNA-AuNPs superlattices 
after the AuNPs vanishing process starting, at 1200 °C. During the isothermal in-situ heating up 
to 1200 °C (the upper temperature limit of our holders), these areas were not illuminated by 
electron beam, i.e., the electron beam was away of these areas. Just after reaching 1200 °C, the 
sample was moved and immediately recorded the found structures. Because it is observed the same 
phenomena under and away of the electron beam, the process is not induced by radiation damage. 
Besides, because the heating transfer is mainly due to the thermal conduction and localized 
radiation, thermal gradients along the structures are expected. It has been observed that the AuNPs 
vanishing occurs initially near the outer edge of superlattices (green circles in the images), while 
the inner AuNPs last longer (blue circles in the images). 

 

 

 



 

In-situ TEM movie description 

In-situ movies of the FCC-tetrahedral silicated samples were recorded during the heating and 
cooling ramps under STEM observation. Movie S1 is a 12× accelerated playback of the frames of 
HAADF and ADF data shown in top-left and bottom-left panels, respectively, along with the 
corresponding 2D FFTs of the HAADF images (top-right). The temperature ramp is plotted in the 
bottom-left quadrant of the screen. The onset of gold evaporation is marked by the disappearance 
of higher-order signals in FFT above 1300 K, which to a good approximation matches the melting 
point of Au (1337 K). Liquid gold evaporation is expected to be very rapid due to the high-vacuum 
environment but the process is impeded by silica encapsulation and slow heat transport. Movie S2 
contains a zoomed-in cut from the Movie 1 shows the moment of the AuNPs melting at the actual 
speed of recording. Characteristic flickering of molten gold AuNPs is visible in STEM-ADF 
images (left panel). 

 

High-pressure compression studies 

The high-pressure experiments were performed using Almax plate diamond anvil cell with bevel 
culet size of Boehler-Almax diamond 450 μm. The in-situ x-ray scattering measurements were 
carried out at the SAXS beamline (CMS) of NSLS II, Brookhaven National Laboratory. The 
wavelength of the x-ray was 0.918 Å.  

Before loading the sample into the anvil cell, we centrifuged the silica-coated sample and removed 
the coating buffer, then re-dispersed the centrifuged sample in a mixture of methanol, ethanol and 
water with volume ratio of 16:3:1, that is, the coating buffer was exchanged into the pressure-
transducing medium, which kept the sample in quasi-hydrostatic condition under high pressure.  
The compression experiments and in-situ SAXS measurements were performed by gradually 
tightening the bolts on the diamond anvil cell assembly. At each stage of pressurization, the sample 
was allowed to stabilize and equilibrate for several minutes before the SAXS measurements. 
Hydrostatic pressure was monitored during the experiment utilizing the standard fluorescence 
method, tracking the separation of the R1 and R2 ruby lines, employing ruby ball placed in the 
sample cell (68).The maximum pressure value used in the experiment was 8 GPa.  

 



  

 
Figure S19. Mechanical properties of the FCC SiO2-coated superlattice under the 
compression stress. Small-angle X-ray scattering (SAXS) patterns of the coated superlattice 
composed of DNA origami tetrahedra and 15 nm gold nanoparticles under high hydrostatic 
pressure generated by using Almax plate diamond anvil cell. a) Scattering data of the sample 
containing 20% silica in the interstices by volume compressed to different pressures up to 8.00 
GPa. The vertical dashed line is used to guide the eye to track the 111-peak shift under increasing 
pressure. b) Scattering data of the sample fully coated with silica compressed to different pressures 
up to 8.00 GPa. The vertical dashed line is used to guide the eye to track the 111-peak shift under 
increasing pressure. c) The evolution of the unit-cell volume of the superlattice as a function of 
pressure, coated by a varied amount of SiO2; green markers - 20% silica, red markers - 100% 
interstitial volume filled by silica. The solid lines indicate fitting results to the second-order Birch-
Murnaghan equation of state, and the calculated bulk moduli (B0) of the superlattice coated to a 
different degree with SiO2. The error of pressure measurements is smaller than the size of the 
markers. 

The vertical dashed lines in Figure S8 (a) and (b) are used to guide the eye clearly see the peak 
shift under pressure, and the Miller index of each peak is listed. From the q position of the (111) 
peak of the silica coated FCC superlattices, we calculated the volume of the FCC superlattice at 

different pressures according to the equation, 3)32(
q
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= . Figure S8 (c) presents the volume of 

silica-coated FCC superlattice as a function of pressure. The green balls mark the results for the 
20% silica coated FCC superlattice, the red balls —the 100% silica coated FCC superlattice. The 
solid lines indicate the fit of experimental data to Birch-Murnaghan equation of state (69), and 
were used to calculate the bulk moduli (B0) of the two FCC superlattices with different thickness 
of silica. In the equation: 
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P is hydrostatic pressure, V0 and B0 are the unit cell volume and bulk modulus at ambient pressure, 
B0´ is the first order pressure derivative of the bulk modulus. 



 

By fixing B0´at 4, the equation reduces to the second-order Birch-Murnaghan equation of state, 
which ignores the effects of pressure-dependence on B0 allowing simpler fit and extraction of the 
bulk modus.  

Focused Ion Beam (FIB) milling  

Using the focused ion beam, slicing the sample both with or without the use of a sacrificial layer 
is effective to slice the sample without deformation between slices. Samples were not specifically 
affixed to the surface in any way other than drying. Platinum can be used to reduce charging during 
collection, this undesired effect can be limited by using a charge neutralizing function of the FEI 
Helios 660. An aggregate assembly of superlattices in silica is imaged in Figure S20 and a local 
region is reconstructed for visualization in Figure S21.  

 

 

 

Figure S20: Serial Sectioned DNA-AuNP tetrahedral superlattices templated with Silica. (a) 
SEM image slice of sample region within the dataset (b) Aligned dataset, thresholding to show 
silica, sacrificial platinum and disordered nanoparticles. (c) Fourier filtered data retaining 
structures between 5 and 40nm in length (d) Segmented data using Avizo and Amira software to 
track individual particle positions. Scale Bar 500nm 

(a) (b) 

(c) (d) 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S21: Multiple viewpoints of DNA-NP superlattice as 3D reconstructed from 
bottom-right sliced images. Scale bar 100nm. See also the supplementary videos. 

 

 

 

 

 

 

 

 

 

 

 



 

Radiation exposure stability  

TEM studies and synchrotron x-ray experiments demonstrated an unprecedented stability of the 
silica coated DNA-NP lattice to both electrons and high brilliance x-rays in comparison to the 
original DNA-NP lattice. Our experience with uncoated organic-inorganic DNA-AuNP lattices 
has shown that ~ 30 seconds of exposure to the high-photon-count sources i.e., ~1×1011 ph/s for 
CMS (11-BM) at NSLSII (BNL) is sufficient to locally degrade the sample as manifested by the 
reduction and eventual disappearance of scattering peaks (Figure S22). In comparison, silica-
coated DNA-NP lattices were irradiated using a highly focused nanobeam (with the a size of about 
10 nm) at the Hard X-ray Nanoprobe (HXN, 3-ID) at NSLSII. The silica-coated sample sustained 
over 5 seconds per pixel of nano-focused exposure before any sign of damage (Figure S23). At the 
end of the exposure, a small hole began to appear. Accounting for the area and volume, a dose of 
3×1016 Gy (grays, J/kg) was delivered to the material. 

Given the typical dose for 1×107 Gy (for 30 seconds) for CMS beamline (NSLS II)  (beam 200 
µm × 200 µm, sample thickness <2.5mm), the silication increase a resilience to the exposed 
radiation of the native DNA-NP lattice by about 6 orders of magnitude (Table T1).   

The dose is estimated from the exposure time (CMS: 30 seconds, HXN: 5.5 seconds), the energy 
of the photons (CMS: 13.5KeV and HXN: 12 KeV). The volume is calculated from the exposed 
area (CMS: 100um beam, HXN: <13nm beam) and sample thickness (CMS: <2.5mm, HXN 2um). 
The Dose/Volume is converted to grays by dividing by effective density of the silica (2700 kg/m3) 
and gold (19300 kg/m3) in the superlattice estimated as 3000 kg/m3 (97% silica by volume, 3% 
AuNP), calculated similarly for the un-silicated sample as 2000 kg/m3 using a similar estimation. 
This yields Gy in Joule/Kg. 

 

Table ST1. Dosage Calculation   

Beamline HXN CMS 
X-ray Flux 
(photons/second) 1.00E+09 9.87E+10 

Dose (total joules) 1.06E-05 6.39E-03 

Volume (m3) 2.00E-22 2.50E-13 

Dose/Volume 5.28E+16 2.56E+10 

Est Density 3.10E+03 2.23E+03 

Grays 1.70E+13 1.15E+07 
 



  

 

Figure S22. Beam damage to unprotected DNA superlattices at the CMS beamline (NSLSII, 
BNL). These subsequent exposures are contrast adjusted to make the peaks visible. After 24 and 
29 seconds the sample scattering peaks start to degrade with peaks 4,5,6 either disappearing or 
significantly weakened compare to the shorter exposures. The first peak corresponds to 114nm, 
q=0.0055 Å-1. The subsequent peaks are higher order peaks. 57, 38, 28, 23, 19nm each. 
Corresponding to a, a/2, a/3, a/4, a/5, a/6.  

 

 

 

 

 



 

 

 

Figure S23. Beam damage to silicate  coated DNA-NP lattice using x-ray microscopy with 10 
nm focused beam at HXN beamline (NSLSII, BNL). The sample was imaged using x-rays, a 
nanobeam was rastered across the sample at a specific view angle relative to the beam direction 
with before: -90 degrees (left) and after: +90 degrees (right) in which a hole (black area) began to 
appear through the sample bulk.  Scalebar: 200nm. 

 

 

 

 

 

 

 

 

 

 



  

 

Figure S24. Summed EDS spectrum and deconvolution a) (From left to right) Summed EDS 
Spectrum from 0-12 KeV with peaks labeled from N, O, Si, Au-M, P, Cu, Au-L peaks. With the 
zoomed in region from 0-2.5 KeV reproduced from the main text along with a zoomed in region 
of the P and Au overlapping peaks. b) Deconvolution performed using Bruker ESPRIT software 
which includes detector corrections, background Bremsstrahlung, followed by Series fit 
deconvolution seen in figure over the Phosphorous peak location. c) Phosphorous EDS map before 
and after correction. 
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b)
c)



  

Supplemental Movie Descriptions 

Movie S1 and Movie S2: In-situ Heating of FCC-tetrahedral Silica Structures in STEM 

In-situ TEM movie description: 

In-situ movies of the FCC-tetrahedral silicated samples were recorded during the heating and 
cooling ramps under STEM observation. Movie S1 is a 12× accelerated playback of the frames of 
HAADF and ADF data shown in top-left and bottom-left panels, respectively, along with the 
corresponding 2D FFTs of the HAADF images (top-right). The temperature ramp is plotted in the 
bottom-left quadrant of the screen. The onset of gold evaporation is marked by the disappearance 
of higher-order signals in FFT above 1300 K, which to a good approximation matches the melting 
point of Au (1337 K). Liquid gold evaporation is expected to be very rapid due to the high-vacuum 
environment but the process is impeded by silica encapsulation and slow heat transport. Movie S2 
contains a zoomed-in cut from the Movie 1 shows the moment of the AuNPs melting at the actual 
speed of recording.  

Movie S3 and S4. Serial Stack of FIB/SEM images of Silica-Superlattice with 20nm Au 
nanoparticles.  

Processed 2D SEM images files from FIB/SEM serial sectioning. The full dataset shows a number 
of regions with ordered Tetrahedral-AuNP superlattice amidst disordered regions. A zoomed in 
subsection of the dataset, Movie S4, is the region selected for reconstruction and viewing in Movie 
S5.  

Movie S5. 3D Reconstruction of FCC-Tetrahedral Structure 

3D Reconstruction movie description: 

Movie S5 file visualizing 3D Reconstruction of FCC-tetrahedral silicated sample collected from 
FIB-SEM. The visualized reconstruction shows the nanoparticles in the FCC structure with the 
silica and origami not visible. The lattice rotates about the z axis to visualize the crystal from 
multiple directions which reveal the structure growing from a disordered region.  

These movies have been provided as separate files and are available in the online version of this 
document. 
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