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Non-templated Cu material

Fig. S1 TappingMode™ AFM height image of material isolated from the top fraction of the DNA/Cu
reaction solution following centrifuging at 8000rpm for 2min, and immobilised on a TMS-modified Si
wafer. A large amount non-templated Cu material was observed to be present across the wafer
surface. This was in contrast to the bottom fraction of the reaction solution, from which only the
DNA-templated Cu structures were predominantly observed by AFM.

Thermodynamic model of templated growth
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Fig. S2 Cartoon illustration, highlighting the additional terms in the free energy that must be
considered when templating on surface-immobilised DNA: (i) adhesion of the material to the
substrate and (ii) the line energy at the 3-phase boundary.




UV-vis spectroscopy

Due to the need for milliliter-scale quantities of the templating solutions in order to measure
the optical absorption spectra, calf thymus (CT) DNA was used which can be readily
obtained from commercial sources in sufficiently large quantities. UV-vis absorption spectra
were acquired using a Varian Cary-100 Bio UV-vis spectrometer. Measurements were carried
out upon solutions of CT-DNA (300ug/mL, 870 uL), to which a solution of Cu(NO3),.3H,0
(agq. 500uM, 120uL) was added drop-wise. Ascorbic acid (aq. 0.12M, 10uL) was
subsequently added to the solution, and the absorption measurement repeated.
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Fig. S3 UV-vis absorption spectra of aqueous solutions containing CT-DNA/Cu(ll) (red), and CT-
DNA/Cu(Il)/ascorbic acid (green). The absorption band at ~790nm in the CT-DNA/Cu(ll) spectrum is
attributed to Cu(ll) d-d transitions. Upon addition of ascorbic acid to the solution (green spectrum), a
broad plasmon resonance band between 540-630nm was observed, correlating with the formation of
nanostructured Cu(0) materials in the solution.



FTIR

FTIR spectra were recorded in transmission mode on a Bio-Rad Excalibur FTS-40
spectrometer (Varian., Palo Alto, CA) equipped with a liquid nitrogen cooled deuterated
triglycine sulfate (DTGS) detector. Spectra were collected at 512 scans, and 2cm™ resolution.

Samples were prepared by mixing solutions of CT-DNA (ag. 300pg/mL, 250pL) and
Cu(NO3)2.3H,0 (ag. 50uM, 250uL), followed by drop wise addition of ascorbic acid (aq.
2mM, 250uL). The reaction solution was left to incubate at room temperature, whilst stirring
on a mechanical roller, for 3hr. Following this time period the solution was centrifuged at
8000rpm for 2min in order to separate the suspension of nanowires from non-templated Cu
nanoparticles also formed in the reaction solution. 60uL of the nanowire suspension was
deposited onto a clean Si<n-100> wafer (Piranha-treated) and left to dry. This deposition
procedure was repeated a further two times on the wafer to ensure there was sufficient
material present to obtain a spectrum.
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Fig. S4 FTIR spectra of bare CT-DNA (black spectrum) and CT-DNA following metallization with
Cu.



Table S1 Assignments of bands in FTIR spectra of bare CT-DNA and Cu-metallized CT-DNA
(shown in Figure S1). Band assignments were made based upon previous literature values.™

Assignment Wavenumber (cm™)
CT-DNA CT-DNA/Cu

C6=0 stretch of guanine 1696 1728
C2=0 stretch of cytosine 1655 1695
C=N cytosine; N-H adenine; C7=N adenine 1607 1602
C=N guanine and adenine stretch 1578 -

In-plane vibration of guanine and cytosine 1534 1539
C8-N coupled with a ring vibration of guanine 1491 1493
C-N stretch of thymine, guanine and cytosine 1452 1452
C-N stretch of guanine and cytosine 1376 1377
C-N stretch of adenine 1326 -

PO, asymmetric stretch 1238 1238
PO, symmetric stretch 1097 1104
P-O or C-O symmetric stretch 1064 1031
C-O deoxyribose stretch 1013 1009
C-C deoxyribose stretch 966 967




Powder X-ray diffraction

Powder samples for XRD analysis were prepared by mixing solutions of CT-DNA (ag. 1
mg/mL, 10mL) and Cu(NO3),.3H,0 (ag. 0.5M, 10mL), followed by the drop wise addition of
a solution of ascorbic acid (ag. 1.0M, 20mL). High concentrations of the reagents in the
templating solution were necessary here in order for the product material to form as a
powder. Upon addition of the ascorbic acid solution, an immediate colour change in the
solution from blue to green was observed. The reaction solution was left to stir overnight at
room temperature after which a small amount of red precipitate was present. The mixture was
then placed in a refrigerator for a further 24hr during which time more red precipitate formed.
To isolate the product material, the sample was centrifuged at 8000rpm for 30min, after
which the supernatant was decanted and the red solid was collected and serially washed with
NANOpure® water and ethanol before drying under vacuum. Powder X-ray diffraction data
was obtained using a PANalytical X Pert Pro Diffractomer equipped with a Cu Ka, radiation
source (L= 1.54 x10™°m).
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Fig. S5 XRD pattern of a powder sample of CT-DNA-templated Cu material (black), and the same
sample following exposure to air for 24hr (red). The three diffraction peaks at 20 values of 43.4°,
50.5°, 74.1° are consistent with the reflections associated with metallic Cu(0).>” No additional peaks,
associated with impurities (e.g. oxides of the Cu) were identified. No changes were observed in the
diffraction pattern following exposure of the sample to air for 24hr, confirming that no significant
oxidation of the material has taken place over this time period.



X-ray photoelectron spectroscopy
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Fig. S6 High-resolution XP spectrum of O1s region collected from a sample of DNA-templated Cu
nanowires. Contributions to the O1s spectrum are expected to arise from the support substrate
(Si/SiO, wafer), DNA (phosphate backbone, sugar, and bases), and the NO; species originating from
the Cu(NO5), starting material &
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Fig. S7 High-resolution XP spectrum of N1s region collected from a sample of DNA-templated Cu
nanowires. Two distinct peaks are shown around ~399.9eV and ~406.7eV. The lower binding energy
peak corresponds to the region where nitrogen present in DNA would be expected to be observed,
whilst the peak at much higher binding energy falls within the expected region for NO; anions.***®
The presence of NO3™ in the sample can be related to the Cu(NOs;), starting material used in the
DNA/Cu nanowire fabrication method.



AFM

Fig. S8 TappingMode™ AFM height images of further examples of DNA-templated Cu nanowires,
aligned upon TMS-modified Si wafers. The nanowires were prepared under the appropriate reaction
conditions, established for producing DNA/Cu structures which possess smooth and continuous Cu
coatings around the DNA template, as discussed in the manuscript.



Scanning conductance microscopy

The relationship between the measured nanowire phase shifts and applied bias also allows us
to identify the dominant interactions which occur between the tip and sample during SCM
experiments. SCM is primarily sensitive to two types of tip—sample interaction: (i)
capacitance effects, where the phase shift dependence on the applied bias is parabolic (i.e.
proportional to V%) and (ii) trapped charge effects where the phase shift dependence is linear
(i.e. proportional to V). The parabolic shape of the ‘phase shift vs. applied bias’ plot (see Fig.
S9), corresponding to main DNA/Cu structure shown in Fig. 4 (white arrow) in the
manuscript, indicates that the tip—sample interactions were dominated by capacitance effects
(though the slight asymmetry seen can be attributed to a small contribution from trapped
charges).
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Fig. S9 Plot showing measured SCM phase shifts associated with the DNA-templated Cu structure
shown in Fig. 4 (white arrow) in the manuscript, as a function of the applied dc sample bias. The
negative sign associated with the phase shifts, along with the parabolic shape of the plot, are
characteristic of the DNA/Cu structure being electrically conducting, and the tip—sample interactions
being dominated by capacitance effects.



cAFM
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Fig. S10 Optical image of the experimental setup used for carrying out cCAFM measurements upon
samples of DNA-templated Cu structures. The image shows the DNA/Cu nanowire network, the Ga-
In eutectic used to provide an electrical connection between the nanowire network and the AFM
sample chuck, and the position of AFM cantilever at the edge of network where cAFM measurements

were typically performed.
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