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SI. INFLUENCE OF THE VAN DER WAALS DISPERSION CORRECTION

We have re-calculated the adsorption energies presented in Table I of the manuscript

(binding energies for pure and alloyed clusters with two cytosine bases) by including the

Tkatchenko-Scheffler dispersion correction [S1] as implemented in the CASTEP suite. The

comparison of the adsorption energy values for the structures with and without the dispersion

correction can be found in the following table:

Structure Adsorption energy, eV

no vdW including vdW correction

C–Ag4–C 1.79 2.06

C–Ag6–C 1.13 1.24

C–Ag8–C 1.06 1.38

C–Ag10–C 1.32 1.65

C–Ag12–C 1.34 1.63

C–Ag2Au2–C 1.92 2.14

C–Ag3Au3–C 1.23 1.31

C–Ag4Au4–C 1.42 1.57

C–Ag5Au5–C 1.66 1.81

C–Ag6Au6–C 1.42 1.58

C–Au4–C 2.46 2.66

C–Au6–C 1.59 1.69

C–Au8–C 2.26 2.34

C–Au10–C 1.75 2.03

C–Au12–C 1.89 2.01

TABLE SI. Binding energies for pure and alloyed clusters with two cytosine bases, calculated with

and without the dispersion correction.

As can be seen from the data above, the dispersion correction shifts all energies more or

less systematically to lower values by 0.1–0.3 eV. As a result, the qualitative picture does

not change, and all the discussion presented in the manuscript remains intact.
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SII. INFLUENCE OF WATER ON ABSORPTION SPECTRA

As the main optical transitions in hybrid systems are typically due to metal cluster

orbitals, theory predicts solvent effects to be minor. [S2, S3] Consistent with this, our test

calculations indicate that influence of a solvent on optical absorption spectra (the central

property of the current study) is minimal.
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FIG. S1. Optical absorption spectra for C–Ag2Au2–C (a) without solvent, (b) with water.

As an example, here we present the optical absorption spectra of the C–Ag2Au2–C com-

plex with and without water (introduced as an implicit solvent, as implemented by the

PCM model in Gaussian 09). As can be seen from the pictures, the influence of water is not

significant.



4

SIII. OPTICAL ABSORPTION SPECTRA OF INDIVIDUAL CLUSTERS

A. Agn clusters

Optical absorption spectra, which were calculated with the Gaussian 09 package [S4]

using the long-range corrected cam-b3lyp functional [S5] and lanl2dz basis set, [S6] compare

well to the experimentally observed spectra reported in Ref. S7 (see Fig. S2).
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FIG. S2. Calculated optical absorption spectra of (a) Ag4, (b) Ag6, (c) Ag8, (d) Ag10, (e) Ag12.

The experimental spectrum of Ag8 appears to be a mixture of the two lowest-lying iso-

mers, [S7] although the ground-state structure is evidently responsible for the main spectral

features. The best fit with experiment in the case of Ag10 cluster is observed for the newly

identified C2 structure, which agrees with experiment much better than the previously sug-

gested D2d isomer. Overall, our computational approach seems to work very well for silver
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clusters both in terms of finding the correct global minima, and accurately predicting the

corresponding optical absorption spectra.

B. Aun clusters

The comparison to experimental optical absorption spectra is somewhat more tricky for

the Aun clusters. The Au4 spectrum agrees well with the experimental results reported in

Ref. S8 (Fig. S3, panel a), if one takes into account that experimental spectrum is only

recorded up to 5 eV, and that the three experimental peaks between 3.5 and 5.0 eV are

somewhat contracted in our calculated spectrum.
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FIG. S3. Calculated optical absorption spectra of (a) Au4, (b) Au6, (c) Au8 (D4h), (d) Au8 (C2v),

(e) Au10, (f) Au12.

For Au6 (Fig. S3, panel b), the experimental spectra are available for phosphine-stabilized
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clusters [Au6(PPh3)6][BF4]2 [S9] and [Au6(Ph3P(CH2)3PPH2)4][NO3]2 [S10]. Additionally,

a local density approximation computed spectrum is available in Ref. S11. Both available

experimental spectra exhibit only a few features in the UV-vis range (200–600 nm or 2–6 eV)

that can also be seen in our calculated spectrum.

Experimental data for Au8 clusters is available for a pure cluster in an ion beam [S8],

as well as for a resin-treated gold cluster (Au8Sn) [S12] and a phosphine-stabilized cluster

([Au8(PPh3)8][NO3]2) [S10]. Our cam-b3lyp/lanl2dz calculations for the the first low-lying

C2v isomer (Fig. S3, panel d) match the experimental data for the isolated Au8 cluster very

well. The spectrum in Ref. S12 shows three peaks at 3.30, 4.82, and 5.48 eV. This agrees

reasonably well with the calculated spectrum of the C2v isomer. The absorption spectrum of

the phosphine-stabilized Au8 exhibits similar features, and matches the computed spectrum

even better, if one takes into account that the computed spectrum is slightly shifted towards

larger wavelengths.

For Au10 and Au12 we are not aware of any high resolution experimental data. However,

our calculations agree well with the results of previous theoretical investigations of Au10 and

Au12 reported in Ref. S11 and of Au12 reported in Ref. S13. Additionally, experimental data

on thiolated small gold clusters [S14, S15] suggests that Au10 and Au12 clusters exhibit the

main peak features at 3.7 eV and 3.35 eV, respectively. This agrees well with our calculated

spectra featuring largest peaks around 3.5 eV (Fig. S3, panels e) and f).

Thus, our calculated spectra for small gold clusters match the experimental data well in

the case of isolated gold clusters, and reproduce most of the observed features in the case of

the chemically stabilized clusters.
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C. AgnAun bimetallic clusters

Here we reproduce the optical absorption spectra of the pure silver and gold, and alloyed

Ag–Au clusters with 4, 6, 8, 10, and 12 atoms, and compare the orbitals involved in the

main excitation transition.
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FIG. S4. Comparison of the optical absorption spectra of pure and alloyed clusters. The configu-

ration of the Au12 cluster corresponds to the low-lying isomer with geometry matching that of the

ground-state structure of the nanoalloy.
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FIG. S5. Comparison of the excitation transitions for (a) Ag6, (b) Au6, and (c) Ag3Au3.
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FIG. S6. Comparison of the excitation transitions for (a) Ag10, (b) Au10, and (c) Ag5Au5.
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FIG. S7. Comparison of the excitation transitions for (a) Ag12, (b) Au12, and (c) Ag6Au6. The

configuration of the Au12 cluster corresponds to the low-lying isomer with geometry matching that

of the ground-state structure of the nanoalloy.
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SIV. OPTICAL ABSORPTION SPECTRA OF CYTOSINE-STABILIZED

CLUSTERS

Here we reproduce the optical absorption spectra of the individual and cytosine-stabilized

clusters, and compare the orbitals involved in the main excitation transition.

A. C–Ag4–C, C–Ag2Au2–C, C–Au4–C
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FIG. S8. Comparison of the optical absorption spectra of the individual clusters and clusters

associated with two cytosines: Ag4, Ag2Au2, and Au4.
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B. C–Ag6–C, C–Ag3Au3–C, C–Au6–C
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FIG. S9. Comparison of the optical absorption spectra of the individual clusters and clusters

associated with two cytosines: Ag6, Ag3Au3, and Au6.
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FIG. S10. Comparison of the excitation transitions for (a) Ag6, (b) Ag3Au3, and (c) Au6 associated

with two cytosines.
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C. C–Ag8–C, C–Ag4Au4–C, C–Au8–C
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FIG. S11. Comparison of the optical absorption spectra of the individual clusters and clusters

associated with two cytosines: Ag8, Ag4Au4, and Au8.
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D. C–Ag10–C, C–Ag5Au5–C, C–Au10–C

2 2.5 3 3.5 4 4.5 5 5.5 6

R
e
la

ti
v
e
 i
n
te

n
s
it
y

Energy, eV

Ag10 UV-Opt absorption spectrum

2.5 3 3.5 4 4.5 5 5.5 6 6.5

R
e
la

ti
v
e
 i
n
te

n
s
it
y

Energy, eV

Ag5Au5 UV-Opt absorption spectrum

2 2.5 3 3.5 4 4.5 5 5.5 6

R
e
la

ti
v
e
 i
n
te

n
s
it
y

Energy, eV

Au10 UV-Opt absorption spectrum

0
2 2.5 3 3.5 4 4.5 5 5.5 6

R
e
la

ti
v
e
 i
n
te

n
s
it
y

Energy, eV

C-Ag10-C UV-Opt absorption spectrum

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

R
e
la

ti
v
e
 i
n
te

n
s
it
y

Energy, eV

C-Au10-C UV-Opt absorption spectrum

2.5 3 3.5 4 4.5 5 5.5 6 6.5

R
e

la
ti
v
e

 i
n

te
n

s
it
y

Energy, eV

C-Ag5Au5-C UV-Opt absorption spectrum

FIG. S12. Comparison of the optical absorption spectra of the individual clusters and clusters

associated with two cytosines: Ag10, Ag5Au5, and Au10
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FIG. S13. Comparison of the excitation transitions for (a) Ag10, (b) Ag5Au5, and (c) Au10 with

two cytosines.



17

E. C–Ag12–C, C–Ag6Au6–C, C–Au12–C
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FIG. S14. Comparison of the optical absorption spectra of the individual clusters and clusters

associated with two cytosines: Ag12, Ag6Au6, and Au12.
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FIG. S15. Comparison of the excitation transitions for (a) Ag12, (b) Ag6Au6, and (c) Au12 with

two cytosines.
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F. dC–Ag4–dC, dC–Ag4Au4–dC, dC–Au8–dC
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FIG. S16. Comparison of the optical absorption spectra of the eight-atom clusters associated with

two cytosine molecules and two cytosine dinucleotides: Ag8, Ag4Au4, and Au8.
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SV. RELATIVE STABILITIES OF HYBRID CLUSTER/DNA AGGREGATES

A. Rod-shaped clusters with hairpin

Local optimization of a higher-lying rod-shaped Ag4Au4 isomer (1.63 eV higher in energy

than the Td global minimum, Fig. S18) embedded into a hairpin loop leads to a significant

distortion of the aggregate, and destroys the cluster (Fig. S19). With the partial decompo-

sition of the cluster, such configuration turned out to be energetically unfavourable, being

1.39 eV less stable than a rod-shaped cluster isomer and a hairpin individually.

Ag
8 Ag

4
Au

4

0.00 eV 1.52 eV 0.00 eV 1.63 eV

FIG. S18. Rod-shaped Ag4Au4 and Ag8 clusters, and their relative energies with respect to the

correspoding ground-state structures.

Ag
4
Au

4
 rod-shaped w. hairpin

B.E.= −1.39 eV

Ag
8
 rod-shaped w. hairpin

B.E.= −3.41 eV B.E.= 3.23 eV

Ag
4
Au

4
 compact w. hairpin

FIG. S19. Rod-shaped Ag4Au4 and Ag8 clusters embedded in a hairpin turned out to be signifi-

cantly less stable than a compact Ag4Au4 cluster.

Curiously, pure silver cluster is even less likely to lead to a thermodynamically stable

configuration. In the case of a rod-shaped Ag8 (1.52 eV higher in energy than the ground-
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state structure), the cluster loses two atoms, which are then used to “stitch” the hairpin

structure. This leads to a decrease in the hairpin radius, and reorients the cluster into a per-

pendicular position. The obtained local minimum is significantly higher in energy (3.41 eV)

than individual constituent blocks, i.e. an individual hairpin and an individual rod-shaped

Ag8 cluster. Embedding a compact Ag4Au4 cluster, on the other hand, is energetically more

favourable than keeping a cluster and a hairpin apart.

B. Cluster with duplex

The cluster does not seem to like being embedded into a duplex region, presumably due

to steric reasons. The initial configuration with a cluster “forced” inside of the duplex does

not converge. Interestingly, embedding is not the only possible scenario of the interaction

with the hairpin. An “on the side” position of the cluster can also be achieved for the

hairpin. Here, the binding energy is higher than that of the corresponding “on the side”

duplex position (0.43 eV vs. 0.12 eV), with the stronger distortion of the DNA fragment

observed. This illustrates higher flexibility of the hairpin structure compared to the duplex

region.

duplex region fragment (cluster model) Ag
4
Au

4
 cluster w. duplex region

B.E.= 0.12 eV

Ag
4
Au

4
 cluster w. hairpin

B.E.= 0.43 eV

FIG. S20. The Ag4Au4 cluster appears to have a very limited tendency to aggregate with a DNA

duplex. Ag4Au4 can also be weakly bound to the side of a DNA hairpin.

The above data generally supports the original suggestion that the cluster prefers bind-

ing to a cytosine-based hairpin, and that the cluster is able to retain its overall compact

configuration, thus helping to preserve the main features of the properties of the individual

cluster.
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