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Derivation of the reaction rate law:

NP + hv &2 ¢ + p* (S1)
1
k, _
BrNB + e 7~ BrNB* (S2)
2
— k3 . —
BrNB* —» NB' + Br (S3)

Further we can write,

k
NB* 5 products (54)

ks
NP*(h*) + e~ > NP (55)

Equations S4 and S5 are phrased in the most general way and their pathways are discussed in
the main text and in more detail in the following discussion. The final equation depends
strongly on the specific molecule and reaction conditions and must be explored in more detail

in the future.

Considering the above three elementary steps involved in the dehalogenation reaction, the

general rate of the plasmon catalysed reaction can be written as below:
Reaction rate of decay of BrNB can be expressed as:

d[BrNB]

—— = —ky [BrNB[e"] + k_; [BrNB"] (56)

Applying steady state approximation to intermediate BrNB™ (TNI), rate of decay of
BrNB™ (TNI) can be written as,

d[BrNB*]
dt

Therefore,

d[BrNB*]

——— = kz [BrNBl[e”] = k_,[BrNB""] — ks[BrNB"] =0

S2



k, [BrNB][e™]

or, [BrNB*" ]| = ot ks (8§7)
Substituting equation (S7) in equation (S6),
d[BrNB] B k, [BrNB][e™]
T = — kz [BT'NB][B ]+ k_z k_z n k3
d|BrNB —k, ks [BrNB][e™
[BrNB] _ —k; ks [BrNB][e”] 8
dt k_o+ ks
or, Rate= —g— = itk DNBlleT] (9
d[BrNB] _
Rate = = kops|BrNB][e™] (510)
. —kaks3
where, k,,s = P,

Equation S10 represents the general rate equation for the dehalogenation kinetics of

brominated purines.

(i) Considering rapid excitation-relaxation process during hot-electrons generation under
continuous-wave (CW) illumination’, the time average local concentration of the hot-
electrons [e~] can be considered to be constant. Therefore, a pseudo first order can be

assumed for the dehalogenation rate equation S10 which can be expressed as below:

Rate = 228 = k', [BrNE] (511)
, _ —ky k _1  —kp ks kq [NP]
where, k'ops = kopsle™] = = -le]= — = —
considering [e”] = constant and [e”] = k, [NP].
(ii) Alternatively, from equation (S11) we can write,
k' _ —kyk3kqi[NP]
0bs T g 4 ks
1 k_, ks
or, — = +
klps —k, k3 k, [NP] —k, k3 ky [NP]

Alternatively, considering the dissociation of the TNI (BrNB™") to be the fast step, we can

write k; > k_,. Therefore,
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1 1

Koo —kiky [NP] or, kops = —kik, [NP]

This leads to another simplified pseudo first order equation (S12),

d[BrNB]
Rate = T =k',ps [BrNB] (512)

where k', = —kq k, [NP]

Further, we consider [BrGua] and [Gua]to be proportional to the decay and rise in SERS
intensity of their ring breathing mode at 693 cm™ and 670 cm™, respectively. Therefore, the

integrated rate expression of equation S12 can be represented as below:
Iprng = Igragee Fovst (513)
Also, Iyg = Igyage(1—eKonst)  (514)

Taking ratio of I'ﬂ leads us to the next steps as follows:
BrNB

Ing 1 — e Kobst
Iprnep e~ Fobst
1 ,
or, —NE_ = ekonst — 1
IprnB
, 1
or, ekopst = ME_ 41

IprNB

Therefore, equation S12 can be expressed by the relation equation S15,

INB

1
k'ops = 7 In(1 + ) (515)

[BrNB

Derivation of integrated first order fractal rate equation

The inhomogeneous distribution of reaction site (substrate) within the illumination zone
dominates over the kinetic process (adsorbate) as described in manuscript. This induces a
time dependence of the electron transfer in equation S2. The time dependent k', is therefore

replaced by the relation expressed by equation (S16)2°
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ky=ket™,0<h>1landt>1  (S16)

First order integrated rate equation: We consider first order differential rate law represented

by equation (S12) to derive the first order integrated rate equation

d[BrNB]
Rate = T = klobs [BT'NB]

Replacing k, = kf t =" in above equation,

d[BrNB]
dt

= —kq kg t "[NP][BrNB]
= ks, [BYNB]t™" (S17)

where k¢1— k, ky [NP] represented first order fractal rate coefficient. Integrating equation

(S17) leads to the following first order fractal equation:
tl—h
[BrGua] = [BrGual], e~ kr 1) 1st order ... (518)
Further, to nullify contribution from background noises arising in heterogeneous systems and
to achieve improved goodness of curve fit — ratio of SERS signal intensity of I;,, and
Igrcuq Obtained in Figure 1D (manuscript) have been considered. This leads us to arrive at a
new expression representing the pseudo first order (equation S19) fractal rate equation as

follows:

t1-h

I
e _ eknTR — 1 (519)

I BrGua

Stepwise redox reaction involved in product formation via dehalogenation

The first step involves the generation of hot electrons upon laser illumination followed by
transfer of generated primary hot electrons to the lowest unoccupied molecular orbital
(LUMO) of adsorbed BrNBs resulting in formation of the TNI BrNB”. The metastable
BrNB* so formed undergoes cleavage of the C—Br bond generating a bromide anion and a

nucleobase radical represented by equation (S20-S22)
hv
Ag - h™ +e” (520)
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BrGua + e~ S BrGua™ (521)

BrGua®™ - Gua" + Br (522)
Water oxidation step is as follows: 4

This is a slow process due to its high oxidation potential of around 1.23 V vs SHE (-5.67 eV)
with respect to Fermi energy albeit feasible due to high oxidising power of hot holes.

H,0 - 0, + 4H' + 4e~ (523)
The Gua® so formed in step S22 can undergo reaction following two parallel pathways:

First Gua’could translate to form nucleobase Gua consuming an H* ion released during the

water oxidation step.®

Gua
h* +e- — Gua™ + h* (524)
Gua~ + H* - Gua (525)

and, in a parallel reaction nucleobase radical owing to its high tendency towards oxidation
than its neutral counterpart may preferentially undergo oxidation to generate oxo-product of
Gua.b

Gua® + H,0 — 8—oxoGua + e~ + H* (526)

NOTE: Similar reaction step holds true for BrAde dehalogenation reaction pathway.
Plausible stepwise redox reaction involved in hot hole reduction by bromide anion

The fate of hot holes can be described by a set of redox half reactions at the metal
nanoparticle interface. The Br by-product participates in favourable one electron transfer
reaction to the hole forming photosensitive AgBr on the Ag surface. (Equation S27)
Photodisscociation of AgBr further easily regenerates Ag atom (equation S29) and bromide

radical to continue the reaction cycle.’
Ag + Br~ - AgBr + e~ (527)
(via one step oxidation half reaction)

Agt/ht + e= - A S28
g g
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h
AgBr = Ag + Br (529)

The Br- generated in Equation S29 can further undergo following side reaction as a part of

hole reaction:®

h* + Br~ > Br + e~ (530)
Br- + Br~ - Bry (S31)
Br;” + Bry,- = Br, + 2Br~ (§32)

Further, oxidation of nucleobase radical could generate oxo-product of Gua or Ade (equation
S33) along with the release of one electron which could be a potential candidate towards hole

reduction due to their favourable oxidation potential. ©

NB* +H,0 —> 8—o0xoNB + e  + H* (533)
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Figure S1. UV-vis spectrum of citrate stabilised (A) AgNPs and (B) AuNPs dispersion.
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Figure S2. Representative FESEM image of (A-B) BrGua coated aggregated AgNPs and (C-E)
BrGua coated aggregated AuNPs.
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Figure S3. (A) SERS spectrum of Gua recorded on aggregated AgNPs under 532 nm CW
illumination (laser power: 0.2 mW; data acquisition time: 0.05s; accumulation: 300); (B) Intensity of

ring breathing mode of Gua at 670 cm™ recorded as a function of illumination time.
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Dehalogenation reaction kinetics of BrAde on Ag
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Figure S4. (A) SERS spectra recorded during dehalogenation of BrAde on aggregated AgNPs at
different illumination time using 532 nm laser source. (laser power: 0.2 mW; data acquisition time:
0.05s; accumulation: 300) Marked bands in green and yellow color correspond to decreasing BrAde
and rising Ade vibrational band respectively. (B) Plot showing change in SERS intensity of the ring-
breathing mode of BrAde at 770 cm™ against that of Ade at 740 cm™ as function of laser illumination

time. (C) Plot of k'os Obtained (using equation S15) as a function of illumination time.

Time dependent SERS of BrAde measured with 532 nm laser comply with the previously
published results, although the illumination parameter considered for kinetic comparisons
differs slightly in the present study. Clearly, spectra extracted at t=0.1s showed peak at 770
cm? and 574 cm™ characteristic to ring breathing mode and C — Br stretching-mode of
BrAde respectively along with other vibrational band at 1331 and 1388 cm™ (green dotted
lines).® The most prominent bands appearing at 770 cm™ in the SERS spectra of BrAde at
t=0.1s (Figure S4A) shows a drop in intensity with ongoing illumination time with

concomitant rise in peak at 739 cm™ which is assigned to ring breathing mode of Ade.
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Appearance of additional new vibrational bands at 969 cm™, 1346 cm™ 1460 cm™ (C8-H
bend) and 1570 cm™ has been assigned to SERS bands of Ade. (Refer ref 9 for vibrational
band details and assignments) Interestingly, bands appearing at 1255 cm™ and 1388 cm™
indicated towards the formation of oxo-adduct of Ade.°

Similar to BrGua, the kinetics of the BrAde dissociation has been extracted by monitoring the
relative change in SERS intensity of ring breathing mode of BrAde at 770 cm™ and rise of
ring breathing mode at 739 cm™ of Ade (Figure S4B). The reaction coefficients showed time
dependence (Figure S4C using equation S15) similar to what was observed in case of BrGua
(Figure S5, SlI). This is also in accordance with the previously published results by

Schiirmann et al. ®
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Figure S5. Plot of kinetic rate coefficients (k'os) obtained from dehalogenation kinetics of BrGua on

AgNPs as a function of illumination time using equation S15.
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Figure S6. (A) FESEM image from a selected region of BrGua adsorbed Ag aggregates deposited on
Si wafer; SERS enhancement values calculated in xy-plane at (B) 488 nm, (C) 532 nm, (D) 632 nm
and (E) 785 nm by 3D-FDTD simulation on Ag aggregate shown in FESEM image Figure S6A.

3D-FDTD simulation carried on an exemplary region of BrGua coated Ag aggregates
showed maximum field enhancement at 488 nm wavelength corresponding to LSPR region
which follows the order: E, g3 > E<3, > Eg33 > Eg5. A typical example of electric field (EF)
enhancement calculated by 3D-FDTD simulation at different laser illumination wavelengths
(Figure S6B-E) on a selected region shown in FESEM image (Figure S6A) is included.
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Figure S7. Normal Raman spectra of (A) BrGua and (C) BrAde recorded with 532 nm laser at
different time interval of irradiation. (Objective: 50x; Power: 1mW; acquisition time: 5s). Raman
intensity of ring breathing mode of (B) BrGua and (D) BrAde as function of illumination time. Result

showed no cleavage of C-Br bond or decomposition of the bromonucleobases.
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Figure S8. UV-vis spectrum of (A) BrGua and (B) BrAde solution only.
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Figure S9. Plot of reaction rate constants as a function of irradiance at different laser wavelength for

BrAde coated AgNPs.
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Figure S10. (A) Representative SERS spectra of BrGua and BrAde adsorbed on AuNPs recorded
under laser excitation 488 nm (laser power: 1.4 mW; acquisition time: 10 s; accumulation: 10) and (B)
that recorded for BrGua using 532 nm laser excitation (laser power: 1.4 mW; acquisition time: 10 s;

accumulation: 10).
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Figure S11. (A) Representative SERS spectra of BrAde adsorbed on AuNPs recorded with 532 nm
laser source. (laser power: 6mW,; data acquisition time: 10 s; accumulation: 300) and (B) the
corresponding change in SERS intensity of ring breathing mode of BrAde and Ade monitored at 768

cmt and 744 cm™ respectively during the illumination time.

SERS spectra recorded for brominated purines on Au surfaces under laser illumination at 488
nm and 532 nm were dominated by a visible emission background (Figure S10). On the other
hand, BrAde showed a very weak signal (of ring stretching vibration) however, with strong

emission background when illuminated with the 532 nm laser as shown in Figure S11. This
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could be explained by radiative recombination attributed to interband transitions in Au that
occur in the range of 2.6-2.8 eV resulting in plasmon damping in addition to off resonance
excitation.!* Figure S11B shows the intensity profile of the ring breathing mode of BrAde
(770 cm™) versus that of Ade (744 cm™) with time which however does not show discernible
changes to deduce reaction kinetics. On the other hand, with 633 nm and 785 nm laser
illumination that falls within the SPR wavelength of Au allowed successful measurement of
dehalogenation kinetics. The reaction kinetics in case of BrGua and BrAde was drawn in a
similar fashion following the relative change in intensity in ring breathing mode of NBs and
their brominated analogue as described in the previous sections for Ag. It is to be mentioned
that a laser power (6 mW) was required to initiate dehalogenation kinetics of BrGua and
BrAde on AuNPs surface which was six times more than that used for the same reaction on

AgNPs surfaces for photon energies corresponding to 633 nm and 785 nm.
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Figure S12. Semi-log plot of reaction rate constant plotted as a function of irradiance at different laser
wavelength (X-axis is in log scale) determined for dehalogenation reaction of BrAde on AuNPs. Error
bar represents the standard deviation of ki values from three different independent measurements

carried on different reaction spots.
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Figure S13. Reaction rate constant (k1) normalized with respect to lowest laser power (P) in mW and

plotted at different laser wavelength for BrAde adsorbed on AgNPs (green) and AuNPs (yellow).

Error bar represents the standard deviation of k¢, values from three different independent

measurements. (Y-axis is in log scale)
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Figure S14. Absorbance and corresponding reflectance spectra recorded for BrAde coated AgNPs.
Figure S15B shows the microscopic image of AgNPs where the present spectral data is recorded.
High absorbance at 488 nm spectral regions explains the highest reaction coefficient observed at 488
nm laser excitation while that recorded with 785 nm laser illumination being the minimum.

Figure S15. Microscopic images of (A) BrGua and (B) BrAde coated aggregates of AgNPs with
bright spot showing the regions where absorbance and reflectance spectra were recorded.
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Figure S16. 3D-FDTD simulated reflectance spectra obtained from the region shown in FESEM
image in Figure S6A.
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Figure S17. Rate coefficients (ki) normalized with respect to absorbed laser power (Pas in mW)

expressed by krip , (Kr1p,,, = kr1/Paps) plotted at different laser wavelength for BrAde coated

abs

AgNPs. Pas = Incident powerxAbsorbance. The absorbance of the substrate used for the

normalization has been determined from micro-absorbance measurement in Figure S14.
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Plausible explanation for observed reactivity of BrGua and BrAde on Ag and Au

surfaces:

The apparent binding affinity of nucleobases for Au follows the order:
Gua>Ade>Cyt>Thy (based on heat of desorption, AHges).1? Further to be mentioned that the
Gua and BrGua, owing to their insolubility in water were studied in slightly different
condition (basic). Therefore, relatively high hydroxide ion concentration in the dispersion
could additionally induce enolisation of C=0 functional moiety thereby, driving stronger
interaction of BrGua with AuNPs than BrAde. Studies indicate change in surface state energy
upon adsorbate binding, which would have influence on the reactivity of the respective
adsorbates. For example, binding mode of Gua on AuNPs studied by DFT reveals surface
quantum trapping effect resulting in valence band shift towards the Fermi level.®*Therefore
due to this effect, electron donation from lone pair orbital of N to unoccupied orbital of Au is
accompanied by m or o-back donation from polarized Au valence charges contributing
towards strong complex with Gua.** Such valence band shift upon Gua binding on Au could
therefore lead to faster reaction pathway. Therefore, considering the fact and binding affinity
mentioned, relatively higher reaction rate of BrGua on Au NPs surface over BrAde could be

speculated.

Further, the electrophilic nature of the BrNBs follows the order: BrGua <
BrAde < BrCyt < BrUra (supported by adiabatic electron affinity (AEA) values'* calculated
by Chomicz et al. indicating towards higher reaction rate of BrAde over BrGua towards
dehalogenation via TNI formation. Additionally, adsorption study of adenine on (111)
surface of Ag showed an upward energetic shift of density of states native to adenine only.*
Therefore, considering the surface state shift that occurs on adsorbate binding and strength of
the nucleobases binding on AgNPs: Ade > Ura > Thy > Cyt = Gua (determined by
colorimetric method)*® higher reactivity of BrAde on AgNPs surface than BrGua could be
interpreted. We herein present a plausible explanation to support the observed reactivity of
BrGua and BrAde adsorbed on AuNPs and AgNPs surface and vice versa, without taking into
account the substituent effects in the bromo-analogues of Gua and Ade that might affect the

above said binding affinity. 1/

An additional argument which can be placed is — different nucleobases and their
derivatives induces aggregation among NPs upon adsorption, the extent of which depends

upon their binding affinity with the NP surface.’®® The varying strength of the nucleobases
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to interact with the surface of NPs (as discussed above) arises due to the presence of different
functional moieties and their ability to display different possible nonspecific chemical
interactions inducing aggregation in the system. This results in the generation of local hot-
spots among the aggregates where the electric field enhancement is highest compared to the
rest of the metallic surface. As the local reaction rate correlates with the electromagnetic
enhancement at the hot-spot,'® therefore higher number of hot-spots generated during
aggregation based on interaction of nucleobases with plasmonic substrate might play a
deciding role for the differences observed in the reaction kinetic rate.>%
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Figure S18. Histogram plot showing the comparison of normalized SERS intensity (normalized with
respect to laser power) of BrAde and BrGua on AgNPs and AuNPs under (A) 633 nm and (B) 785 nm

laser excitation.
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