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To Prof.

Associate Editor

Re: Manuscript submission to Journal of
Dear Prof ]

We hereby submit our manuscript entitled '

by ! a L
i and to be considered for publication as Tournal

Pagelc

The energy transfer ffom plasmonic metals to electron-accep featuzes an
pattern for ephancing of the energy conversion systems and devices. Within
this scheme. the of plasmonic charge transfer from noble metals to

semiconductors aud vice versa, due to optical light feld inferactions is of paramonat importance for
designing energy harvesting/optoelectronic devices. Thus far, a deep experimental guideline, for designing
the plasmonic/semiconductor conversion devices, which considers the interconnected charge transfer
mechanisms from (i) plasmonic hot-electron injection, (i) Schottky carrier transfer fom semiconductor to
plasmonic metal and (iif) radiative and non-radiative recombination inside the system is missing

The enclosed mamuscript systematically studies the effect of radiative and non-radiative localized surface
plasmon resonance (LSPR) charge transfer betweea silver (Ag) NPs, plasmonic hot-clectron generato, and
Zn0 nanorods (NRs), a wide band-gap semiconductor, in a | dimensional (1D) Schotticy system. favorable
for electron-ole separation and plasmonic hot-clectron charge collection. The 1D nanostructured vertical
architecture of the device aims for investigatiag a ubiquitous and simple photonic system with maximized
Light absorption to charge collection properties

Primarily. the transfer processes between Zn0 and Ag NPs were investigated using femiosecond pump-
probe spectroscopy. which identified the dynamics of hot-electron redistribution from Ag to Za0 to occur
in less than 300 &. Differential transmission (AT/T) behavior of the system at the band edge and defect

states of the ZnO NRs du ttaty fthe Ag Sinularly,
the redistribution and lifetime of the carriers from the band edge anddefectsmes of ZnO towards Ag NPs
were studied using transient 1d quant ield

Based on these results, we managed fo differentiate befween he two kmown non-radiative LSPR processes
of plasmonic induced resonance energy transfer and direct energy ransfer by implementing an insulating
spacer layer in berween Ag NPs and adjacent semiconductor. Consequently, the device with plasmonic

induced current p d ahigh ratic of the charge injection to the pl ic ch
by external quantum efficiency and low-pass filtered light photoresponse.

Our original results can contribute to clarifying important challenging aspects in the field of pl
applicd to energy harvesting and conversion and, more in general, fo optoclectranic devices, able to attrac|

the attention of the broad audience i din of photonic systems_
For this reason, we are confident that this manuscript can be of inferest to the diverse readership of )

Journal of interest for Journal
Locking forward to your positive feedback. Readership

Yours sincerely,
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Dear Dr Soldano;

TTE:
BUTHORS:
3 see belowTor apstracy)

linvite you to review this manuscript, which has been submitted for publicatior
published by the Royal Society of Chemistry.

At Journ weaim to provide a rapid service for our authors. Therefore, please respond to
this invitation by clicking on the appropriate link below within 3 days of racaiving this email, and provide your report
within 10 days of agreeing (7 days for communications and 14 days for reviews). If you need longer to provide your
report please let me know. If you are unable to review at this time, |would be grateful f you could recommend
another expert reviewer.

#+% PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm

Please read our Ethical Guidelines which contain full information on the responsibilities of reviewers:
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Please note that:
- your anonymity as a reviewer will be strictly preserved:
- you have the responsibility to treat the manuscript and any communications on the manuscript as confidential;
- the manuscript {or its existence) should not be shown to, disclosed to, or discussed with others, except in special
cases, where specific scientific advice may be sought. In this event, please contact me with the names of those you
have consulted;

- you should contact me immediately to report any conflict of interest, or suspicion of duplicate publication,
fabrication of data or plagiarism;

- i you suggest additional referances for the authors to cite, you should provide a specific reason to support each of
these. This is particularly important if these citations include your own work.

When the Editor makes a decision on this manuscript you will receive an email informing you of the outcome,
providing copies of all reviewer reports received. By submitting a report you consent to the content of your report

the other reviewers of this manuscript.
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anonymity; for our journals only the year and the journal title will be shown on reviewer, prufla; When you
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Once you accept the invitation to review this manuscript, you will receive a second email giving you access to the
manuscript and our reviewer guidelin

If this manuscript reports solar cell Eﬁ:\en:\t data then please refer to our reve rting guidelines here
(https://eur01 safelinks protection.outlook
databases%2Fabout-journals%

rouare helping to advance chemical knowledge for a better future

Yours sincerely,

38c

* atleast 2 Reviewers (depending on journal)
*  Blind Review: Authors do not know Reviewer(s) identity (most common, recently option to disclose
Reviewer(s) identity at the end of the review process)
Double-Blind: both Authors and Rewiewer(s) do not know each other’s identity

Aalto University

due to optical field modulation in a plasmonic hot-electron/semiconductor
junction can raise the framework for hamessing the carrier decay of plasmonic metals in more efficient conversion
systems. In this work studied the carrier mechanisms of a 1-di | (1D)
metal-semiconductor s(mmkyamm-mre holding the dual feature 25 2 hot-electron plasmor

simple We obtained strongly external quantum efficiency (EQE) of the
plasmonic 0 e in both ofZn0 andthe plasmanic
absorption profile of the Ag NPs (visible region). Simultaneausly, insertion of an insulating AI203 intermediate layer
between Ag NPs and Zn0, resulted in a parallel distinction ufthetwn main non-radiative carrier transfer
machanisms of plasmonic NP, Le. direct (DET) 2n
T T e e e e povee mdlmted the very fat plasmonic radiative
transfer dynamics of the system in <500fc 13% inerease of

current in Zn0 upon visible irradiation as a result of non-radiative plasmonic hot-electron injection from Ag NPs.
Overall, our device encompasses several effective solution for designing a plasmonic system featuring non-radiative
electron-electron plasmonic dephasing and high photoconversion efficiencies

f you need to contact the journal, please use the email address

DISCLAIMER:

This communication is from The Royal Sacisty of Chemistry, a company incorporated in England by Royal Charter
(registered number RC000524) and a charity registered in England and Wales (charity number 207890). Registered
office: Burlington House, Piccadilly, London W1l 03A. Telephone: +44 (0] 20 7437 8656
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from MDPI (it might vary with publisher/journal) English language & style

VES can be must be not ( ) extensive editing of English language and style are required
improved improved applicable ( ) moderate English changes are required
Does the introduction provide sufficient ( ) English language and style are fine/minor spell check required.
background and include all relevant references ( ) I'don’t feel qualified to judge about English language and style
Is research design appropriate?
Are the methods adequately described? Overall Recommendation
Are the results clearly presented? ( ) Accept in the present form
Are the conclusion supported by the results? ( ) Accept after minor revision (minor spell check/format style required)
( ) Reconsider after major revision
high average low no-answer . N ) .
( ) Reject (article has serious flaws, more experiments needed, research not conducted correctly)

Originality & novelty

Significance of content

Quality of tati Reviewer Comments to Editor (private)
uality of presentation

Scientific soundness

Interest to the Readers

Overall merit

Do you have any potential conflict of interest with regards to this paper? (Y/N) Reviewer Comments to Author(s)

Did you detect plagiarism? (Y/N)
Did you detect inappropriate self-citations by authors? (Y/N)

Do you have any other ethical concerns about this study? (Y/N)
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(My) Reviewer Comments

_Reviewer comments

Title:

manuscript info PN s In page 6, Authors attribute the shift n LSPR to the change of Ag NPs dielectric constant

environmental medium. In which way a change in dielectric constant of the NPs surrounding
i environment would impact theirs results? Adding an extra 4nm layer of alumina, which has a very
Manuseript ID similar dielectric permittivity to the one of ZnO should not affect very much the dielectric
environment.

brief summary of | T Autiors preseat a very detailed study of the photo-physics and optical properies in a very
L .y interesting hybrid system, Ag-decorated ZnO NRs and farther investigate the effect of the insertion of »  Figure 3.b: Authors finds very little differences between mvestigated samples. which however do
the main findings | = ":’m” S c“:lfix 'h°;me e not affect the average PL-lifetime of the ZnO visible emission. What does this outcome suggest?
techniques support or’s claims. . A B °
I would also suggest a different choice of plot format, to highlight the different curves

. The manuscript provides subficient data to support the Author s statement. I support publication but I
my recommendation | i suggest the Authors to address comments below to improve the overall quality.

General comments:

Some minor comments

O o s ol S e e R e Sl e (g e e e + IPCE is mentioned i the experimental section, but there 1s no mention either in the manuscnipt
estimated from high-magnification SEM images). This information and relative consideration in the description nor in the Supporting Information. Only EQE is reported and discussed m the
context of the system here studied are y relevant since pl effects are size-depend, e
 What is the nature of the NPs — NRs interaction? Are for example NPs physisorbed on the surface, * Minor format issue and spelling errors thronghout the manuscript should be reviewed upon
chemically bonded? What does it change when the alumina coating is introduced (with Author acceptance
general comments on finding a slightly higher degree of agaregation?)
concepts, DOE, results, | 1 it possible to define a surface ronghness for the ZnO NRs? This might provide some additional minor comments (i.e. format, spelling, small mistakes, etc.)
ion on the process with/without ALD coating.

related to the all paper
What the Author could expect if for example a continuous monolayer of Ag NPs would be deposited
on ZnO NRs? Is there a “threshold” value of coverage for which plasmonic effect are present and/or
quenched?

How does alumina bandgap compared and locate compared to Ag and ZnO? Arc alumina films 4nm
thick “thin enough” to enable tunneling in the absence of an external applied field?

» How is to compare Ag-decorated NRs with properties of Ag NPs in solution?

Some more detailed comments:
« Figure 2: EQE dependence on wavelength.

. It seems that part of the description might be in the text (page 7. below Figure 2) “ range of 300-
detailed comments 500nm, the Za0 .

on paper The text hereby mentioned several orders of magnitude difference compared to bare ZnO. However
from the picture it is possible to roughly estimate maybejust one order of magnitude difference.

Inset: what does it mean scaled up (simply multiplied? shified vertically?). Panel (c) is a bit
confusing since main panel and inset seems to mismatch and the relative description is not very
clear
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School of Electrical
B Engineering




Reviewer Online Submission (Details)
I

VES ~can be lmust be n.ot
improved improved applicable
Does the introduction provide sufficient X
background and include all relevant references
Is research design appropriate? X
Are the methods adequately described? X
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high average low no-answer
Originality & novelty X
Significance of content X
Quality of presentation X
Scientific soundness X
Interest to the Readers X
Overall merit X

Do you have any potential conflict of interest with regards to this paper? (Y/N) N

Did you detect plagiarism? (Y/N) N

Did you detect inappropriate self-citations by authors? (Y/N) [\

Do you have any other ethical concerns about this study? (Y/N) N

Aalto University
School of Electrical
| |
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English language & style
( ) extensive editing of English language and style are required
( ) moderate English changes are required
X) English language and style are fine/minor spell check required.
( ) 1 don‘t feel qualified to judge about English language and style

Overall Recommendation
( ) Accept in the present form
) Accept after minor revision (minor spell check/format style required)
( ) Reconsider after major revision
() Reject (article has serious flaws, more experiments needed, research not conducted correctly)

Reviewer Comments to Editor (private)

Dear Editor,

| recommend the publication of the manuscript in its present form. Minor revisions (see list) can improve the
overall quality.

BR,

€aterina

Reviewer Comments to Author(s)

See attached file (or you can copy and paste here your comments)
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Reviewer
comment

Authors
response

Aalto University
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Authors response: point-by-
point answer to the
Reviewer(s)

Reviewer general
intro &
Reviewer 1: recommendation

(Our answers in plain text)

densities. We observed the highest obtained currents by shifting the absorption excitation of the Ag
decorated samples at the center of the plasmonic profile, with the most intense plasmonic absorption (395
nm). Conversely, the excitation of the samples at the ultimate end of the plasmonic profile of the Ag NPs at
495 nm, where we observed the decay of the Az NPs plasmonic excitation, resulted in rather insignificant
cuirent densities. We further attributed the observed trend to the camvier injection properties of the system.

The authors should explain the reason behind the slight red shift in the PL NB emission of the
amples after Ag uptake Does that correspond to oy ? density of defects, etc?

The manuseriot "

. D ana aecay m
sin ” ayer. In this work,

the authors studied the carrier mechanisms of a 1-di ! (1D) metal

Schortky architecture, holding the dual feature as a hot-electron plasmonic zystem and @ stmple

metalsemiconductor jinction The authors obained srongly enhanced external quantum ffctency (EQE)

Plasmonic abiorption profl of the Ag NPs (vitbl region). Beckdes, the photogemersied current in 200
can be enhanced by 13% wpon vistble trradiation as a result of non-vadiamtve plasmonic hot-electron
fmtastinn fueme 4= \'D- This i5 an interasting and novel work that deserves publication in Jounal of

fow minor issues are o be noted and the paper can be published after minor
reviion

1 The authors need to explain a bit in more details the relatively wide absorption profile of the Ag
NPs from almost 390 nm to 4535,

We thask the reviewer on this critical note. The wide range of the plasmonic dephasiag i the absorption.
spectra of the implemeated silver sanoparticles (Ag NPs) can be assigned to dipole plasmon resonance of
early spherical metal NPs and it is in good agreement with the quasistatic and Mie theory predictions
obtained through solving the Maxwell equation for spherical particlest!

At the same time, we consider the possibilities in (1) variation of the size distribution of the Ag NPs
synthesized using polyol method The vanation of the pasticle sze, in fact, can modify the
sbrorption extinction specira of the plasmoasc NPs, altering the position and broadening the wusible light
absorption of the Ag NPst ¥ In addition. (i) the possibility of syathesizing geometrically distorted NPs via
the aforementioned syntbesis method cannot be neglected. in a way that the pasticles do not comply to 3
perfect spheical shape aad often preseat different geometries with sharp edges and distorted shapes. This
often promotes formation of the distinct hor-5pots in the plasmonic NP resonance.

15 rathes critical. We added the highlighted ponts
on the wide absorption edge of the used Ag NPs in the revised manuscript.

Thaeks for the critical note. We observe no red-sift on the PL near-band emission of the Zn0 afier Ag
uptake. On the other hand, we report a drastic quenching of the PL NB on the sifver decorated sample. We
attribute this behavior in the PL emission of the Z20 defect states to the non-radiative Forster energy transfer
(FET). as emphasized by the reviewer. In FET mechanism, the hot-carriers non-radiatively transfer from
band-cdge states of the ZnO NRs PL (a blue-shifted emifier) to Ag NPs, a red-shified absorber constifueat,
through simple dipole-dipole coupling as schematically preseated in Figure 15 This phenomenon is in
agreement with the absorption profile of the bare Ag NPs and the defect emission of the ZnO NRs presented
in Figure 2 and Figure 3 of the MS. Consequently, we observed a significant quenching of the band edge
PL emission of the ZaO NRs

a

Asorption 8]

Figws 1: (a) FET. the axcited ZnO ssmicondhctor ransfars enery ie NP (b) The band.ds di
o the forster to th

We understand that our statements in the MS might not be sufficient for describing the mentioned
phenomenon. We have fusther highlighted this section in the MS

Reviewer 3:

Tsupport its publication after minor revisions, as detailed below.

L InFigure SI, what induces aggregation of the Ag nanaparticles and does that impact the authors’
findings?
We apps critical point raised by the reviewer. Due fo the nature of the deposition method for Ag

NP uptake on ZnO NRs surface (low voltage electrophoretic deposition), the Ag NPs are attached to the
Zn0 susface via only weak: electrostatic bonding. We note that the reduced surface roughness of the ALOy
coated NRs can be a motivation for sl.\ght aggregation of the Ag NPs. Ye! determining the surface roughness
of th the nature of thei geometry is rather unfeasible through
atomic force microscopy or other Ozd\mq\wi However. as peer review suggested. we note that fusther
discussions is required on the effect of Ag decoration in their plasmonic carrier harvesting. More subtexts
were added to the morphological discussions of the MS.

2. InFigure le, the authors indicate additional veflections in the XRD pattern by a *. Where do these
reflactions arise from and why?

“We appreciate the teviewer s crifical nofe. The asterisks ( Tothe ‘arising from
the fiuorinated doped tin oxide (FTO) subsrate. We have added a clear description on the captions of the
Figuse 1 in the MS.

3. The authors investigate the effect of Ag plasmonic partieles on ZnO nanorods. Do they also expect
similar vesults in the case of ZnO thin films? Is the interest in nanorods dietated by the possible application
in devices, or the exposure of lateral faces of Zn0 rods (which is of course different from thin films) may
have a role in modulating charge dynamics?

Thanks for the comment. The waia uotivation of employing 1D forest of Zu0 uanorods (NRs) i to
promote a higher light harvesting system that features
at the same time higher carrier transfer properties, a suitable platform for the acquisition of hot plasmonic
camier. T previous stuies, show tha he Wanaier wnoccogied statespresea n Z00 NRs ate potentally
of interest for considerable plasmenic hot-carrier collection properties!

Likewise, our device architecture is mainly intended to exploit the non-radiative hot-carier injection from
NPs with reduced radiative secombination and higher light harvesting properties. In agreement with the

point raised by the reviewer, the carrier mobility and the light harvesting properties in the 1D ZnO NRs are
selatively superior compared to the thin-film counter parts (even with the same crystalline structure).

We mainly consider this system as a platform for designing a hot-carrier conversion device. However,
lmpl.\cahon of such a system in a PV platform requires a practical design, in which efficient separation of
Pl positive and negative ions are enal

2 How does such wids range affect the hot carrier harvesting of the system?

‘Thanks for the note. 'NPs in our system is

fnjection 1o the semicondactor in the visible range, whese elevast hot.carrers caa be exploied by the
Secsmdice. S Vo ek Sk ot o i v Wil o e
plasmonic excitation’s
plasmonie NP, directly correspond to the rate of hot.carmier ijection®] Wi way that higher mtensities of
plasmonic excitations andor durect excitation o the plasmonic profile of the NP3 increase the steady-state
conceatration of the energetic charge carmiers in the adjacent semsconductor

In our system. we denoted sumilar bebavior using our lled tysis (6
). Where exciing the sample o the plasmonic profile of the Ag NPs resulted in different sanges of cumeat

Engineering

The manuscrivt entitled 5
describes the exp study of silver plasmonic particles
1o wide bandgap ZnO semiconducting nanorods and vice-versa under UV and visible photoexcitation. This
topic is highly important for the design of effective light harvesters in energy conversion devices under white
light irradiation, due to the large axfinction cogfficient of plasmonic particlas, which enable sirong light
absorption in very limited film thickness. It is also important in the broader field of optoelectronic devices,
where monachromatic radiation can be applied. The authors give an in-depth characterization of hot-
electron dynamics under UV and visible exciation. A comprehensive approach is applied, which involves
static and transient photoluminescent, static optical absorption, ultrafast absorpfion in pump-probe
and light-induced p The of the manuscript ave based
on a solid ground and correct interpretation of the experimental findings. The mamuseript is very well
written and technically sound. Moreover >t is urgent and fimely, and can be of
interest for the readership of the Journal

4. Theauthors claim that they highlight very clearly the different effect of DET and PIRET processes,
but this is not said in a very clear way, especially in the Conclusions section, where the authors should focus.
in summarizing what are the peculiar effects of DET and PIRET on the optoelectronic properties of the
system. I would recommend additional elaboration.

TWe appreciate the teviewer's suggestion. The effect of the distinguished hot-carrier transfer pheomena,
DET and PIRET. and the prospect of their applications is further discussed in the conclusion section of the
Ms.

References
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Authors Perspective: Response to Reviewer 2 (CS)

Reviewer 2:

The Authors present a very detailed study of the photo-physics and optical properties in a very interesting
hybrid system, Ag-decorated ZnO NRs and further investigate the affect of the insertion of a thin alumina
coating on the same system. Different studies based on several characterization techniques support the
 Author's claims. The manuscript provides sufficient data to support the Author’s statement. I support
|publication but I will suggest the Authors to address comments below to improve the overall quality

1 Iseem not to find expl h size (although this can
i

in the context
of the system here studied are extremely relevant since plasmonic effects are size-dependent.

W appreciale the reviewer's suggestion We ave highlighted {he effect of the Ag NPs size dependence

‘and their size distributions in the plasmonic carrier-transfer of the system. Based on our morphological
we have reported the NP: farther in the text. Sub.

the text in the discussions comresponding to plasmonic absorption profile of the samples. We have

of the Ag NP5 employed in our worl to be around. 5-40 nm based

on e sttistica cbmepvtion of the decorated samples and our previous TEM analysis. We have considered
‘both SEM analysis and pr of the samples for the reported

We also agree with the reviewer on the effect of reduced surface foughness of the ALO; conted NRs 232

for slight £ the Ag NP5 ¥ of the samples

due to the nature of their 1 dimensional nanostructured geometry is rather unfeasible through atomic force
H

is xaqmled on the effect of Ag decoration in thei plasmonic :ame!lunes(mg More subtexts were added
o discussions of the M

We have previously investigated the effect of th féh
samgples as shown in Figure 3 (a). Our result indicated that even after mn(nn.m.l oy of the 210 NRs
with Ag NPs (Figure 3 (C)) p
(<420 am) is stil observable. However, the e plasmonic absorption shoulder amg A2 NP: onthe
reflectance spectra of the ZnO NRs presents a broader profile in the samples with conformal coverage of
Ag NPs. This behavior can be assigned to the possible distortion and aggregation of the deposited Ag NPs
on the samples (Figure 3(c)). In addition. previous studies elucidated the effect of hot-spot formations
through SPR) of the pl NPsin

with each other®l In our work we decided to minimize the self-interactions of the Ag NPs and solely
inrvestigate the effect of their hot-carrier mechanisms towards semiconductor. We have further clarified our
‘point in the morphological discussion of the MS

2| o Gucreten e s

Viowerghirm

Figurs 3- (a) demonsiatas the absorprion spacra of ths samplas ith the (3 high density af ths Ag NPs (Figurs 3 b)) and (i) the
P on ZnO NR: (Figure 3 3

10 A0, AN
208 i AL

|

Figure 4: 2 NRs with dif i )
spectraafthe

6 Inpage 6 Authors amibute the shift in LSPR to the change of Ag NPs dielectic constant
environmental medium. In which way a change in dielectric constant of the NP5 surrounding environment
would impact theirs results? Adding an extra 4nm layer of alumina, which has a very similar dileciric
permitivity to the one of Zn should not affect very much the dielectric environment.

Thanks for the note. The frequency and width of the surface plasmon absorption depends on the size and
shape of the metal nanoparticles as well as o the dielectric constant of the metal itself and the surrounding
‘medivm. The plasmon absorption has linear dependence on the aspect ratio of the plasmonic NPs and the
dielectric constant of the medium according to the Mie relations" % We attributed the slight shift in the
plasmonic absorption spectrum of the bare Ag NP to the changes of the refractive index and environmental

electric constant of the samples suspended in ethanol as opposed to the Ag decorated ZnO NR. samples in
solid-state. As mentioned by the peer review. similar changes are aot expected for the sample with ALO;
intermediate layer. since the refiactive index of the thin ALO; layer does not present remarkable changes
compazed to bare ZnO NRs. We have investigated the optical changes of the samples before and afier ALLO;

4 pare 4 Rs P
detailed comments

"4g NPs in solution? Some more

the Tnformation Figure $3. We added further discussions regarding the effect
of dielectric constant of in the pump-probe discussion of the MS.

The the peer review is LSPR of the plasmonic NPs depend: i

‘on nanoparticles shape. size, composition. and on the refractive index of immediate environment and its
dielectric fonction according to Mie theory. In our work we have employed the bare Ag NPs suspension in
ethanol

7. Figure 3.b: Authors finds very lttle differences between investigated samples, which however do
not affect the average PL-lifetime of the ZnO visible emission. What does this outcome suggest? I would
also suggest a different choice of plot format, to highlight the different curves some minor comments.

i LSPR excitation of Ag NPs through interband excitat om.In fact, our result
indieated that the timeframes and the decay dynamics of the interband excitation of Ag NPs in ethanol are
nearly ideatical to the composite samples. Further, subsections were added to the discussions ia the fext to
clarify the highlighted points.

Wi te the reviewer's comment. Qur PL data suggesteda slight increase of the average decay time-
constant (vy), from which we transfer of the O to Ag NPs increases the
possible dynamics of the electron recombination due to inerease in the carrier population density in ZaO
NRs electronic structure. In contrary, the sample with ALOs layer presented a negligible change of PL time
constants indicating that 4 am ALOs layer. ificantly block the 0 NRs

5 Figure 2 EQE dependence on wavelength. It seems that part of the description might be in the text
(page 7, below Figure 2) “range of 300- 500nm, the ZnO ....” The text heraby mentioned several orders o

‘magnitude difference compared to bare ZnO. However from the picture it is possible to roughly estmate
‘maybe just one order of magnitude difference. Inset: what does it mean scaled up (simply multiplied? shifted
vertically?). Panel (c) is a bit confusing since main panel and inset seems to mismatch and the relative
description is not very clear.

to AgNPs. that the overall fast PL decay of our samples even after integration of the Ag NPs
is mainly related to the fact that the plasmonic carrier transfer of the Ag NPs towards ZnO NRs contributes
to the non-radiative cavier transfer mechanisms. We further support our findings by simply introducing 2
two-step model taking in to account the quantum yield of the samples

We fully appreciate the suggestion of the reviewer regarding the format change of the Figure 3(b) in the
MS. We have modified the style of the Figure 3 (b) to a more concise plot format.

2 What is the nature of the NPs — NRs interaction? Are for example NPs physisorbed on the surface,
chenically bonded? What doss it change when the alumina coating i introdced (vith Auor finding a
I it possible for the ZnO NRs? This

‘might provide some additional information on the decoration process with/without ALD coating. What the
Author could expect if for example a continuous monolayer of Ag NPs would be deposited on ZnO NRs?

Is there a “threshold” value of coverage for which plasmonic effect are present and/or quenched?

3 Howdoes alumina bandgap compared and locate compared fo Ag and ZnO? Are alumina films

O G0 ot s ) Gt I L o oo B O ot G ol G
rding to the analysis of the overall EQE values, considering the EQE curves not only in the

nm thick “thin enough” o enable funneling in the absence of an external

[We thank the peer review for raising these points. The Ag NPs are atiached fo the Za0 surface via only
weak electrostatic bonding The NPs decorate the ZaO NRs via electrophoretic deposition method using
louly the syathesized Ag suspension as electrolyte. Special care was given during the deposition to prevent
the oxidation of the A g NPs and/ar ionization of the ZnO NRs as mentioned in the experimental section of
fthe MS. ofthe Az NPs. ‘method for the uptake of Ag
INPs, in a way tha the amoust of the deposited Ag NPs could be manipulated by changiag the ducation of
lelectrodepositions. We added a more clarifying subtext to the experimental section of the MS

Tt s rather a critical po by the reviewer. We b investigated the effect of the
A1,0; layer thickness on the photocurent contribution of the Ag NPs plasmonic response, using extemal
quantum efficiency (EQE) of the system as shown in Figure 4 (;) {&). As expected thicker alumina 10 nm
yield higher QE tem.

range of Ag NPs absorption profile, but also that of the bare ZnO sample of which we consider the non-

AgNPs to the ZnO
of the samples. Similar evidence of the mmp]e! of which
the uptake of Ag NPs increase the overall current and the speciral range of the bare ZaO NRs. We simply

signal related to the samples. As the alumina thickness decrelses the contribution from the Ag plasmon
sesonance becomes more prominent and reaches its maximum. On the other hand, we have ot selected the
1 um thick alumina spacer layer as the nominal sample for the presented MS studies, since we required to
assure the direct contact of the Ag NPs with the ZnO NRs is prevented for investigating the PIRET hot-
‘canier transfer of the system. In that sense, the 4 nm thick ALO; spacer layer is selected as the sample, for
“which we ensured the homogenous coverage of the ZnO NRs using Rutherford backscatiering (RBS) as
presented in supporting information Figure 52

eollected current per incident photon of the bare ZnO and ZnO/Ag NPs sample in the range
320 am to 550 am. Our consequent calcvlations determine nearly 2.5 folds increase in the EQE values of
the sample decorated with Ag NPs compared with bare ZaO NRs we have further added this values to the
EQE discussion of the text

The purpose of the inset of the figure 2 (c) in the MS, is to simply highlight the plasmonic carrier injection
of the sample with ALO; intermediate layer. In that sense, we simply reduced the spatial offset of the
ZnO/Ag curve and that of the ZnO/ALOYAg

Aalto University
School of Electrical
Engineering

8 IPCE is mentioned in the experimental section, but there is no mention neither in the mamuscript
description nor in the Supporting Information. Only EQE is reported and discussed in the manuscript.
Minor format issue and spelling errors throughout the manuscript should be reviewed upon acceptance.

‘Thanks for the note, we have corrected the mentioned errors.
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