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1. Literature

A large body of literature covers the use of NaBH, as reducing agent for Au NP synthesis. The synthesis
is typically performed in presence of additives as detailed in the main text. Only few examples of a
surfactant-free version have been reported and are summarized in Table S1.

Table S1. Comparison with the literature for surfactant-free NaBHs-mediated syntheses of Au NPs. RT
stands for room temperature. Results from our own work are in grey cells.

Ref. HAuCl, NaBH4/A.u N2 Volume Containers A Diameter Stability Applications
mM molar ratio mL nm nm
2 YES 515 55+2 days
10 YES/NO Not specified 514 28+1 1 month*
* 0.13 50 YES 33 (likely glass) - - 60 min 4-NP
100 YES - - 10 min
2
> 0.17 ;8 NO 15 glass 513 5.6 ! ;:C;"Tth 4-NP
50
6 520 11.4
rx 0.25 11-46 NO N/S N/S To to N/A Size
537 22.2
2 polypropylene 510 -
s 0.25 5 NO 20 centrifuge to | 77¢32 | 1 ;‘:‘;"Tth 4-NP
10 tubes 525 -
glass 500
s 0.25 10 NO 10 scintillation | to 3‘11 : g'g N/A -
vial 510 T
Our previous 1 508 5 months Size
work 0.5 - NO 2 PS cuvettes - - St RT control
9 30 545 20
Our previous 5.0 500 5 s
work 0.5 8.5 NO 2 PS cuvettes - - atRT 4-NP
10 11.0 525 15
Our 5.0 2 PS cuvettes 508 4.3 At least 4-NP
previous work 0.5 8.5 NO - - 1 month EOR
11 11.0 100 Pyrex® 529 20 in a fridge
0.10 5 2 PS cuvettes 510 4 At least 1
. 0.20 4-NP
This work 0.25 8 NO - - month EOR
0.50 10 1000 Pyrex® 520 10 atRT

* Storage conditions not specified

** The surfactant-free NaBHs-mediated Au NPs are used as benchmark for the 4-NP (obtained with a NaBH4/Au molar ratio of 4) to assess the
effect of using homemade stabilizers.

*** The exact volume was not constant but likely above 100 mL, different for all experiments. The NaBH4 was added drop by drop from a 100
mM stock solution. The focus was less on obtaining NP with controlled sizes than comparing the size evaluation with different methods for NP
that happen to have different sizes.

**** Note that the focus of [7] is on AuxAgixNPs and not Au NPs (x=1) as such.

***** Note that the focus on [8] is on the use of D,O or mQ for Au NPs prepared at a fixed NaBHs/Au molar ratio of 10.

[9] Focuses, among other experimental conditions, on the effects of using different reducing agents: LiBH4, NaBHa4, KBH4 for the colloidal
syntheses.

[10] Focuses on the effect of using HAuUCls or HAuBr4 as precursor.

[11] Focuses on the effect of the water purity and conductivity. Includes our first attempts to use Au NPs prepared by a surfactant-free NaBHa-
mediated synthesis for an alternative reaction to the 4-NP, i.e. for electrocatalysis with the EOR.

Our previous work focuses on surfactant-free approaches. This works focuses on the benefits or not to use additives for NaBHs-mediated
syntheses of Au NPs in water at RT and benchmark their activity.
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2. Materials and methods

2.1. Chemicals

All chemicals were used as received: HAuCls.3H,0 (299.9%, Sigma-Aldrich); NaBH4 (ReagentPlus®, 99%,
Sigma-Aldrich); ultrapure water (mQ, Milli-Q, Millipore, resistivity of >18.2 MQecm); trisodium
citrate-2H,0 (NaCt, Sigma Aldrich, BioUltra); polyvinylpyrrolidone (PVP, Sigma Aldrich, average molecular
weight 10,000, a molar mass of 111.14 corresponding to the vinylpyrrolidone unit was considered for the
concentrations); sodium dodecyl sulfate (SDS, Sigma Aldrich, ReagentPlus, 298.5%); HCI (puriss. ACS
reagent, reag. ISO, Reag. Ph. Eur. fuming, > 37%, Sigma Aldrich); HNOs (puriss > 65%, Sigma Aldrich); 4-
nitrophenol (4-NP, ReagentPlus®, 299%, Sigma-Aldrich); ethanol (Ess.s%, Ethanol absolute, 299.8%, AnalaR
NORMAPUR® ACS, Reag. Ph. Eur. analyse reagens, VWR); H,S04 (99.999%, Sigma-Aldrich, 339741-500ML);

KOH (Reag. Ph. Eur., VWR).

Extra caution was taken so that none of the chemicals was in contact with metal (e.g. metallic spatulas
were not used and plastic spatulas were preferred). Dispose of chemicals following local rules. Pay
attention to HCl, HNO; and 4-NP based wastes.

2.2. NaBHs;-mediated synthesis of Au NPs

General recipe

The general synthesis follows the method proposed by Astruc and co-workers,* with adaptations. To a
solution of HAuCl, in water, NaBH, is added under vigorous stirring (here, 1500 rpm). In the present study,
the synthesis was directly performed in UV-vis cuvettes made of polystyrene with a 1 cm square based
and a rectangular shape, de-dusted with a gentle flow of compressed air before being used. The magnets
used for stirring are PTFE cylindrical stirrer bar (8 x 3 mm), cleaned with aqua regia (4:1, v:v, HCI:HNOs; to
be handled and disposed of with care following the related safety procedures in place in the laboratory),
washed with copious amount of water, and de-dusted prior to use.? The chemicals were added in the
order water, additives, HAuCl, and finally NaBH,4, unless otherwise specified. This approach is described
as the direct method (as opposed to the inverse or reverse method where the HAuCl, would be added last,
detailed later, by analogy to the terminology used for citrate-mediated syntheses'?). All solutions were
prepared using ultrapure (mQ) water. The stock solutions were 20 mM of HAuCls;, 50 mM of NaCt, 50 mM
of PVP (diluted to 10 mM for experiment 128 to 138 in Table S3), 50 mM of SDS, 100 mM of freshly
prepared NaBH.. The stock solution of HAuCls was kept in a fridge at 5 °C, whereas the stock solutions of
NaCt, PVP and SDS were kept at room temperature (ca. 22 °C). NaBH, was added under stirring, and the
solutions capped after adding NaBH,4 and left to stir at room temperature for ca. 10 minutes (although the
reaction proceeds in seconds). Afterwards the magnets were removed and the samples sealed with
Parafilm®. The samples were then stored at room temperature in drawers.
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The concentrations of HAuCl, of 0.1-0.5 mM are commonly reported to lead to successful syntheses of Au
NPs.2*12 At higher concentrations, the NPs tend to agglomerate. The NaBH4/Au molar ratio in the range
5-10 were selected because it was found to be optimal to allow size control while minimizing the amount
of NaBH, to use and at lower values no stable Au NPs were obtained. The chemicals used were selected
for reasons detailed in the scope of this study. An additive/Au molar ratio from 5 or above is typically
reported in the literature and serve here as a starting point.'?

Scale up syntheses of Au NPs

For scale up experiment to 1 L the synthesis was performed in a Pyrex container using a larger magnet
and a rotation of 800 rpm. Both the container and the magnet were cleaned with aqua regia prior to the
synthesis.

Miscellaneous

For transparency, we stress that the reaction were performed in a photo-box (Puluz LED portable Photo
Studio, PUS060EU, 60 cm x 60 cm x 60 cm, 60 W) that we use for other syntheses in our research facilities
to control light environment,** although we did not observe any aninfluence of the light environment
on the NaBHs;-mediated synthesis.

To minimize the effect of using different batches of NaBH4, several experiments were prepared the same
day with the same batch. In order to assess the effect of the time required to prepare all the samples, the
first sample was reproduced and no significant difference was observed which suggests that the stock
solution of NaBH, was used before it undergoes significant hydrolysis.

Note that In the case were high concentrations of precursors (around 3-5 mM) are added, the increasing
amount of NaBH, used leads to gas evolution (likely H,) and there is a risk of spillover of the solutions for
small size reactors.

2.3. Statements on Sustainable Chemistry

As much as possible we try to develop sustainable synthetic approaches of NPs compatible with Green
Chemistry and Sustainable practices in academic research.’>® The present synthesis proceeds at room
temperature due to the redox properties of the gold precursor (relatively high redox potential). It can be
performed with minimal equipment and using relatively benign chemicals at the exception of NaBH.. In

some reports, NaBHj is kept under cold conditions!¥?°

or NaOH is added to obtain alkaline pH in order to
minimize hydrolysis.?! Those two approaches require more energy (ice) or chemicals (NaOH) and where
here avoided to prefer the simple use of as-prepared NaBH, solutions at room temperature. It is common
to use gases for NP synthesis, e.g. to obtain oxygen-free environment.***?2 In order to develop simpler
and more affordable syntheses, the use of gases was here avoided. The use of disposable UV-vis cuvettes
generates plastic waste but allows performing the synthesis in small volume which minimizes waste.
Furthermore, it limits the use of aqua regia to only cleaning the magnets.? It also facilitates storage. The
use of 0.5 mM HAuUCl, is on the high end of concentrations for Au NPs synthesis? but is relevant to explore
to minimize the volume of chemicals used upon scale up. The colloidal dispersions, and most stock

solutions (see experimental sections) were stored at room temperature to save energy (that the use of
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fridges would consume). The recycling of the Au atoms is a natural further step,? but beyond the scope
of this study.

It is anticipated that the achievements reported here and the overall strategy to develop surfactant-free
material could be transferred to the use of alternative reducing agents such as hydrazine.?* However, due
to the safety risks and health concerns related to the use of hydrazine, that is arguably a potentially more
harmful chemical than NaBH,, hydrazine has not been considered in the present report.

2.4. Characterization

A focus is here given to the properties retrieved from UV-vis measurements,*®* and scanning transmission
electron microscopy (STEM) analysis, complemented by XRD. UV-vis spectra are informative when it
comes to Au NP characteristics as detailed in Table S1. To develop more sustainable research,®® it will also
not be realistic to use all characterization methods reported for Au NPs.?>?® Complementary
characterization has been reported in previous work.*?7:28

2.4.1. UV-vis characterization

UV-vis measurements were performed using a Shimadzu UV-1800 UV/Visible scanning
spectrophotometer. The solutions were measured as-prepared or diluted to an equivalent of 0.5 mM Au
in the 1 cm width squared shape UV-vis cuvettes used for the synthesis. As baseline, mQ water was used
since none of the chemicals considered absorb in the range of wavelengths considered.?

The UV-vis spectra of Au NPs is the results of an interplay between the properties of gold, nanoscale
effects (e.g. size and shape) and interactions with the solvents and/or interactions between NPs and
precursor.®® Due to their plasmonic properties (surface plasmon resonance, spr), several parameters
descriptive of the Au NPs can be retrieved: Aspr, Aspr/Aaso, Asso/Asoo, Asso/Aspr and Agoo, all defined, detailed
and summarized in Table S2. All samples were measured the day after synthesis. For stability study, all
the samples were also measured a month after synthesis while storage was simply performed at room
temperature in a drawer.

2.4.2. STEM characterization

STEM micrographs were acquired using a A FEI Talos F200X operated at 200 kV STEM. The microscope is
equipped with a high-angle annular dark-field (HAADF) detector and a bright field (BF) detector. The as-
prepared colloidal dispersions were dropped on copper TEM grids (Sigma-Aldrich). The samples were
characterized by imaging at least 3 randomly selected areas at 3 different magnifications. Typically, at
least 100 NPs were used to estimate the size (diameter) of the NPs (N values reported below correspond
to the number of NPs counted). The size analysis was performed using the Imagel software. Data are
provided in Figure S8 and Figure S9.
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2.4.3. XRD characterization

X-ray diffraction measurements were performed using a Panalytical Aeris diffractometer configured in
Bragg-Brentano geometry and equipped with a PIXcellD detector. The instrument employed Cu Ka
radiation (Kay = 1.54056 A, Ka, = 1.54439 A), operates at 40 kV and 15 mA. Diffraction patterns were
recorded over a 20 range of 20-90° with a total acquisition time of 600 min per sample.

For the measurement, colloidal Au NPs (0.5 mM) were drop-cast onto a silicone sample holder.
Specifically, 1 mL of the colloid was applied and oven dried at 50 °C to remove solvent, followed by the
addition of another 1 mL aliquot and drying under the same conditions. To eliminate possible salt or
solvent residues, the dried film was rinsed by sprinkling ethanol and gently blown with compressed air
several times until no visible residues remained.

Phase identification was carried out by comparing the recorded diffraction pattern with reference data
for metallic gold from ICSD database, pattern no #52249.

The average crystallite size was estimated from the (111) reflection using the Scherrer equation:

D= K. A
~ B.cos(B)

Where D is the mean crystallite size (hm), K is the shape factor (0.94), A is the X-ray wavelength (0.15418
nm), B is the full width at half maximum (FWHM) of the (111) peak (in radians), and 8 is the corresponding
Bragg angle. Peak position and FWHM values obtained in degrees were converted to radians prior to
calculation. After this substitution,

0.94x0.15418
peak position x it
) eos R g )

D=

(FWHM 80

2.5.  4-nitrophenol reduction

The 4-NP reduction catalyzed by Au NPs and the data analysis was performed as previously reported.?! In
a nutshell, 1 mM 4-NP in mQ water, 100 mM NaBH, in mQ water (freshly prepared) and 0.5 mM as-
prepared Au NPs (Au equivalent, prepared as detailed above) were used as stock solutions. All solutions
were purged with nitrogen (99.9%), excluding Au NPs due to the small volume of solution used (5 pL),
before the reaction to remove dissolved oxygen.3? 2 mL with final concentrations of 0.05 mM 4-NP, 5 mM
NaBH,4 (NaBH4/4-NP molar ratio of 100) and 0.00125 mM of Au NPs (Au equivalent, Au/4-NP molar ratio
of 2.5%) were used and the reaction carried at room temperature.

To comply with the principle of sustainability in the laboratory,*® the volume of 4-NP was minimized and
the kinetics studies performed in UV-vis cuvettes directly placed in a Go Direct® UV-vis spectrophotometer
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with a fixed range from 220 nm to 850 nm, recorded in ca. 1-2 seconds. The background was a solution of
mQ. Spectra were recorded every 40 seconds, with the first spectra 20 seconds after Au NPs were added.
The reaction was magnetically stirred at 550 rpm and performed under LED light in a photo-box (Puluz
LED portable Photo Studio, PUS060EU, 60 cm x 60 cm x 60 cm, 60 W). The cuvette was sealed with a cap
after the addition of the reactants. The reaction was initiated by adding the Au NPs to the mixture of
NaBHsand 4-NP.

The progress of the reaction was monitored following the time-related decrease of the characteristic
absorption peak of the nitrophenolate anion at 400 nm.3* A pseudo-first-order kinetics was assumed,
given the large excess of NaBHj, relative to 4-NP.* Data obtained from the UV-Vis measurements were
used to fit the kinetic model and evaluate rate constants and turnover frequency.3* It is assumed that the
concentration of 4-NP in presence of NaBH, (i.e. 4-nitrophenolate) at a given time t, is given by
Ci=Coe ~¥arrt where Cy is the initial concentration of 4-NP / 4-nitrophenolate at t =0 s. Taking into account
the Beer-Lambert’s law, the relationship can be expressed as A=Aoe "Karpt \where A, is the absorbance at
400 nm at a given time and Ao the absorbance at t = 0 s. Thus, -In(A¢/Ao)=kapp.t should be a linear function
of time.34 The turnover frequency was estimated as:

ngy (mol) Conversion (%)/100
npy (Mol) t(h)

TOF =

where ng is the initial amount of 4-NP in moles, where na, is the nominal amount of Au in moles, t is the
time required to reach a given conversion estimated from UV-vis. For the interest of the reader, the TOF
were also normalized to the absorbance at 400 nm (As0o) retrieved from UV-vis measurements of the Au
colloidal dispersion given that the A4 value is proportional to the amount of Au® in the dispersion.®®

2.6. Ethanol oxidation reaction (EOR)

The EOR is a reaction relevant for energy conversion in alcohol fuel cells.3®3” The general procedure
previously reported was followed.?® In a nutshell, a three-electrode set up composed of a glassy carbon
(GC) working electrode (WE ) with a diameter of 5 mm (0.2 cm?), a graphite rod (Thermo Scientific
Chemicals, 6.15 mm x 152 mm, 15403735) counter electrode (CE), and a saturated calomel electrode (SCE,
Sl Analytics™ Scienceline Glass Single Reference Electrode, Fisher Scientitic, 10542113) or a Hg/HgO
(Origalys, OGR001), electrode as reference electrode (RE), as indicated, immerged in ca. 20 mL of
electrolyte in a Pyrex container. The WE was prepared by dropping and letting dry overnight at room
temperature 20 pL of the as-prepared dispersions of Au NPs (0.5 mM Au) on the GC surface (polished to
mirror finish using aluminum polishing slurry, 0.30 and 0.05 um alumina, eDAQ), making a ‘tip” with 1.97
MEau, 9.85 pgascm?. All the electrochemical experiments were conducted using a computer-controlled
potentiostat (Eci-100, NordicElectrochemistry) at room temperature (ca. 22 °C). We previously observed
that the reaction is not mass transport limited and therefore no rotation was used.3¥% The electrolytes
were not purged with N, or any other gases.33° The voltage expressed versus the SCE (Vsc:) was converted
to voltage versus the relative hydrogen electrode (Vryue) using the relationship: Veue = Vsce + 0.26 (in V) in
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0.5 M H>S0s. The voltage expressed versus the Hg/HgO (Vigmeo) electrode was converted to Vgue by the
relationship: Vrue = Vigigo + 0.87 (in V) in 1 M KOH.

There are no commonly agreed on procedures to tests catalysts for the EOR and different scan rates,
electrolytes, electrolyte concentrations, amounts of catalyst, upper and lower potentials are reported
cross the literature,?®3 see also Table S4, not to mention the different normalizations reported. Here,
each sample was tested following the same protocol for at least three different tips of the same Au NPs
obtained from the same synthesis conditions. The electrochemically active surface area (ECSA), the mass
activity (MA) and the specific activity (SA, activity per active surface area) were evaluated. ECSA and MA
were evaluated for cyclic voltamograms and the SA was evaluated as SA = MA/ECSA. In the case of samples
prepared following Protocol A where no ECSA measurement was performed, the SA was evaluated using
the average ECSA retrieved from protocol B.

Note that given that the same mass of gold and same geometrical surface of electrode was used for every
experiment, the reported MAs are easily converted to geometric current density by multiplying the MA in
A gaut or mA mgast by 9.85x1073 to obtain the geometric current density in mA cm.

Protocol A — EOR without ECSA evaluation
> Step 1/1:
10 scans at 50 mV st in 1 M KOH and 1 M ethanol between -0.50 and 0.70 Vig/igo (0.37-1.57 Vrye)

The related mass activity (evaluated at the maximum current recorded in the forward scan of the 10"
scan) and specific acidity are abbreviated MA and SA.

Protocol B — EOR with ECSA evaluation
> Step 1/2:

3 scans at 50 mV s~ in 0.5 M H,S0,4 between 0.00 and 1.50 Vsce (0.26—1.76 Vrye)
» Step 2/2:

10 scans at 50 mV st in 1 M KOH and 1 M ethanol between -0.50 and 0.70 Vig/igo (0.37-1.57 Vrye)

Step (1) was performed to evaluate the electrochemically active surface area (ECSA) via the reduction of
gold oxide, illustrated in Figure S1,3 evaluated by the charge passed under the reduction peak of gold in
H,S04 around 1.17 Virye for the 3™ scan converted to an ECSA using the conversion factor of 386 pC cm=2.4°
Step (2) is to evaluate the mass activity (MA), evaluated at the maximum current recorded in the forward
scan of the 10" scan. To mark the difference between results obtained following protocol A or B, the mass
activity and specific activity retrieved following protocol B are referred to as MA.cs and SAacia.
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Figure S1. lllustrative CV of Au NPs in 0.5 M H2SO4used to evaluate the ECSA, as detailed in Panagopoulos
et al. Materials Today Nano 2025, 100600.% The charge passed on the reduction peak highlighted in blue
was used.

Normalizations

Here, the conversion of Au'" to Au® s first assumed to be 100% for the synthesis and the MA and ECSA are
first estimated using the nominal loading (synthesis-to-catalysis). To propose a relatively more accurate
picture, the absorbance at 400 nm retrieved from UV-vis spectroscopy was also used to normalize the
MA (MAas00) and ECSA (ECSAasco) in our previous work,3® as Az gives a relative indication of the
conversion of Au" to Au®.3® In the present study, the A4 values were close to each other and this
normalization was not performed. Moreover, for the samples obtained using PVP, the validity of the Asqo
values relating to Au® can be questioned given that the samples do not show the typical plasmatic
properties of larger Au NPs. to As detailed elsewhere,® the preference for a comparison based on the
nominal amount of Au has multiple reasons. (i) To take into account the overall amount of Au used in the
synthesis (cost-weighted activity, assuming the cost here will come from the amount of HAuCls used,
regardless of the overall yield). (ii) To minimize steps between Au NP synthesis and catalytic screening, no
isolation / washing / processing of the NPs, or no supporting on conductive materials such as high surface
area carbon, for a direct use of the as-produced colloids, alleviating here from possible support effects.
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3. XRD characterization

Figure S2 shows XRD patterns for synthesized Au NPs in comparison to the reference data for metallic
gold from ICSD database, pattern no #52249.

(311)
222)

f

Intensity / a.u.

20 30 40 50 60 70 80 90
2 theta / degree

Figure S2. XRD pattern of Au NPs (black) in comparison to reference data for metallic gold from ICSD
database, pattern no #52249 (grey). In this case, for Au NPs obtained using 0.5 mM HAuCls, a NaBH4/Au

molar ratio of 5 and 1 L of solution.

The average crystallite size was estimated from the (111) reflection and is 20.9 nm. This value is larger
than the particle size measured by TEM (ADD SIZE), which is a common observation for very small
nanoparticles. The discrepancy is caused because the Scherrer equation measures the size of coherently
diffracting domains, which can be affected by multiple parameters, such as particle aggregation, strain
and peak-fitting limitations, while TEM provides direct physical particle diameters. As seen in the XRD
pattern, the (111) peak is only moderately broader than the bulk reference, indicating that Au NPs retain
crystalline order. The observed diffraction peaks of Au NPs are slightly shifted to lower angles in
comparison to reference pattern. This shift may be attributed to several factors, including slight
instrumental misalignment of the diffractometer and possible strain within the drop-cast nanoparticle

film induced during solvent evaporation.
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4. UV-vis metrics

Table S2. Parameters retrieved from UV-vis spectroscopy. The relationships summarized typically assume
spherical NPs within a given size range and are general (not absolute) trends. Keep in mind that the UV-
vis spectra of Au NPs show features that depends on size, shapes but also the solvent / surrounding media.

Parameter

Definition

Interpretation
in first approximation

Ref.

)\spr

nm

position of the localised
surface plasmon resonance
(spr)

Aspr 7 with NP sizes 7

41

Aspr/A450

ratio of absorbances
at Aspr and 450 nm

Aspr/Aaso 7 with NP sizes 7

41

Asoo

a.u.

absorbance at 400 nm
(typically normalised)

Aaoo 7 with relative yield 2

35

Aasgo/Asoo

ratio of absorbances
at 380 nm and 800 nm

Asgo/Asoo 7 indicates
higher stability

42

A650/ Aspr

ratio of absorbances
at 650 nm and )\spr

Assof/Aspr 7 indicates
higher aggregation

43,44
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Figure S3. Relationship between Au NP size and (a) Asprand (b) Aspr/Asso values for NaBH,-mediated NP
synthesis using different additives (color coded, as indicated), different concentrations of HAuCl, (where
the size of the data point increases with the concentration of HAuCl,, for simplicity the single point data
point obtained using 1, 2, 3, 4, 5 mM and PVP are not represented in the caption), different NaBH4/Au
molar ratios (where the transparence of the data point decreases as the NaBHs/Au molar ratio increases,
as indicated) and whether the direct or inverse method was used (where the (m) data point correspond
to the direct method and the (V) correspond to the inverse method, as indicated). For simplicity the
Additive/Au molar ratio is not encoded here in the graphical representation but largely discussed in the
manuscript and other Figures.

The results in Figure S3 illustrate the expected correlated that the NP size (diameter for spherical NPs)
increases as the Aspr values increases or the Asyr/Asso value increases, in agreement with previous literature.
Note that for the NPs prepared using PVP, it is harder to identify the spr due to the very small of the NPs
(<3 nm).
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5. Overview of samples for parametric study

Table S3. Overview of the samples considered and related UV-vis metrics. The stock solutions of HAuCl, was 20 mM, NaCt was 50 mM, PVP was
50 mM, SDS was 50 mM, all prepared in mQ water. The colored cells indicate cell where the same overall concentration of NaBH, was used (0.5,
1.0. 2.0. 2.5 mM) for different HAuCls concentrations when the same color is used. The experiment number in parenthesis correspond to
experiments with the same chemicals and chemical concentrations.

# HAUCl |\ BHJ/Au | NaCt/Au | PVP/Au | sDS/Au | Last Batch R | Pasofepr | | AssofAso | Asso/Awr | d o N
mM NaBH4 nm R R - nm nm

1(96) 0.1 5 ; ; ; NaBH, 1 510 1.23 0.24 23.16 0.12 47 | 09 | 157
2 0.1 5 5 ; ; NaBH, 1 518 1.28 0.24 19.15 0.12 ; ; ;
3 0.1 5 10 ; ; NaBHa 1 515 119 0.24 221 0.14 } } }
4 01 5 15 ; ; NaBHa 1 518 1.27 0.24 19.01 0.13 ; ; ;
5 0.1 5 ; 5 ; NaBH, 1 512 0.90 0.30 16.95 0.24 ; ; ;
6 0.1 5 ; 10 ; NaBH, 1 512 0.93 0.29 17.99 0.22 ; ; ;
7 01 5 ; 15 ; NaBHa 1 512 0.91 0.29 17.71 023 } ; -
8 0.1 5 ; ; 5 NaBHa 1 510 1.15 0.24 27.99 0.13 } } }
9 0.1 5 ; } 10 NaBHa 1 510 115 0.25 21.69 0.14 ; } ;
10 0.1 5 ; ; 15 NaBH, 1 515 1.24 0.25 29.55 0.12 ; ; ;
11 0.1 8 ; ; ; NaBH, 1 510 121 0.24 14.58 0.14 44 | 08 | 173
12 0.1 8 5 ; ; NaBH, 1 510 1.19 0.23 25.16 0.12 ; ; ;
13 0.1 8 10 ; ; NaBHa 1 514 119 0.24 21.69 0.14 } : }
14 01 8 15 ; ; NaBHa 1 518 1.22 0.24 26.86 0.13 ; ; ;
15 0.1 8 ; 5 ; NaBHa 1 500 0.89 0.30 18.66 0.23 ; ; ;
16 0.1 8 ; 10 ; NaBH, 1 504 0.86 0.30 17.14 0.25 ; ; ;
17 0.1 8 ; 15 ; NaBH, 1 503 0.85 0.30 17.09 0.25 ; ; ;
18 0.1 8 ; ; 5 NaBHa 1 508 1.15 0.24 20.85 0.14 } : }
19 0.1 8 ; ; 10 NaBHa 1 507 1.13 0.24 18.66 0.16 ; ; ;
20 0.1 8 ; ; 15 NaBH, 1 510 1.13 0.25 14.10 0.18 ; - ;
21 0.1 10 ; ; ; NaBH, 1 510 1.24 0.23 19.18 0.12 48 | 09 | 154
22 0.1 10 5 ; ; NaBH, 1 510 117 0.24 25.72 0.13 ; ; ;
23 0.1 10 10 ; ; NaBH, 1 509 117 0.24 2227 0.14 ; ; ;
24 01 10 15 ; ; NaBHa 1 514 1.20 0.23 22.07 0.13 - ; -
25 0.1 10 ; 5 ; NaBH, 1 504 0.85 0.30 19.69 0.24 ; ; }
26 0.1 10 } 10 } NaBH, 1 504 0.86 0.30 17.16 0.25 } ; }
27 0.1 10 ; 15 } NaBH, 1 504 0.87 0.30 17.84 0.24 ; ; ;
28 0.1 10 ; ; 5 NaBHa 1 509 1.16 0.24 20.55 0.14 ; ; ;
29 0.1 10 ; ; 10 NaBHa 1 505 113 0.24 22.69 0.15 ; ; }
30 0.1 10 ; ; 15 NaBH, 1 518 1.22 0.25 17.16 0.16 } ; }
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31 0.2 5 - - - NaBH4 1 508 1.17 0.45 22.94 0.13 4.0 0.8 158
32 0.2 5 5 - - NaBH4 1 510 1.18 0.46 27.07 0.13 - - -
33 0.2 5 10 - - NaBH4 1 514 1.24 0.47 23.18 0.12 - - -
34 0.2 5 15 - - NaBH4 1 514 1.31 0.46 35.64 0.10 - - -
35 0.2 5 - 5 - NaBH4 1 501 0.87 0.56 16.65 0.26 - - -
36 0.2 5 - 10 - NaBH4 1 511 0.86 0.57 16.36 0.26 - - -
37 0.2 5 - 15 - NaBH4 1 511 0.85 0.56 17.63 0.26 - - -
38 0.2 5 - - 5 NaBH4 1 507 1.13 0.47 24.93 0.14 - - -
39 0.2 5 - - 10 NaBH4 1 508 1.12 0.47 23.90 0.15 3.3 0.7 160
40 0.2 5 - - 15 NaBH4 1 510 1.14 0.49 18.20 0.17 3.2 0.8 170
41 0.2 8 - - - NaBH4 1 514 1.27 0.45 19.53 0.12 4.4 1.3 172
42 0.2 8 5 - - NaBH4 1 514 1.23 0.47 28.81 0.12 - - -
43 0.2 8 10 - - NaBH4 1 514 1.29 0.46 29.35 0.11 - - -
44 0.2 8 15 - - NaBH4 1 520 1.43 0.46 23.85 0.12 - - -
45 0.2 8 - 5 - NaBH4 1 501 0.86 0.57 17.76 0.25 - - -
46 0.2 8 - 10 - NaBH4 1 501 0.82 0.58 17.65 0.26 - - -
47 0.2 8 - 15 - NaBH4 1 501 0.83 0.57 17.69 0.26 - - -
48 0.2 8 - - 5 NaBH4 1 508 1.14 0.47 26.03 0.14 - - -
49 0.2 8 - - 10 NaBH4 1 510 1.18 0.48 24.72 0.15 3.3 0.7 156
50 0.2 8 - - 15 NaBH4 1 518 1.28 0.50 18.13 0.18 3.9 1.1 164
51 0.2 10 - - - NaBH4 1 512 1.26 0.46 25.91 0.12 4.8 0.9 158
52 0.2 10 5 - - NaBH4 1 518 1.31 0.46 26.02 0.11 - - -
53 0.2 10 10 - - NaBH4 1 518 1.43 0.46 21.63 0.12 - - -
54 0.2 10 15 - - NaBH4 1 522 1.33 0.46 2.18 0.52 - - -
55 0.2 10 - 5 - NaBH4 1 501 0.85 0.58 17.60 0.25 - - -
56 0.2 10 - 10 - NaBH4 1 501 0.83 0.58 17.25 0.26 - - -
57 0.2 10 - 15 - NaBH4 1 501 0.84 0.58 17.98 0.26 - - -
58 0.2 10 - - 5 NaBH4 1 510 1.16 0.47 23.49 0.14 3.7 0.9 175
59 0.2 10 - - 10 NaBH4 1 518 1.26 0.48 23.60 0.14 4.1 1 157
60 0.2 10 - - 15 1 526 1.30 0.50 5.57 0.35 6.3 1.9 198
61(97) 0.50 5 - - - NaBH4 1 515 1.31 1.09 17.83 0.13 4.1 1.2 155
62 0.50 5 5 - - NaBH4 1 522 1.51 1.12 10.84 0.17 8.6 3.2 161
63 0.50 5 10 - - NaBH4 1 775 1.29 0.14 0.90 0.89 - - -
64 0.50 5 15 - - NaBH4 1 795 1.52 0.01 0.96 0.69 - - -
65 0.50 5 - 5 - NaBH4 1 515 0.83 1.38 17.02 0.27 1.8 0.6 158
66 0.50 5 - 10 - NaBH4 1 514 0.81 1.37 17.02 0.27 - - -
67 0.50 5 - 15 - NaBH4 1 514 0.82 1.36 16.93 0.27 1.6 0.5 163
68 0.50 5 - - 5 NaBH4 1 515 1.23 1.18 25.82 0.13 4.0 1.0 164
69 0.50 5 - - 10 NaBH4 1 521 1.34 1.24 9.88 0.27 6.2 2.2 158
70 0.50 5 - - 15 NaBH4 1 526 1.27 1.25 2.39 0.57 6.7 24 156
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71 0.50 8 - - - NaBH4 1 515 1.43 1.09 30.87 0.09 6.5 1.3 164
72 0.50 8 5 - - NaBH4 1 800 1.17 0.81 0.96 0.96 - - -
73 0.50 8 10 - - NaBH4 1 748 1.47 0.01 0.93 0.72 - - -
74 0.50 8 15 - - NaBH4 1 787 1.82 0.00 0.87 0.27 - - -
75 0.50 8 - 5 - NaBH4 1 514 0.89 1.40 17.73 0.25 1.8 0.6 165
76 0.50 8 - 10 - NaBH4 1 514 0.86 1.39 17.17 0.26 1.9 0.4 161
77 0.50 8 - 15 - NaBH4 1 515 0.82 1.39 17.57 0.27 1.7 0.5 161
78 0.50 8 - - 5 NaBH4 1 525 1.32 1.19 2.61 0.52 - - -
79 0.50 8 - - 10 NaBH4 1 514 1.06 1.16 1.28 0.81 - - -
80 0.50 8 - - 15 NaBH4 1 514 1.02 1.14 1.24 0.85 - - -
81 0.50 10 - - - NaBH4 1 520 1.61 1.11 28.06 0.08 10.0 3.5 160
82 0.50 10 5 - - NaBH4 1 529 1.08 0.05 1.10 0.85 - - -
83 0.50 10 10 - - NaBH4 1 783 1.70 0.01 0.89 0.44 - - -
84 0.50 10 15 - - NaBH4 1 784 2.75 0.00 0.41 0.46 - - -
85 0.50 10 - 5 - NaBH4 1 513 0.95 1.40 15.38 0.27 1.8 0.5 165
86 0.50 10 - 10 - NaBH4 1 518 0.89 1.40 17.62 0.26 1.8 0.6 171
87 0.50 10 - 15 - NaBH4 1 518 0.90 1.39 16.52 0.27 1.9 0.5 160
88 0.50 10 - - 5 NaBH4 1 518 1.11 1.16 1.32 0.78 - - -
89 0.50 10 - - 10 NaBH4 1 510 1.02 0.77 1.19 0.88 - - -
90 0.50 10 - - 15 NaBH4 1 514 1.03 0.33 1.17 0.88 - - -
91 0.25 5 - - - NaBH4 1 514 1.26 0.57 24.81 0.11 5.5 2.1 153
92 0.25 8 - - - NaBH4 1 510 1.27 0.57 29.92 0.10 4.4 1.2 161
93 0.25 10 - - - NaBH4 1 514 1.29 0.57 30.91 0.10 5.2 1.3 167
94 0.25 4 - - - NaBH4 1 510 1.16 0.56 26.91 0.15 3.8 0.7 207
95 0.5 2 - - - NaBH4 1 535 1.79 0.72 7.16 0.30 50 - 30
96 (1) 0.1 5 - - - NaBH4 1 510 1.24 0.23 26.83 0.11 - - -
97 (61) 0.5 5 - - - NaBH4 2 508 1.18 1.11 28.96 0.12 4.0 0.8 195
98 0.5 5 1 - - NaBH4 2 505 1.12 1.12 27.89 0.14 3.2 0.8 157
99 0.5 5 2 - - NaBH4 2 508 1.16 1.13 27.76 0.13 3.8 1 163
100 0.5 5 3 - - NaBH4 2 512 1.24 1.13 33.13 0.11 3.8 1 166
101 0.5 5 4 - - NaBH4 2 512 1.32 1.11 31.87 0.10 5.1 1.4 167
102 0.5 5 5 - - NaBH4 2 519 1.44 1.12 29.63 0.10 6.2 1.7 177
103 1 5 - 5 - NaBH4 2 501 0.52 1.33 17.82 0.42 1.9 0.6 169
104 2 5 - 5 - NaBH4 2 504 0.49 1.32 12.67 0.52 1.7 0.5 178
105 3 5 - 5 - NaBH4 2 511 0.56 1.27 3.37 0.88 1.6 0.5 155
106 4 5 - 5 - NaBH4 2 514 0.52 1.13 2.48 1.04 1.9 0.5 159
107 5 5 - 5 - NaBH4 2 507 0.51 0.57 10.60 0.47 3.0 1.0 121
108 0.5 5 - - - HAuUCly 2 509 1.21 1.10 27.13 0.12 4.1 1.1 192
109 0.5 5 5 - - HAuClq 2 515 1.41 1.33 38.41 0.08 5.8 1.6 151
110 0.5 5 5 - HAuClq 2 513 0.66 1.16 19.23 0.30 1.7 0.5 154
111 0.5 5 - - 5 HAuUCls 2 513 1.22 1.04 26.60 0.13 3.8 1.3 163
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117 0.5 5 0.0 NaBH4 3 508 1.17 1.11 30.47 0.13 - - -
118 0.5 5 0.5 NaBH4 3 X X 1.35 18.84 X - - -
119 0.5 5 1.0 NaBH4 3 X X 1.35 18.07 X 1.7 0.6 176
120 0.5 5 1.5 NaBH4 3 X X 1.35 17.48 X - - -
121 0.5 5 2.0 NaBH4 3 X X 1.35 17.11 X 1.7 0.6 158
122 0.5 5 2.5 NaBH4 3 X X 1.34 17.63 X - - -
123 0.5 5 3.0 NaBH4 3 X X 1.34 17.54 X - - -
124 0.5 5 3.5 NaBH4 3 X X 1.32 17.95 X - - -
125 0.5 5 4.0 NaBH4 3 X X 1.34 16.68 X - - -
126 0.5 5 4.5 NaBH4 3 X X 1.34 17.46 X - - -
127 0.5 5 5.0 NaBH4 3 X X 1.34 17.48 X 2.0 0.4 182
128 0.5 5 0.0 NaBH4 4 509 1.19 1.10 29.69 0.12 4.1 0.9 173
129 0.5 5 0.1 NaBH4 4 505 1.11 1.21 26.10 0.15 3.2 0.8 165
130 0.5 5 0.2 NaBH4 4 501 1.05 1.30 21.41 0.17 2.5 0.6 168
131 0.5 5 0.3 NaBH4 4 485 1.00 1.34 20.71 0.19 2.5 0.7 162
132 0.5 5 0.4 NaBH4 4 X X 1.36 17.25 X - - -
133 0.5 5 0.5 NaBH4 4 X X 1.38 19.06 X 2.1 0.7 165
134 0.5 5 0.6 NaBH4 4 X X 1.36 18.18 X - - -
135 0.5 5 0.7 NaBH4 4 X X 1.38 18.65 X - - -
136 0.5 5 0.8 NaBH4 4 X X 1.38 18.49 X - - -
137 0.5 5 0.9 NaBH4 4 X X 1.37 17.72 X - - -
138 0.5 5 1.0 NaBH4 4 X X 1.38 14.91 X - - -

A ‘X’ indicates that the spr is challenging to identify, typically observed for samples prepared with PVP, as detailed in examples of UV-vis spectra
provided below. A ‘- indicates that the corresponding TEM grid was not prepared and therefore the data are not available. The number in
parenthesis in the column # correspond to experiments number to be compared to due to identical experimental conditions (equivalent to

repeats).
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6. UV-vis characterization

Below, the results in Figure S4 illustrate mainly the effect of using increasing amount of NaBH4/Au molar
ratio, leading to UV-vis spectra with higher Ay, values and/of higher Aq.r/Asso values, that correlate to
larger NPs.

The results Figure S5 illustrate mainly the effect of using different Additives (or not any).

The results in Figure S6 illustrate mainly the effect of using increasing amount of Additive/Au molar ratio,
leading to UV-vis spectra with higher Aspr values and/or higher Aq,r/Asso values, that correlate to larger NPs
and/or unstable colloidal (characterized by low absorption and no clear spr features).

The difference in the results in Figure S7 between different batches are attributed to different batches of
NaBH. needed to be prepared fresh. The effect of the inverse addition was compared with at least one
experiment using the same batch of NaBH4 used to prepare the Au NPs by the direct method. For the
range of chemical concentrations and ratio used here, using the direct or inverse method does not have
a strong influence on the results. The cases where the order of addition of the chemicals might have the
strongest effect is when PVP or NaCt are used. In the case of PVP using the inverse method tend to lead
to slightly larger NPs. For NaCt, the inverse effect is observed, in line with the benefits of the inverse
method largely documented for various citrate-mediated syntheses, although not necessarily induced by
using NaBH4. While it can be challenging to rational those observations at this stage this is likely due to
different HAuCl,-Additive-NaBH, interactions.
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Figure S4. UV-vis spectra for Au NPs obtained using different HAuCl, concentrations, different NaBH4/Au molar ratio and different additives with
different Additive/Au molar ratio, as indicated. (a-c) NaCt, (d-f) PVP, (g-i) SDS, (a, d, g) Additive/Au molar ratio of 5, (b, e, h) Additive/Au molar
ratio of 10, (c, f, i) Additive/Au molar ratio of 15. The normalization was performed to the maximum of the overall dataset (including surfactant-
free Au NPs not reported here).
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Figure S5. UV-vis spectra for Au NPs obtained using different HAuCl, concentrations, different NaBH4/Au molar ratio and different additives with
different Additive/Au molar ratio, as indicated. (a-c) NaBH/Au molar ratio of 5, (d-f) NaBH4/Au molar ratio of 8, (g-i) NaBH4/Au molar ratio of 11,
(a, d, g) Additive/Au molar ratio of 5, (b, e, h) Additive/Au molar ratio of 10, (c, f,i) Additive/Au molar ratio of 15. The normalization was performed
to the maximum of the overall dataset. Panel (a) is the same as Figure 2b in the main manuscript, reproduced here to ease the comparison.
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Figure S6. UV-vis spectra for Au NPs obtained using different HAuCls concentrations, different NaBH4/Au molar ratio and different additives with
different Additive/Au molar ratio, as indicated. (a-c) NaCt, (d-f) PVP, (g-i) SDS, (a, d, g) NaH4/Au molar ratio of 5, (b, e, h) NaH4/Au molar ratio of 8,
(c, f,i) NaH4/Au molar ratio of 10. The normalization was performed to the maximum of the overall dataset. Panel (a) is the same as in Figure 2c in

the main manuscript, reproduced here to ease the comparison.
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Figure S7. UV-vis spectra for Au NPs obtained using different HAuCl, concentrations, different NaBH4/Au
molar ratio and different additives with different Additive/Au molar ratio, as indicated. A focus is on
reproduced results and/or the effect of the order of addition of the chemicals, for (a) surfactant-free
synthesis, (b) syntheses using NaCt, (c) syntheses using PVP, and (d) for syntheses using SDS. (a-c) focus
on reproducibility and the effect of the order of addition of the chemicals and (d) on the effect of the
order of addition of the chemicals only. In (a) 4 different experiments for the direct method (adding NaBH,
last) are reported. In grey are the results obtained for the inverse method (adding HAuCl, last).
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7. STEM characterization

Note: The numbers used below in Figure S8-S9 correspond to the entry in Table S3.

7.1.Direct method

See data on next page.
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Figure S8. STEM data for the Au NPs prepared according to Table S3. The numbers indicate the entry in
Table S3. STEM micrographs are on the left-hand side column and the retrieved size distributions are on
the right-hand side.
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7.2.Inverse method
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Figure S9. STEM data for the Au NPs prepared using the inverse approach. The numbers indicate the entry
in Table S3. STEM micrographs are on the left-hand side column and the retrieved size distributions are
on the right-hand side.
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7.3.Optimization for Au NPs prepared in presence of NaCt
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Figure S10. (A, B) STEM micrographs of Au NPs prepared using NaCt at different magnifications for sample prepared using different NaCt/Au molar
ratio of (a) 0, (b) 1, (c) 2, (d) 3, (e) 4 and (f) 5. (C) Size distribution retrieved from STEM data analysis for the corresponding samples, as indicated.
0.5 mM HAuCl, and a NaBH4/Au molar ratio of 5 was used in all cases. The samples correspond to the entry in Table S3: (a) 97, (b) 98, (c) 99, (d)

100, (e) 101, (f) 102.

39/63



7.4.0ptimization for Au NPs prepared in presence of PVP — Effect of HAuCl, concentration

S0 Mm
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Figure S11. (A) STEM micrographs (bright field detector) of Au NPs prepared using PVP and different concentrations of HAuCl, of (a) 0.5 mM, (b)
1.0 mM, (c) 2.0 mM, (d) 3.0 mM, (e) 4.0 mM and (f) 5.0 mM. (B) Size distribution retrieved from STEM data analysis for the corresponding samples,
as indicated. A NaBH4/Au molar ratio of 5 and a PVP/Au molar ratio of 5 were used in all cases. The samples correspond to the entry in Table S3:
(a) 127, (b) 103, (c) 104, (d) 105, (e) 106, (f) 107.
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7.5.0ptimization for Au NPs prepared in presence of PVP — Effect of PVP/Au molar ratio
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Figure $12. STEM data for the Au NPs prepared according to Table S3. The numbers indicate the entry in
Table S3. STEM micrographs are on the left-hand side column and the retrieved size distributions are on
the right-hand side. The focus is on samples with different PVP/Au molar ratio, as indicated.
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8. Stability

Most samples did not show any significant changes over time based on colors and UV-vis data. In this
section, only the samples that showed significant changes are detailed. The samples with the most
pronounced changes were those obtained with higher NaBH4/Au molar values and/or higher HAuCl,
concentrations. In all cases in the graphs below the UV-vis spectra recorded after a day are shown as D1
in thicker lines and the same samples measured after a month are indicated as M1 with a thinner line.

Figure S13 provides and overview of the samples showing the most significant changes. It can be seen
that the samples are overall stable over time. The surfactant-free approach leads to stable colloids as
illustrated in Figure S13a. The use of NaCt tends to lead to more stable NPs, as illustrated in Figure S13b
when 0.2 mM HAuCl, is used. The relative stability of the Au NPs obtained using NaCt is also illustrated in
Figure S13c. When PVP is used, Figure S13d-f, the NPs remain relatively stable with a tendency to observe
a more pronounced spr over time, in particular when higher NaBH4/Au molar ratios are used. In the cases
were SDS was used a systematic increases of the As,r was observed, as illustrated in Figure S13g-i. As
illustrated in Figure S13, that focuses on the samples with the most significant changes, the A values
were very close with a relative decrease typically less than 3%.

Importantly, the changes in size observed are not less pronounced when an additive is used compared to
the surfactant-free synthesis, apart when NaCt and PVP are used and a lower HAuCl, concentration of
HAuCl, is preferred. This shows that as the concentration of HAuUCl, increases, there is no clear benefits of
using additives to stabilize the NPs. This is further exemplified in Figure S14. Figure S14a,b illustrate why
a NaBH4/Au molar ratio high enough is needed to obtained stable Au NPs in the surfactant-free approach.
With a NaBH4/Au molar ratio of 2 for 0.5 mM HAuCl,, Figure S14b, the NPs are not stable as colloids and
the overall absorption decreases over time. Whether the reverse or direct methods are used, as illustrated
in Figure S14c and Figure S14d, respectively, all samples show some degree of changes overtime in
particular when 0.5 mM HAuCl, is used. This stresses further that there is no strong difference nor benefits
to use the direct or inverse methods and the direct method was preferred as detailed above.

Figure S15 illustrates how the stability over time conferred by using NaCt or PVP increases with the
amount of additive used.

Finally, Figure S16 illustrate that when PVP is used and rather high concentrations of HAuCl, are used, the
colloids remain relatively stable over time with a likely minor growth of the NPs due to the formation of
more pronounced spr features. The changes in the features of the spectra are minimal considering the
high concentrations of HAuCl, at which the synthesis is successful (3-4 mM), although it can be seen that
dilution of the stock solutions to lower concentration at 0.5 mM HAuCl, can help to minimize this further
growth.

In conclusion, the NPs here obtained under various conditions are relatively stable. And there is overall
no major benefits to use the Additives to improve the stability of the NPs. Note that those results need to
take into account the fact that in contrast to a current practices, the colloidal NPs here were not stored in
a fridge but at room temperature, i.e. the assessment was performed in a ‘worst-case-scenario’ without
incentive to keep the NPs in potentially more optimal condition for storage. This choice was made to stress
the benefits of surfactant-free approaches and also to minimize the energy cost and footprint that the
use of a fridge would generate, in line with the guidance of more sustainable practices in the laboratory.?®
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Figure S13. UV-vis spectra for Au NPs obtained using different HAuCls concentrations, different NaBHs/Au
molar ratio and different additives with different Additive/Au molar ratio, as indicated. In each case the
UV-vis spectra recorded 24 hours after the synthesis (D1) and after a month (M1) are reported. (a)
Surfactant-free Au NPs obtained with 0.5 mM HAuCl; and various NaBH4/Au molar ratios, as indicated.
(b,c) For Au NPs prepared using NaCt and (b) a NaCt/Au molar ratio of 5, 0.2 or 0.5 mM HAuCl,, and various
NaBH/Au molar ratios, as indicated, and (c) a NaCt/Au molar ratio of 15, 0.2 mM HAuCls, and various
NaBH4/Au molar ratios, as indicated. (d-f) For Au NPs prepared using PVP, 0.5 mM HAuCls and (d) a PVP/Au
molar ratio of 5, (e) a PVP/Au molar ratio of 10, (f) a PVP/Au molar ratio of 15, and various NaBHs/Au
molar ratios, as indicated. (g-i) For Au NPs prepared using SDS, 0.5 mM HAuCl, and (g) a SDS/Au molar
ratio of 5, (h) a SDS/Au molar ratio of 10, (i) a SDS/Au molar ratio of 15, and various NaBH4/Au molar
ratios, as indicated.
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Figure S14. UV-vis spectra for Au NPs obtained using different HAuCls concentrations, different NaBH/Au
molar ratio and different additives with different Additive/Au molar ratio, as indicated. In each case the
UV-vis spectra recorded 24 hours after the synthesis (D1) and after a month (M1) are reported. (a)
Surfactant-free Au NPs obtained with 0.25 mM HAuCl,; and various NaBH4/Au molar ratios, as indicated.
(b) Surfactant-free Au NPs obtained with 0.5 mM HAuCl, and a NaBH4/Au molar ratio of 2. (c,d) Au NPs
obtained using 0.5 mM HAuCls, a NaBH4/Au molar ratio of 5, an Additive/Au molar ratio of 0 or 5 and no
additive, NaCt, PVP or SDS, as indicated for (c) the inverse and (d) the direct method.
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Figure S15. UV-vis spectra for Au NPs obtained using 0.5 mM HAuCl, concentrations, a NaBH4/Au molar
ratio of 5, and (a) NaCt and (b) PVP at different Additive/Au molar ratio, as indicated. In each case the UV-

vis spectra recorded 24 hours after the synthesis (D1) and after a month (M1) are reported.
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Figure S16. UV-vis spectra for Au NPs obtained using a NaBH4/Au molar ratio of 5, a PVP/Au molar ratio
of 5 and (a) various concentrations of HAuCl,. (b) and (c) isolate data relative to the use of 2 mM and 3
mM HAuCl,, respectively. All solutions were diluted to 0.5 mM equivalent of Au for measurement. The
data therefore represent the sample diluted and measured after 24 hours (D1, plain thick line), this same
samples at 0.5 mM kept at room temperature in a drawer and measured after a month (M1, thinner line),
but also samples obtained by dilution of the stock solution at high concentrations kept at room
temperature for one month in a drawer, and diluted to 0.5 mM after a month for measurement.
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Figure S17. UV-vis data of the samples considered for catalytic experiments. The samples correspond to
entries 97, 102, 65, 67 in Table S3 and so to samples prepared without surfactant, with NaCt, PVP and
SDS, respectively, for sizes: 4.0 £0.8, 6.2 £1.7, 1.8 £ 0.6, 4.0 £ 1.0 nm, respectively. In all cases 0.5 mM
HAuCl; was used, a NaBH4/Au molar ratio of 5 and an Additive/Au molar ratio of 5.
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Figure S18. TOF values normalized by the A4 values retrieved from UV-vis spectroscopy for samples

prepared without additives, with NaCt, with PVP or SDS, as indicated and as detailed in Figure S17.
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Figure S19. lllustrative cyclic voltammograms for the EOR catalyzed by Au NPs prepared using different
additives, as indicated, and prepared using 0.5 mM HAuCls;, a NaBH4/Au molar ratio of 5 and an
Additive/Au molar ratio of 5. 20 pL of a solution at 0.5 mM Au, a scan rate of 50 mV s and 1 M KOH with
1 M ethanol were used. The forward and backward scans are indicated.

The highest MA in the forward scan, around 0.2-0.3 Vgue correspond to the EOR. The highest MA on the
backward scan around 0.1 Ve correspond to the cleaning of the NP surface.3®
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Figure S20. (a) ECSA values (b) MA values and (c) MA values obtained after an acid treatment, for samples
prepared without additives, with NaCt, with PVP (with various PVP/Au molar ratio of 0.1, 0.2, 0.3 or 0.5)
or SDS, as indicated. Unless otherwise specified the Au NPs were prepared using 0.5 mM HAuCl,,
NaBHa4/Au molar ratio of 5 and an Additive/Au molar ratio of 5.
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Figure S21. (a) ECSA values (b) MA values and (c) MA values obtained after an acid treatment, all
normalized by the Asq values retrieved from UV-vis spectroscopy, for samples prepared without additives,
with NaCt, with PVP (with various PVP/Au molar ratio of 0.1, 0.2, 0.3 or 0.5) or SDS, as indicated. Unless

otherwise specified the Au NPs were prepared using 0.5 mM HAuCls, NaBH4/Au molar ratio of 5 and an
Additive/Au molar ratio of 5.

54/63



2

L L
Surfactant-free
NaCt
PVP r
SDS
PVP-0.1
PVP-0.2

[N
'S

=
N
1

[N
© S)
1 1

ECSA 400/ @.U.
o
1

4 L
2 -— =
0 T i T T T T

0 1 2 3 4 5 6 7 8
Diameter / nm

b) b)
400 1 1 1 1 1 1 1 400 1 1 1 1 1 1 1
Surfactant-free
NaCt
350 - L 350 - P
sSDS
300 r 300 4 PVP-0.1
. PVP-0.2
. =]
S 250 T i + & 250 F
s i <
§ 200 n il F 3 200 F
<< 1 Surfactant-free § o
< 1504 - Nact | < 150 »—+—r
T PVP b i}
SDs
100 - PVP-0.1 100
PVP-0.2
504 * F 50+ F
—a—
0 T T T T T T T 0 T T T T T T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Diameter / nm Diameter / nm

Figure S22. (a) ECSA values (b) MA values and (c) MA values obtained after an acid treatment, all
normalized by the Asq values retrieved from UV-vis spectroscopy, as a function of the NP diameter for
samples prepared without additives, with NaCt, with PVP (with various PVP/Au molar ratio of 0.1, 0.2, 0.3
or 0.5) or SDS, as indicated. Unless otherwise specified the Au NPs were prepared using 0.5 mM HAuCl,,
NaBH4/Au molar ratio of 5 and an Additive/Au molar ratio of 5. The data point that might appear without
deviation actually have a very small deviation.
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Figure S23. (a) SA values (b) SA values after acidic treatment, (c) (a) SA values a function of diameter and
(d) SA values a function of diameter after acidic treatment, for samples prepared without additives, with
NaCt, with PVP (with various PVP/Au molar ratio of 0.1, 0.2, 0.3 or 0.5) or SDS, as indicated. Unless
otherwise specified the Au NPs were prepared using 0.5 mM HAuCls, NaBH4/Au molar ratio of 5 and an
Additive/Au molar ratio of 5. The data point that might appear without deviation actually have a very
small deviation.

The SA values reported in Figure S23 are reported for the convenience of the reader. Since the SA is
obtained by multiplication of the MA divided by the ECSA, the very low ECSA retrieved for some
experimental measurement accounts for the relatively high values obtained for PVP-based syntheses,
especially for samples prepared with a PVP/Au molar ratio of 0.3 (PVP-0.3) and 5 (PVP).
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Figure S24. (a) l¢/lb, (b) 1¢/lb acid, () Eacia, (d) Eor and () Eeor acia as a function of NP diameter for samples
prepared without additives, with NaCt, with PVP (with various PVP/Au molar ratio of 0.1, 0.2, 0.3 or 0.5)
or SDS, as indicated. Unless otherwise specified the Au NPs were prepared using 0.5 mM HAuUCI,,
NaBH4/Au molar ratio of 5 and an Additive/Au molar ratio of 5. The value under scripted with ‘acid’
correspond to values retrieved from the Protocol B detailed in the Materials and methods section.
Without under script ‘acid’ the data correspond to the Protocol A detailed in the Materials and Methods
section. I/l is the ratio of the maximum activity retrieved from the forward and backwards scans from
the 10" CV. The forward scan shows a maximum at a value Er and the backward scan at a value Ep. The
value E.cg corresponds to the position of the reduction peak evaluated in acid following Protocol A
detailed in the Materials and methods section. Eeor corresponds to the voltage where a maximum is
observed, in the forward (Ef) or backward (Ep) scans, as indicated.
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The I¢/lp and I¢/lp acia values in Figure S24a,b are in the typical range for Au NPs for the EOR, see Table S4.
An outstanding value is obtained with Au NPs prepared with a PVP/Au molar ratio of 5 and is attributed
to the fact that for those Au NPs the activity is overall very low and therefore the measurements more
challenging in general. The potential Eaciq of the reduction peak observed in acidic electrolyte is consistent
around 0.91 Vgue, Figure S24c. This values decreases as the amount of PVP increases, indicating a more
challenging reduction when PVP is use, in line with the passivating effect of PVP. The position of the
oxidation peak in the forward scan, E¢, Figure S24d-e tends to be around 0.25-0.30 Vgrue, and tends to
increase as the amount of PVP increases. The position of the oxidation peak in the backward scan, Ey,
Figure S24d-e tends to be around 0.05-0.10 Vgye, and tends to decrease as the amount of PVP increases.
In all cases those trends suggest the passivating role of PVP rather than a size effect.
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Table S4. Comparison of the properties of different Au NPs for the EOR. Parts in grey are made with strong assumptions because the information
is not directly available (e.g. conversion of the potentials expressed versus one type of reference electrode to another). Typically no errors
It is a general challenge to compare results from the literature due to

(standard deviations) are reported. This is a completed table from

different protocols being used and/or not reported in detail.

[38,39] .

. Scan Mass Specific Sequence
. Size # ECSA .. L. of
Ref. Catalyst Reaction Method Electrolytes rate Scan range Counter ) Activity* activity 15/1b .
nm B Scans m2gl 3 B electrochemical
mV st Agt Am?2
steps
1 M Ethanol
45 - i ? - - -
Au EOR Solid phase 1 M KOH 50 0.8t0 1.7 Vsce ? Pt 22 NO
. . 1 M Ethanol -0.6 t0 0.6 Vsce
46 ? ? - - -
Au EOR 1900 Reduction with H.02 1 M KOH 20 0.47 16 1.67 Ve ? ? 23 3-4 NO
0.5 M Ethanol -0.4 t0 0.6 Vag/agal
47 - - -
Au EOR 6-50 Aerogels 1 M KOH 50 0.6 10 1.6 Vi 1000 Pt 1.2 30-36 25-30 4 NO
. . 1 M Ethanol -1.0 t0 0.8 Vag/agal
48 ? - -
Au/C EOR 22 Reduction with NaBH4 0.5 M KOH 50 0.0 t0 1.8 Vi ? Pt 54 NO
Reduction with NaBH4 1 M Ethanol -0.4t0 0.6 Vsce
49 2
Au/C EOR 6 in presence of support 0.5 M KOH >0 0.67 t0 1.67 Vrue i Pt 6.1 82 134 : NO
Reduction with NaBH4 1 M Ethanol -0.4 t0 0.6 Vsce .
50 ? -
Au/C EOR <10 in presence of support 1M KOH 50 0.67 to 1.67 Vrhe i Graphite 2 128 4 NO
1 M Ethanol -0.9 to 0.8 Vhg/Hgo
51 - ? -
Au/C EOR 4-5 Laser 1 M KOH 50 0.02 t0 1.72 Ve ? Pt 9.4 146 10.3 4-5 NO
Aerogel Citrate 1 M Ethanol -0.8 t0 0.5 Vag/agal 11 45 4.5 10
52 - ?
A EOR >6 Aerogel No surfactant 1 M NaOH >0 0.2 to 1.5 Vrue ) Pt 16 145 11 4 NO
Reduction with 1 M Ethanol —0.6 t0 0.6 Vag/agal
53 ? -
Au/C EOR 20 glycerol 0.5 M NaOH >0 0.4 t0 1.6 VRue i Pt 3 94-150 30 2 NO
Reduction with NaBH4 0.02-0.6 M Ethanol -0.8t0 0.5 Vsce
54 - 2
Au/NC EOR > in presence of support 1 M NaOH 10-100 0.27 to 1.57 Vrue i Pt 1 200 17.5 4 NO
Reduction with KBH4 1 M Ethanol -0.4 t0 0.6 VHg/Hgo
55 Al EOR 2 ? - - 3-4 N
u/c 0 > in presence of support 0.1 M KOH 0 0.52 to 1.52 Vrpe ¢ 300 0
Surfactant-free
3 Au EOR 10 colloids 1M Ethanol 50 0.57-1.57 Vrue 25 c 5-6 150 25 34 YES
. 1 M KOH
(alcohol-mediated)
5,
10 Surfactant-free
! 1M Eth |
3 Au EOR 13, colloids thano 50 0.37-1.57 Vise 10 c 47 | 167-295 ~50 35 YES
. 1 M KOH
15, (ethanol-mediated)
22
rcgll:;us Surfactant-free 1 M Ethanol
P Au EOR 520 colloids 50 0.37-1.57 Vrue 10 c 5-9 | 300-587 | ~50-100 | 57 YES
work . 1M KOH
1 (NaBHs-mediated)
PVP, NaCt, SDS
i - 1ME
This Au EOR 26 Surfactant-free M Ethanol 50 0.37-1.57 Vise 10 c 08 75325 | ~50-100 | 5-6 YES
work colloids 1M KOH

(NaBH4-mediated)

* typically quoted as the maximum current per mass observed on the forward oxidative scan while cycling from low to high voltages.
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