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1. Distribution of PW12O403- depending on acidity/basicity and counter-cations

Figure S1a shows the distribution coefficient of 10 mmol L-1 HPW from aqueous solution 
to the organic phase 1-OctOH as a function of acid or base concentration. Interestingly, 
the distribution coefficient increases from 0.67 to 1.6 upon the addition of 200 mmol L-1 
HCl. In such high acidity media, it is known, that protons are in the close vicinity of the PW 
anion. It is likely, that H+ and PW form contact-ion pairs.1–3 Therefore, species of the type 
H3-xPW12O40x- (x < 3)  are formed which provide a lower net charge than fully dissociated 
PW12O403-. Consequently, the POM appears less hydrophilic and more hydrophobic. This 
increased hydrophobicity is likely to lead to enhanced extraction to organic phases, such 
as 1-OctOH in our case.

Figure S1. (a) shows the distribution of c0(HPW) = 10 mmol L-1 to 1-OctOH as a function of acid 
(HCl) or base (NaOH, LiOH) concentration. Generally, the distribution coefficient increases with 
increasing acidity and decreases with increasing basicity. (b) and (c) show the distribution 
coefficient of PW, cf. Fig. 1 (manuscript) and of its counter-cation (b) H+ and (c) Na+. In case of 
HPW, both, the PW anion, and the H+ cation are extracted, whereas in case of NaPW, neither the 
PW anion, nor the Na+ cation is extracted to the organic phase in high yields.
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The addition of 100 mmol L-1 base, here LiOH/NaOH, leads to a strong decrease of the 
distribution coefficient (from 0.67 to approximately -1.25). As PW and other POMs are 
known as acid-catalysed condensation products, the speciation of them at different pH 
was intensively investigated.4–6 A general conclusion, that is drawn is that plenary  
PW12O403- is only stable at pH < 3. At higher pH, PW is known to degrade gradually to 
phosphate and tungstate (pH > 9) with several (lacunary) POM intermediates. As these 
degradation products are highly charged, they can be assumed as highly hydrophilic and 
therefore the distribution coefficient decreases to 0 %.

Figure S1b shows the distribution of HPW to 1-OctOH, cf.  Fig. 1a (manuscript). 
Additionally, the distribution of H+ was investigated here. Interestingly, PW and H+ are 
distributed to a similar extent (around 0.6) in the organic phase. Hence, we prove here, 
the ion-pair formation of PW and H+. In case of the extraction of NaPW to 1-OctOH, we 
find only very low distributions (below -0.35) for both, the alkali metal cation and the POM 
anion, see Figure S1c. Summarized, we find the combination of H+ and PW12O403- the only 
cation-anion pair, that can be extracted from water to an organic alcohol phase. The 
extraction process requires (i) the low charge (density) of PW12O403-, as well as (ii) high 
acidity in order to form POM-cation contact pairs.
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2. Benzyladehyde synthesis

Figure S2a shows the 1H-NMR spectrum of benzyl alcohol in D2O (20 mmol L-1). Benzyl 
alcohol produces a characteristic singlet at around 4.45 ppm stemming from the CH2 
moiety. The aromatic protons lead to a multiplet at 7.28 ppm. At 4.65 ppm the peak of 
D2O arises. D2O was chosen here as a solvent, to enhance the readability of the NMR 
spectra, as CDCl3 (which was used in this study) produces a strong singlet in the region 
of the multiplet of aromatic protons. 

Figure S2b shows the 1H-NMR spectrum of benzaldehyde in D2O (20 mmol L-1). A 
characteristic singlet at around 9.78 ppm emerges due to the -CHO moiety in 
benzaldehyde. Different multiplets, due to e.g. 4J-coupling of the -CHO proton with 
aromatic protons, arise between 7.30 and 7.88 ppm. Again, the D2O peak is located at 
4.65 ppm.

In order to analyse the conversion of benzyl alcohol to benzaldehyde the ratio of 
singlet(9.78 ppm) : singlet(4.45 ppm) is investigated by integrating the reaction mixture 
spectra. This ratio is conclusive on the ratio benzaldehyde : benzyl alcohol in solution and 
therefore on the conversion of benzyl alcohol.

Table S1 summarizes the different integrals and the thereby calculated benzyl alcohol to 
benzaldehyde conversion.

Figure S2. 1H-NMR spectrum of (a) benzyl alcohol and (b) benzaldehyde in D2O.
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Table S1. Integrals of the characteristic moieties in benzyl alcohol and benzaldehyde and 
the corresponding reaction equation.

time/h Integral -CHO Integral -CH2 Integral -CH2 normalized conversion / %
0 0.00 1.00 0.50 0.00

5.5 0.25 9.15 4.58 5.57
14 0.79 12.53 6.26 12.68

23.5 0.76 7.38 3.69 20.62
48 1.10 7.50 3.75 29.47
72 1.88 10.62 5.31 35.32
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3. DR-13 degradation

Figure S3 provides images of the DR-13 degradation, where (a) shows the sample after 
fresh preparation and (b) shows the sample after 90 minutes UV illumination. The 
reactions conditions are recalled here: organic phase: 2-Me-2-HexOH, corg. phase(DR-13) = 
1 mmol kg-1, c(HPW) = 10 mmol L-1, UV light illumination: 365 nm, vigorous stirring. After 
fresh preparation (exclusively) the organic phase is deeply red coloured owing to the 
characteristic colour of DR-13. After 90 minutes reaction time, the organic phase appears 
(nearly) completely decoloured as DR-13 is successfully degraded.

(b)(a)

Figure S3. Images of the DR-13 degradation after (a) fresh preparation and (b) 12 h UV-light 
illumination. Whereas at initial conditions, the organic phase appears deeply red owing to the DR-
13 dye and the aqueous phase is colorless, transparent, after the reaction the organic phase is 
less colored due to the degradation of DR-13.
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4. Ag recovery
Figure S4 shows simultaneously the distribution of Ag+ (from AgNO3) and PW (HPW) in 
the biphasic system water:1-OctOH. The c0 concentration of HPW was constant at (a) 
5 mmol L-1 and (b) 10 mmol L-1, respectively, whereas the concentration of AgNO3 was 
varied. Interestingly, Ag+ is (partially) distributed in the organic phase at low AgNO3 
concentrations. For example, at 5 mmol L-1 AgNO3 the Ag+ distribution coefficients are -
0.07 and 1.1 for (a) 5 mmol L-1 and (b) 10 mmol L-1 HPW, respectively. As Ag+ is a large 
cation (ionic radius 126 pm between the radiuses of Na+ (119 pm) and K+ (138 pm)8) it is 
likely that it may form a contact ion-pair with PW at low concentrations (according to 
Collins` concept9)10 that is extracted to the organic phase. 
By increasing the AgNO3 concentration the amount of distribution decreases. For 
example, at 25 mmol L-1 AgNO3 the distribution coefficients are -0.9 and -0.12 for (a) 
5 mmol L-1 and (b) 10 mmol L-1 HPW, respectively. In order to guarantee, that PW is 
mainly distributed in the organic phase and Ag+ mainly in the aqueous phase (as 
demanded by the reaction setup) the concentrations for the model reaction in the 
manuscript have been determined as. caq. phase (AgNO3) = 25 mmol L-1 and added 
5 mmol L-1 HPW as catalyst.  

Figure S4. The extraction of AgNO3 and (a) 5 mmol L-1 and (b) 10 mmol L-1 HPW in the biphasic 
system water:1-OctOH as a function of AgNO3 concentration. At low AgNO3 concentrations Ag+ 
is extracted to the organic phase together with the POM. At high AgNO3 concentrations the PW 
anion is found mainly in the organic phase and Ag+ mainly in the aqueous phase.



9

Figure S5 shows images of the Ag recovery, with (a) after fresh preparation and (b) after 
180 minutes UV-light illumination. The reactions conditions are recalled here: organic 
phase: 1-OctOH, caq. phase(AgNO3) = 25 mmol L-1, c(HPW) = 5 mmol L-1, UV light 
illumination: 365 nm, vigorous stirring.  After fresh preparation, two clear, transparent 

phases are depicted. After 180 minutes UV-light illumination the bottom (aqueous) phase 
exhibits the characteristic silverish shade of dispersed elemental Ag.

(a) (b)

Figure S5. Images of the Ag recovery after (a) fresh preparation and (b) 180 minutes UV-light 
illumination. Whereas at initial conditions, two clear, transparent phases are observed, a silverish 
shade appears in the aqueous phase after the reaction. This shade arises from dispersed 
elemental silver.

Figure S6. Reference UV/VIS spectra of the formation of Ag particles in the presented biphasic 
system (water:1-OctOH) in absence of the catalyst HPW. The absorbance/scattering is not 
increased in the observation window between 0 and 50 minutes of UV-illumination. The scale y-
axis is set from 0 to 2 in order to have a good comparison to Fig. 4a in the manuscript.
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A reasonable question to ask is on the nature of the produces silver as not only large, 
precipitate-like particles11 can be formed by reduction of metal ions with photoreduced 
polyoxometalates, namely nano-particles. It was described and shown by diverse, that 
nano-particles of metals can be stabilized by POMs, that are adsorbed on the nano-
particle surface.12,13 In 2002, it was the group of Papaconstantinou who published a 
landmark paper on the stabilization of metal (M) nano-particles (with M = Pd, Pt, Ag, Au).14 
In their paper, the photoreduced form of Keggin-POMs is used to (i) reduce M+ species 
and (ii) to stabilized the synthesized M in nano-particles.

The formation of such POM stabilized nano-particles leads to several different “optical” 
features which distinguish the solution/dispersion from a dispersion of large, precipitate-
like, particles:14

(i) Due to the small size of the nano-particles, the solution/dispersion will appear 
yellow for Ag particles. 

(ii) The colloidal dispersion is stable for several months.

(iii) The colloidal dispersion (Ag nano-particles) can be filtered in a 450 nm filter (PTFE) 
and no nano-particles, typically in the range of <100 nm, will be filtered.

In our case, the aqueous phase of the reaction mixture was strongly silverish, see Fig. S5, 
the product sedimented within only a tens of minutes to few hours and upon filtration with 
a 450 nm PTFE filter all product remained in the filter, while the filtrate was clear, 
transparent after filtration. This already indicates that no nano-particles, and instead large 
Ag particles, are formed.

In order to proof these observations, scanning electron microscopy (SEM) is performed 
on a representative sample of produced Ag, see Fig. S7 (a)-(d). All four SEM images (on 
different scales) do not show the presence of distinct, small nano-particles. Instead, 
intergrown particles of different sizes in the micrometer regime are observed. Such 
intergrown particles of ill-defined shape are striking for a rapid crystallization, which goes 
in line with the observation, that the product sediments quickly from solution.
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In a next step, we probe the presence of HPW in the product sample. As a first 
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methodology, energy-dispersive X-ray (EDX) spectroscopy is performed. A typical EDX 
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spectrum of our product is shown in Fig. S7(e). Among the detection of C (carbon sample 
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carrier), O (pollution) and the product Ag, only a small signal appears for W and no signal 
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can be detected for P (central atom of the PW anion). The quantitative EDX analysis of 
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Ag, W and P is shown in Table S2 and reveals the composition 97 atom% Ag, 3 atom% 
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W and 0 atom% W. Note, that the absolute error may also decrease the amount of W to 
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2 atom%. Accordingly, the W/Ag ratio in our case is W/Ag≈0.025, while in other reports 
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the critical ratio to stabilize nano-particles with Keggin-POMs was reported to be between 
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0.12-0.1813 and even far above 1.12 The here detected trace of W may be due to an 

(a) (b)

(c)

(e)

(d)

Figure S7. (a)-(d) Representative SEM images of the produced silver. (e) EDX measurement of 
the product indicating the presence of Ag (product), C (due to carbon sample holder matrix), O 
(different reasons: e.g. remaining water) and partially W(HPW).
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incomplete washing procedure (3 times with deionized water) of the SEM/EDX sample.

Table S2. Evaluation of the EDX spectra showing that HPW is only available in traces in 
the product phase (Ag). This is further confirmed, as EDX measurements do not detect 
the signal of P (central atom of HPW).

Element Element number Netto counts Atom / % Absolute error / %

Ag 47 90955 97.40 8.75

W 74 5447 2.60 0.61

P 15 0 0.00 0.00

In order to further verify the absence of HPW in the Ag-product and therefore to exclude 
the formation of nano-particles, infrared (IR) spectroscopy is performed, see Fig. S8a. As 
references, spectra are recorded for HPW (blue) and a reference sample of Ag (red). The 
spectrum of our synthesized product corresponds perfectly to the spectrum of the Ag 
reference. If HPW would be present on the surface of nano-particles the signature of HPW 
would be recorded in the spectrum of our synthesized product (black).

As a last complementary technique, the presence of HPW on Ag-particles is checked by 
31P-NMR, see Fig. S8b. Therefore, a portion of the obtained product was redissolved in 
hot HNO3 and a NMR-spectrum was recorded. While, a reference sample (black, 10 mmol 
kg-1 in the organic phase) produces a sharp singlet at around -14.6 ppm. This, or any other 
P-signals do not appear in the NMR-spectrum of the redissolved Ag, confirming the 
absence of HPW.
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(b)

Figure S8. (a) IR spectra of the references HPW (blue) and Ag (red) and of our synthesized 
product (black). (b) 31P-NMR spectra of a reference (black, 10 mmol kg-1 in the organic phase) 
and of a sample of the redissolved product (red). Both methods indicate the absence of HPW.
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By combining, observations, SEM and three different spectroscopic techniques (EDX, IR, 
NMR), we conclude, that no HPW-stabilized Ag nano-particles are observed.

In his paper, Papaconstantinou gives the explanation, why here no nano-particles are 
observed. Nano-particles of M (with M = Pd, Pt, Ag, Au) can commonly be stabilized by 
the negative charge of POMs. The colloidal stability then can be described via the famous 
Derjaguin-Landau-Verwey-Overbeek (DLVO) theory.15 This theory, in its simplest 
consideration, comprises three different contributions, namely, the Born-repulsion, van-
der-Waals attractions and Coulomb-repulsion. While the Born-repulsion and van-der-
Waals attractions are more difficult to manipulate, the Coulomb repulsion is easy to 
control. Hence, it appears in all colloidal systems, that upon increasing the ionic strength, 
the Coulomb repulsion is decreased. This decrease in Coulomb repulsion leads to the 
irreversible coalescence, i.e. the thermodynamical instability of nano-particles. Therefore, 
Papaconstantinou finds the ionic strength in solution as the critical parameter, if nano-
particles or large, precipitate-like, particles are observed.11,14 Only at very low ionic 
strength the Keggin-POM-stabilized nano-particle formation is possible. In our system: 
5 mM HPW and 25 mM AgNO3 an ionic strength, I, of I ≈ 0.1 M is present. In comparison, 
Papaconstantinou reports on ionic strengths of I ≈ 0.01 M to obtain nano-particles, i.e. a 
facter of one tenth, compared to our system.14 In conclusion, no POM-stabilized Ag nano-
particles are here formed as a consequence of high ionic strength in solution.
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5. Ferroin complexation reaction

Figure S9 shows images of the in-situ ferroin complexation, with (a) after fresh preparation 
and (b) after 90 minutes UV-light illumination + 12 hours equilibration time. The reactions 
conditions are recalled here: organic phase: 1-OctOH, corg. phase((1,10)-phenanthroline) = 
0.5 mmol kg-1, caq. phase(FeCl3) = 2 mmol L-1, c(HPW) = 10 mmol L-1, UV light illumination: 
365 nm, vigorous stirring. After fresh preparation the organic phase appears transparent, 
whereas the aqueous phase is light yellow coloured (Fe3+-ions in solution). After 90 
minutes UV-light illumination the bottom (aqueous) phase remains light yellow (excess 
Fe3+-ions in solution) and the organic phase appears light red owing to the formation of 
[FeII(phen)3]2+. After 12 h of equilibration time, the [FeII(phen)3]2+ starts to precipitate 
leading to the turbidity obtained in Fig. S9

(b)(a)

Figure S9. Images of the ferroin complexation after (a) fresh preparation and (b) 180 minutes UV-
light illumination + 12 hours equilibration time. Whereas at initial conditions, the organic phase 
appears colorless, transparent the aqueous phase is light yellow (Fe3+-ions in solution), after the 
reaction the organic phase is light red ([FeII(phen)3]2+) and the aqueous phase remains light yellow 
(remaining Fe3+-ions in solution).
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6. Combined degradation of DR-13 and recovery of Ag

Figure S10 provides images of the simultaneous DR-13 degradation and Ag recovery, 
where (a) shows the sample after fresh preparation and (b) shows the sample after 300 
minutes UV illumination. The reactions conditions are recalled here: organic phase: 2-Me-
2-HexOH, corg. phase(DR-13) = 1 mmol kg-1, caq. phase(AgNO3) = 25 mmol L-1, c(HPW) = 5 
 mmol L-1, UV light illumination: 365 nm, vigorous stirring. After fresh preparation 
(exclusively) the organic phase is deeply red coloured owing to the characteristic colour 
of DR-13 and the aqueous phase appears colourless, transparent (solubilized AgNO3). 
After 300 minutes reaction time, the organic phase appears (nearly) completely 
decoloured as DR-13 is successfully degraded and the aqueous phase provides the 
typical silverish shade owing to the formation of elemental silver. 

(a) (b)

Figure S10. Images of the combined DR-13 degradation and Ag recovery after (a) fresh 
preparation and (b) 300 minutes UV-light illumination. Whereas at initial conditions, the organic 
phase appears deeply red owing to the DR-13 dye and the aqueous phase is colorless, 
transparent (solubilized AgNO3), after the reaction the organic phase is less colored due to the 
degradation of DR-13 and the aqueous phase shows a silverish shade, indicating the formation 
of elemental Ag.
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7. Experimental section

7.1 Chemicals

Phosphotungstic acid hydrate (H3PW12O40, MW = 2880 g/mol, 99.995% purity), 
silicotungstic acid hydrate (H4SiW12O40, MW = 2878 g/mol) and sodium phosphotungstate 
(Na3PW12O40, MW = 2946 g/mol) were purchased from Sigma Aldrich and used without 
further purification. Hydrochloric acid was purchased from Fischer Scientific.  The 
hydrophobic alcohols 1-Hexanol, 1-Octanol and 2-Methyl-2-Hexanol were also purchased 
from Sigma Aldrich. The reaction chemicals benzyl alcohol, Disperse Red-13, AgNO3 and 
FeSO4 were obtained from Sigma Aldrich and used without further purification. FeCl3 was 
purchased from Merck. (1,10)-phenanthroline was obtained from TCI Chemicals. ICP-
OES standards were purchased from Bernd Kraft, Laborchemikalien. Milli-Q water was 
used with a conductivity lower than 10.5 µS/cm and a total organic carbon content of 400 
ppb.

7.2 Sample preparation and extraction (distribution)/reaction processes

The preparation of samples to determine the distribution coefficient followed a systematic 
procedure:

1) Aqueous stock solutions (concentration between 20 and 0 mmol L-1) of POM 
(+additive) have been prepared. In order to precisely determine the POM 
concentration, a sample was taken, properly diluted and the concentration was 
analysed with ICP-OES.

2) 0.5 mL of the stock solutions were prepared into a 2 g reaction container (safe-lock 
Eppendorf cone)

3) 0.5 mL of an organic alcohol (1-Hexanol, 1-Octanol, 2-Methyl-2-Hexanol) were 
added to the reaction container

4) In order to increase the interface of the aqueous phase and the alcohol phase, the 
samples were shaken vigorously for three minutes

5) The samples were set on the table for five minutes to achieve phase separation
6) A sample of the aqueous phase was taken, properly diluted and the concentration 

was analysed with ICP-OES.

The preparation of all syntheses followed a systematic procedure:
1) Aqueous stock solutions (concentration: 10 or 5 mmol L-1) of POM (+hydrophilic 

starting material for reaction) have been prepared
2) 0.5 mL of the stock solutions were prepared into a lockable 7 g reaction glass 

container



26

3) Stock solutions of an alcohol (+hydrophobic starting material for reaction) have 
been prepared

4) 0.5 mL of the organic alcohol stock solution were added to the reaction container
5) A magnetic stirring bar was set into the glass container and the glass container 

was put on a magnetic stirrer (~400 rpm)
6) A UV analysis lamp from Herolab GmbH, with a power of 6 W was used to initiate 

the different reactions. The excitation wavelength was in the near UV-region, i.e. 
with a monochromatic wavelength of 365 nm. Emission spectra of the lamp are 
available online on the webpage of the supplier Herolab 
(www.herolab.de/downloads/spezifikationen/Spektralkurven.pdf, 02.02.2022). The 
cylindrical lamp (length approximately 25 cm) was fixed in a special lamp holder. 
The lamp holder, including the lamp, were set close to the samples in a distance of 
approximately 2.5 cm. The length of 25 cm allows to perform multiple reactions (ca. 
10) simultaneously in the used 7 g reaction glass container, guaranteeing the same 
flux of photons hitting a sample.

7) After fixed reaction times samples were taken and the reaction process was 
analyse via UV/VIS spectrometry (DR-13 recovery, Ag recovery, ferroin formation), 
1H-NMR (benzyl alcohol oxidation) or XRPD (dried Ag)

7.3 Quantitative analyses

Extraction process (Distribution coefficient determination)

The distribution coefficient  of a compound X between an aqueous phase (aq.) 𝑙𝑜𝑔(𝐾𝑋
𝐷)  

and an organic phase (org.) can be described as 

.
𝑙𝑜𝑔(𝐾𝑋

𝐷)  =  𝑙𝑜𝑔(
𝑐𝑋,  𝑜𝑟𝑔.

𝑐𝑋,𝑎𝑞.
) (S1)

As we only analysed the concentrations in the aqueous phase this term is extended to

.
𝑙𝑜𝑔(𝐾𝑋

𝐷) = 𝑙𝑜𝑔( 
𝑐0𝑋 ‒ 𝑐𝑋, 𝑎𝑞, 𝑎𝑓𝑡𝑒𝑟 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛.

𝑐𝑋, 𝑎𝑞, 𝑎𝑓𝑡𝑒𝑟 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛.
) (S2)

All extractions in the manuscript and the supporting information were calculated with 
Eq. S2.

Reaction analyses

All performed reactions were analysed (semi-)quantitatively. Here, we describe the 
analysing progress step by step.

http://www.herolab.de/downloads/spezifikationen/Spektralkurven.pdf
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1) Benzyl alcohol oxidation

In a first reaction we oxidized benzyl alcohol to benzaldehyde. Benzyl alcohol and 
benzaldehyde produce a characteristic multiplet (arising from the protons in the benzyl 
moiety) around 7.3 ppm in 1H-NMR. Moreover, benzyl alcohol gives a singlet (stemming 
from the CH2 group around 4.6 ppm, whereas benzaldehyde produces a singlet 
(stemming from the H linked to the aldehyde functional group) around 10 ppm. 1H-NMR 
allows to quantify the concentration of different H`s by integrating NMR signals. Hence, 
samples were taken after certain reaction times, the characteristic peaks at 4.6 ppm 
(benzyl alcohol) and 10 ppm (benzaldehyde) were integrated and the quotient

𝑐10 𝑝𝑝𝑚

𝑐4.6 𝑝𝑝𝑚 + 𝑐10 𝑝𝑝𝑚
=

𝑐𝑏𝑒𝑛𝑧𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒

𝑐𝑏𝑒𝑛𝑧𝑦𝑙 𝑎𝑙𝑐𝑜ℎ𝑜𝑙, 𝑖𝑛𝑖𝑡𝑖𝑎𝑙

(S3)

was calculated and informed quantitatively on the generation of benzaldehyde from benzyl 
alcohol.

2) DR-13 degradation

DR-13 produces a  around 520 nm in UV/VIS spectroscopy. UV/VIS spectroscopy is 𝜆𝑚𝑎𝑥

known to follow Lambert-Beer`s law and we can conclude on the DR-13 degradation by 
following the decreasing absorbance at  with time. Consequently, we tracked the 𝜆𝑚𝑎𝑥

absorbance at 520 nm and calculated the degradation of DR-13.

3) Ag recovery

As proposed by Troupis et al. the recovery of Ag from Ag+ leads to an increased solution 
turbidity, as Ag particles are formed.11 Next to turbidimetry, UV/VIS spectrometry serves 
well to follow turbidity, as the basic absorbance level is elevated due to scattering and 
absorption. Absorbances were recalculated with dilution factors of the measured samples.
Next to this semi-quantitative analysis XRPD was carried out on the dried Ag.

4) Ferroin complexation

Owing to its red colour (with Fe2+ as metal centre) ferroin produces a  around 526 nm 𝜆𝑚𝑎𝑥

in UV/VIS spectroscopy. UV/VIS spectroscopy is known to follow Lambert-Beer`s law and 
we can conclude on the ferroin formation by following the increasing absorbance at  𝜆𝑚𝑎𝑥

with time. Consequently, we tracked the absorbance at 526 nm and calculated the 
formation of ferroin. The total conversion (100 % formation) was established by using 
0.5 mmol kg-1 (1,10)-phenanthroline in the organic phase (1-OctOH) and 2 mmol L-1 
FeIISO4.
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7.4 1H-nucelar magnetic resonance (NMR)

Solution 1H-NMR spectra were recorded (at room temperature) with an Avance300 
(Bruker) spectrometer using tetramethyl silane as an internal standard. Chemical shifts 
() are provided in parts per million (ppm) and coupling constants (J) are reported in Hertz 
(Hz). CDCl3 was used as solvent.

7.5 31P-nucelar magnetic resonance (NMR)

Solution 31P-NMR spectra were recorded (at room temperature) with an Avance400 
(Bruker) spectrometer using 85 % phosphoric acid as an internal standard. Chemical 
shifts () are provided in parts per million (ppm) and coupling constants (J) are reported 
in Hertz (Hz). D2O was used as solvent.

7.6 UV/VIS measurements

UV/VIS measurements were carried out (at room temperature) on a Infinite M Nano+ from 
Tecan Trading AG. The measurements were executed in 1 cm quartz glass cuvettes and 
the samples were appropriately diluted with acetone (organic phase analysis) and water 
(aqueous phase analysis) and the absorption was therefore recalculated.

7.7 Inductively coupled plasma-optical emission spectroscopy (ICP-OES)

An ICP spectrometer, Ametek, Spectro, Spectroblue was used to determine metal 
concentrations in aqueous solution. Therefore, calibration curves were established using 
ICP-OES standards from Bernd Kraft, Laborchemikalien. The samples were appropriately 
diluted with mili-Q water and measured.

7.8 X-ray powder diffraction (XRPD)

XRPD measurements were carried out with a STOE Stadi P diffractometer with 
monochromatic Cu-Kα1 radiation (λ = 0.1540598 nm, Ge monochromator, Mythen 1K 
detector). The Ag-sample was measured at room temperature in a sealed glass capillary 
(1 mm) in a 2Θ range from 10 to 80 °.The WinXPow software was used to process the 
data.16

7.9 pH measurement

pH measurements were performed with a conventionally calibrated pH meter from Schott 
Instruments Analytics (ProLab 2000). Recalculation of c(H+) allowed to investigate the 
distribution of H+ in a biphasic system.
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7.10 Scanning electron microscopy (SEM) – energy-dispersive X-ray (EDX) 
spectroscopy

Scanning electron microscopy-energy-dispersive X-ray (SEM-EDX) (Zeiss EVO MA 15 
with Bruker XFlash Detector 630M) at 20 and 10 kV was applied to image Ag samples on 
a microscopic range and demonstrate the elemental composition and distribution along 
samples.

7.11 Infrared (IR) spectroscopy

Fouriertransform-Infrared (FT-IR) spectra  were  recorded  in  the  range  of  4000  –  500 
 cm-1 using a Varian 670 FT-IR spectrometer with a PIKE GladiATR extension.
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