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Scattering curve analysis for PVP in methanol before and after adding ZnAc: and TEAOH

Scattering curves from methanolic precursor solutions at constant polyvinylpyrrolidone (PVP) volume
fraction ¢rve= 7.1 x 102 before and after adding tetraethylammonium hydroxide (TEAOH) or zinc
acetate (ZnAcz) were analyzed according to the polymer with excluded volume model [1, 2] and the
correlation length model [3] combined with a Gaussian, respectively, see equation 3 and 4 in the main

text. The corresponding fitting parameters are summarized in Table S1 and S2

Table S1: SAXS fitting parameters of PVP in methanol at ¢pve=7.1 x 102before and after adding 12.5 mM ZnAc:
and 26.3 mM TEAOH obtained with the polymer with excluded volume model [1, 2] combined with a Gaussian
yielded the forward scattering Io, the radius of gyration Rg(PVP), the Porod exponent m, as well as the Gaussian
scaling factor G, the peak position gc and width oc.

Sample In/cm™  R¢(PVP)/ m G gol A ocl A~
nm
PVP 0.53+0.01 1.5+0.1 1.52+0.01 0.018+0.005 1.54+0.01 0.22+0.02

PVP-TEAOH 052+0.01 1.8+0.1 1.45+0.01 0.029+0.005 1.54+0.01 0.22+0.02
PVP - ZnAc: 050+£0.01 1.7+0.1 1.46+0.01 0.020+£0.005 1.52+0.01 0.24+0.02

Table S2: SAXS fitting parameters obtained from the analysis of SAXS data from PVP in methanol at ¢ppve=7.1 x
102before and after adding 12.5 mM ZnAcz and 26.3 mM TEAOH with the correlation length model [3] combined
with a Gaussian. In this context, the Lorentzian scaling factor C, the correlation length Epve and the Lorentzian
exponent b were obtained, while the parameters for the Gaussian remained the same as in Table S1.



Sample A m C b &rve/ nm

PVP - - 0.59 +0.01 1.7+0.1 1.1+0.1

PVP - TEAOH - - 0.61 +0.01 1.5+0.1 1.3+0.1
PVP - ZnAc2 - - 0.59 +0.01 1.5+0.1 1.3+0.1

PVP - TEAOH - ZnAc20.007 £ 0.001  1.55+0.01 0.60 +0.01 1.5+0.1 29+0.2

Furthermore, slit smeared SAXS curves of PVP in methanol at ¢rve= 1.0, 2.0, 4.0, and 7.1 x 102 were
recorded at 25 °C and analyzed analogous to the previous scattering curves. The corresponding fitting

parameters are summarized in Table 52-4. Note that the solid lines in Figure S1 were obtained by

applying the former analysis.
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Figure S1: Slit-smeared SAXS curves of PVP in methanol at various volume fractions ¢rvr. The scattering curves
were described using the form factor for polymers with excluded volume effects [1, 2] combined with a Gaussian.

Table S3: SAXS fitting parameters from PVP in methanol at ¢eve= 1.0, 2.0, 4.0, and 7.1 x 102 obtained with the
polymer with excluded volume model [1, 2] combined with a Gaussian, yielded the forward scattering lo, the radius
of gyration Rg(PVP), the Porod exponent m, as well as the Gaussian scaling factor G, the peak position gc and width

0G.
Rg(PVP)/n . o
OPVP 1072  Jo/em~1 8 m G gG/A-1  5G/A-1
1.91+
1.0 025+001 35+0.1 0.07 - -
1.63 +
2.0 031001 29+0.1 001 - -
1.60 +
4.0 045+001 22+0.1 00p 0004x0.002 1.51+0.01 0.22+0.01
152 +
7.1 053+001 1.5+0.1 001 00200005 1.54x001 022001




Table S4: Fitting parameters from the analysis of SAXS curves from PVP in methanol at ¢rve = 1.0, 2.0, 4.0, and 7.1
x 102 with the correlation length model [3] combined with a Gaussian. In this context, the scaling factor C, the
correlation length Epve and the Lorentzian exponent b were obtained, while the parameters for the Gaussian are the
same as in Table S3.

GPVP-10~2 C EPVP/nm b
1.0 0.22+0.01 20+0.1 20+0.1
2.0 0.35+0.01 20+0.1 1.8+0.1
4.0 0.54 +0.01 1.7+0.1 1.7+0.1
7.1 0.59 £ 0.01 1.1+£0.1 1.7+£0.1

Figure 52 shows the dependency of the polymer characteristics Rg(PVP), the Porod exponent m, and the

correlation length Epvr as a function of the PVP volume fraction.
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Figure S2: Obtained fitting parameters for PVP in methanol at various volume fractions ¢rve using the polymer
with excluded volume model [1, 2] with the Guinier radius Ry, the Porod exponent m (a), and the correlation length
& determined from the correlation length analysis [3] (b).

2. USAXS/SAXS curve modelling of the precursor solution after heating

USAXS/SAXS curves obtained after heating the precursor solution were modeled by considering the
scattering contribution of (1) the PVP, described by the flexible cylinder model [4, 5], (2) individual ZnO
particles and (3) the clusters of these, described by a polydisperse sphere form factor [6], respectively,
as well as (4) the C-C correlation peak, described by a Gaussian. The respective contributions as well as

the final fit are shown exemplary for T =58 °C in Figure S3.
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Figure S3: Final scattering curve of the precursor solution after heating to T =58 °C for { = 87 min, described by the
flexible cylinder model [4, 5] used for t =0 min which was additively combined with two polydisperse sphericalform
factors [6] for the scattering contributions of the ZnO particles and their clusters as well as with a Gaussian.



3. TEM images analysis for T = 63 °C

TEM images were taken from a separately prepared solution after an analogous heating procedure
starting from 25 °C to 63 °C. An exemplary TEM image as well as the corresponding size distribution
of the ZnO particle and cluster size is shown in Figure S4. Therein, ZnO particles with a radius of
Rznorem = 1.7 £ 0.5 nm are clearly visible as well as larger clusters with an average radius of Rzno-cluster,TEM
=9.7+1.9nm.
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Figure S4: TEM image taken after the ZnO synthesis for T = 63 °C with the corresponding volume-weighted size
distribution of the ZnO particles and clusters, described by a Gaussian size distribution, respectively.

4. Invariant based time evolution of the ZnO cluster volume fraction

The scattering invariant of the time-resolved desmeared USAXS scattering curves in the range of g <
0.04 A-1was used to determine the volume fraction fzno-custer of the ZnO clusters as a function of time.
These curves were then analyzed by the mechanism-based Finke-Watzky model [7-9]. For more details,

see the main text.
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Figure S5: Time evolution of the volume fraction fzno-custer,invof ZnO particle clusters determined from the invariant
analysis of the USAXS curves up to g < 0.04 A-1. The profiles were described by the two-step Finke-Watzky model
[7-9] (solid lines) from which the induction time tind (stars) were calculated.
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