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Data recording.

(a) PXRD patterns of powders obtained in the control experiment under laboratory conditions were
recorded on the X’Pert Pro (PANalytical B. V., Netherlands) powder diffractometer operating in
reflection mode with Cu K, radiation (45 kV, 40 mA).

(b) A schematic representation of the setup used for the in-situ studies is given in Figure S1. The
PXRD and XAS data were collected almost simultaneously at the Swiss Norwegian Beamline (SNBL)
at the European Synchrotron Radiation Facility (ESRF) in Grenoble. The delay time between the
PXRD and XAS scans is the time needed to record a given scan. PXRD data were collected using a
wavelength of 0.503433 A. The beam spot size at the front window of the sample cell containing the
reaction solution was ~0.7 mm x ~0.7 mm and the beam passed through the sample over a length of
~5 mm. The sample volume was constantly irradiated during the time of reaction. The arm of High
Resolution Powder Diffractometer holds a vertical array of six independent Si-111 analyzers. Each
analyzer is followed by its own scintillation counter for single photon counting. The diffracted X-rays
from the sample are diffracted a second time on the analyzer crystal before being detected. Data from
a monitor counter, placed in front of the sample, was used to normalize the measured intensities for
beam decay. Such a setup ensures at all times that reliable lattice parameters are measured. The
angular spacing between these six channels is 1.1 degrees. To monitor fast changes in the beginning,
high time- and spatial-resolution is needed, therefore the 2 theta range was limited to capture the (101)
and (110) reflections of anatase and rutile respectively (7 ° to 11 °). Upon stabilization of the system
towards the end of reaction six long-range PXRD scans were performed (7° to 40 °). XAS
measurements were recorded with a Vortex EM fluorescence detector readout by Xia digital
electronics. The step size of the Ti K-edge X-ray absorption near edge structure (XANES) scans was
0.2 eV and was maintained also during the recording of the extended X-ray absorption fine structure
(EXAFS) patterns.
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Figure S1. Schematic of the measurement cell. The synchrotron beam irradiated a cuboid shaped
volume of the reaction solution, which was entrapped between two Kapton windows and remained
constant. The diffracted X-rays were collected behind the measurement cell on a 6 crystal analyzer
array to monitor ongoing crystallization, whereas fluorescence radiation was detected in front of the

cell for elucidating changes in atomic distances and oxidation states in structures lacking in long-range
periodic order.
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Acquisition regimes: A typical data acqusition loop:
1. move to Ti edge 4.977 keV
(1) heating stepwise to 120°C 2. XANES - 3 minutes
3. move to 24.627 keV (0.503433 A)
(2) 120°C, rapid changes of non-crystalline species 4.PXRD short range - 7 minutes
(3) 120°C, rapid formation of crystalline species Additional scans:
EXAFS - 34 minutes
(4) 120°C, quasi- equilibrium PXRD full range - 55 minutes

Figure S2. The different stages of the in-situ experiment. (1) The reaction solution is heated step by
step to the final reaction temperature of 120 °C. Meanwhile PXRD scans are performed under
isothermal conditions at the indicated temperatures. In regions (2) and (3) where rapid changes of non-
crystalline species and rapid formation of crystalline species respectively demand fast data acquisition,
recording loops as described to the lower right are run. (4) As soon as the system reaches quasi
equilibrium condition, additional long time scans are conducted.
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Data handling. For evaluating the diffractograms recorded from 7 ° to 11 °, single peak and where
needed double peak fitting routine was applied in order to extract full width at half maximum
(FWHM) and peak intensity values. The peak analyzer function within the OriginPro' software
package was used to fit a pseudo-voigt profile to the single or double peaks. Indexing of the initially
formed Ti(OH),Cl,, crystal phase was done using the program TREOR? implemented in the software
CMPR’ (the elemental analysis of the precipitate without any washing or purification confirmed the
presence of Ti, O, H, Cl and additionally C, being residuals of acetone). Full pattern fits of the long
range PXRD scans were done in FullProf* by refining only for lattice parameters, overall Debye-
Waller factors and crystallite sizes. To correct for anisotropy we introduced the spherical harmonics
approach as it was also successfully implemented by others.” For picturing the directional crystal
sizes the extension perpendicular to the corresponding lattice planes from which the FWHM values
were extracted was calculated using the Scherrer equation attributing the peak widening solely to
crystallite size effect. The corresponding points were connected in the a, b, ¢ coordinate system using
convex hull algorithm provided in the software package TetGen’ together with ParaView® for
visualization. For EXAFS data treatment the software packages WINXAS Version 3.2° and Athena
Version 0.8.056'""" are used. No energy correction was performed on the spectra since only the
spectra recorded in-situ were compared. After deglitching, the data were normalized with pre-edge
range from -31.895 eV to -17.486 eV and normalization range from 150 eV to 931 eV. E, is set to
497722 eV for all measurements (see Figure S6). To receive the radial distribution a Fourier
transformation with Bessel window from 1 A" — 12 A"', a window parameter of 10 and k-weight of 1
is used. XANES spectra in the energy range of 4949.8 — 5006.8 eV, recorded during first 700 minutes
of reaction were analyzed with the MCR-ALS method. The data processing was done analogously to
procedure described elsewhere.'”” The number of components was chosen on the basis of Singular
Value Decomposition (SVD) results and the initial estimates of spectra of components were based on
SIMPLISMA method with the noise level set to 5 %. The ALS algorithm with following constraints
was applied: (1) non-negativity of spectra and concentrations, (2) unimodality of concentrations
(tolerance: 20 %), (3) convergence criterion: 0.1. The SVD results show that increasing the number of
components from 3 to 4 will result only in a minor increase of the explained variance in the data (see
Figure S7 and Table S1). Therefore we choose 3 components to explain our data. Table S2 presents
the lack of fit values, the variance explained and the standard deviation of residuals respect
experimental data obtained after ALS optimization."”
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Figure S4. Full pattern fits of the long range PXRD scans, which were done in FullProf by refining
only for lattice parameters, overall Debye-Waller factors and crystallite sizes after (A) 1420 minutes,
(B) 2440 minutes, (C) 2680 minutes, (D) 3160 minutes, (E) 3520 minutes and (E) 4000 minutes.
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Figure S5. A .-F. The contoured orthogonal projection on (left) a,b, (middle) a,c and (right) b,c planes
of size of anatase (orange) and rutile( blue) based on the widening of all indexed reflections at
different reaction times between 1420 and 2680 min.
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Figure S6. A .-F The contoured orthogonal projection on (left) a,b, (middle) a,c and (right) b,c planes
of size of anatase (orange) and rutile( blue) based on the widening of all indexed reflections at
different reaction times between 3160 and 4000 min.
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Figure S7. Normalized EXAFS spectra recorded in-situ at corresponding times of reaction.
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Figure S8. MCR-ALS of XAS. Variance explained according to different numbers of components
from Table S2.
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Figure S9. Ex-situ control experiment showing the presence of rutile TiO, after 6 hours and co-
existence of rutile and anatase TiO, after 12 hours of reaction.
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Figure S10. (A) XAS and (B) PXRD raw data recorded during the first 1420 minutes of reaction.
Referring to Figure 1 the XAS data were recorded in phase (2) and the PXRD data in phase (3).



Table S1. The first ten eigenvalues of data matrix calculated by Singular Value Decomposition and

the variance in the data that can be explained by choosing certain number of components. The
threshold was set after third value highlighted in red.

Number of components Eigenvalues | Variance explained
1 48.5033 0.957999
2 1.0405 0.978550
3 0.1956 0.982414
4 0.0744 0.983883
5 0.0533 0.984936
6 0.0451 0.985827
7 0.0394 0.986605
8 0.0387 0.987369
9 0.0376 0.988112
10 0.0324 0.988752

Table S2. The lack of fit values, the variance explained and the standard deviation of residuals with
respect to the experimental data obtained after ALS calculation of in-situ XANES data.

lofaLs 1.7225 %
lofpca 1.7561 %

R’ 99.9692
c 0.015001
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