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In-situ, real-time imaging of pH gradients and solution flows through silica garden membranes during tube growth
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Optical setup
Images were acquired with a CMOS color camera DFK 23UP031 by The Imaging Source connected through USB 3.0. The camera was equipped with a 12 mm focal Computar objective. Images were acquired with the software IC Capture 2.5 and processed with the software Image J. Images were acquired in reflectance mode. Hence, as schematized in Figure S1 the irradiation and the detection were performed on the same side.
The camera sensor is Aptina MT9P031(https://www.onsemi.com/pdf/datasheet/mt9p031-d.pdf). The sensor is made by 2592 x 1944 pixel. Pixel size is 2.2 x 2.2 µm and the total size of the sensor is 5.70 x 4.28 mm.
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Figure S1. Left: scheme of the optical setup used for image acquisition. The sample was illuminated with a LED with peak emission at 365 nm and images were acquired with a color camera. Right: response spectra of the R, G and B sensors of the camera.

[image: ]Choosing as detection window for three channel RGB the wavelengths at which the QE(%) is 50% of the maximum the B channel corresponds to 400 nm < λ < 500 nm, G to 500 nm < λ < 600 nm

Figure S2. Emission spectrum of the LED used for excitation (black line). The LED presents a weak emission in the red (red curve).

Effect of the addition of NaOH to a saturated MnSO4 water solution
In order to model the effect of the penetration of an alkaline solution through the silica garden membrane a concentrated solution of NaOH (4.6 mM) was added to 5 mL of a saturated solution of MnSO4. Changes in the pH of the solution as a function of the concentration of NaOH are shown in Figure S3.
As shown in Figure S3 the pH measured upon addition of NaOH in the presence of saturated MnSO4 (black dots) is more acidic than expected in the case of the same addition to pure water (red squares) demonstrating that MnSO4 works as a buffer. The pH data were fitted according to the equation shown in Figure S3.

[image: ]Figure S3. pH of a saturated water solution of MnSO4 upon addition of NaOH (black dots). Measured pH is considerably lower than expected for NaOH in pure water (red squares).

Fluorescence spectra as a function of pH
Fluorescence spectra of a saturated water solution of MnSO4 containing HPTS 0.1 mM at different pH, at 365 nm excitation, are shown in Figure S4.

[image: ]Figure S4. Fluorescence spectra of a saturated water solution of MnSO4 containing HPTS 0.1 mM upon excitation at 365 nm. Addition of a concentrated solution of NaOH (4.6 mM) allowed to increase the initial pH to the values shown in the figure.

Considering the spectra of Figure S4 and the spectral response of Figure S1 the two component G and B were calculated, and the ratio was plotted in Figure S5. As shown in Figure S5 the ratio R could be fitted with a simple monoprotic model (red curve) where R1 is R at pH <<pKa and R2 is R at pH >> pKa with an apparent pKa=4.81±0.03.
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Il contenuto generato dall'IA potrebbe non essere corretto.]Figure S5. Ratio between the intensity of the green (G) fluorescence and of the blue fluorescence, calculated from the spectra in Figure S4 using the spectral response curves of Figure S1. Data could be fitted with a simple monoprotic model giving and apparent pKa = 4.81±0.03.
Figure S6. Fluorescence image of seven cuvettes containing a MnSO4 saturated water solution and HPTS 0.1 mM at increasing pH. pH was adjusted by adding NaOH. The cuvette on the left contains the metal solution without any added base.

Fluorescence images calibration
In order to convert the fluorescence ratio R measured locally in time during chemical gardens growth a calibration experiment was conducted using the optical setup schematized in Figure S1. In particular, increasing amounts of NaOH solution were added to a saturated solution of MnSO4 containing HPTS 0.1 mM. Seven different cuvettes with the pH showed in Figure S6 were prepared and an image was acquired under excitation. The picture clearly shows the change of the fluorescence color from cyan to green upon pH increase.
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Il contenuto generato dall'IA potrebbe non essere corretto.]Image of Figure S6 was processed with the software Image J to get the B and G component. Hence the G/B intensity ratio was plotted in Figure S7 and fitted linearly to convert the intensity ratio measured during the silica garden growth into pH. 

Figure S7. Ratio of the green component intensity and blue component intensity measured in the image of Figure S6.

LCSM images acquisition
Time lapsed images were acquired with LCSM Zeiss Axio Imager A1 Microscope

pH measurements
Bulk pH measurements were performed using a bench pH-meter by Violab equipped with a semi-micro pH electrode.

Effect of other metal ions on HPTS fluorescence
In order to test the applicability of HTPS to measure pH in concentrated solutions of metal salts different from MnSO4 we compared optical and fluorescence images of saturated solution MnSO4 of CrCl3, CoCl2 and FeCl3 containing HPTS 0.1 mM. Images are shown in Figure S7 and they clearly show that only the solution containing manganese is poorly colored (Figure S8a). Moreover, upon UV excitation (365 nm) only the manganese solution shows an intense blue fluorescence while the pH probe is quenched by the other metal ions.
[image: ]Figure S8. a) optical images, under ambient illumination, of saturated solution of MnSO4 of CrCl3, CoCl2 and FeCl3.b) Fluorescence image under irradiation with 365 nm LED.
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Figure S8. (A-E) images of five silica gardens prepared as reported in the experimental section of the paper. Fluorescence of HPTS was detected using the setup described above. G/B fluorescence ratio was used to calculate pH in three relevant positions of the gardens: one dead branch (1), in metal solution in proximity of the circular membrane (2) and in the inner part of the metal solution.

Reproducibility of the results
Results reported in the main paper are given for a specific silica garden. Each silica garden growth is a unique experiment, and final morphology cannot be predicted and is expected to be different in every case. Nevertheless, in order to demonstrate that main features of the experiment are reproducible we analyzed five different cases of growth of silica garden in the same conditions discussed in the paper (further 10 videos of silica garden prepared at other silicate concentrations conditions are also available as supporting information). As shown in figure S9 all the five silica gardens (labelled as A-E) present a circular central part, where the initial metal ion solution was placed, and some branches. Some branches are closed and do not grow (as shown in the videos). The pH in these dead branches (in the point labelled as 1) is relatively high as shown in figure S9. A band of metal solution with relatively high pH (measured in the point labelled as 2) was observed in the proximity of the central circular membrane. The inner part of the metal solution, on the other hand, was, in the five cases more acidic, as demonstrated by the pH measured in the point labelled as 3 in figure S9, where the pH is, in all the five cases, close to 4.0. 
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Description of the video uploaded as Supporting Information

Video 1_1_01, 1_1_02, 1_1_03, 1_1_04, 1_1_05 were recorded using a silicate solution 1:1, V:V obtained by mixing a commercial silicate solution (see main article) and Millipore water

Video 1_2_01, 1_2_02, 1_2_03, 1_2_04, 1_2_05 were recorded using a silicate solution 1:2, V:V obtained by mixing a commercial silicate solution (see main article) and Millipore water

Video 1_3_01, 1_3_02, 1_3_03, 1_3_04, 1_3_05 were recorded using a silicate solution 1:3, V:V obtained by mixing a commercial silicate solution (see main article) and Millipore water

HTPS01 is the video analyzed in the paper 
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