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Counts

Sample1

0.00 nm 31.5 0.00 nm 33.0 0.00 nm 17.3
RMS roughness =4.0 nm

nm nm
RMS roughness = 3.7 nm
» Scratches originating from the substrate were observed.

Figure S1. Atomic force microscope (AFM) surface morphology of the CaF,-STO samples.
The sample number 1 has been used to carry out all the measurements of this study.

Out-of-plane XRD patterns

sample1
sample2
Sample2_backside
PDF 35-0734, SrTi O3, Tausonite, syn
PDF 35-0816, Ca F2, Fluorite, syn

+ Polycrystalline STO thin film was grown on CaF, substrate.
+ Sample 2 shows broad 331 diffraction of CaF, at ~76deg

Figure S2. X-ray diffraction (XRD) spectra of the CaF,-STO samples.
The sample number 1 has been used to carry out all the measurements of this study.
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Figure S3. Spectra for water pH 3 and D,0 pD 3 and pD 11, normalized with gold, in contact with a 100 nm SrTiOs layer. The
experiment is performed in the O-D stretch vibrations region, thus here the resonant contribution of our signal is given by the O-
D vibration and the signal from water at pH 3 corresponds to the STO response. Even in this frequency region, the strontium
titanate layer gives rise to a strong non-resonant signal.
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Figure S4. Phase resolved spectra for water pD 3 and water pD 11, normalized with gold, in contact with a 100 nm SrTiO3 layer.
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Figure S5. (a) Spectra for pure D,0 (pD 7), water pH 3 and water pH 11, normalized with gold, in contact with a 100 nm SrTiO3
layer at position number 1 on the sample. The smoothed STO-D;0 curve is depicted in black (=Ayg(w)?).
(b) Spectra for water pH 3 to water pH 11, normalized with D0, in contact with a 100 nm SrTiOj3 layer at position number 1 on
the layer together with fits with the Lorentzian model.
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Figure S6. (a) Spectra for pure D,0 (pD 7), water pH 3 and water pH 11, normalized with gold, in contact with a 100 nm SrTiO3
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layer at position number 3 on the sample. The smoothed STO-D;0 curve is depicted in black (=Ayg(w)?).

(b) Spectra for water pH 3 to water pH 11, normalized with D0, in contact with a 100 nm SrTiO3 layer at position number 3 on

Table S1. Fitting parameters used for SFG measurement at position 1 depicted in Figure S5 (b). The NR amplitude is obtained

pH11
3,78
19,32
3145,35
316
15,97
3497,81
253
-18,95
3513,75
218

the layer together with fits with the Lorentzian model.

from the square root of the STO-D,0 signal depicted in Figure S5 (a).

pH10
3,89
17,65
3160,02
316
16,63
3487,46
253
-17,68
3506,55
218

pH9
3,70
16,49
3182,90
316
11,57
3468,67
253
-10,54
3509,11
218

pH8
3,59
11,90
3209,41
316
5,42
3419,65
253
-2,96
3541,15
218

pH7
3,37
11,40
3220,89
316
6,52
3417,18
253
-1,64
3598,30
218

pH6
3,19
7,42
3247,47
316
6,16
3391,27
253
2,69
3507,28
218

pH5
3,07
-4,15
3052,99
316
6,59
3367,20
253
4,18
3526,83
218

pH4
3,32
-7,95
3083,07
316
6,84
3385,11
253
3,82
3586,19
218

pH3
3,36
-14,35
3124,70
316
6,10
3379,21
253
4,68
3558,58
218



Table S2. Fitting parameters used for SFG measurement at position 2 depicted in Figure 3 (a). The NR amplitude is obtained from
the square root of the STO-D,0 signal depicted in Figure 2 (a).

pH11 pH10 pH9 pH8 pH7 pH6 pH5 pH4 pH3
NR phase 2,88 2,94 3,02 3,08 3,10 3,22 2,13 2,93 2,82
Amplitude 1 29,24 22,88 18,03 19,37 18,06 13,31 -8,80 -5,74 -12,84
Frequency 1 3214,39 3210,93 3217,62 3214,98  3225,87 3226,30 3057,20 3080,64 3158,05
Width 1 316 316 316 316 316 316 316 316 316
Amplitude 2 12,05 14,87 17,90 20,41 7,28 7,93 6,82 5,93 3,42
Frequency 2 3436,60 3449,65 3465,18  3469,94  3453,63 3442,82 3438,34 3397,46 3411,21
Width 2 253 253 253 253 253 253 253 253 253
Amplitude 3 -5,68 -8,84 -12,63 -15,16 -4,36 -5,28 0,46 3,53 2,73
Frequency 3 3543,64 3502,88 3500,09  3501,42 3546,08 3521,45 3645,06 3690,13 3634,42
Width 3 218 218 218 218 218 218 218 218 218

Table S3. Fitting parameters used for SFG measurement at position 3 depicted in Figure S6 (b). The NR amplitude is obtained
from the square root of the STO-D,0 signal depicted in Fig. S6 (a).

pH11 pH10 pHS pH8 pH7 pH6 pH5 pH4 pH3
NR phase 3,63 3,47 3,34 3,36 3,44 3,34 3,49 3,00 3,39
Amplitude 1 25,44 34,21 25,41 23,62 24,13 19,34 12,46 -3,70 -6,37
Frequency 1 3116,77 3135,85 3169,89 3169,89 3173,27 3175,94 3192,99 3073,63 3123,34
Width 1 316 316 316 316 316 316 316 316 316
Amplitude 2 3,77 6,71 11,05 11,27 8,50 8,03 7,06 5,58 6,18
Frequency 2 3355,42 3392,08 3429,60 3429,60 3423,17 3415,04 3414,60 3367,06 3368,58
Width 2 253 253 253 253 253 253 253 253 253
Amplitude 3 -4,52 -4,98 -6,78 -5,66 -4,41 -3,00 -2,89 2,90 2,65
Frequency 3 3527,06 3524,21 3489,67 3489,67 3497,87 3519,24 3517,26 3501,31 3551,40
Width 3 218 218 218 218 218 218 218 218 218



