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The potentiometric titrations experimental conditions

In a typical titration, a solution (5.0 — 20.0 mL) containing the initial concentration of 0.01 - 0.7 M of boric acid and appropriate
amount of 0.5 M NaClOQ, is titrated with 0.5 M NaOH. The titration cup was always kept in an argon atmosphere with small positive
pressure to avoid the effect from the CO, in the air. The EMF data were gathered at intervals predetermined by the data collection
criterion; for instance, the drift of EMF ( A E) was less than 0.1 mV for 60 s. With starting solutions containing various concentrations
of B(OH); and HCIO,, several titrations were carried out (See Table S1.). Using the program Hyperquad 20141, the formation
constants of borate ions were determined on a molar scale. The three standard deviations (30) calculated by the computer
program characterize the degree of uncertainty.

Table S1. The potentiometric titrations experimental conditions, 25 °C

No. Vo/mL C%/M C%/M Cire/M
1 20.0 0.00998 0.00514 0.504
2 20.0 0.0249 0.00514 0.504
3 10.0 0.0499 0.0103 0.504
4 10.0 0.0998 0.0103 0.504
5 5.0 0.249 0.0205 0.504
6 5.2 0.480 0.0198 0.504
7 5.2 0.661 0.0198 0.504

Where 1=0.5 M NaClO,. V,denotes initial cup solution in mL. Cg° denotes initial cup Boron concentration in M. C,,° denotes initial cup Hydrogen ions
concentration in M. Cy. denotes the titrants concentration of NaOH in M.

The calculated vibrational frequencies and the vibrational modes

Table S2 The calculated vibrational frequencies, the vibrational modes and Raman activity coefficient of borate ions. Where vy, V;, V3, V4 are the
characteristic vibrational modes related to the borate ions (V15 and vy, denotes two different symmetric stretching vibration of B;Os(OH),% ), while
the vy, Vp and v, denotes asymmetrical stretching, molecular bending, and molecular dangling, respectively. Where B3 and B4 denotes the plane
triangle boron and tetrahedron boron. The blue arrow in the diagram of the vibrational modes is the B-O symmetric stretching vibration. The green
arrow is the vibration of the boron or oxygen atom in the direction of the arrow.
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