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Factors Influencing Hydroxyl Radical Formation in a
Photo-Induced Confined Etching System
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Abstract: In this paper, we studied the formation of free -+ OH on a TiO. nanotube array electrode in a
photo-induced confined etching system. We used fluorescence spectroscopy, transient photocurrent
response, electrochemical impedance spectroscopy (EIS), and Mott- Schottky analysis to investigate the
influence of several key factors, including the applied potential, the illumination time, and the pH value. The
highest efficiency for the photoelectrocatalytic formation of free - OH on the TiO, nanotube array electrode
was achieved at an applied potential of 1.0 V (vs a saturated calomel electrode (SCE)); the photoelectrocatalytic
generation and consumption of free - OH quickly approached a steady state in this system, as the confined
etching layer formed by - OH remained stable during illumination. This may allow good control of the
etching precision during continuous etching processes. The highest efficiency for the photoelectrocatalytic
formation of free -+ OH on the TiO. nanotube array electrode was observed at pH 10. The results have an
important significance for regulating and optimizing photo-induced confined etching system, which can be
used to improve the etching speed or the leveling precision during the planarization of copper.
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Scheme 1 Chemical equation of fluorescence
detection of -OH
No fluorescent signal detected for the reactant (TA), while the
product (TAOH) emits a strong fluorescence signal.
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Fig.1 (a) Fluorescence spectra of TAOH at different
applied potentials and (b) effect of applied potentials on
the induced fluorescence intensity of TAOH at 424 nm
The fluorescence intensity at 424 nm is the fluorescence peak of
TAOH, which can indirectly represent the concentration of free
+OH, the initial solution consisting of 1 mmol-L~"' TA, and
0.01 mol-L~" NaOH. volume of the solution: 3 mL,
light intensity: 1.58 W+ cm™, illumination time: 15 min
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Fig.2 Transient photocurrent responses of TiO,
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Fig.3 (a) Nyquist impedence plots of TiO, nanotube
arrays at different applied potentials and (b)
Mott-Schottky curves of TiO: nanotube arrays
under illumination in 0.01 mol- L™ NaOH solution
(A) The frequencies are in the range of 100 kHz—100 mHz with
light intensity kept at 35 mW +cm™. (B) The light intensity
is kept at 35 mW-cm™.
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Fig.4 (a) Fluorescence spectra of TAOH at different
illumination time and (b) the induced fluorescence
intensity of TAOH versus light illumination time at 424 nm
the initial solution consisting of 1 mmol-L™"' TA and 0.01 mol-L"'
NaOH, volume of the solution: 3 mL, light intensity: 35 mW+cm™
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Fig.5 Effect of pH values on the fluorescence intensity
at 424 nm in the photo-induced solution
the initial solution consisting of 1 mmol-L™" TA and 0.01 mol-L"'
NaOH, volume of the solution: 3 mL, light intensity: 1.58 W+cm~,
illumination time: 15 min
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- OH A4 et AT P45, AP IS 2 1.0 V I I,
TR - OH I A= et TS, gk 2239 K FILAL 0 2 2
F B 2 10 A2 it DT MRS K. SR S A i HE AL IA 2]
1.0 'V I, AN G R A5 BE A SR i T 25 ) WL ey 2,
G, TIO, AR R R AR IR B 5 K.

(2) - OH I B i 5016 i S 2 I 1) S B 47 1)
SRS NG R, FLAR R N AT A R N BN )2 R
A Az AR R T - OH DG HEAL A il S T AERE AR P ik
BIFSAS, UL R A )2 RE PR B AR E

(3) fEpH{H 4 2] 9 [ X [A] N, 2% pH {E X TiO,
KA S = AR 25 - OH 2 AN K, pHAE M 10
I, TIOL AN KA S A AR Ui 25 - O IR K % B .

Supporting Information: available free of charge via the in-

ternet at http://www.whxb.pku.edu.cn.
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