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2. Materials and methods
2.2

Photo-reductive decomposition

Fig. S1. Schematic diagram of the photochemical reactor
Description of the photochemical reactor: 1. Aeration tube; 2. Quartz tube protection; 3. Mercury
lamp; 4. Inner wall; 5. Condensate inlet; 6. Silicone gasket; 7. Condensate outlet; 8. Temperature
Sensor; 9. Solution sampling port; 10. Heating electromagnetic stirrer; 11. Magnetic stir bar; 12.
Seal snap; 13. Gas sampling port; 14. pH meter.
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Table S1. Buffer concentrations for the variable pH experiments
Initial pH

NH4Cl (M)

NH3·H2O a (M)

4.0
6.0
9.0
10.0
11.0
12.0
13.0

1
0.999
0.65
0.15
0.02
0.002
0.0002

1×10-5
0.001
0.35
0.85
0.98
0.998
1

a. Ammonium hydroxide (25.0%).

2.3. Analytical methods

Fig. S2. Ion chromatogram of the target analyte standard solution.

The concentration of trifluoroacetic acid (CF3COOH, TFA), fluoride ion (F-) and
possible intermediate products in the liquid sample was analyzed by ion
chromatography (Dionex, ICS-3000, Sunnyvale, CA, USA). In the UV/KI system, the
presence of iodide (I-) affected the elution of F-, and a small amount of formic acid
(HCOOH) and acetic acid (CH3COOH) were generated during the experiment, which
was easy to co-elute with F-, so the sample in this experiment used a mobile phase
gradient: the concentration of the eluent KOH was set to 1 mM in the first 20 min to
complete the separation of F-, CH3COOH and HCOOH; then a high-concentration
eluent (30 mM) was used to shortern the detection time to detect TFA and elution I-;
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finally restored the low concentration of 1 mM and ran for 5 min to ensure the
detection stability of the next sample. This program realized the complete separation
of F-, CH3COOH, HCOOH, TFA and I-, and ensured the stability of subsequent
detection. The detection limits of this method for liquid products was shown in Table
S2. The standard curve range was 0.005-0.1 mM for quantitative analysis.
Table S2. Detection limits of liquid products by ion chromatography
Test substance

F-

CF3COOH

HCOOH

DFA

TFA

Detection limits (μM)

0.5

1

1

0.5

0.5

The gaseous intermediate products were separated and detected by GC/MS. The
furnace temperature was increased by program: the temperature was 40℃ in the first
3 min, and then it increased to 150℃. The gas injection volume was 1 mL, and the
injection port temperature was maintained at 120℃. The gas products were separated
by a gas chromatographic column and sent to an electron source at 250℃ and 70 eV
for collision detection. After comparison with the standard spectral library, it was
confirmed that the UV/KI system generated CO2, CF3H, CF4 and C2F6. The m/z for
CF3H, CF4, C2F6, CO2 were 51, 50, 119, 44. The detection limits of this method for
gas products was shown in Table S3. The three standard gases (CF3H, CF4 and C2F6)
were used of 20-200 ppm for quantitative analysis. And CO2 was used of 50-3.75×103
ppm for quantitative analysis.
Table S3. Detection limits of gas products by GC/MS
Test substance

CO2

CF3H

CF4

C2F6

Detection limits (ppm)

20

0.04

0.05

0.02

When the detector can generate a response signal that is different from the
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baseline noise, the minimum concentration of sample that needs to enter the
chromatographic column is the detection limit, which is generally 3 times the baseline
noise. The detection limits was calculated as follows:
LOD=3NW/S
where LOD is the lowest detection concentration (μM or ppm), N is the peak height
of noise, W is the sample concentration (μM or ppm), and S is the peak height of the
sample. When N/S=1/3, W is the minimum detection concentration.
The determination products were quantified using the standard curve method.
The standard curve range was 0.005-0.1 mM (or 20-200 ppm). It should be ensured
that the calibration curve has good linearity (R2 >0.999) and contains at least 5 valid
points before it can be used. The calculated values of all valid points should be within
±30% of its expected value.
2.4.

Laser flash photolysis experiments

Nanosecond laser flash photolysis for the detection of eaq– was performed using an
LP980 Edinburgh instrument (UK) with laser excitation at 266 nm from a Surelite
I-10 Q-Switched Nd:YAG laser (35 mJ). The source of analyzing light was a 500 W
xenon lamp. The laser and analyzing light beam passed perpendicularly through a
quartz cell. The transmitted light entered a monochromator equipped with a
photomultiplier. The signals were collected using a 100 MHz Tektronix TDS3012C
digital oscilloscope and then transferred to a computer. Signal analyses were
performed using the L900 spectrometer software. The sample solutions were
deaerated by bubbling with high-purity N2 (99.99%) for 20 min. All experiments were
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performed at room temperature (25℃). The absorbance difference is denoted as ΔOD,
which is indicative of the intensities of generated species from the laser pulse.

6

3.

Results and discussion
3.1.

Decomposition and defluorination of TFA
Table S4. Comparison of photodecomposition of TFA in this Study with other reported method.

Method

Conditions

ka (h-1)

EEO (kWh/m3 /order)

Ref.

UV/KI

[TFA]=50 μM, [KI]=0.2 mM, λ=254 nm, 15 W, pH=11, 25℃, V=720 mL, N2

0.147

326.3

this study

Direct UV

[TFA]=50 μM, λ=254 nm, 15 W, pH=11, 25℃, V=720 mL, N2

0.043

1115.6

this study

0.067

716

this study

0.04

1199.2

this study

UV/K2S2O8

UV/H3PW12O40·6H2O

[TFA]=50 μM, [K2S2O8]=0.5 mM, λ=254 nm, 15 W, pH=3, 25℃, V=720 mL,
O2
[TFA]=50μM, [H3PW12O40·6H2O]=0.06 mM, λ=254 nm, 15 W, pH=1, 25℃,
V=720 mL, O2
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[TFA]=67.4 mM, [H3PW12O40·6H2O]=6.7 mM, λ=260-600 nm, 500 W,

UV/H3PW12O40·6H2O

UV/K2S2O8

UV/SO32-

pH=0.8, 25℃, V=23 mL, O2

[TFA]=5.35 mM, [K2S2O8]=31 mM, λ=254 nm, 200 W, pH≈1, 25℃, V=20
mL, O2
[TFA]= 25 μM, [SO32-]= 10 mM, λ= 254 nm, 18 W, pH=9.5, 20℃, V=600 mL,

Microwave radiation

EE/O=457 kWh/m³
[TFA]=100 μM, λ= 185nm/254 nm, 160 W, pH=5.2, V= 300 mL

0.004

1.3×107

[1]

0.56

4.1×104

[2]

0.15

457

[3]

4.5

272.9

[4]

a. pseudo-first-order kinetics

Estimation of electrical energy per order (EEO):
The EEO was calculated as follows [5]:
EEO(kWh/m3 /order) =

Pt × 1000
c0
Vlog( )
ct

where EEO is defined as the number of kilowatt-hours (kWh) of electrical energy required to reduce the TFA concentration by 1 order of
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magnitude per m3 of water. P is the input power (kW). t is the treatment time (h). V is the the solution volume (L). c0 and ct are the
concentrations of contaminant at the initial time and time t, respectively. The factor 1000 converts g to kg.

Fig. S3. Detection of the UV emission spectrum wavelengths of the mercury lamp.
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Fig. S4. UV-Vis absorbance of the TFA solution.

3.2.

Products of TFA photochemical decomposition

Fig. S5. Temporal profiles of CH3COOH (a) and HCOOH (b) during photolysis under
different conditions. Experimental group: TFA (0.05 mM), KI (0.2 mM), UV irradiation,
pH (11.0), N2 saturation. First control group: TFA (0.05 mM), KI (0.2 mM), pH (11.0), N2
saturation. Second control group: TFA (0.05 mM), UV irradiation, pH (11.0), N2
saturation. Third control group: TFA (0.05 mM), KI (0.2 mM), UV irradiation, pH (11.0),
O2 saturation. Fourth control group: TFA (0.05 mM), KI (0.2 mM), UV irradiation, pH
(11.0), without N2 prebubbling. All experiments were repeated 3 times, and error bars
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indicate the standard deviation.

Fig. S6. Temporal profiles of CH3COOH (a) and HCOOH (b) during photolysis with different
mediators. First treatment group: TFA (0.05 mM), KI (0.2 mM), N2 saturation, pH (11.0). Second
treatment group: TFA (0.05 mM), K2S2O8 (0.5 mM), O2 saturation, pH (3.0). Third treatment
group: TFA (0.05 mM), H3PW12O40·6H2O (0.06 mM), O2 saturation, pH (1.0). All experiments
were repeated 3 times, and error bars indicate the standard deviation.
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Fig. S7. Temporal profiles of theoretical gas-phase carbon (a) and fluorine (b) contents
during photolysis under different conditions. Reaction conditions were the same as those
in Fig. S5. All experiments were repeated 3 times, and error bars indicate the standard
deviation.

3.3.

Decomposition mechanism

The eaq− produced by the absorption of the laser pulse by the KI solutions was
identified by its characteristic absorption at approximately 720 nm. The production
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and decay of eaq− in solution are shown in Fig. S8. According to the fitting result, the
absorption peak of eaq− at 6.6 μs was maximum, and the half-life of eaq− in the UV/KI
system was close to 1.7 μs.

Fig. S8. The appearance and decay of eaq− in KI solutions detected by laser flash photolysis (at 720
nm). Experimental conditions: KI (0.2 mM), N2 saturation, pH 11.0.

3.4.

Effect of iodide concentration
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Fig. S9. Temporal profiles of decomposition (a) and defluorination (b) of TFA under different
initial KI concentrations. Reaction conditions: TFA (0.05 mM), N2 saturation, pH (11.0), and KI
concentrations of 0.025 mM, 0.050 mM, 0.10 mM, 0.20 mM, 0.30 mM, 0.40 mM and 0.50 mM.
All experiments were repeated 3 times, and error bars indicate the standard deviation.

3.5.

Effect of pH
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Fig. S10. Temporal profiles of decomposition (a) and defluorination (b) of TFA under different
initial pH. Reaction conditions: TFA (0.05 mM), KI (0.2 mM), N2 saturation, and initial pH (4.0,
6.0, 9.0, 10.0, 11.0, 12.0 and 13.0) adjusted with NH4Cl-NH3•H2O buffer solution. All experiments
were repeated 3 times, and error bars indicate the standard deviation.
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