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Determinations of Trace Level Anions in Hydrogen Peroxide
for Semiconductor by Headspace Solid Phase Microextraction
and Gas Chromatography-Mass Spectrometry
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An ultrasensitive method to detect trace anions (fluoride, nitrite and nitrate) in hydrogen peroxide (H,0,)
for semiconductor by headspace solid phase microextraction (HS-SPME) gas chromatography-mass spec-
trometry (GC-MS) was described. Fluoride, nitrite and nitrate in hydrogen peroxide reacted with penta-
fluorobenzyl bromide (PFB-Br) in a headspace vial and the formed PFB derivatives were vaporized and
adsorbed onto a fiber. The optimal HS-SPME conditions were achieved with a 50/30 um divinylbenzene-car-
boxen-polydimethylsiloxan (DVB-CAR-PDMYS) fiber, 50 uL of PFB-Br (99%), 100 pL of 10% tetraoctylam-
monium bromide (10%) as a phase transfer catalyst, an extraction/derivatization temperature of 90°C, a heating
time of 50 min, and a pH of 6.0. Under the established conditions, the method detection limits of fluoride,
nitrite and nitrate were 2.8-4.0 pg/L in 30% H,O, solutions (w/w) and the relative standard deviations were
less than 4% at concentrations of 25 and 50 ug/L. The concentrations of anions in five concentrated H,O, had
detectable levels of 8.7 to 28.4 pg/L. The method was sensitive, reproducible and simple enough to permit the
reliable routine analysis of anions in hydrogen peroxide for semiconductor.

Key words: Anions, Hydrogen peroxide, Headspace solid phase microextraction, Gas chromatography-mass

spectrometry, Pentafluorobenzyl bromide derivatization
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Table 1. Operating conditions of HS-SPME-GC-MS for analysis

Instrument Conditions
- agitator station temp. 90°C
- agitator time 50 min
HS - agitator speed 500 rpm
SPME - vial penetration in mm 22 mm
- extraction time 50 min
- desorption time 1 min
- column DB-17HT (30 m X 0.25 mm LD. X 0.15 um ET)
- carrier gas He at 1.0 mL/min
GC - injection port temp. 250°C
- injection mode split ratio 10:1
- oven temp. 10°C/min 20°C/min
50°C (3 min) — 220°C — 300°C (3 min)
- interface temp. 280°C
- ionization mode EI mode
- electron energy 70 eV
- ion source temp. 230°C
MS - analyzer Selected Ion Monitoring (SIM)
- detection mode Compound Selected Ions, m/z
F-PFB 181, 200
M NO,-PFB 46, 227
NO,-PFB 46, 197, 243
ISTD 147
18 Agilent J&W DB-17ht capillary column (30 m Br F
x 025 mm ID. x 015 um film thickness)yS ©|-8-3} F 3 3 F
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Fig. 1. The derivatization reaction of fluoride, nitrite and
nitrate with PFB-Br.
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Fig. 2. The condition of reaction of fluoride, nitrite and nitrate with PFB-Br.
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Fig. 3. HS-SPME-GC-MS chromatogram after derivatization of anion in hydrogen peroxide. 2.96:fluoride-PFB, 8.57:
nitrate-PFB, 9.23:nitrite-PFB, 10.79:2-fluoronaphthalene.
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Table 2. The limit of detection and limit of quantification, linearities(*?) and calibration curves in the hydrogen peroxide

of anion
Compounds CO]E‘CL'g/f)n ge Calibration curves 7 &;E) (lllg/%
fluoride 10~100 y = 0.0785x + 4.6774 0.9953 2.8 9.1
nitrate 10~100 y = 0.0026x + 0.2479 0.9968 3.0 9.6
nitrite 10~100 y = 0.0017x + 0.1781 0.9976 4.0 12.6
Table 3. Precision and accuracy from samples spiked at two concentrations (n=>5)
Compounds Spiked Conc. Intra-day Inter-day
(ug/L) Precision (%) Accuracy (%) Precision (%) Accuracy (%)
Fluoride 25 1.6 99.3 24 100.1
50 1.8 98.8 2.2 98.5
Nitrate 25 1.7 100.4 2.5 99.8
50 2.3 99.7 2.0 100.5
Nitrite 25 3.3 99.9 3.0 97.9
50 2.0 98.9 2.7 100.2
Table 4. Analytical results of anion in hydrogen peroxide
Compounds Measured Conc. (ug/L) Mean=+SD (ug/L)
fluoride 10.5, 8.7, 13.7, 11.6, 9.1 10.7 = 2.0
nitrate 16.5, 14.9, 17.5, 14.5, 18.9 165 = 1.8
nitrite 28.4, 15.7, 20.5, 22.6, 17.6 210 = 49
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