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Abstract: A determination method for the ultra-trace impurities in electronic grade
nitrogen was developed by using atmospheric pressure ionization mass spectrometry
(APIMS) with standard addition method. 5 impurities (CO, CH,, H,, O,, CO,) in
high purity nitrogen were detected after purifying via a high-efficiency purifier. The
standard gas used for calibrating APIMS was gravimetrically prepared in the lab accord-
ing to the rules in ISO 6142 &. ISO Guide 34, and it was added into the ionization source
with different concentrations by dynamic dilution, then the fitting curve was built based
on the data from different dilution points. Furtherly, the measurement uncertainty was

evaluated through the method described in Guide to the expression of uncertainty in
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measurement (GUM) and Monte Carlo Method (MCM). The results show that all the

5 impurities have good linearity (R*>>0. 998) in the dynamic range of 0-1 nmol/mol, and

the high sensitivity is achieved, the detection limits (LOD) reached to the low level of

several to tens of pmol/mol with the expanded uncertainty of 37% (k=2). By compared

with the previously reported data in the articles, the LOD values of magnitude for CH,

and CO are improved 1 and 2 orders, and the LOD values for other three impurities H; ,

0O, , CO, are the same levels as the reported data. It indicates that the method can be

used for the relevant electronic gases for ultra-trace analysis with the traceability

supporting.

Key words: electronic grade nitrogen; purification; ultra-trace impurity; atmospheric

pressure ionization mass spectrometry(APIMS) ; measurement uncertainty
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Table 1

Information of the standard gas

A G

Mole fraction of the main components/(pmol/mol)

T

MY AT EE Ura
(k=2)/%

Balance gas

CO CH, H,

O, CO2

He 9.94 10. 26 10. 11

10. 22 9. 88 2
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Fig. 1 Schematic view of experimental set-up
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Fig. 2 Typical atmospheric pressure ionization
mass spectrum of the impurities in electronic

grade nitrogen after purifying recorded
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Fig. 3 Calibration curves of impurities in nitrogen (a-e) and the signal response

of the ion m/z 13 in each dilution for monitoring the noise of the detector (f)
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Table 2 Symbols with the meanings
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Fig. 4 Sources for measurement uncertainty of sensitivity
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Table 3 Datas used in the experiment

S8 T i85 X [R] /Y 2f 9 B2 T HE S 1 2 2 Gy AR
Parameters Averages Half-widths of coverage interval u Distribution types
P.,,/MPa 0.580~0.590" 0.011 0. 007 I
Fure, /(mL/min) 4.985 0. 039 0. 022 A
Fuwre, /(mL/min) 461~507" 4.45 2.57 i3
T/K 303.5 1 0.58 HIE
QR 0. 88517 — 0. 00051 E#&

L 0.4593 — 0.0010 EA
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Table 4 Uncertainty of the concentration of diluted standard gas with dilution factor

T A EX i T e 7% it Impurities
Dilution factors Concentrations after dilution CcO CH, H, O, CO,
9. 67X10° C;/(nmol/moD) 1. 027 1. 061 1. 045 1. 056 1. 022
wa (CH /% 12 12 12 12 12
1. 39X 10" C;/(nmol/mol) 0.717 0. 740 0. 730 0. 737 0.713
e (C /% 17 17 17 17 17
3.21 X101 C:/(nmol/mol) 0. 310 0. 320 0.315 0.318 0. 308
el (C) /% 42 42 42 42 42
9. 34 X101 C;/(nmol/mol) 0. 106 0. 110 0.108 0. 109 0. 106
e (C /% 124 124 124 124 124
1. 32X10° C;/(nmol/mol) 0. 075 0.078 0. 077 0. 077 0. 075
e (C /% 176 176 176 176 176
2.92X10° C;/(nmol/mol) 0. 034 0. 035 0. 035 0. 035 0. 034
urd (C /% 390 390 390 390 390

RS N, FSHERRFENTHEE

Table 5 Uncentainty of sensitivity for 5 impurities detecting in N,

R 7% Jii Impurities
Sensitivity CcO CH, H, 0, CO,
A 1.61X1013 5.21X10°1 1.35X 10712 1.09X 10712 4.78X 10712
u 1.06X 10 1 3.44 X101 1.21X10713 7.17X10 "1 3.14X10°18
et/ %4 6.6 6.6 8.9 6.6 6.6
2.4 RHRRHERSTFRATENITE wa (LOD) = Tua (@ T + Lum (DT (13)

ZR R PRS2 I ROARIE DN 22 R BUE o, w(o) aTAR SRS 20 (1) 2 SR 45, 3 — 45 #
AR RAXAD ESFHEATZEE s 4,

At3), 5
w(e) = —2 (14)
LOD = 3¢ 12) V2o — 1D

S > =
Horbon IR R B n=18,
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3900218,

F 6 IR TRE AR A TR BE Y OO 4
R RBIAAL IS /Y J A 2 B B AR Hoh
CO /(0.5340.07) nmol/mol, H, & (0. 69+
0.13) nmol/mol, 74N, CH, .0, 1 CO, =FpZ i
IRF T AR & K P ¥/ T 0,03 nmol/mol,
5 Bl 2% o B AH X B R S B s B E 1400 ~18%
Z[a)

F6 HRPERREREBRHBRNHTESER

Table 6 Calculation results for the impurities’ concentration in the sample with the limit of detection

S Z% )i Tmpurities
Parameters CO CH, H., O CO,

PR B % S/mA « (nmol/mol) ! 1.61X107 13 5.20X10° 1% 1.35X10°12  1.09X10 12 4.78X10 '
e (S)/ % 6.6 6.6 8.9 6.6 6.6
o/mA 1.38X10715  3.81X10716  2.23X10° M  2.92X10°1% 8. 11X10° 1
urei (0)/ % 17.2 17.2 17.2 17.2 17.2
I/mA 8.51X1071  1.25X1071  9.32X10718  2.39X101 1.24X10°1
wa (D /% 0. 38 0.72 0.56 2. 88 1.54

A% e A C,/(nmol/mol) 0.53 0.024 0. 69 0.022 0. 026
u, (C,)/(nmol/mol) 0. 035 0. 002 0. 061 0. 002 0. 002
U(C,)/(nmol/mol) 0.07 0. 004 0.13 0. 004 0. 004
U,a(CH/% 14 14 18 15 14

K o BR A A LOD/(pmol/mol) 25.7 2.2 49 8.1 5.1
ura (LOD) / % 18.4 18.4 19. 4 18.4 18. 4
u(LOD) /(pmol/mol) 4.6 0.4 9.5 1.5 0.9
U(LOD)/(pmol/mol) 9.2 0.7 19 2.9 1.8
U, (LOD) /% 37 37 39 37 37
B 9 LOD/ (pmol/mol) 30000151 200201 40b19] 100181 4015]

3 #g Ry EebE, 5838 T APIMS 20 #r i vk,

FIFH APIMS K bR 4% i i % gl 5 1 i
T HAEIAT M LI T Hoh 5 FolE R 5 44
LRI . A D7 7E 0~1 nmol/mol 5 [H N i
TN H I M O R RN e ) R BB A i PR
AR JLZEJL pmol/mol K-, @ik GUM i
HMCM 33740 I i N i 8 B 48 7 T D0 o 25

T BEAE W 2 R T S O L U R
IRt 2% A 20 BT 25K al Dy A U R A
PR S

SE W
(L] mh s, BRI, B . B 3R 5
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