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Abstract ; As common study subjects in areas including ambient air quality improvement, climate change response, and ozone layer
protection etc. ,halogenated hydrocarbons are considered to be one of the key indicators in monitoring systems such as atmospheric
photochemical monitoring and halogenated greenhouse gases detection. Research on corresponding standard gases can provide
essential technical support for the synergistic monitoring of greenhouse gases and air pollutants. However, during the development
of standard gases for low-concentration halogenated hydrocarbons or certain polyhalogenated hydrocarbons, traditional measurement
with external standard method using GC-FID is hard to meet the requirements for precise quantification. GC-MS due to its
relatively high signal fluctuation, also fails to obtain stable measurement results when using external standard method. Moreover,
since standard gases require individual bottle certification and face challenges such as inhomogeneity during online mixing over
short periods, their application in internal standard-based quantification is also constrained. To address these issues,an optimized
GC-MS sampling device was developed, establishing an internal standard-based analytical method that eliminates the need for a
mixing step. Validation with two types of gas standard reference materials demonstrated that this method can effectively avoids
interference from instrument signal fluctuations and pressure variations, significantly improving the stability of analytical results.
Using this method, key parameters of perfluorocarbon mixed standard gases were investigated, yielding satisfactory experimental

results. This indicates that the optimized analytical approach can serve as a valuable reference for the development of standard
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gases for low-concentration halogenated hydrocarbons and polyhalogenated hydrocarbons.

Keywords : halogenated hydrocarbons; standard gas; internal standard method
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Fig.1 Comparison of two injection methods
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Table 1 Sample information and instrument configuration
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Fig.3 Typical chromatogram of mixed reference gas containing ODS and

their substitutes introduced with internal standard gas
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Fig.4 Typical chromatogram of mixed reference gas containing CF, and

C,F, in nitrogen introduced with internal standard gas
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Fig.5 Comparison of repeatability for internal and
external standard methods
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Table 2 Results of cylinder adsorption test for CF, and
C,F, mixed reference gas in nitrogen

945 B 25 1/ T 1 T 2
) ( pmol/mol) b € {5/ ( wmol/mol ) FAXS i 2 / % bR %E {8/ ( wmol/mol ) X 2%/ %
CF, 30. 48 30. 49 0.03 30. 52 0.13
C,F, 30.97 30.95 -0.06 30. 96 -0.03
*3 AKYPCF,.C,F, BAMRASKHE—HMEITHRER
Table 3 Results of preparation uniformity test for CF, and
C,F, mixed reference gas in nitrogen
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1102#( £ 1) CFs 3016 o o
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C,F, 30. 81 30. 82 0.03
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Table 4 Results of mixing test for CF, and C,F, mixed reference gas in nitrogen

pmol/mol

i M5y H1KIRA 2 WikA %3 w4

Lses CF, 30.38 30. 47 30. 42
C,F, 31. 15 31.24 31.17

oo CF, 30.05 30. 07 30. 04
C,F, 30.79 30. 82 30.77
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Table 5 Results of homogeneity test for CF, and C,F, mixed reference gas in nitrogen ( CF,,sample 1)
e — [T/ I . RSEIER
1R & 52 P & 553 YO T H AN RE JEE /%
10 29.99 30. 03 29.96 29.99
8 29.96 30. 04 30. 04 30.02
6 30. 08 30. 08 30. 11 30. 09
4 30. 10 30.22 30.03 30. 12 199 0-12
2 30. 06 30. 08 30. 16 30. 10
1 30.20 30. 09 30. 01 30. 10
i Fo05(5,12)= 3. 11, F 1 <Fy 05(5,12) o

£6 MSH CF, CF, REFASHENIHRIER (C,F,, HE1)

Table 6 Results of homogeneity test for CF, and C,F, mixed reference gas in nitrogen ( C,F,,sample 1)

Sy BT e/ 1/ mol s .
PR T3 /MPa o rWCpmel/meD) Fig I 5 R A
BOGIE  B2WWE 53k FH 1 s B/ %
10 30. 71 30. 84 30.73 30.76
8 30. 69 30. 84 30. 84 30.79
6 30.91 30.93 30.93 30.92
2.82 0.18

4 31.00 30.97 30.77 30.91
2 30. 87 30. 88 30.93 30.90
1 30.92 30. 89 30. 88 30. 89

T Fy 05(5,12)= 3. 11, F 0 <Fy 05(5,12)

£7 ASH CF,.C,F, RAGESHEHARRBER(CF, BT 2)

Table 7 Results of homogeneity test for CF, and C,F; mixed reference gas in nitrogen ( CF,,sample 2)

- S M1 E/ ( wmol/mol ) T B |
T I 3/ MPa __ TR/ __ _ - R E 5 G
951 552 Y 553 Y - ¥ {8 AN 5 BE/ %
10 29.95 30. 17 30.08 30.07
8 30. 11 30. 21 30. 12 30. 15
6 30. 13 30.05 30.33 30. 17
1.21 0.09
4 30. 11 29.98 30. 19 30. 10
2 30.24 30. 19 30. 12 30. 18
1 30. 15 30.23 30.34 30.24
i Fg05(5,12)= 3. 11, F 1 <Fy 45(5,12) ,
*8 ASWP CF,.C,F, BEENRESGEHIUERIEER (C,F, , KM 2)

Table 8 Results of homogeneity test for CF, and C,F, mixed reference gas in nitrogen ( C,F ,sample 2)

) 43 BT {E./ ( wmol/mol ) A E BRI
MR B )/ MPa pr P Y P Fipg
551 I A 552 Y 553 Yl 4 {E ANH 7 B/ %
10 30.76 30.95 30. 83 30. 85
8 30.83 30.97 30.91 30. 90
6 30. 90 30. 84 31.08 30. 94
1.16 0.07
4 30. 77 30. 74 30. 94 30. 82
2 30.99 30. 90 30. 84 30.91
1 30. 88 30. 99 31.07 30.98
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