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Quantitation of Low Concentration Fluorinated Greenhouse Gases
by Cryogenic Trapping-thermal Desorption Method
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Fluorinated greenhouse gases have a significant impact on the environment. We propose a new analytical
method for the quantitation of fluorinated gases in low concentration, such as perfluorocarbons, NF;, and SFg,
in air samples. This method uses a cryogenic trapping—thermal desorption system, utilizing a gas chro-
matography/mass spectrometry (GC/MS) system in combination with a cryogenic trapping system operated at
temperatures from —30 to 300°C. The linearity, precision, method detection limits (MDLs), and limits of quan-
tification (LOQs) of this system were verified using the chromatogram peak areas of the fluorinated greenhouse
gases in the samples. The MDLs and LOQs for the gases tested were less than 1 nmol/mol and 3.1 nmol/mol,
respectively. In addition, the precision of the analysis was less than 2%. Our results indicate that the proposed
method is able to quantitatively analyze low concentrations of fluorinated greenhouse gases.
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2. Mz A AY

2.1. HAUE BFIIA

B AolMe 4% FHEslekA(Perfluorocarbons,
CF, (1002 pmol/mol), C,Fy (1011 pmol/mol), C,Fg
(1005 pmol/mol), ¢-C,Fg (1009 pmol/mol))7} -3+
EF7EE 153 4AHE s A (Nitrogen fluoride, NF,
(1001 pmol/mol))e} & 3}3(Sulfur fluoride, SFg
(1064 pmol/mol))S ¥3He+ FF7EE 152 Fufste] A
2319 tHRigas, Korea). °|& EF 715 7HEElo|E
AlHR](Gas tight syringe)Z 0.3, 3, 15, 30, 60 mLE
Zbzt ¢ 3 L 4= A$ "HEHY F43t 0], 1,

T A A7) AR 247

5, 10, 20 pmol/mol= 3]sl 28 FF 7k=E Al
Zste] ARgstTh gl Aol AMg-E FAE blank
=]
o)

BN Faiste] Apgid 71 ARe] xdEoe] YR
oS I F ARSI

2.2. Y2s&Exet GC/MS

AFLe] EAA 2478 B4 95t HEY
ol A5 ger2l7](Thermal Desorption (TD) Unit,
Unity, Markes, UK)oll A|&5U4X](Air Server, Mar-
kes, UK)E &3l -30°CE A&53l] Y81z, 300
°CE eI SR 245 Tt Aes
FAAZ 59 7w EdvERIS 53 Ao
F9=™, GC (GC2010, Shimadzu, Japan)e] MS (QP
2010plus, Shimadzu, Japan)Z 423k Al2E]o g 1
SIATE Ao AMgE EAA 24712 oA NF,9
CF= #ego] &F -128°CE vll$- ol 3abo] u)$-
& B4 0t nEA AE5S e A8 A=
553 (cold trap)S ARg-stodoF gt} Ao ALE-E 6
T BaA 247180 42 Table 10 VERASICH
zk R GC/MSE o83t Selective Ton Mode
SIMe g B4t FF7ks A BAFH S A=
HollA 5 Al gt dojuA] e WflE AR
2 A &, AEEF Al o]E Elsl] BA4S st
ATk FrF vl =W BT AlFEANF Fo o]
B FFSIE O ol w50l HA gorg FAHE
£o] GoAA €t wepr] 2 Afer= 7R
(25 mi/min x 1 min)S ASHA sk, FF7F
185 F=HEE Alxste] 7). o] dATtelA] Al
&5 A2554A} GCOMS &4 =712 Table 29}
Edy=

i

2.3, &, Haem 2 MU=

AZIA, AR W AR I felserEd
FANGNE SRV AN e Pl He
FaGoM, A2 U AU 4L A9 9 24
5 B 79 ol RARE SATPNT/IZES

09303.3)'92] 813E- 719 7HA 255 -mA Ra] 7]
AAZrET T E AAE T2 735]9} 3818 27 A
|31tk W AE3A (Method detection limit, MDL)
2 A2FeA| (Limit of quantification, LOQ)}= 0.1 pmol/
mol F5°] 7k 73] ¥hEsle] 25 mL¥ F{iste]
slth oA 73] WHasle] A2 ko] FEHA| 3.14
(tAEFM = AF 77 9% wo] AATHS 3t
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Table 1. Basic information of target compounds investigated

Compound CAS Formula Molepular Boﬂnz)g point quary Refgrence
number weight [°C] ion ion
Carbon tetrafluoride 75-73-0 CF, 88.0043 -127.8 69 50
Nitrogen fluoride 7783-54-2 NF,4 71.0019 -129.06 52 71
Hexafluoroethane 76-16-4 C,Fy 138.0118 -78.2 69 119
Sulfur fluoride 2551-62-4 SF, 146.055 -64 127 89
Octafluoropropane 76-19-7 CsFy 188.0193 -36.7 69 169
Cyclooctafluorobutane 115-25-3 c-CFq 200.0300 -5.99 100 131
Table 2. Experimental conditions for the operation of GC ko]l ANEE GOMSE =38l YT & domg A%
and TD system. fpr the apalysm of working T2 EASE g 7S B Ue Ase e B
standards containing fluorinated greenhouse . L o
gases & ok 2y, AR ESEAE 28l 7
Col PLOT Fused Silica CP-AL,O,/Na,50,, AEE FF] SaEixe A HAe] g AIke
olumn (50 rn x 0.32 mm x 5 pm, Varian) AAs)ok s}, B Adoie = S8k §84L T
Initifrgve;ngfjmp e @809 oksl7] 913 10 pmolmol BES] 71AE B3 A7
GC Initial hold time 5 min 1 mn® & g3, §5 FFS 10, 15, 20, 25, 50,
condition Rate 10°C/min 100 mL/min® 2 HsA|7|HA] 72} FEEE FEHe] 3}
Final oven temp. 200°C SeiiE 243 23S Fig. 1) Vehhgich. 923,
Fmalhld“gfe time 1°E‘}““ A g HEBA ARE FolA] Bugo] Mg vhe
Lo Electron energy 70 eV NE;2 553 Z7MIAE o4 50| o]FojxA]
condition  lon source Temp. 230°C 2Tt sk 22 Ho] NF;9 viszgt CF, = 25 mL
[erface Temp s oIS FETAR, O ol ALBER o] 54
etection mode ok 0213l A worh U AR 2 2
Colds ¢ Greenhouse gas trap AECR N ]—‘.-« S o= EME}‘- 1‘/}‘ OEH? Echmng =)
olds trap (U-T16GHG-2S) o] &2 C,F, SF;, CFe®t c-CFee 573 3571
Sampling time 25 ml/min x 1 min AAE FFEE0] NE2F CEoll HlsM FA A=A
Thermal g PUEe 2D mUmR LI olgle ofis A ESgAmon AE S0 A
X
Desorber H£VW£ g 120°C Lo ARz HET F AEE AAEY] 9o, 10
condition Adsorption temp. 30°C pmol/mol®] FE&= 7|59 2AEES 7i2/dwel v
Desorption temp. 300°C (3 min) 3 T = g o2 sl vaE Aow 3
Split ratio 10:1

Carrier gas flow 19 psi (Constant)

o] Al on, AgAlE EFHA 102 F5Ho]
At AZEA7HRetention time, RT)Z E41¢] Hdw
= A TR 10 umol/mol Fx2] 715 33]
A8t AbEsith e 33 HHEg gho

3.1 EHAESS
ALEFEAE olgslo] ARE F5TOEA

82
rlo

Sk CF,, SFy, CoFeot o-CFe 53Rk} A7he
W A9, AEWIE BS 9E T IS Zow
FHY 5 AW, WAA2HOE ) FES B
B3] M FEFBE 25 mLmino = Y5
187} F53ks A0 Aol o|F A7E WY
k.
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Fig. 1. Optimum sampling volume of fluorinated greenhouse gases.
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Fig. 2. Chromatogram of fluorinated greenhouse gases for calibration.
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Fig. 3. GC/MS SIM Chromatogram for (a) CF, and NFy and (b) C,F; and SF.
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Fig. 4. Calibration

S| ¥ MEsHA
W 72314 (method detection limit, MDL) & 4
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7YSE 78] WHE ZEAste] Fig 5 UERASIeH,

4 Table 39 AAEAT}H A eEEe £ o34
E = menze = 35182 248 AAE 9=
SI73%-0) AFHFAHA Y7 1EDe) wEH HEIAE 0.2
nmol/mol °Js}=2 FASHAL tt. T2t} & AolA <]
7L o]BEt 2 0499014 0.97 nmol/mol®]
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2 Bl -120°CM 5.99°C thTReEe] B

o1
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Fig. 5. Chromatogram of fluorinated greenhouse gases at 0.1 pmol/mol concentration.

Table 3. Method detection limit(MDL) and limit of quantitation (LOQ) for fluorinated greenhouse gases (n=7, 0.1 umol/

mol)
Result of analysis
Item No. of Avg. STDV. of MDL LOQ
analysis Peak Area Peak Area [umol/mol] [umol/mol]
CF, 7 18060.1 37.7 0.00071 0.0023
C,Fg 7 4049.6 15.0 0.00091 0.0029
CsFyq 7 45436.0 125.2 0.00097 0.0031
c-C,Fy 7 42457.0 96.5 0.00089 0.0028
NF, 7 83083.0 104.4 0.00049 0.0016
SF, 7 57326.6 146.5 0.00086 0.0027
St AVORE oyl ATelN A PHAFIAL W BAsle] EADRIIY Pae) wyos o)
AFSHARL § o2 e 78 ¢ e Aoz Hel AUTE AEslglon, 1 235 Table 4 A3
o, o 43 RE ATbkase wEany & sw
o] AUEE 1.33~1.97%= UERgoH, HEA7] 4
34, HUs WEE 002% ol3ke] ol ¥ FUEE WAL o
ALFEZZAE o) gg B 2A7FEEN e Hd Fal B4 2AVREE AEFE I0E I
=5 =E37] Y8, 10 umol/mol =2 7[5 33 718 EdAVER] (transfer line)yS E3l GCol| A&e

Table 4. Precision of concentration and Retention time(RT) for fluorinated greenhouse gases (n=3, 10 pmol/mol)

Result of analysis

Item No. of Avg. STDV. of Precision of RT Precision of
analysis Peak Area Peak Area [%] concentration [%]

CF, 3 1633658.3 32245.5 0.00 1.97

C,Fg 3 486820.7 8962.5 0.00 1.84

C,Fy 3 4039491.0 53580.8 0.02 1.33
c-C4Fg 3 3384427.0 63653.8 0.01 1.88

NF, 3 6764190.3 105138.4 0.02 1.55

SF, 3 5444383.7 97968.1 0.01 1.80
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