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Design and application of online derivatization device for
polar organics on atmospheric particulate filter
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( Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese
Academy of Sciences, Xiamen 361021 China)

Abstract: An online derivatization device for the analysis of polar organic compounds by gas
chromatography-mass spectrometry ( GC-MS) is designed. The derivatization reaction occurs in
the hot GC injection port, and this is also known as injection port derivatization (IPD). IPD is
usually performed in two ways: 1) direct IPD and 2) ion-pair extraction, followed by IPD. In
both cases, the derivatization reagent reacts in liquid form. However, a method for online deri-
vatization using gaseous derivatization reagents is provided. A special needle is designed and
placed on the carrier gas transfer line to the injection port. The carrier gas is introduced into a
glass bottle containing the derivative reagent ( N-methyl-N-( trimethylsilyl ) trifluoroacetamide,
MSTFA) , and then, the gaseous derivative reagent in the headspace is pressed out and intro-
duced into the injection port of the GC instrument at a constant speed. The filter to be analyzed
is placed directly in the liner, and the polar organic compounds on the filter react with gaseous
MSTFA at 310 C for 10 min in the injection port. During derivatization, the column oven is
maintained at room temperature, and all the derivatives stay on the column head. When the

reaction is complete, the MSTFA supply is ceased. The oven temperature is programmed, and
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the solvent delay is set until the excessive MSTFA is removed. The derivatives are allowed to
pass through the column and analyzed by the MS detector. To prevent a large number of deriva-
tive reagents from entering the column, the injection port is set in split mode with a split ratio
of 5:1. Variables such as the injection-port temperature and derivatization time are investigated.
The GC-MS responses of the ten silylated derivatives increase with increasing injection-port
temperature (290-310 C), indicating that high temperatures can enhance the silylation effi-
ciency. The derivatization times were also investigated. The GC-MS responses increased with an
increase in the reaction time from 0 to 10 min, while higher temperatures or longer reaction
times lead to the loss of some derivatives. The reproducibility of the derivatization reaction was
0.27% to 7.28%, and the linear correlation coefficient was 0. 976 -0. 996. This device can be
used for the online silylation of most polar organic compounds such as organic acids, alcohols,
and phenols. The advantage of this device over offline derivatization is that the derivatization
reagent and derivatives are protected by helium, which eliminates the risk of decomposition
caused by moisture in the air, and the high temperature assists the reaction. The analytes were
directly desorbed on the filter and derived online, and the sample quantity required was only
1/200 of that in the traditional solvent extraction method. Meanwhile, only the gaseous part of
the headspace in the derivative reagent bottle was used, and the amount of derivative reagent
was greatly reduced. Additionally, the operation is simple and solvent free, the entire analytical
procedure was executed in a “green” manner. A PM2. 5 filter was analyzed, and 26 different
polar compounds were successfully derived, including monoacids, binary acids, aromatic
acids, and alcohols, covering most of the common target polar compounds in atmospheric
chemical analysis. Polyols such as glucose and sorbose that bear 5-6 hydroxyl groups and have
large steric hindrance were also successfully derived. This device is expected to be an efficient
and convenient analytical tool for tracing the sources of organic matter in atmospheric particles
such as soil dust, biomass combustion, cooking oil smoke, and automobile exhaust, or for
investigating atmospheric photochemical reactions. This gas-phase derivatization provides new
insights for the development of chromatographic analysis methods for polar compounds. This
device is simple and modular, and it has a wide range of applications; it is suitable for different
brands of gas chromatographs and has great prospects for commercialization.

Key words: gas chromatography ( GC) ; mass spectrometry (MS) ; silylation reaction; online
derivation; polar organic compounds; atmospheric particulate matter; device
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Fig. 1 Online analysis device diagram of polar
organic compounds in atmospheric par-
ticulate filter
1. split/splitless inlet; 2. T interface (let helium or helium+
MSTFA pass through ); 3. four way interface ( determine
whether helium enter the injection port directly or after passing
through the MSTFA bottle) ; 4. needle( for import derivative re-
agent) ; 5. glass tube ( derivative reagent); 6. helium ( carrier
gas). MSD: mass detector; MSTFA . N-methyl-N-( trimethyls-
ilyl) trifluoroacetamide.
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import needle
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Table 1 Major ions, reproducibility, linear ranges, correlation coefficients (r) and
detection limits of ten organic acids after derivatization
Retention Major ions Derived chemical RSDs/% Linear range/ LOD/
Compound . . . -
time/min (m/z) formula inter-day intra-day (mg/L) (mg/L)
Malonic acid 8.27 73, 147, 233 CyH,,0,8i, 3.51 2.79 2-50 0.993 0.21
Glutaric acid 10.37 73, 147, 261 C,, H,,0,8i, 0.29 0.29 1-100 0.976 0.23
Adipic acid 11.28 111, 147, 175 C,,H,,0,85i, 5.78 0.16 1-100 0.992 0.35
Pinonic acid 11.49 75, 83, 171 C3Hy50481 1.33 0.44 1-100 0.991 0.17
Pinic acid 12.58 75, 129, 171 C,sH;,0,Si, 7.82 3.85 1-100 0.993 0.05
Octanoic acid 12.78 75, 187, 303 C,,H;,0,8i, 5.39 2.74 1-100 0.996 0.53
Phthalic acid 12.83 73, 147, 295 C,H,,0,8i, 2.06 3.74 5-100 0.996 0.21
Azelaic acid 13.50 73, 175, 317 CsH3,0,48i, 5.04 0.86 1-100 0.995 0.07
Hexadecanoic acid 15.13 73, 117, 313 CoHyy 0,81 5.09 2.35 2-100 0.989 0.02
Octadecanoic acid 16.33 73, 117, 341 C, H,0,8i 4.43 1.89 2-100 0.973 0.02

%2 PM2SEERRHMNBENBMERLEYER
Table 2 Organic acid and alcohol informations detected in PM2. 5 filter

Type of compounds Label Retention time/min Compound Major ions (m/z) Derived chemical formula
Acid Al 10.99 lactic acid 147, 117, 173, 191 CyH,,0,Si,
A2 18.95 glyceric acid 73, 147, 189, 292 C,H,,0,Si;
A3 22.40 malic acid 73, 147, 233, 245 C,3H,y 05 Si,
A4 22.94 proline 156, 73, 147, 230 C, H;NO;Si,
Diprotic acid Bl 13.90 oxalic acid 73, 147, 66, 190 CgH,30,4Si,
B2 15.49 malonic acid 73, 147, 66, 233 CyH,,0,8i,
B3 18.37 succinic acid 73, 147, 247, 172 C,oH,,0,Si,
B4 19.11 fumaric acid 73, 147, 205, 211 CoH,00,Si,
B5 20.39 glutaric acid 73, 147, 261, 158 C,,H,,0,Si,
B6 22.55 adipic acid 73, 147, 205, 275 C,,H,0,Si,
B7 28.03 azelaic acid 73, 129, 201, 317 CsH;,0,Si
Aromatic acid F1 26.26 phthalic acid 73, 75, 147, 295 C,,H,,0,85i,
F2 27.92 terephthalic acid 295, 221, 103, 73 C,H,0,8i,
Alcohol C1 22.90 erythritol 73, 147, 205, 217 C,¢H,, 0,81,
2 26.69 levoglucosan 73,204, 217, 333 C,5H,, 05Si,
C3 27.09 arabinol 73, 147, 217, 307 CyoHs, 04 Si
C4 30.75 sorbitol 73, 205, 217, 319 C,,H,, O, Si,
cs 31.53 glucose 73, 147, 204, 217 C,, Hs, O, Sis
C6 33.18 cyclohexane hexanol 73, 147, 217, 305 C,, Hgp O Sig
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Table 2 (Continued)
Type of compounds Label Retention time/min Compound Major ions (m/z) Derived chemical formula
Fatty acid El 25.31 dodecanoic acid 73, 117, 129, 257 C,sH;, 0,851
E2 28.79 tetradecanoic acid 73, 117, 132, 285 C,,H;,0,851
E3 30.41 pentadecanoic acid 117, 299, 73, 129 CgHy 0,81
E4 32.08 hexadecanoic acid 73, 17,129, 33 C,yH,4, 0,51
E5 34.48 linoleic acid 75, 129, 262, 337 C, Hyp 0,81
E6 34.57 oleic acid 117, 129, 145, 339 C, H,,0,8i
E7 35.04 octadecanoic acid 73, 117, 132, 341 C, Hy, 0,81

AR Y, M E G H TR &), 46 £ 00
B S, A A B R A LD AL T B 23K 5~6 4>
FRHE  AEAER KA I, 349 43R R 58 B AT A=, (645 7
Paad v — 228K,

M 7 Fge 2 v UL S PR AR BT
WA AL ARSI 7 i v] B el i GC-MS X KA
R B REAE S AT IR A A3 AT, TR 3R A KRR
HEREAPRRM G EGEE . B TARRZER—KHE
TR = A 22 A ALER , PR v MR 45 ML A A
FE B HR PR AN TTERHEA T 430, B an AR
SREWIET/SIR(E4) FIE+H AR (E7) 5 A2
TGS A W HE R DI A G e 2 H s & (B 7)
T AAREL, 5 B XU S R A G 1 0 R Uy
AR S5 T — 30 ALY R A e ROV T B
TRA MU R BOR Y h — oA BB IR 1 2
VR WH R (A2) FISE SRR (A3) & KA AL
Y —UOCEARI ) 34 A HLRR & 4 T hRid
Y, R WNEA ST A ) TR AN A2 T SR (C2) A&
YR AT ISR ), S A ) AR e i iR
TNER) s AR LAV R 2 R L A YRR IE L
BRI AR R (F1) 2 2Rk & 38 be 9
AR AR AR (E6) AT FERUAE 2036 3 S 2 AT HE
WA MR (ES) Bk B = e
AT G ST 8 7 PR R A AUk 4 s 4
TOREA) T A LR , A R AUBURE ) 15 YL W1 AR <
258 B T R A R AT 5

3 #ig

ATAEBATHIVE T —EHT GC-MS 7l ok
AU BIELAT A B o ST AR A A
PERE DA R A & P e AR A A, SRS
AT AT IR AT LU 03 1 R AR i 7 24
WA R A B3 VR 23 F UKL A L A R RO
HORFEAR T B A4 ARSI IR, A7 A
B2 em® Ze A B U AR i H RLABURL R R A

(I AR 47 mam M) RIVAT 3 2 755K 5 2. A A
BEAL FHETE AR, HERR T 2= ok o xR i
FR BRI AR 7 W ik XU, Z2 5 vei 280 3.4 il il
b PR HLIRTNTG e, e IR 4.0 AR A
TEEAETRIE, 5 TAEA R S8 2 e, H A%
HEAF RN, N7 A it 5
5 PBERTIER T, S ) T R =URRE A i A
BYI PRI E BT

SE Lk

[1] CaoJ J. PM2.5 and Environment. Beijing: Science Press,
2014 36
HZEHL PM2. 5 5. Junt. Rlegdiit, 2014. 36
[2] HoSSH, Chow J C, Watson J G, et al. Atmos Environ,
2011, 45(7) : 1491
[3] HoSSH, YuJ Z. J Chromatogr A, 2004, 1059(1/2) . 121
[4] HoSSH, YuJ Z, Chow J C. J Chromatogr A, 2008, 1200
(2): 217
[5] LiLJ, HoS S H, Feng B, et al. Sci Total Environ, 2019,
660 1392
[6] LiuH, Ma S, Zhang X, et al. Environ Pollut, 2019, 254
(Part A) ; 113018
[7] XuH, Léon J F, Liousse C, et al. Atmos Chem Phys, 2019,
19(10) : 6637
[8] Mologousi A I, Bakeas E B. Anal Methods, 2016, 8(20):
4047
[9] Klyta J, Czaplicka M. Microchem J, 2020, 157 104997
[10] YuQ, Chen J, Cheng S, et al. Sci Total Environ, 2021,
763 142964
[11] XiaoY, Wu Z J, Guo S, et al. Chinese Science Bulletin,
2020, 65(29) . 3118
M3, RAEZE, B, 55 BRESEMR, 2020, 65(29): 3118
[12] Ferreira AM C, Laespada M E F, Pavon J L P, et al. J
Chromatogr A, 2013, 1296: 70
[13] Poole C F. J Chromatogr A, 2013, 1296 2
[14] TanJ H, Zhao J P, Duan J C, et al. Environmental Sci-
ence, 2013, 34(5) ; 1982
e, W4T, B, 45 IR, 2013, 34(5) ; 1982
[15] Duan F K, He K B, Liu X D. Acta Scientiae Circumstanti-
ae, 2009, 29(6) ; 1139
BeRUE, B sok, xR, PREERR AR, 2009, 29(6) -
1139
[16] Jiang Y L, Hou X M, Zhuang G S, et al. J Atmos Chem,
2009, 62(3): 175



