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1 SEIGERS

1.1 8. #FnF

Agilent 890b-5977b S AH (23 - T B FHL . HP-1MS B4 (A 1E4 (30 m x 0.25 mm x 0.25 pm) Fll
Agilent 7963 H st (GEELHERFHEARATR] ) ; SK3310LHC B A BIHBERS (LIRS (U
HIRAF]); Frontier 3030D #Z4#{ ( H AR Frontier Lab /A H]); Shimadzu QP2010 Ultra S AH (435 B
FAA(CH AR S B VR T ) o

6 AR A KL SBS 3527 (4> T 8 x 10%~1 x 10° g/mol ) Fl SBS 3414 (43 T 1.5 x 10°~3.0 x
10° g/mol) WY A T A4 st AL T RURHA PR 7] 5 SEBS 502t(4 T4 1 x 10° g/mol ) Al SEBS 503t(4r T
2.2 x 10° g/mol ) W 1 H B 41 fLAE A L B A AL T A BRSTAT /A Al SEBS G1652(4rF 4 5 x 10* g/mol ) #l
SEBS G1651(43FH: 2.2 x 10° g/mol) W [ £ ERHE A5 95 S ICETRIMIE [+ A0 RAR SR A R
imm s SHraiaE Cbea B KRR AR BR A F
1.2 ZWHE
1.2.1 BEHRERBYHSRNEE

B 6 PRI 25 5 g, A0 A AT S rh  F S K 88 B SR, A AR IR K R AR
6, 43 145 SBS A1 SEBS #AKEsk B R HAFEAER Ik, L 10 mL <3l sy B i A BE ok B W B
dis 6 PRS4SS5 g, A3 BT AT SR | PB4 ) B SR PR 0.5 mL ¥R, AR
KRR, AR R0 K R H IR, BIEIA I iR A A BE ) SBS N SEBS #4565k B 4 (LA
T RTRR NS R ER B ) o RSB 0 A RIS AR B A 43 ) FH LE O o A B, A5 380 A AR RO R 7 iR
¥ 2 min, FIEAGTIE)S 788 % 0.5 mL, % H.

1.2.2 GC-MSH &

AR & EM AN, BN 20 mL/min, BiAEE 14 800 kPa. FEF 1R T 2% F BB Tk
Jr: WIHARIRERE N 100 C,{4FF 2 min; LI5S C/min FEETFE 150 °C, 445 2 min; DA 8 °C/min 1Y
HEETE A 250 °C, ARAFF 10 mine FESPEFER N 0.4 WL, 2R 10015 XTFIIMREER R Y, N A hikbe
BEFSY AR R B BN 2 2 L, N

JEF A GC/MSD #2 R R 280 °C, B FIRIREE A 230 °C, PUMATIRLE ) 150 °C; HLF3&%ili (ED)
BITUER A 70 eV IHFRER ; 2 (SCAN) BT EH 4 50~500 aum.

1.2.3 Py-GC-MSH &1k

0.3 mg FE i 2 24 24 e NS AT - S A . FAE4 M (Py ) 254 1PilR 600 °C G54k IR
JF 350 °C, ZLEIE] 20 s, SAHEIE(GC)SF: DB-1 i (30 m x 0.25 mm x 0.25 um); HEFE O R
300 C; Friatke 120015 #FFERE 1 pL; B AS(99.999%) o KHRRTFHE , WIRIREE R 40 C, 1R
2 min; 10 °C/min 7FZ 140 °C; 20 °C/min FF % 290 °C ,f34% 10 min, iRk (MS) &4 2446, A3
Fil m/z 29~500; EI &7, FESRERE 70 V; DUBATIREE 150 °C, 42 HRJE 280 G, HHILEIR 3 min,

1.3 #HiE4biE

K H Agilent MassHunter Qualitative Analysis Navigator B.80.00 FuHg T 443 A 45 ol B IR (i 1%
(TICs). Z:H8 ASTM E1618—19"/H1 GB/T 18294.5—2010""*  BEEUE A (m/z 91, 105, 119, 106, 120
FI134) . B (m/z 116, 117, 118, 131 F1 132) L RIS (m/z 128, 142, 156, 170 Fl 184) )
EICs 3581, 38 52 NIST2014 FUiEEE PEAS 2R 45 RRAE 2 106 BN DEIC KT 70% 0 BAnfb &9, it -
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WE 1A Fos  FIRRR B R B g 2 I H e 5] . SEa r st IR AR SBS AR be sk B
I TICs W& 1B F1 1C itz , A5 B8 B 1] 2351 4 3~8 min 1 16~20 min s f U4 25 15 35 5 T 8~16 min (I
ID~1G KB, 4 Fl SEBS JRBE5% BB W1 TICs & I RFAE AR, £f B8 B (8] [R]FRE o 7T R 3ok 3 4~ X
B: 3~8 min. 8~16 min LA K% 18~20 min, HH', 3~10 min & 18~20 min XA ({5 SR E# . L5 E R
1A~1G K3, 515 MAR LG, SBS H1 SEBS #RESF ik 20 4 i 270

TN#% 0.5 mL Y535 B PIAP SBS SREEF=HITE 3~10 min AR H HI (FL TR 245745 B K S1IA~SIB)
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Fig.1 Total ion chromatograms (TICs) of residues from the combustion of (A) gasoline, (B) styrene-butadiene
block copolymer (SBS) 3527, (C) SBS 3414, (D) styrene-ethylene-butadiene-styrene block copolymer (SEBS)
502t, (E) SEBS 503t, (F) SEBS G1652 and (G) SEBS G1651
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16~22 min WHLAFHELH 4306 (0 5 V0MBARE SR B 4 (151 TA) AR L gl s SBS IRABEsR B 11 5 150
WA R 225, DR BRI TE] 2Ry 10~16 min B A 22501000 B 58, DR 26 PR S0 B8 e 3 il “IRBAPE” +
oo MG SEBS HYRRBERR B WI7E 3~10 min PIAEH 16, 16~22 min PG 5 BE 4 i A RFAIE I8 (FEL R
X S HHE BB SIC~SIF) &5 G - 1A AT H 50 I AR A3 K220 Rk th 25 5 72 A4 “fR ]
PE” T T R R W LA BRET S SBS 5 SEBS #ALESR B Wk 4 A AR AR O i T gk —
X EICs HEAT20HT .
2.2 EICsHIXfEE o4

EICs # FI T4 59 K 740 58 4, HAE ASTM E1618—191° 51 GB/T 18294.5—2010"*" X4
BRIFER R WA TR 30 S i, AR A 43 h Bl S B ASRRUE , 76 R I AR PR T R 28 Ak,
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BT ZS LA S B BR 0 0 55 05 B IR A 3 it A T AT
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PRI AN TR BE 5% B W) AT I BRI 5% B8 W ot FOR ) ELCs WA 2 Jirzs % B N2 e R e ik
R E1Cs UL HLT-ROCR SCHEF EIE S2.
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C3 R 6, C4 7R 10 i, CHR | X HIZRFNAR — H OR AR X TR = o H 1A 2B T 2C WT N, R SBS
WREEFE R R AT 3 B C2 2K . 6 FP C3 ML Fl C4 7%, HEIE 2B FIE 2C 5 2A XTEL AT, SBS #A%%
5% BRI A FIOR B3 B (1R 5 YRR ek B ) — 30, 2RI S e AEE R T4 1l 2D~2G AT AT,
SEBS #AGesk W R TR 2 Fh C2 2K . 3Rl C3FE, 1 A C4 KA 1 Fb €5 28 BRS04 s i i T
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Fig.2 Extracted ion chromatograms (EICs) of alkylbenzenes extracted from combustion residues of (A) gasoline,

(B) SBS 3527, (C) SBS 3414, (D) SEBS 502t, (E) SEBS 503t, (F) SEBS G1652 and (G) SEBS G1651
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o, (HARES T SBS, i1 T &b 3 2 25 T 0 XSS5 H4 () SEBS BAB5% B 4 i fE G B B Wb ik /> | 50 3
o5 , PRI A A T L SBS #RBE5R R /)N

JNZ% 0.5 mL 73S, SBS BASFR B WP TR 3 C2 78, 6 C3 Z5H1 10 Fh C4 K (FETFRRSCE 32
Fr{5 & S2A F1 S2B) Kt AFAE2H 43 Fh S 5 VIR be sk B8 AR RL , (E C2 ZR A AR 5 5 7 (] 2A) A
WWARTE—E 255, C4 RIESREE AL SS s SEBS BABRER B W rh 34 REAL H C2. C3 Fl C4 2R (HL RS 3R
7R S2C~S2F) {H C2 2K (1) 3 F R J A AR I A B B S5 VRMAEAE X ). PRI, BB AR N 28 0.5 mL Y5
J& , SBS Fl SEBS #5658 B Wy e 0K EICs # & A4E TRFRIFREE AR L, (H 35 19 C2 ZR BT & A5 7R
AN B2 RIS AR B " Tk
2.2.2 EMEEESWISW

X INEAIMETE SBS Fl SEBS HYRAKes% B M1 i Bfili 2520 73 A T4, L EICs WL RS S5
S S3. PiFh SBS AR ICIABE 5% BR My rh B4k B . L FF R A U R (R ORI R
&1 S3A Fi1 S3B) , Hirf A $E 4 Ff B BLER A 3 Fh — HH B0 IR E AL o0 1 e 7 5 . 15028 518 TE
ERIMBERER B Y (R RRCCR SCReE B I S3G) AR H AL, IR S 1) “MRIEME” TR

TE SEBS BAbe ik B 1y v A AT Kz H e 21 2 43 v A e i RN HR R i 4L 03 (H RSO R SRR R
Kl S3C~S3F) , 43 AT — AN FRRIEUE , (RIS H Z2 R B i) it 8 DLV IR (A R R . Ok
FRZRFNIR O BER) A1 T SBS(HLFRRSCIG SCH5(F ELRT S3A M1 S3B) , SRk besk B W B dl oy 22 5+
MK, B SEBS #RBesE B WA am 4 e iy “BBAME” T3/

TN 0.5 mL YRS, SBS BRSEHE BA 1 P s 28 4 43 (R RE G 5 A A AR A 2 R B e
Ko B N B (T RSO SR LR S3H AT S3L) |, SRR B AR B Wi E1Cs (FE T IUOCR 32
FME BB S3G) A LL , Y RE B 5 SE e o A RAR, A i il “IBAPE” 28] SEBS #hbesk
B R TR 53 E1Cs 5150 E1Cs 2L (FL T RROCE S HE5 BUE S31~S3M) , ek th gl . B H L
BT A LB AL o, (E T A AR B i S VIR R R TR] , B S it il BB 1.
2.2.3 WRFBRASHDH

X HNEGRIETF 1) SBS Fil SEBS $AKESR B3 Wy B BA 05 1 2520 43 A THE X, L EICs WL RS SO
TR R S4, WA SBS #RBeER BRI AT R L HESOR R ZR | O HARIARIEIE RN R B 5[] 5 VR A R
5% BB W) (R F WO SR BB S4G) JLT- 58 48— B0, XA 58 8 i T 3088 R (B F MO R S HR R 2
] S4A F1S4B); A SEBS #AKEs% B W) -P AR5 SR 4 /0 (N REAS: HH 25 R F L 28 R i oy, Hovp 2R X
A 1AFHIENE A2 20 o3 SRR XS 5 i 5 VIR BRIk B A AR R 22 ) R 4 1 T4 LE SBS #A
Lesk BB Y/ (BT MOUE ZHEE BB S4C~S4F) . in#k 0.5 mL y5ilG , SBS MAbRsk bk i 25 . 1
FEZEFN B ZE (L SCS SCHR(E BL ] SAH T SAT) | HERF 20 452 i SRR e sk B WU AETE 25 ) (PR
TR SCHHE R S4G) I 5 B “MRBIPE” R NI, SEBS #Abesk yas i 25 H
FLZERN W 2R A VR S I S A, (RIS S (AR VAT LA R ARPAIE A 3 A AR G B i 5 P P AR U 3
{H R R 20 — PP R A ARG & 1 W /D TV RIR e BE ), BT AAE SEPR S e i AR b T RE 2 B B
P B (RO SCRHF EE] S41~S4M) o
2.3 EEDW

LIRAFGE R, SBS M SEBS ¥ XIS P A S T . itk B SBS 5 SEBS A%
(14 DX LA B R 70 46 58 1 RN, R R RRIE 2 20 AR G 068 TR B2 EXCs [R5 AR (LS R i X e 68
EfTH IS FIRR IR I IR 2l o A 7 1 0 BT o
2.3.1 HEXIEmRS

(1) AFRBH>»H FETINEIMFTG A9 SBS Fl SEBS BREEHE B W1 LA K ISR 5k 58 W) i e Lok
EICs s , 1153 C2 K19 3 A [ o0 S A AR R AR X T L, 485 591 F e RO S8 B4 ST b

e ST BV R NI FT S SBS 1 SEBS JABSER B W rh LR | X — FH RN AR — R A AR T
WA TRTARAE C2 KRB 7 oo JINZRI<IM AT, PP SBS FITIMBRLEsE #1472 (g e T FRLE K 48 —
25,7 SEBS 502t 503t 1 1652 HIRAGETE B W) rh B AR tH 4B —H 28, SEBS g1651 4B —H R Ay & 8 K
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TXF IR BAR SBS il SEBS M2 X VA4S 7 A T4, (B 2R 22 SV 25 A 1) SEBS T-4EE/N T SBS. i
FIRIMJE , SEBS BRG5R B W C2 2R [R] 43 S A AR it e TR o bb 55 R M2k A T B R e 5% B3 W AH L
KA AR A AL AT ARG B R AR AR AR S 5 YRR e 5 B W AELAE DG 2 3 AR ARG U T A o L
ERIMRGE R BRI AE 25 7

()i £y T Eod  SHINERIMATG Y SBS F1 SEBS BABE5E B8 4 rh B 2 44 Hh e MBS 1Y
AU TR AR o FE A 7 BT, 465 8 DL HE T RO 2R3 (5 B 36 S2.

12 S2 W, 7 SBS BABEsE FE -5 VRS AR B W R R R T BT R I BB AR S e T
EfT, 1M1 SEBS BABEFE 53 W h ARG B , IR L SEBS F=A: 9 “BBHME” TH0RRE KT SBS; N2k 0.5 mL %
IR G RAREIS , SBS Fil SEBS KALE5% A 47 v efi 1 FHER At AF X U TR FR (7 LU 35 A [ 78 B b 1) YR 32630, (AT
SREVRIMAFE R RS Ha BRI RARERAT R

(3)FAIRF IR 2 EAH W INEIIMTT S A9 SBS F1 SEBS BAEEH: B3 Wy h BRI 2 2 AT o 1
AYHT, BEHUZE . TP EZERN T R 3 Fh HARAL A A AR X 0 AR A o L 45 R L TR SRS S
B3k S3.

13 S3 W, 7 SBS #Abesk Bk th 2% . W BLZE AN F 28 iy AR I AR 5 22 SRR
SEBS #Abesk B b FREAS H Z8 A JL 2% | F L ZR A0 ARG I T AL 7 L ASOR 0.1~0.2, 1T SBS AR besk
BA ) rp R R ZE A O T B AR BN T 0.4 Z2 47, SEBS BABERE BA v Y REZE A0 AR X 06 i AR U BA SN T
SBS FAIALESR B Y . Ik, SEBS BREGEFE B YIRS ey “EM:” 3/ SBS. nzk 0.5 mL
VRIS, SBS Bl SEBS JAbesk B Wk 28 . B JRZSR ZH 28 JF ARG i AR o LS v sk bR gk B
PIRARLEE B i (R T 22 591, BTSSR T RE S5 B “BAE” 150
2.3.2 HBEASBUNESEEST

BN ATIE 19 SBS . SEBS DL VRIMBA LR B I B SE8 | B RIBR R 07 KR 2R ik 4 43 11
EICs 1% &5 A Matlab J-3E17 K BEAL —MEAL , BRI corr2 PR T AR T 5 7R BE 5% B W1 ) EICs
T EARARLEE A5 UL RSO SR B 36 S4. FHR S4 AT, Ny, SBS Fl SEBS #A%585% 8 ¥yt
B FEARZE A 43 5 VI AR 22 BN B I (EUG) T B 28 21 A AR B 05 S8 2540 43, SBS BAKEE% B W ATV
PRBEADUEE 4190 b =5 T SEBS BABEsR B89, IR I SEBS A9 T4t /N T SBS; hngky<itn , SBS BRbesk Y
FHERZEZH 20 5 VOB B W AR L BE AR T 0.5, 4 Fl SEBS {4 0.13~0.20, R 2 55 B “fR S
45ie. BLLE 3 AR RIARRUEE MR R 23 (B AR AR 2R Y oy 0 2 il B AR S A 3 AL BE A Sy = G Al
BB, 5 VR0 AR 1 R 2 T/ NI RT DA 3 A B 255 F IR i RV THI R B2 532 B8 A 360 5 2 1) T4
FEEE . &1 3A 2 SBS Hl SEBS #ABE5% B 1) 5 VO BARE SR BR W) 0 ARG , 18] 3B hy SBS i1 SEBS JinZg i<
JAIRBESR B W 5 1R B R B W ROAR G B . T 3A RIAT, 2 il SBS il 4 Ff SEBS AU A AL, IMiAH
LT SEBS, 2 F SBS A AL bR £ 5 1AM AR 2 BT , R WIHAR MR S0 4 A “MBRIEPE” TR R,
HHI&] 3B AT AN S , SBS Fll SEBS WUBRGEER B ) ST A ORI, 2574 “IRE” T4k
2.4 HFRIRSH

BRI ) S IR R B VIAHOC , 2 0 T RHE A b B rh & R A — RN 228 4k . ARBFFR M E T
I 2 1 A 53 DT A A X T A 36 6 5 P BE P RIS T AR BE R4 T 1 % A #T , (2R e
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Fig.3 3D scatter map of similarity based on EICs: (A) Similarity of combustion residues of SBS and SEBS with
gasoline; (B) Similarity of combustion residues of gasoline with SBS and SEBS after addition of gasoline
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Study on Functional Groups of Matrix Interference to
Gasoline Identification for Fire Investigation

ZHANG Qian-Qian', ZANG Zheng-Zhe', JIN Jing™?, YIN Guo™', HU Yu-Yan', QIAN Pei-Wen',
LI Qiu-Fan-Zi', JIANG Yu-Hang'
'(The Graduate School, China People's Police University, Langfang 065000, China)
*(School of Criminal Investigation, China People's Police University, Langfang 065000, China)

Abstract Matrix interference in inspection and identification of accelerant used in arson has always been a focus
and difficulty in the field of forensic science. In this work, to further investigate whether carbon-carbon double
bonds were functional groups that caused matrix interference, gas chromatography-mass spectrometry (GC-MS) and
pyrolysis gas chromatography-mass spectrometry (Py-GC/MS) were used to qualitatively analyze the combustion/
cracking products of styrene butadiene styrene block copolymer (SBS, before hydrogenation) and styrene ethylene
butene styrene (SEBS, after hydrogenation saturated butadiene carbon-carbon double bonds) from the perspectives
of chemical structure and cracking process, and their interference with gasoline identification. Quantitative
analysis was conducted on the interference degree of the two types of materials using the similarity of ion flow
chromatography (EICs) extracted from alkylbenzene, indene, and polycyclic aromatic hydrocarbon components and
the EICs corresponding to gasoline combustion residues. Both qualitative and quantitative results indicated that
SEBS had less interference in gasoline identification. Compared to SBS, the characteristic components such as
indene, dimethylindene and dimethylnaphthalene could not be detected in SEBS combustion residues, and the
relative content of alkyl benzene, indene, and polycyclic aromatic hydrocarbon characteristic components was
significantly reduced, indicating that SEBS had a lower degree of "false positive” interference. After loading
gasoline for mixed combustion, a significant difference in the relative peak area ratio of characteristic components
could be found between SBS and SEBS residues and gasoline combustion residues, which could easily lead to a
"false negative” conclusion. During the cracking process of SEBS, fewer cracking products with double bond
structures were produced. The correlation between the carbon-carbon double bond structure and the degree of
matrix interference in gasoline identification was verified by combining the differences in SBS and SEBS double
bond structures and the differences in cracking products. The research results provided important references for
further understanding the functional groups that caused matrix interference in the inspection and identification of
fire residue.

Keywords Fire debris analysis; Matrix interference; Gasoline identification; Carbon-carbon double bond structure;
Styrene-butadiene-styrene block copolymer; Hydrogenated styrene-butadiene-styrene block copolymer
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