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Identification of Tris(2 4-di-tert-butylphenyl) Phosphate in Petroleum Aromatics
by FT — ICR MS with Multiple lonization Techniques
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(1. College of Science China University of Petroleum Beijing 102249 China; 2. State Key Laboratory of Heavy Oil
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Abstract: An unknown compound in petroleum aromatics was analyzed by Fourier transform ion cy-
clotron resonance mass spectrometry( FT — ICR MS) coupled with atmospheric pressure photoioniza—
tion( APPI)  electrospray ionization( ESI) and direct analysis in real time( DART) ionization. It was
determined as tris(2 4-di-tert-butylphenyl) phosphate( TDTBPP) by the accurate mass of FT — ICR
MS and collision-activated dissociation( CAD) . The characteristic spectra of TDTBPP in multiple ion—
ization sources were demonstrated. The result indicated that the main mass peak in APPI was M +

H * and M " was also present. The main mass peak in ESI was M + Na " ( without formic acid)

or M +NH, *(with formic acid) and the main mass peak in DART was M + NH, *. APPI
FT —ICR MS could be used to determine the polycyclic aromatic hydrocarbons( PAHs) with relatively
higher molecular weight which could not be determined by gas chromatography —mass spectrometry.

Key words: tris(2 4-di-tert-butylphenyl) phosphate; atmospheric pressure photoionization ( AP—
PI) ; electrospray ionization( ESI) ; direct analysis in real time( DART) ; Fourier transform ion cy—

clotron resonance mass spectrometry( FT — ICR MS) ; aromatics
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(TSR) * .
10 _
N e N
( FT - ICR MS)
“ " ( Petroleomics) 7P o (200 ~1 000 Da)
FT -ICR MS C HN O S
oo FT - ICR MS
« ” 2.
12 19-22 , .
GC - MS 1
o FT - ICR MS ( APPI) .|
(ESI) . ( DART)
( CAD)
(2 4- - )
1
1.1
ApexUltra ( Bruker ) 9.4 T, ESI
DART APPI o N N ( )
o ( 99%  Fluka ) o
1.2
23 . _ :
10 mg/mL . ESI 10 mg/mL 20 L 1 mL - (1:3)
20 pL 28% 20 pL
ESI FT - ICR MS - DART: 10 mg/mlL - APPI: 10 mg/mL 20
wL 1 mL .
1.3 GC-MS
Bruker SCION TQ GC - MS o EI 70 eV,
35 ~1 000; HP -=5MS(30 m x0.25 mm x0.25 pum) ;
50 C 1 min 15 °C /min 100 C 3 °C /min 300 C 15 min,
300 C o
1.4 FT-ICR MS
ESI FT - ICR MS : 3500 V 4000 V
320V Q, =250 Da 1.5V 0.01 s 0.02 s
1.2 ms; 200 ~ 1 000 Da 4 M 64 -6
v 1.95V 12 dB -1.10V -1.15 V. 180
wL/h 200 C.
DART : 2.5 L/min 350 C
3.5 cmo. APPI : 350 C.
2
2.1 GC -MS

GC - MS ( TIC) 1.
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N ~ ~ ~ ~ ~ N N

N N o 1 TIC o
m/z 57 m/z 647  m/z 662 15 CH;; 70 eV El
m/z 662 o 5 m/z 647 56
C,Hgo ( NIST/EPA/NIH Mass Spectral Library Version 2.0 ¢ build May 19
2011) o o
m/z 57 m/z 663  m/z 678 o
1 TIC ( ® )
Fig. 1 Total ion chromatogram of the aromatics and the mass spectrum of unknown compound( noted* )
2.2 APPI FT —-ICR MS
APPI FT - ICR MS
2 o APPI
M M+H *
0.2 ppm
CyoHg OP €y He O,P
GC-MS m/z622 o
APPI M
M+H * M° o
APPI FT - ICR MS
(3007) GC - MS
GC - MS
* . FT-ICR MS 200
FT —ICR MS 2 APPI FT - ICR MS
Fig.2  Positivedon APPI FT —ICR MS spectrum
. m/z 678 of aromatics
M* M+H * C,H 0P  C,H,O,P .
2.3 ESI FT - ICR MS
ESI ESI FT - ICR MS
o ESI FT - ICR MS m/z

685. 434 48 1 C,,He; 0,PNa.
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ImL 0.2 mgemL™' 20 ulL m/z 680. 479
21 m/z 663. 454 08 662 m/z
685.434 48 680.479 21 663. 454 08 M +Na * M +NH, * M+H ©
M +Na *;
M+NH, . ESI
o m/z 678 M+H * C,H,, OP
( CAD)
M+NH, *
(CV)
o CV=6V
M+NH, * M+H *;
CV=12~40V 6 C,Hq
m/z327.1 M+H-C,H, *
CHO0,P+H * 3 (2 4- - )
(2 4- - Fig3 Suuctural formula of tris(2 4-di-tert-butylphenyl)
) 3 i El phosphate
El m/z 662 15( CH;) m/z 647
M-CH, * 56( C,Hy) m/z 57 C,H, m/z91
m/z 147 - m/z 191 o
25 (2 4- -
) o Irgafos 168 B2 ( Vitex
negundo L.) T
2.4 DART FT -ICR MS
DART
. (2 4- - ) DART ESI
DART FT -ICR MS ( 4) M +NH, *
M+H * . » DART M +
NH, ° M+NH, ",
o Cv=12V M +NH, * CAD ESI
M+H * M+H-CH, * o
4 (A) DART FT-ICR MS  (B)

Fig. 4 Positive<on mass spectrum( A) and CAD DART FT — ICR MS spectrum( B) of aromatics
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APPI ESI DART FT - ICR MS GC - MS
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(2 4- - ) C,H;O0,P EI o
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