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Determination of 16 photoinitiator residuces in medicinal composite

membranes with gas chromatography — mass spectrometry *

WU Hong - yang

( Chongqing Institute for Food and Drug Control, NMPA Key Laboratory for Quality Monitoring of Narcotic Drugs and Psychotropic Substances,
Chongging 401121, China)

Abstract Objective:To establish a gas chromatography — mass spectrometry (GC — MS) method for the determi-
nation of 16 photoinitiator residuce levels in medicinal composite membranes, including benzophenone ( BP) and
4 — methylbenzophenone (4 — MBP). Methods: The samples were extracted by ethylacetate, separated with
TR —5MS column. The mass spectrum was analyzed with EI ionization, positive ion mode and selective reaction
monitoring (SRM) mode and quantified with internal standard method. Results: The 16 kinds of photoinitiators
had good linear relationships in the range of 0.05 —2.0 pg - mL™", and the correlation coefficients (r) were
more than 0. 997. The limits of detection (LODs) were 0.03 pg + mL~'. The average recoveries were (n =6)
ranged from 81.3% to 94.0% , with RSDs of 2. 1% — 6. 2% . The detection rate of 4 — Isopropylthioxanthone
(4 - ITX) in the medicinal composite membranes was 30% , and the highest content was 0.02 pg * cm
Conclusion; The method is accurate with high sensitivity and simple pretreatment, which can be used for the
detecting the kinds of photoinitiators in medicinal composite membranes.
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MG K faE D e &R =K ER (BP) |
4 - AL RN (4 - MBP) BA — & A= S RE M Hefi
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A A AR IR AT B TR &
FRURRPRG AR v B B3 SR T 24 i B 25 b A b
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FIRFNHATIRAE o R, 7 245 T A B s ot 5 | A7)
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b EEMRR L B RIGENR R Z . K
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1.1 Y88

TSQXLS AH 4 3 — Jit 3% 4% ( Thermo 22 7 ) 5
XPE205 H, F K F ( Mettler Toledo 2 &, #5 & N
0.01 mg) ;KQ — S00DE 8 7 i 5 vk 4 ( B 1l v 7=
PGEABRA R ) s MARS6 i # U (CEM 24 7]) .
1.2 X%

T & FR A % B (M 1000 pug + mL7™",

HWEHR L

ANPEL 5 F)) ;4 — & R i (CBP, 2l & 99% ,
Aladdin 73 7] ) 5 SRACE - D10 [ A4 (ISTD ) , ¥k JiE
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P g A/ 8/ R Om A I A R V&, it s
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2 HEEER
2.1 g5t

i TR - SMS B4 HE (30 m x0. 25 mm, [
JE0.25 wm) 5 8RR UG EREIAR AR T pl B
1.0 mL « min ™" RAFAERE ; % AE i 5 R AR e 7
I, WA 70 °C, U8 °C - min ' FHE F 300 C, %
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FEPOARAT BRI A5 s A e R S W Iise=s; Y
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2.2.2 RAXIAAR  FREL4 - SR X AR
Ahid R, B 25 mL R, IS G e 4 2 20 e
TR R 1000 pg - mL ™ XS BREL BB A TR,
TFEHL 4 — 58 7R B i 28 VR RO 5 | & FRITR & % B
an 0.25 mL, & 25 mL I, i1 G IR O R E 2 2 %)
J T T R O 10 pg - mL T YR A R R
AN
2.2.3 RAXHS TAER R IR G0 RS R
FI ARV TRIE 5, 0 2 TR T8 88 i R o 2 4k B8 40
M4 0.05.0.1,0.2,0.3.0.8.1.0 F12.0 pg + mL™'
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Tab.1 Mass spectrometry parameters of 16 kinds of photoinitiators and internal standard

T ey Iy AN R ERBETR EMEETX e
(NH—) (o H ) (chemica (relative molecular  (retention (quantitative (qualitative (collision
o compour structure ) mass ) time )/ min ion pair)m/z  ion pair)m/z energy)/eV
1 2 —F2dk -2 - FHELN KR [ 2 - hy- g 164.20 8.89 105.0/77.0 106. 1/77.0 10/18
droxy — 2 - methylpropiophenone -
(1173) ]
2 2 H i B R G [ methylbenzoyl- “ 2 164. 16 9.11 105.0/77.0 77.0/51.0 12/14
0
formate( MBF) | w
0
3 BP & 182.22 14.39 105.0/77.0 105.0/51. 1 10/25
4 2 - HEEZIRHEI[2 - methyl f 196.25 14.85 195.1/176.1  196.1/152. 1 22/32
benzophenone (2 — MBP) ]
50 1-RIHCHEFILPELL - onfl 204.26 15.26 99.1/55.0 81.0/53.0 12/10
hydroxycyclohexyl ~ phenyl  ketone d*@
(irgacure 184) ]
6  4-(HWERER) -EFRLER i 193.24 15.41 193.1/148.1  148.1/104.0 12/22
[4 - (dimethylamino) - benzoica- /©)ko/\
ciethylester( EDB) ] \III
7 3 - B FEHET[3 - methyl i 196.25 15.78 119.0/91.0 181.1/153. 1 10/14
benzophenone (3 — MBP) ]
8 4 - MBP g 196. 24 16.16 119.0/91.0 196.1/119.0 10/10
9 AL B - D10 [ anthracene — D10 ° B i u 188.29 16.74 188. 1/160. 1 188.1/184. 1 20/25
Soe
H H
H H H
10 4-% " H {4 - chlorobenzo- o 216. 66 16. 87 139.0/111.0  216.0/181.1 12/6
phenone( CBP) |
cl
11 2,2 - T HIEIL -2 - I N I S 256. 30 17. 61 151.1/77.0 151.1/105.0 25/10
[2,2 - dimethoxy —2 - phenylaceto- O
phenone( BDK) ] Q O
12 AREET BT RIS O - meth- O 240.25 18.36 163.0/133.0  240.1/163.0  10/6
yl —benzoyl benzoate(OMBB) ] O
0 A
13 4 - (CTHEHR) EHR -2 - 4 9 277.40 22.12 277.2/165. 1 164.1/118. 1 8/16
CUliE [2 - ethylhexyl —4 — dimethyl- /O)I\OA(\/\
amino benzoate( EHDBA) ] Ny
|
14 4-1TX f 254.35 23.44 239.0/196.0  254.1/196.0 18/30
L
15 2 — SN FERRZ B [ 2 - isopropyl- o 254.35 23.57 239.0/152.1 254.1/196.0 34/30
thioxanthone (2 - ITX) ]
s
16 4 -ZRH LI P[4 - benzoylbi- 2 258.31 24.33 258.1/181.1  258.1/152.1 10/36
phenyl (PBZ) ] O O
17 2,4 - 3 -9H - B 2R - i 268. 37 24. 89 253.0/208.0  268.1/237.0 38/34

9 —[ifi[ 2,4 — diethyl —9H — thioxan-
then =9 — one( DETX) |

AR,
D,
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2.3 IV TR A FIAAL50 em® HIHERA 0.5 em x 0.5 em HYFE

2.3.1 (R 43 HURE O T, BN R
50 em® B HFIRA 0.5 em x0.5 em WIEH, BT
25 mL HEEZ| B, InA TR B2 10 pg -

mL " B FRIE TR 0. 2 mL M Z R WG 8 mL, i 75 (3
500 W44 40 kHz, #5113 BE7E 30 “CLLT ) $2 K
30 min , BFHREREERS 2 10 mL B, FHZRR R
Bk e 2 AR, IR AR E S 225, i
0.45 wm JEME, BQEW, BT, it GC — MS U5

2.3.2 AJEREAR S PGS A2, 3. 173
T EACER, RIS

2.3.3 FERIIAREEIR OB AR AL IS A, B
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Fig.1 GC -MS chromatograms of specifcity
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2.4.2 AMERAREE BURE X MM TR, 1%
2017 IUR @GS SRR IE R AR LR
WL DR AR, X HEE i 0 T 55 P b e i B G

AR T LA (81T, 155 20 70 2R A [m] R 7 R A
WA 2, r ¥ >0.997, W FE A0 Bl ik 56 &
a%o

F2 16 FAS|ZFIKEITHE LT E N RE =R
Tab.2 Regression equation, linear range, LOD and LOQ of 16 photoinitiators

JF= &Y I8 51 75 MG LOD/ LOQ/
(No.) ( compound) (regression equation ) (linear range)/( pg - mL™") (pg-mL™")  (pg-mL™")
1 1173 Y=0.021 5X —1.045 0.05~2.0 0.999 6 0.03 0.05
2 MBF Y =0.083 8X -3.859 0.05~2.0 0.999 5 0.03 0.05
3 BP Y=0.056 1X - 1.821 0.05~2.0 0.999 3 0.03 0.05
4 2 - MBP Y =0.006 6X —0.234 0.05~2.0 0.999 3 0.03 0.05
5 Irgacurel84 Y =0. 004 0X - 0. 200 0.05~2.0 0.999 6 0.03 0.05
6 EDB Y=0.003 4X - 0. 161 0.05~2.0 0.999 5 0.03 0.05
7 3 - MBP Y=0.022 7X - 1. 446 0.05~2.0 0.999 2 0.03 0.05
8 4 - MBP Y=0.024 7X - 1. 587 0.05~2.0 0.999 4 0.03 0.05
9 CBP Y=0.009 13X - 0. 433 0.05~2.0 0.999 6 0.03 0. 05
10 BDK Y=0.014 8X - 0. 551 0.05~2.0 0.999 4 0.03 0.05
11 OMBB Y =0. 005 60X - 0. 231 0.05~2.0 0.999 2 0.03 0.05
12 EHDBA Y =0.002 95X -0. 134 0.05~2.0 0.999 5 0.03 0.05
13 4 -1TX Y =0.004 28X -0. 311 0.05~2.0 0.998 2 0.03 0.05
14 2 - ITX Y=0.003 61X -0.277 0.05~2.0 0.997 9 0.03 0.05
15 PBZ Y=0.011 9X -0.815 0.05~2.0 0.998 7 0.03 0.05
16 DETX Y=0.001 73X -0. 114 0.05~2.0 0.999 0 0.03 0.05
2.4.6  FEamE MR CHE K26 bR UE)

2.4.3 REIURRAE R OCRIR A ISR )
i BEREATIN 5 , LATR A %ok M 5 v 9 b 52 % B AR A
HsY R 2 2%, MY (G S 5 RLM 2
(S/N) =3 5 10, 5 25 H b5 Hy 5 9 46z I PR o it
R, L2,

2.4.4 AEHPERIS 92337 W F RIS 1
BEIARIE L, 53 S L2t RE 6 YK, THEE 16 ks &
TP 0 1T R 5 PR b 0 1T R 2 LG A9 RSD 7E 1.0% ~
3.9% , FHN G S AT

2.4.5 [CRIREG  $<2. 3. 37 TR 7 Ee A RE
TIBRE R, XA b A 7 ] — W 7P (i A i 56, 7
FTH A 6 13 bR S W, 7] st o] 5 A G 1 960 V5 VA o
FE2. 17T A S R R BT, S5 SR L2 3. AR
AR ARKE HE5] &7, 16 FhEE] K 511 F- 2N
FRENCRAE 81. 3% ~94.0% ,RSD H7 2. 1%~ 6.2% ,
T 1 FLA B R HERR B

YBB00132002 - 2015 % £ Fil & 45 B 1) 43 2, 43 il ke
85 FPAS R B o A 24 TS5 I, 4 A b o % e B 2
#3552, 3. 17 30U J5 35 il A 4 i ¥ 9 R RE 2y
Bro S50 10 HLUKERL A 3 HRKRH 4 - ITX, B
FA 0.02 pg + em ™7, HAl 15 FOBE] R AK
o AP ECHA Ruf13H1, BP 4 — MBP 7% i A fF
A O IR 26 245 K W B9 AT A2 TG 2 1 7K S ((derived no — or
minimal effect level, DNEL) y 50 pg - kg™' - d ™', W
M NCER R % 50 ke 3, I H Ik H RV
(¥ I Ktk (PDE) 2y 2 500 pg - d ™' 16 Fil 45012
% BP 11 i 42 PDE 488 4 2 500 pg - d ™' PAZY
PR A A H B Rl i 600 em® ™ BE S HOE
SRR BIH (AET) 2 4.2 pg + em ™,
AU EE 1 245 ] 52 5 TSI 7 &5 SR w] 0, Ol 51 k)
4 = ITXHE R 30% , (HI AR U R

RO R
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x3 EWERABWER(n=6)
Tab.3 Recoveries of the test results
K iaes] A iz At S [ i R RSD/

(No.) ( compound ) (spiked)/(pg » mL™") (detected) /(g - mL~" (average recovery) /% %

1 1173 0. 167 0.140 0.151 0.143 0.148 0.140 0.144 86.4 3.1

2 MBF 0.162 0.131 0.139 0.135 0.135 0.135 0.132 83.0 2.1

3 BP 0.162 0.126 0.138 0.135 0.133 0.131 0.132 81.8 3.0

4 2 - MBP 0. 166 0.123  0.134 0.130 0.135 0.134 0.134 81.3 3.5

5 Irgacurel 84 0.169 0.140 0.148 0.148 0.148 0.149 0.152 88.9 2.7

6 EDB 0. 170 0.130 0.146 0.141 0.142 0.154 0.152 85.3 6.2

7 3 - MBP 0.172 0.150 0.159 0.158 0.155 0.153 0.153 91.0 2.2

8 4 — MBP 0. 165 0.145 0.153 0.152 0.156 0.155 0.152 88.5 2.5

9 CBP 0. 164 0.132  0.144 0.137 0.142 0.138 0.146 84.7 3.7

10 BDK 0. 166 0.129 0.146 0.135 0.135 0.143 0.140 84.1 4.5

11 OMBB 0.172 0.131 0.144 0.137 0.138 0.140 0.136 82.9 3.1

12 EHDBA 0.162 0.136  0.157 0.143 0.144 0.146 0.151 85.0 4.9

13 4 -1TX 0.176 0.167 0.164 0.157 0.154 0.160 0.158 90.9 3.0

14 2 -ITX 0. 185 0.167 0.166 0.156 0.160 0.160 0. 169 88.1 3.1

15 PBZ 0. 176 0.159 0.169 0.156 0.157 0.161 0.162 91.3 2.9

16 DETX 0. 175 0.155 0.173 0.169 0.157 0.166  0.167 94.0 4.3
3 itig FE bR W 5 R AT OF S8 B S G B R kR
3.1 AR 1.0 pg - mL™' TR A BRIV, SR T A T A X

AR H bR o ) AL 22 R PR A 00 7 S R R A [
it 2250 S SR T RE Y, O 2 R 9 5 5 1
P, ERE TR -5 (it o Jd i 98 1 @A iR il
(50.60.70.,75 80 F185 °C) & F T4 (7.8.9
FI10 °C -+ min ") ARUAER (409 L A5 X
SR L 16 Bl 5| A TR AE A [R]85 1 L 1 23 B
ROR I 25 25 A D PRI , AT (35 A5 1R 0 %
5o AR AT ) A i B B TR R AR
i, oA AL RE G, 8%, 2 — MBP 1 PBZ 1 JE
BeF2 4t R A™ B 5 10400 4y 1 K g A T e R
R, FAR) S5 H e i ] 2 B 3 o 0 R AN T AE
TAE L HEAT 20 B IR AN B B ROR A TR 23 S 4 1A
(9 H AR TR AL AN 55 58 4203 I o [R] Bk SR A 23 A
2 W AR 5 B o PRI, 7 e 2 5 1 40 4 T EE
70 C,FHRE % 8 C « min ' ZKAF R, 16 FOL I
FIFIRESE &I IT, IERBEXTAR , 70 B AR B
3.2 il srEfe

R T AT RET A A FRE BRI 16

HWEHR L

Xt 16 FhoE 5| K550 Lo AR o 0E AT 0 28 1 5l
B H bR I A D8 B I [R]85 A6 SR s AT
AT BARY B B 1 BT 0 S R DL R A fE
R APLA , TTARAS B i (1925 WU 32 80, foc e AR
e T RRURIA I8 L , A 3 8 H A ) St A 5 1 8 1 %
HIE B 1% o
3.3 HiAbHE AL

YIS A IR OE 51 7R 2 R IR T il 25 A fil
P, AL A 0k 88 PR RN S 8 2 B B R e R ) 42 7 45
PRI, Xt Ao ol R AT A SR O I 01 57| 24 5 1) 3 B
REREE . APIMKTURL, 16 FOLT UL FIRER T
WA 2R O IEC ke R W bE L S5 LR
ARG A 2 AL A T b RURRAE , 3 2 ik
PEOGGLER — A e B C ke SR SR A N $R K
R, SRIBO 2 SR R SR B B SR 1, AN T
FEROT AT PR ] E £ 10,20 .30 140 min, £
REW], 16 FOET K FIAE LR L T8 H Y 5 fige 1
LI R DIV S S R PRl o A N (i /i
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B P S BT A i A B8 A B T PR Tl SR
AR R (FEH 20 min) S 5] A5 Yy [l
SR A4 WO P IR PR, 3R USRI N
{ELEE 75 I 18] 345 21 40 min i, 52 BUSCR B4 2 35 1
e R, B 30 min £ BOSCR A IR B 4
R AIZHTAL PRAS O, e B Ih 85 19 25 F 2 5 508
Rl ARG 2AS [ AR S S 51 AR R B

x4 FRARBAXEKRER(%)

Tab.4 Recoveries of different extraction methods

oty Tl I
(compound ) (microwave assisted extraction) (supersonic extraction )
1173 71.3 76.4
MBF 71.1 80.2
BP 69.2 78.6
2 -MBP 78.6 75.6
Irgacurel84 79.9 84.2
EDB 74.8 84.4
3 -MBP 78.7 80.8
4 - MBP 76.7 80.8
CBP 84.3 79.1
BDK 86.9 83.3
OMBB 84.1 85.9
EHDBA 81.0 79.4
4 -1TX 92.7 89.7
2 -1TX 91.5 85.3
PBZ 9.8 80.2
DETX 92.9 85.2
4 Z5ig

RIS T GC - MS [a)fl e 25 112 5 i 16
PG K05 B 1 1 7k, AT AR BRART PR, R AHEE
AR LB, N BRI, al T 25 A A
ZRRET 1 A 700 5% B 1 () S0 A ] A m g A
Ly bF (AN FHT ARG 25 0 2 5 O 4% 190k
G K55k B R R AT RS M I AT 5, O € 3 25 A A
eSS AR A
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