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Table 1  Properties of the 10 photoinitiators ( PIs)

No. Compounds CAS No. Molecular Weight O(:lano].—v'valer partition Chemical structure
coefficient( logP)
I
2—
1 2-Methylbenzophenone ( 2-MBP) 131-58-8 196.24 3.784 O O
I
2 Benzophenone ( BP) 119-619 182.22 3.214 ~ I P ‘
x N
I
3-
3 3-Methylbenzophenone ( 3-MBP) 643652 196.24 3.857 7 i 7 ‘
N x
=
4 4- 134849 196.24 3.874 .
4 -Methylbenzophenone ( 4-MBP) ’ o I
(0]
-0
3 o-Methyl-benzoylbenzoate ( OMBB) 606-28-0 240.25 2.608 ° l
N N- 0 _
6 i—im]r)lmethylammo) -benzoicaciethyl- ;1507 <3 5 193.24 2,511 N >—<\:/>~N<
(EDB) 0
o
2—
7 2dsopropylthioxanthone ( 2-4TX) 5495844 254.35 5.113 O O
S
(@)
i 4806
8 4dsopropylthioxanthone (44TX) 83846-86-0 254.35 5.048 S

(
44— ( ) N
9 4 4 “Bis( diethylamino) benzophe— 90937 324.46 5.908 O O
none ( DEAB)
(o]
| |
44— ( ) N N
10 4 4 -Bis( dimethylamino) -benzophe— 90-94-8 268.35 3.870
(o]

none ( MK)

2
2.1

ACQUITY UPC>  (  Waters )  ACQUITY UPC® PDA . ACQUITY UPC* BEH

(100 mm x3 mm 1.7 pm) ACQUITY UPC? BEH 2-EP (150 mm x3 mm 1.7 pm) .ACQUITY
UPC® HSS C,, SB (150 mm x3 mm 1.8 pm)  ACQUITY UPC® CSH Fluoro-Phenyl Column
(150 mm x3 mm 1.7 pm) ( Waters ) o GB204 ( :0.0001 g Mettler ) o
KQ-700DB ( ) o Multipette® Stream (
Eppendorf ) o 0.22 pm ( ) o

- BP(99% ) ; 2-MBP(98%) .EDB(98%) .OMBB

(98%) 2dTX(98%) Adamas Reagent ; 4-MBP(99%)  4dTX(99.5%) Sigma-—
Adrich  ; 3-MBP(95%) .MK(98%) DEAB(98%) . (

CNW Technologies GmbH ) o N ( Duksan pure chemicals ) o
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( ). Milli-Q o
2
2 PIs( EDB\4-MBP.2dTX.44TX  DEAB)
A( 260 g/m”) B( 265 g/m’) .
2.2
2.2.1 Acquity UPC* CSH Fluoro-Phenyl ; 12.49 MPa,
50 °C; 3 ul; CO, ( A) ( B);
1.5 mL/min; 2 3 246 297 348 nm o
2.2.2 50 mg 0.1 mg
10 mL. 5 ¢g/L o 1 mL
50 mL 100 mg/L o
° 2
2.2.3 0.5 dm’ Table 2 Gradient elution program
0.5cm x 0.5 cm 50 mL | (miBme (02) (O/BO) Curve
20 mL 40 min Initial 100 0 Initial
UpPC’ . 2.0 90 10 6
4.0 70 30 6
3 5.0 70 30 6
6.0 100 0 6
3.1
10 ; UPC?
LC o
4 ACQUITY UPC’ BEH BEH 2-EP HSS
C,s SB  CSH FluoroPhenyl. (1 Acquity UPC® CSH FluoroPhenyl
M Acquity UPC* BEH jz : Acquity UPC? BEH 2-EP
= 3f >
= =
9 10
0 1 1 U 1
1.0 1.5 2.0 2.5 3.0
/min t/min
301 213 234 ACqultV UPC* HSS C18 SB 15r 1 Acquity UPC* CSH Fluore-Phenyl
st 3o
> K ot |
= ZAF 0]6 17 19 20 = 10
% 1.5 _é""- == l/mm %
E E g
2 1op ER
< 0.5 -E o 10 <
0.0 E“"”"“"‘1 1 1 lw 6.0 1 1 1 1 ! 1
1.5 2.0 2:5 3.0 3.5 4.0 1.0 L5 2.0 255 3.0 35 4.0
t/min t/min
1 10
Fig. 1 Effect of different column on the separation of 10 Pls
2.2.1 & 246 nm. 1~10 1

Analytical condition was shown in Section 2.2. 1. Absorption wavelength of detection was 246 nm. Nos. 1 — 10 chromato—

graphic peaks represent compounds listed in the Table 1.
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10 o
3.2
UpC’ COo, ;
N LC
. 4 N ) 10 Pls . 2
4 Pls > > > 4
° L
3.3 . .
UPC2 [ | A Methanol
‘ Ethanol
; UPC> NJ . i )
A /M 1 A ACN
. (40 50
A A 2-Propanol
60 °C) (11.10 12.49  13.87 MPa) LT L . Lod
3 1 2 3 4 5
/min
o 60 °C
2 10
OMBB upC?
° Fig.2  Effect of different organic solvent mobile phases
50 C 12.49 MPa. on the separation of 10 Pls. Experimental conditions were
3.4 the same as in Section 3.1
3D 10 1 ( The peak numbers are the same as in Table 1)
210 ~400 nm.
g A 1 B
2, 7 13.87 MPa
4
: 8 9 10
] 6
12.49 MPa
M Jl L. “ \ I
60°C _JMH 11.10 MPa
1 1 1 1 1 1 1 1 1 1 1 1
1.5 20 25 30 35 40 1.5 20 25 30 35 40
/min t/min
3 10
Fig.3 Effect of temperature and auto back pressure regulator ( ABPR) pressure on the separation of 10
PlIs. Experimental conditions were the same as in Section 3. 1
1( The peak numbers are the same as in Table 1) o
10 Pls 246 297 348 nm
10 o 3 4 o
3.5
3121618 5 Pls

0 5 40 min
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3 10
Table 3 The max UV absorption wavelength of 10 Pls
The max UV Detection The max UV Detection
No. Compounds spectrum wave wavelength No. Compounds spectrum wave wavelength
( nm) ( nm) ( nm) ( nm)
1 2-MBP 243.9 246 6 EDB 297.2 297
2 BP 245.1 246 7 44TX 252.2 246
3 3-MBP 247.4 246 8 24TX 253.3 246
4 4-MBP 251.0 246 9 DEAB 352.7 348
5 OMBB 240.3 246 10 MK 342.7 348
0.7
0.6 4-MBP
05F w DEAB
%10 04 ::: 4-ITX
EDB
297 nm B3 W
10 -
9 0.2 TR
01F
348 nm
L 1 1 1 1 1 | 0 1 1 1 1 1 1
1.0 1.5 2.0 2:5 3.0 3.5 4.0 10 20 30 40 50 60
t/min Extract time/min
4 10 mg/L 5
Fig.4 Chromatograms of 10 Pls standards using different Fig.5 Effect of ultrasonic time on the extraction
absorption wavelengths at concentration of 10 mg/L. 44TX 107 24TX 1072 (44TX data multiplied
Experimental conditions were the same as section 3. 1 by 107 24TX data multiplied by 107) .
1 ( The peak numbers are the same as in Table 1)
3.6
0.5 1 2 5 10 mg/L
o 0.5 dm® ( B) 20
50 100 pg 5 S/N=3
(LOD) . ( 4) 10 Pls 0.5~10 mg/L (R >
0.998) 3 74.9% ~121.5% 0.7% ~9.2% 1LOD  0.27 ~
0.76 mg/m’. 10 2.00 ~6.25 s
37~14
4 10
Table 4 Evaluation of the method for the 10 Pls
N Pls Line: ati Correlation coefficient LOD Spiked Recovery (% RSD_S)
o. s .inear equation () ( mg/m?) () (%) b n=
20.1 74.9 8.8
1 2-MBP  y=7.95x10°x + 2.47 x10° 0.9990 0.66 50.2 101.0 8.6
100. 4 97.8 9.2
17.8 76.6 2.8
2 BP y=1.01 x10*x + 1.47 x10° 0.9996 0.27 44.6 93.2 0.7
89.1 95.1 2.1
19.9 121.5 3.2
3 3-MBP  y=8.72x10°x+ 1.82 x10° 0.9997 0.35 49.8 109.5 1.6
99.6 104.4 2.0
19.4 112.1 2.2
4 4-MBP  y=8.72x10°x+ 1.78 x10° 0.9997 0.45 48.6 109.5 1.9
97.2 103.6 2.5
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4( Continued to Table 4)

. . - . RSD
. . - Correlation coefficient LOD Spiked Recovery _
No. Pls Linear equation (R) ( mg/m?) (e (%) (% n=5)
17.8 76.7 9.2
5 OMBB  y=6.02x10°x+ 9.76 x 10° 0.9996 0.76 44.5 85.3 2.0
89.0 96.9 2.0
21.2 92.2 1.4
6 EDB y=1.37 x10*x + 2.78 x10° 0.9997 0.40 53.0 94.2 1.3
105.9 97.6 2.0
22.6 106.9 2.0
7 24TX y=1.43 x10*x +3.22 x 10° 0.9996 0.38 56.5 79.3 1.7
113.1 95.8 2.1
13.7 104.4 4.5
8 44TX y=1.03 x10*x + 1.35 x10° 0.9996 0.51 34.3 86.8 1.5
68.7 96.2 1.8
17.2 89.9 6.1
9 DEAB  y=1.16 x10*x + 2.08 x10° 0.9996 0.43 42.9 94.7 1.3
85.8 97.7 1.8
18.9 89.1 4.9
10 MK y=1.5x10*x + 1.5 x10° 0.9984 0.35 47.2 84.3 1.6
94.5 87.6 2.2
3.7
5 uv ( 5) 5
24TX  44TX 9.06 ~48.28mg/m° 2.06 ~16.47mg/m’;
5 ( : mg/m’)
Table 5 Analyzed result of the 10 Pls in the paper-made packaging ( mg/m®)
Sample 2-MBP BP 3-MBP  4-MBP OMBB EDB 44TX 24TX DEAB MK
1
Aleohol carton 1 - - - 1.25 - 1.25 16.47 48.28 1.65 -
Alcohol carton2 - - - - - - 5. 88 25.36 - -
Mooncake carton B B B B B B 2.06 9.06 B B
1
Cigarette carton 1 - - - 1.06 - 0.99 6.11 18.69 1.06 -
2
Cigarette carton2 - - - - - - 5.68 9.25 - -
2 4-MBP EDB DEAB 7
o 6 o
4 4 8 264 nm
6 X 297 nm
10 o 348 nm
y A
4 min 10 1 1 ] 1 1 1 ]
1.0 1.5 2.0 2.5 3.0 3.5 4.0
° t/min
Co,

6

Fig.6 UPC’ chromatograms of real sample
4. 4-MBP; 6. EDB; 7. 2dTX; 8. 4-dTX; 9. DEAB.
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Rapid Detection of Ten Restricted Photoinitiators in Paper-made
Packaging Based on Ultra Performance Convergence Chromatography

LI Zhong-Hao WU Shuai-Bin LIU Shan-Shan FAN Zi-Yan YANG Fei BIAN Zhao—-Yang
TANG Ganging" CHEN Zai-Gen HU Qing—Yuan
( China National Tobacco Quality Supervision & Test Center Zhengzhou 450001 China)

Abstract A rapid detection method of residual photoinitiators ( PIs) in paper-made packaging based on ultra
performance convergence chromatography was developed. The packing paper was extracted ultrasonically using
acetonitrile followed by clean-up of extract using 0. 22 pm organic phase filter. The Pls were completely
separated in 4 min on the column of Acquity UPC* CSH Fluoro-Phenyl by gradient elution with carbon dioxide
and menthol system. All of the 10 Pls had good linear relationship ( R* >0.998) between 0.5 — 10 mg/L.
The recoveries of 10 Pls were in the range from 74.9% to 121.5% at three spike levels of 0.4 1 and 2 mg/
m” with relative standard deviation less than 9.2% . The limits of detection of target compounds in the method
were ranged from 0.27 mg/m’ to 0. 76 mg/m’. The real sample analysis showed that this simple and accurate
method could be used for the determination of the residues of 10 Pls simultaneously in the paper-made
packaging sample.
Keywords Photoinitiators; Ultra performance convergence chromatography; Acetonitrile extraction; Paper—
made packaging
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