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Abstract: Photoinitiators are indispensable components in the formulation of inks used for printing
packaging materials. Residual photoinitiators on the surface of packaging materials may migrate and
contaminate the contents, posing potential risks to human health. Toxicological experiments have

shown that photoinitiators pose various risks, including carcinogenicity, reproductive toxicity, and
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dermal toxicity. However, current quality standards for pharmaceutical packaging materials, both
domestically and internationally, do not impose limits on photoinitiators. This study focuses on 12
photoinitiators, which are either restricted or prohibited in certain fields such as food packaging
materials. The selected medicinal composite membranes, widely employed in pharmaceutical
packaging and requiring significant ink volumes, serve as representative samples. This research holds
significant implications for improving the quality standards of pharmaceutical packaging materials
and ensuring medication safety. While gas chromatography-mass spectrometry and ultra performance
liquid chromatography-tandem mass spectrometry have been reported for photoinitiators detection,
UPC’-MS/MS has not yet been reported for detecting these compounds. The principle of UPC’ is
based on supercritical fluid chromatography, where the mobile phase primarily consists of su-
percritical CO, with a minimal use of organic solvents, aligning with the trend of green chemistry.
When coupled with MS, this method also enhances the sensitivity of detection. Therefore, a novel
method based on UPC>-MS/MS was established for the determination of the 12 photoinitiator residues
in medicinal composite membranes. MS conditions, makeup solution conditions (solvent, additive
type, additive ratio, flow rate), and sample pretreatments were systematically optimized. Pho-
toinitiator residues were extracted from the medicinal composite membranes using acetonitrile by
ultrasonication. The chromatographic separation was achieved on a UPC*> CSH™ Fluoro-Phenyl
column (100 mm X 3.0 mm, 1.7 wm) under gradient elution using a mobile phase composed of
supercritical carbon dioxide (A) and methanol (B). Gradient elution was performed as follows: 0-
1.5 min, 100%A-95%A; 1.5-2.0 min, 95%A-80%A; 2.0-3.0 min, 80%A-70%A; 3.0-4.0 min, 70%A-
100%A ; 4.0-5.0 min, 100%A. A methanol-water (99:1, v/v) mixture was employed as the makeup
solution to enhance MS response. The mobile phase flow rate, makeup solution flow rate, column
temperature, and injection volume were respectively set at 1.5 mL/min, 0.2 mL/min, 50 C and 1
pL. The automatic back pressure regulator maintained 13.79 MPa. The 12 photoinitiators were
monitored in multiple reaction monitoring (MRM) mode with electrospray ionization (ESI) under
positive conditions. Quantification was performed using the external standard method. The results
showed that all 12 photoinitiators exhibited good linear relationships in the range of 0.1-2.0 pg/mL,
with correlation coefficients (7)>0.995. The limits of detection (LODs) and quantification (LOQs)
for the 12 photoinitiators were 0.03 pwg/mL and 0.1 pg/mL, respectively. At 1ILOQ, 2LOQ, and 10LOQ
levels, the average recoveries of the 12 photoinitiators ranged from 80.7% to 119.7%, with relative
standard deviations (RSDs) between 1.0% and 5.6%. Twelve batches of medicinal composite
membranes were tested using this method, and six batches were found positive. The detected
photoinitiators were 4-methylbenzophenone, methyl-2-benzoylbenzoate, benzophenone, and 2-
isopropylthioxanthone. Among them, methyl-2-benzoylbenzoate showed the highest concentration,
but it did not exceed the proposed limit. The established method is accurate, sensitive, rapid,
environmentally friendly, and simple pretreatment, which is suitable for monitoring residual
photoinitiators in medicinal composite membranes.

Key words: ultra performance convergence chromatography-tandem mass spectrometry (UPC*-

MS/MS) ; supercritical CO,; medicinal composite membranes; photoinitiators
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Xif R R RS PR B 12 Ao 51 & R 45 100
mg, & T 100 mL #5 A2 /S, A 10 mL 2 i
WG ER B2 5, S E | mg/mL MRS
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(R TR G T JIEL T U TR () 5 RS %% i I 1 mL YR A R R
BW @, BT 100 mL #5625 T, B 2GR
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WS,

A3 T R IO A B 90 em?, g I
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Table 1 Information of medicinal composite membranes

No. Sample name Sample materials Manufacturer Batch No.
Y01 Calcium Carbonate and Vitamin D, Granules polyester/aluminum/polyethylene A 230501
Y02 Calcium Carbonate and Vitamin D, Granules polyester/aluminum/polyethylene B 240502
Y03 Calcium Carbonate and Vitamin D, Granules paper/aluminum/polyethylene C 231211
Y04 Calcium Carbonate and Vitamin D, Granules paper/aluminum/polyethylene C 231110
Y05 Calcium Carbonate and Vitamin D, Granules paper/aluminum/polyethylene D 3H239002
Y06 Calcium Carbonate and Vitamin D, Granules paper/aluminum/polyethylene D 3H239003
Y07 Calcium Carbonate and Vitamin D, Granules polyester/aluminum/polyethylene E 240102
Y08 Calcium Carbonate and Vitamin D, Granules polyester/aluminum/polyethylene E 230504
Y09 Calcium Carbonate and Granules polyester/aluminum/polyethylene F 20231108
Y10 Calcium Carbonate and Granules polyester/aluminum/polyethylene G 2303014
Y11 Oseltamivir Phosphate Granules polyester/aluminum/polyethylene I 2304128
Yi2 Oseltamivir Phosphate Granules polyester/aluminum/polyethylene J 2403048
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AL 0.5 emx0.5 em WEE R, BT 50 mL H ZE 4
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28 0.22 pm A LB UE  BE g, B A5 .
1.3 UPC:-MS/MS £

UPC? & ¥ . ACQUITY UPC?* CSH™ Fluoro-
Phenyl {43 (100 mmx3.0 mm, 1.7 wm) ; i 3h A
A JEBIGE S CO,, W shHl B o0 F i, b6 B2 V6 AR Y
0~1.5 min, 100%A~95%A; 1.5~2.0 min, 95%A~80%A;
2.0~3.0min,80%A ~70%A;3.0~4.0 min, 70%A ~100%A ;

4.0~5.0 min, 100%A . i S # R 1.5 mL/min; &
BiAF RN 13.79 MPas #E ik 50 C;#EFEHh 1 pL.

% S8 W55 L B U, IE B T (EST) , 2 R
oy W (MRM) #8525 2 - 50 B2 2 150 °C 5 25 %5 )
U S 800 L/h, i B2 Ry 500 C s B 4 R R
3.2 KV HEFL I N 50 L/h; ST R Y - 7K (99
1,vAv) , #ME W R 0.2 mL/min; 12 FOE5] & F)
(0 O/ B8 S ) LB X CHE L L R (CV) | il RE B
(CE) % ik 2400 3% 2.
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Table 2 MS parameters of thel2 photoinitiators

L CAS Molecular Retention Parent ion CV/ Daughter CE/ Chemical
Compound Abbreviation i i i
No. formula  time/min  (m/z) V ion (m/z) eV structure
; o
105.0 25
Benzophenone BP 119-61-9 C,;H,,0 1.33 183.0 30
k 77.0 35
_ o
Ethyl 4-dimethylaminoben- 151.17 35 o
EDB 10287-53-3 C,H,NO,  1.70 194.1 30
zoate 166.0 25 ~N
|
. (0]
105.1 25
4-Methybenphenone 4-MBP 134-84-9 Cc,H,0 1.44 197.1 30 771 35 O O
[¢]
. 105.1° 25
3,4-Dimethylbenzophenone 3,4-DBP 2571-39-3 CISHMO 1.54 211.1 30 771 40 O O
o]
2-Ethylh 1 4- (dimethyl- 151.17 45
ey MEYT EHDAB 21245023 CH,NO,  1.64 2780 30 /@AOA(\A
amino)benzoate 166.0 300~y
I
(0]
. 212.9° 30
2-Isopropylthioxanthone 2-ITX 5495-84-1  C,H,,08 1.84 2551 40 o 5 O O
S
(0]
2,4-Diethyl-9H-thi then- 212.9" 30
e OXAMRENT  pETX 82799448 CH,0S 224 269.0 40 ‘ O
9-one 184.0 55 s
(0]
105.17 20
2-Methybenphenone 2-MBP 131-58-8 C,H,,0 1.25 197.1 30 1 20 O O
O
105.1° 25
3-Methybenphenone 3-MBP 643-65-2 Cc,H,0 1.37 197.1 30 771 55 ‘ O
\
X 0._0
209.1 20 0
Methyl-2-benzoylbenzoate OMBB 606-28-0 CH,,0, 1.60 241.0 30 152.0 50
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Table 2 (Continued)
L CAS Molecular Retention Parention CV/ Daughter CE/ Chemical
Compound Abbreviation i K i
No. formula  time/min  (m/z) V ion (m/z) eV structure
4,4'-Bis(diethylami - 176.0° 4 g N
is(diethylamino)ben- 90937  C,H,N,0 281 352 30 MO0 0 " O O A
zopheone - 281.0 40
o}
(0]
. , 148.0° 35
Micher’s ketone MK 90-94-8  C,H,N,0 290 269.1 40 O O
91.0 40 ~N N
| I

CV: cone voltage; CE: collision energy; * quantitative ion.
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Fig. 1 Total ion current chromatogram of a mixed stan-

dard solution of the 12 photoinitiators (1.0 pg/mL)
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Fig.2 Effect of the type of solvents in the makeup solu-
tion on the MS response of the 12 photoinitiators
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Fig. 3 Effect of the type of additives in the makeup solu-
tion on the MS response of the 12 photoinitiators
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Fig. 4 Effect of volume fraction of water in the makeup
solution on the MS response of the 12 photoinitiators
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Fig. 5 Effect of flow rate of makeup solution on the MS
response of the 12 photoinitiators
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Fig. 6 Effect of ultrasonic time on the extraction of pho-
toinitiators from medicinal composite membranes
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K% 81 0.1.,0.25.0.5.1.0.2 mL A iR & XF 18
MA@, BT 10 mL A2 AR RIS, FH 20
B B B4 FEA) L1594 0.1.0.25.0.5.1.0,2.0 pg/mL
FHVBRMEE T, 0.22 wm A5 HLUE Rk 8, BUZE UE TR,
FEREOL3 T HEATARRIN . L 12 RPOB T K5 0 g i AR
(y) WA AR, DL R B (o, wg/mL) Ky Ak b, 15
FNLRME R . K TR A X BE S U TR D R AT 8 R R
T {5 M L 295 3 A B H B L 295 10 B 75 2]
ERMR . 5B W EE 3,12 Moksl ZFIAE 0.1~2.0
pg/mL 3 Bl P, 2P O R 3 R AP (>0.995) o
252 EAM

B IR A X B Q) #e IR 1.3 1 BEAT R, i
SRR 6 W, 0 sk E BB TRy AR , 1H 5 RSD Ry
0.7%~4.0%, Ut I %75 8 52 1 R4, HARSE SR L3R 3.
2.53 mAREK &

AT S 56 rh o 51 & 50 B G 25 2 A R CRE
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Table 3 Linear relationships, limits of detection (LODs) ,
limits of quantitation (LOQs) and precisions of
the 12 photoinitiators

LOQ/ LOD/ RSD/
Com-

Linear equation r (pg/  (pg/ %
pound
mL) mL) (n=6)
2-MBP y=4110.02-50.0 0.9987 0.1 0.03 2.5
BP y=5353.7x+46.5 0.9997 0.1 0.03 2.4

3-MBP y=19288.02x-38.0 0.9998 0.1 0.03 2.0
4-MBP  y=5273.22+155.0 0.9996 0.1 0.03 3.3
3,4-DBP y=39454.12-121.4 0.9990 0.1 0.03 3.4
OMBB  y=9712.832-190.9 0.9954 0.1 0.03 3.4
EHDAB y=158902.00-1409.4 0.9996 0.1 0.03 1.1
EDB  y=84248.6x+289.8
2-ITX  y=17942.8x-313.5
DETX y=1095.4x-41.4 0.9991 0.1 0.03 3.5
DEAB  y=11554.6x+877.9 0.9958 0.1 0.03 3.9
MK Yy=5548.12+391.2 0.9961 0.1 0.03 0.7

0.9984 0.1 0.03 1.3
0.9992 0.1 0.03 4.0

y:peak area; x: mass concentration, pg/mL. Linear range:
0.1-2.0 pg/mL.

G5 - YO1)VE g 25 11 B A i 5 3 90 em?® B M
b 3 0y, a3 5 H o oRE % i AL 10.20,100 wL AY IR
A BE S B A R D, Fe R 1.2 Y A S o & O
Ab ¥R, 7% 3 1LOQ.2LOQ . 10LOQ 1Y 3 A il bk 7K ~F-
M I , BE bR K- 52 6 Wk, 3 i 1.3 v ik
(g oAl

WMk 4 Fros, 12 FoGa] & F R bR Bk
80.7%~119.7% , A XI5 1 4 22 24 1.0%~5.6% , 1t W] 1%
7 15 B BE R Ao

F4 12831 EZF M EKRZEFBIIRERZE (R=6)
Table 4 Recoveries and RSDs of the 12 photoinitiators

(n=6)
Com. 1LOQ 2LOQ 10LOQ
pound Recov- RSD/ Recov- RSD/ Recov- RSD/
ery/% % ery/% % ery/% %
2-MBP 112.8 5.6 110.4 34 118.7 2.3
BP 92.0 5.0 80.7 2.9 102.9 1.8
3-MBP 85.0 1.9 84.8 2.6 106.6 2.2
4-MBP 91.9 3.0 88.9 4.1 115.4 1.7
3,4-DBP 85.7 2.0 84.2 2.2 99.8 2.1
OMBB 112.3 53 91.9 4.8 109.8 2.0
EHDAB 118.0 2.4 118.9 2.0 100.7 1.0
EDB 118.5 1.7 119.5 1.7 107.6 1.2
2-ITX 119.0 2.4 119.7 4.2 97.6 2.3
DETX 113.9 3.2 93.2 1.2 102.4 2.3
DEAB 86.3 4.7 89.6 5.2 114.9 2.6
MK 104.6 5.6 109.0 4.7 108.0 2.1
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& FNE 4y BT IEAr 19 {8 (analytical evaluation thresh-
old, AET) fl &7 4.2 mg/cm?®, 7S 3256 i 48 3 1) 25 F
A B B 6T & A S e K iR 012 pg/em?,
A 40 B
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Table 5 Detection results of photoinitiators in positive

medicinal composite membranes samples  pg/cm’
Compound Y03 Y04 Y05 Y06 YO8 Y10
BP - - - - - 0.03
4-MBP - - 0.08 0.07 0.09 -
OMBB 0.03  0.03 - —-- 0.12 0.11
2-ITX - - - - - 0.04

-: not detected (<LOD).
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