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Determination of 11 photoinitiators in UV ink for food packaging industry by
gas chromatography-mass spectrometry

ZHAO Lei’, YUAN Lin-Yan, HAN Chen

(Shanghai Institute of Quality Inspection and Technical Research, Shanghai 201104, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 11 photoinitiators in UV inks
used in food packaging industry by gas chromatography-mass spectrometry. Methods The photoinitiators in ink
were extracted by methanol, and the contents of 11 photoinitiators were determined by gas chromatography-mass
spectrometry after centrifugal filtration. Results Totally 11 photoinitiators had a good linear relationship in the
range of 0.10-5.0 mg/L (r*=0.995). Under the addition levels of low, medium and high, the recovery rates were
88.5%—-100.5%, and the relative standard deviations of repeatability (n=6) were 3.3%-6.5%, and the limit of
detection was 0.03 mg/L. Conclusion This method has the characteristics of simple operation, good response, fast
analysis, etc., and can meet the analytical requirements for simultaneous determination of 11 photoinitiators for UV
inks used in the food packaging industry.
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T 4 A AR A1 [ A ity 28 5 T A £ 2 B 5
MR . UV il A 584065 | % 5 (photoinitiators, Pls)
TES IR BRGT T BERS KA H i SRR SR B, 9 25 A
PR TR o 50085 1 N ER0IESE oA St . 4
FHEEECY, BB h, TG, 2005 4
BRA LI B BiE 7651 &7 1TXE); 2009 4 4
A WKEL RASFF RGed Al 1 7 i sl i 1 4-Fp 2
T XHIi (methylbenzophenone, MBP); 2011 4-7&[E #H [ Ht
IS TV VRIS, i DR R 1T 2 A 2B bty B0 il i 28 7 %
F %% B il (benzophenone, BP) 81 £ #7540, 2T
SR NHAERER) 8%, T EHT GB 9685-2016 (£l
P fut A I ) it PV 050 (8 PR o ) U e 42
s TR E IR E 0.6 me/kg, SN
UV-9 {58 Bl 6 me/keg. H AR PIs i )71k &
BUA S M ik (gas chromatography, GO, Wi AH (it vk
AURH 3% - T35 75 (gas
chromatography-mass spectrometry, GC-MS)“Z"M] VA
- Jt % 3% (liquid chromatography mass spectrometry,
LC-MS)!'>19%  H [ Py A 280 UV il 365 | &5 [ i
5 RIS AR B AR EL D

AT ok A S ORI 23 8 5 4, ST T M
RS R A UV ih s 11 FP 65 & 500 i P el i,
B AL DG AR 7 Al B A B T S T, [
o AT URE B BUR AT UV Il ol R0 R 85 LA

2 MHERE

2.1 XEE. KSR

Agilent 6890N/5975C S AH B . HP-5SMS 414
EIEFE(30 mx0.25 mm, 0.1 pm)(3E FEZHERFHE A R
Fl); L530 ZK-F- B O HLOMAC R DAL RS A R A .

(liquid chromatography, LC)P' |

PRifEdh: BARZFR . CAS B 7= &K, 4ifE lE
1o WEE, Edk. ZE W@ isg, wEREAH).

it S SE AR H F RS UV hE 3
LW .
22 fREBRRBECH

PR UfE A 2 (1000 mg/L): 4 FIFREC 11 Fhas] &7
FRAERL 45 0.1 R 2 0.1 mg) T 100 mL &, HImE
EF

FRUE R AR (10 mg/L): HERHEEEL 0.25 mL ARvfEfif &
T 25 mL A, HEEEA.

FRINRAER R ACH]: 43 51#%HK 0.10., 0.20, 0.50, 1.0,
2.0, 5.0 mL F 10 mL &P, FEES, FHlK 0.10.
0.20. 0.50. 1.0, 2.0, 5.0 mg/L RFIFRIEREE
2.3 HmAE

HERRAREEINA UV Il 0.1 gOsH3) 0.1 mg)T
50 mL B0, HERIANA 25 mL FEE, #AHRE 30 min,
EJEBU R, 1 0.45 pm BRSPS (3 g
B FALAT 0T, AhbRiE Bbo
24 FLWHE
24.1 &L

{34 HP-5MS(30 mx0.25 mm, 0.1 pm); #S: &
A WAIRE: 1.5 mL/min; #F8ETREE: 300 °C; FHEREF:
80 °CA#:4% 0 min, LA 10 °C/min FHEL Z 300 °CI£FF 8 min; #k
FEfE: 2 pl; AR .
242 kKM

BTUR: BLUR; & TIRIERE: 230 °C; FRIGMLHZIRE:
280 °C; HLERETI: 70 eV, HMRIA: SIM; B ER:

5 min,

R®1 1 MASILFIBIRKZ CAS S
Table 1 Names and CAS numbers of 11 photoinitiators

Tt i 24 CAS TR AR /%

TR AT 119-61-9 HA TCI /A >98%
1-FRHE PR O HE R L T 947-19-3 2 [# Sigma /A7 99%

4- " FILR IR LR 10287-53-3 HA TCI /A >98%
4-H B Z R R 134-94-9 %[ Sigma /A A 99%

2,2-Z AR -2 IR HOR 24650-42-8 HA TCI/AH >98%

EAMRIGR UV-9 131-57-7 HA TCI /A >98%

Xof B TR R 530-44-9 HA TCI /A >98%

H51 %5 EHA 21245-02-3 HA TCI/AH >98%

2~ WE W ] 86-39-5 HZA TCI /A >98%

2-5 PN BB 2% ST (ITX) 5495-84-1 HZA TCI /A >98%

4-FRFHE TR WP 90-93-7 HZA TCI /A >98%
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3 GEREDH
3.1 HMRK
301 BREUER 6 pedl

] 25 90 88 PO — 8 B 1 651k FIR A bR T
TRAT, B MEAE B o FRIEBCE] S5 0T o i BHPE AR & T 8004
W, RHWECK:. ZER k. FENZERG #7510 min,
B0 5 min, W EFHR, 40t 0.45 pm JEBLAEIE S _ AL
o PR R AL 77 A 45565 | & e B 55 s S2 B
I 5 R B, A H R A PR BURE ST AN
K, ECKERIH. % ERER RN, AT 0ok H A
R
3.1.2  #AFvIEE AR

TR T 250, 280, 300 °C 3 Fhf O iR X}
11 FpFeg ] &m0 s, A8 11 Fobs | LRI7fEAR
(] F A L o g ) R/ I R: 300 °C > 280 °C >
250 °Co BRARIRBEE: 300 °CHRHERE TR E
3.13 @ik eiiE

ATFHE AT DB-1, HP-5. HP-WAX 3 R [aIR& 7
P ETEREXT 11 RIES R RT3 8, WAX (SR 5 e id
ZREALE] 260 °C, X T A B9 IEE 1 K0 i R RO AN
£, DB-1 #l HP-5 ¥0] I 0485 11 Mo &R, Ak H
IR ARSI 2 I, 6T HP-5 Gk LS br i
HEERIIE 1 s

32 FEEER
11 s &R m g AR S ik 2 bRl 26, BT
HTAEHRZR . AR RE R 2, M3 2 A0 11 F%Bs] &5

FRUERTZEAH I B3 r2 8 0.995~0.999, FIIA )7t HAF R IF
MILRAESC TR o ARG R A 25 SR AE— 5 1 B 5
A 55 {508 M AT DX 500 1 /N ARG I 155 45 e 1) o S0 4 5% 14
i, IR 0.10 mg/L MIRATRER, EEWE 10
R, FIXFFRE (R 22 (relative standard deviation, RSD)/ 8.8%,
TR R (3 A b v i 22) X5 2 A B A 0.03 mg/L,
2§ PR (10 AR 22) % 0L iV B2 4 0.10 mg/L.
3.3 BEEFMERE

28 FHMR P 02, 1.0, 5.0 mg/L 3 NHRJEKF
) 11 RIGE ] &R A PR TR, i AR ST A i Ak 2 )y 72
AT ARG SPATINE 6 AT, THE ks, HE M
RIS 25 S LAES I 1.0 mg/L A9 IR A T 22 6 YRR T,
e 25 L L3 3 R 4, K% B A 2 R4
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Fig.l Standard chromatogram

F2 IRERE. LMTEE. &MXR XA AEBETF. RHRMEEMR
Table 2 Retention times, linear ranges, linear relationships, coefficients of regression, selected ions, detection limits and
quantitative limits

o) w4 1%?#5‘1‘@ LM e *Ha‘é;%;*& PR T o i PR JE

/min /(mg/L) (m/2) /(mg/L) /(mg/L)
1 TR H 7.996 0.1~5.0 Y=1x10"°X+0.052  0.999 105,77,182 0.03 0.10
2 1R 3L A L 2 3 H il 8.609 0.1~5.0 Y=2x10°X+0.067  0.998 99,81,77 0.03 0.10
3 4-Z LR IR LR 8.863 0.1~5.0 Y=2x10°X+0.145  0.995 148,164,193 0.03 0.10
4 4-HHE Z R W 9.332 0.1~5.0 Y=1x10°%X+0.096  0.998 119,196,91 0.03 0.10
5 2,2- " A SE-2- 2R BIR 2T 10.627 0.1~5.0 Y=8x107X+0.057  0.997 151.105,77 0.03 0.10
6 SHMRIBGR UV-9 12.016 0.1~5.0 Y=2x10°X+0.158  0.996 151,227,228 0.03 0.10
7 Xof Y R O H 13.799 0.1~5.0 Y=1x10°X+0.154  0.996 148,225,77 0.03 0.10
8 J651&57 EHA 14.091 0.1~5.0 Y=8x107X+0.078  0.997 165,277,148 0.03 0.10
9 pRe 14.200 0.1~5.0 Y=2x10°X+0.175  0.995 246,218,248 0.03 0.10
10 2- 5 Y AR 2% U 14.888 0.1~5.0 Y=1x10°%X+0.106  0.997 239,254,240 0.03 0.10
11 4R HE T IR R 15.535 0.1~5.0 Y=1x10°X+0.136  0.996 181,258,152 0.03 0.10
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Table 3 Results of recovery test (n=6)
1SR /%o FE KA U D 22 /%
o
0.2 mg/L 1.0 mg/L 5.0 mg/L
TR 88.5£9.9 90.9+3.9 96.5+5.4
1-F2 LA L FEOR L A il 90.0£9.9 91.5+4.6 98.4+3.3
4- W HEERAN R LR 92.6£9.9 90.4+3.6 97.6+3.0
4-HI 3L 2R H R 93.8+8.1 92.4+46.5 97.6+2.5
2,2- WAL 2- R IR 94.4+9.0 95.9+4.9 96.4+3.2
EHMIBR UV-9 93.3+7.6 97.743.3 97.8+2.9
o B G B R 95.7+7.8 92.0+3.7 99.6+2.1
51k EHA 93.543.1 99.4+3.4 96.9+2.5
2 WE i ] 93.8+5.1 99.0+5.6 100.5+1.9
2- 55 TN T 2% R 91.2+5.7 94.1+4 .8 98.6+2.4
4RI IR 92.549.5 96.8+5.7 98.9+2.0
F4 ESMHRBLERN=06)
Table 4 Results of repeated test (N=6)
MR 25 R /(mg/L)
Fre Hoy RSD/%
1 2 3 4 5 6
1 TR 0.905 0.922 0.865 0.952 0.872 0.941 3.9
2 - 5L L B2 I il 0.871 0.978 0.953 0.917 0.896 0.879 4.6
3 4- " E LR IR LR 0.877 0.856 0.932 0.903 0.930 0.931 3.5
4 4-F 5 — 2K 0.849 0.967 0.962 0.958 0.845 0.967 6.5
5 2,2-Z WA -2 IR HOR 0.904 0.989 0.996 1.016 0.914 0.938 4.9
6 SEHMRIR UV-9 0.958 0.943 0.955 1.028 0.998 0.982 33
7 o P R O R 0.890 0.889 0.889 0.951 0.953 0.950 3.7
8 J651&% EHA 0.933 1.001 1.006 1.036 0.998 0.994 3.4
9 250 WE i ] 0.936 0.938 0.945 1.044 1.040 1.037 5.6
10 2- 57 TN B 2 ST 0.905 0.980 0.901 0.893 0.989 0.978 4.8
11 4-FRFHE TR W 0.985 0.868 0.971 1.035 0.989 0.965 5.7
S R A B33 [5E S
3.4 SEFREESEMIRIER 4 £

ABIE SRS T 2R Y B4R O O 0 £ i A
W UV s b 1 FhOe5 1 A0 & i 1 o34 50k %05k
BUAL B AR . ZEOCHCRF, REUE S, EHMEL. 78
Lhris M, SUARME UV lESER, EEiES
UV s Fpoes 1 R R B R 8, A4 T A el g A T
At IRk B R R, DL

UV BRIV B A AT P N T E TR e iz
I B o BNV it PR O | A 70 2 B P R 94 4 KUK
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PR RGN J5 ¥ X — U Y & S DT Ay it — 25
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THA TR S

x5 HaNAE
Table 5 Results of sample test

TR/ Y%

Moy

1 2 3
R AT - - -

1= BE AR L 2R FH il - 23 -
4- W IR H R LR - - -
4-F 3L — 2R - - -

2,2- AR R ER 2T - - -
SAMIBGR UV-9 - - B

X B R - - -
Jt51 %7 EHA . - B

2 -5 IGE Il ] - - -

2- 5 TR B 2% A

4-TRFE IR - - -

SE Bk
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