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PSR A 55 B A HB K T3 1k (ICP-MS/MS) 7E CRC Al
TR Z A EC R — AR A T R QO s YRS B
bR 5 A A BT On/ ) & F 3 A CRC N, HInEF
TR T 5 RN R A R RS N S R AR AT R
T I A (Qu) PR UGS IR A H AR B i AR 25, JLF 7] BLSE
SR R R A ICP-MS/MS X PGME 1 5
Z THA IR 48 4 it R Mg, Al K, Ti, V, Cr, Fe,
Ni, Cu il Zn #4700 5E , FI IR A RS NH; /He/H, 4B
BT, BrEd sy REE E . L, R TR M
o R AT T I

e

1.1 UERBH

Agilent 8800 Hi /& HE 5 55 B T 14 & Bk Bt % (L (ICP-MS/
MS., 3 EH Agilent 24 @), Milli-Q 47k & 48 (3% [FH Millipore
A#D . ICP-MS/MS [ S5 E W% 1,
1.2 #REBRKRERH

1000 mg« L'y Mg, Al, K, Ti, V, Cr, Fe, Ni, Cu,
Zn, Be Fl Sc B IC R AR ME I W CHE 25 46 1AL 24 30 A BR 2
A BT PGME T B, 7, 0.
1.3 FiE

+ PGME Ji i 2l /K # B 10 £% )5 B #2R Al ICP-MS/MS

MRE . MM T RNFRSERELMA L mg « L7 Be, Sc
A MFRE .

2 HRHiE

2.1 HERKIERE

FHT LA 5 AT BT 40 7 0 R 1 B Rk B
(BEC) , ZEHDUMK AT (SQ. Qi b T i) A2 T % XA Ak
M He REfES AT TR, 78 MS/MS #0(Q, 1 Q ¥ HA
BT g RE) K. xR R NHs /He FIR A W < NH,/
He/H, #EAT T 6, LAfE MS/MS &0 f FITR A R
M dh, 2R LFE 2.

®1 ICP-MS/MS HRIESH

Table 1 ICP-MS/MS operating parameters
Parameter Setting
RF power/W 1550
Carrier gas flow/(L ¢ min 1) 1.05
Make up gas flow/(L » min~1) 0. 25
Sampling depth/mm 8

Cell gas NH;/He/H,(10% NH; in He)

Cell gas flow rate/(mL ¢ min~!) NH;/He: 2.8; H,=2.0
ORS bias voltage/V —18
KED voltage/V —8

x2 EFRRSHEXTAMTENE REIRE (BEC)

Table 2 Background equivalent concentrations (BEC) of analytes in different analysis modes

BEC/(ng« L™ 1)

Isotope Potential interferences SQ mode MS/MS mode
no gas He NH;/He NH;/He/H,

2 Mg 12C,, %Na'H, 7Li70, 8Tit+, ¥Ca’+ 2 970 411 29. 8 31.2
2TAl ZCIPN, CHYNH 860 202 77.3 75.4
K S ArH, #Na'®O 189 000 65 300 126 84.3
BTy 328160y, 3SUN, 3SHBN, UNISOBO, 8Ar2C 1560 87.4 21.0 16.7
MV BCI0, SAr*NH, * Ar'OH, *°Ar®C, % Ar®N 479 15.3 8.16 5.04
%2Cr WAr2C, 3CI'SOH, *Ar'0, ¥ Ar""N, S Ar>N'H 2170 73.6 41. 4 35. 8
6 Fe WArSQO, °Cal®0O, **Ar’>N'H, ¥ Ar'*0Q, 12Cd" ! 1810 425 122 94. 1
50 Ni ZNa® ArH, #*Na® Cl, " Ca'®0, **CoH 316 49.7 21. 8 17.6
5 Cu % Na'® Ar, #»Na*’Ca, 2C190%Cl, 2C"N*"Cl, *CalOH 177 51.3 40.5 34.4
567Zn 38160, , BT8O, 8Cal®0, 32870,, #8700, 28%S 223 148 116 89.5

e SQ EAMBEXT, h FRA WG T, s
Mroe R 19 BEC #4b T4 57K F- . R A He filf 8 <77 LUK R £
BOTE I T HIE R EBALKT, B Mg, K, Ti, Cr ) BEC {f}
RADTFH B K, TR K A BEC K& JCEE g A7 o 1 I 52 .
76 MS/MS i F 5% il NH, /He R WA, B Fe Lok, i A
JCE ¥ BEC #BEAK S| 100 ng « L' AT, HF* Mg",
TALT, KT, TVITIRE NH; /He M, T 3 28 W] 7 2 19 T
e eSS NHy/He R NJE A FEEF, K8 Q=Q =
24, 27, 39 F0 51, F A A B &L BR T WEFC T

PCrT, PFet, “NiT, ®Cu”, "Zn”, R FERE R H LT
B e T TiCINH,) S, 2 Cr(MNHy) S , P Fe(! NH,), ,
ONICHNH ) » ©®CuCNHy), o ©Zn( NH,) ™k Wil 55 1.
HH Q =48, 52, 56, 60, 63, 66, Q, =150, 86, 90, 111,
97, 83, FIHIB R ¥ B EHER TH0. 72 MS/MS X T % M
A NS NHs /He/H, » N3 2 0] LUF H . 4 F % 5T 4t [
LE Mg™ 17" Al" ) BEC A LR W, HAERKEL A S 4
ST R /9 BEC, TEJE A BTkl bR T b, H, fig
WS Ar EFHE T RMYY . BT Mg fTAL B 2
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Ar EE T, Hy WERFI0ERARB &, X F2 KAl
CVTL M FZE Ar R EF T m AR H, /R B
B AR 7K MV BEC; 16 BB R R T T 7R
o mA R He B85 ImA&YW—NH, —NH, & WA B &
Yr—NHs , T 4% 52 56 SR 0 b % B 06 R AT 19 M0 I 8 LA R A
N AR S F 38 MONH,) 7 (B M 4351k Ti, Cr, Fe, Ni,
Cu, Zn, Be, Sc), I, M AW & H, g84 & CRC
— NH; (e, (R T H 2 M mmeE 7. Fik, Lk
JEASE JB b 3 A O O B RS VR B TR 1 NHs /He Hm A
i H, BT E MR, AL 7 MS/MS £ T % £ 1R
A R NHs /He/H, 1B T4k

2.2 FEFHEER

R T BAE ICP-MS/MS W B T BE ST, #E 1 pg - L7
) Mg, Al, Ti, V, Cr, Ni, Cu Hl Zn % i % W ¥ i 100
mg « LT, iAo R EeE. AR 3TTLEH.
16 SQ BAMAT, AR ZA T/ HEMTTH T4, Wi
KT 200% ., 1 7E MS/MS # 3 F 2R Al NH; /He/H, X
MR, FTEICE W E W ELE 97.5% —103. 4% Z ], kAT
R 25 R
2.3 NH,;/He & M SifiERM KN

N T AE RN RS R A IS R NH, /He S <000
# 1 pg « L7 Mg, Al, V., Ti, Cr, Ni, Cu fl Zn bpiEE TR
JIA 100 mg « L F4E4, 44087 8 F A7 3. H 8RR
NH; /He it #0085 (55 5B 152 . 25 R 0L 1.

£3 FRABEXTHTHBRTFHZREEKE

Table 3 Recovery of interference removal experiment in different modes

Interference Recovery/ %
Analyte - — -
Added interferent Interfering ion No gas mode NH;/He/H, reaction mode
Mg C (EthanoD) 12Cy 307 101. 3
2TAl C (Ethanol) ZCHNT, PCHMNHT 223 99.1
K / BArH " 851 98. 6
B8Ti S (SO ) 28Ot MSUNT 1 260 102. 5
Y Cl (Cl™) BCIEOT 208 100. 7
2Cr C (Euhanol) WAr2ZCt 715 101. 6
*Fe / WA O? 1070 97.5
SONi Na (Na®) 2 Na®s ArH ™ 322 99.1
5 Cu Na (Na™) 23 Na'® Ar™ 450 103. 4
57Zn S (SOf ) SIS0, , 3281704 279 98.9
Note: “/”: no interferent added
4000001 (a) 32000 (b) —=— Ti(NHy)s"
350 0004 —0—Mg" —0—Al' &K ——V* 28 000 - —@— Cr(NH;),"
—A— Fe(NHs),"
300 0004 65 000 24 000 - —w— Ni(NH3);"
;§ 250 0001 gg §§§ § 20000 - o
g 200 000 45000 é‘ 16 000 -
ﬁ 150 0004 g 12 000 A

100 000
50 000 SO ittt ’

12 16 20 24 28 32
NHy/He flow rate/(mL-min™")

3.6 4.0

14 18 22 26 30 34 38 42
NHj/He flow rate/(mL-min™)

1.0

1 NH;/He R NS FHEHWMK L
(a): JRffidik; (b B IE

Fig. 1

Optimization of the NH; /He reaction gas flow rate

(a): On-mass method; (b): Mass shift method

HE 1) AT LA . B NH; /He WA 0. Mg" .
AL K5R VT 195 5 58 B 8/, T B R,
NH;/He Fi# %k %] 2.6, 2.8, 2.7 il 2. 4 mL « min ' f},
AT TR 5 0 B AL T HARK . BEJS %K NH; /He
TRHL. SPHTE T ME T 0 A AR T RS R TR R
IR ER T U fefE NHy /He Jii# 2y 2. 8 mL » min ',
B L& E . B NHy/He WG, 6 D4 s 7 11E

TR, MR T EEIE . 4 NH, /He i 3 55
k% 2.5, 2.6, 2.4, 2.5, 2.4 F12.6 mL e min 'H. 6 M
TR BT HAE 5 M AL T KA. RS 9% K NH;/He Ji# . 6
AP B T A5 5 3 BT IR G 1R WA, SR FTD Jo ik e % 12 0 B
Tyt frfE NH; /He Ji#0h 2.6 mL » min ' o S R IR 007 5
BT T MR . I 80 PR BOE R 58 15 1 R 34k TR0
KA ASLH e e NH, /He Jii# 4 2.8 mL « min ™',
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2.4 EFHEMKRIE

EF Xt ICP-MS/MS 43 7 3t 5 o 1 B 4R 07« 38 5 i A Y
FRICZE Be Fl Sc #E47#& 1IE. 7 NH;/He/H, & W # X T,
Be™ 5 NH, JZ i B #9887 Be(NH, )T 5 Mg™, Al™,
K F1 V'R & 80 08 B AL B 5472, Sc 5 NH;
7 A A 7 S T Se (NH )5 8 B i H AT A 8L AY ok 3%
T8, B, TIPS Be(NH), 2 Mgt , AlY, K" f1 V*
FIPARE T, 2 # Sc(NH;) 5 4 Ti(NH;){ . Cr(NH;),
Fe(NH,); , Ni(NH,){ , Cu(NH,), FZn(NH,) " £k HHR

BT BOE T SRR . IR A BB L T i A5 S5 R . B AR
TN RS RE.
2.5 REHZSHRHR

HATHr ICP-MS/MS 73 M P RE - T2 i A [] ¥ B2 14 2 A
TLR bR RO S A 2. R 4 BT LUR . 10 N4 Hr o
FHAE 0~100 g « L1 B A LR AR OC R B 2>0. 999 7, fF
A MIICRMRIER R RAF. A I0R KL H R (LOD) 29 0. 52

~61.5ng« L', A L PGME APl it 4 & 2% Jo ot A9
B,

F4 RAEHESHRHR
Table 4 Calibration data and instrumental limits of detection (LOD)

Element Linear range Coefficient LOD Element Linear range Coefficient LOD
/(pg s L7H (r) /(ng+ L1 /(pg s L7H (r) /(ng L")

Mg 0~100 0.999 9 15.1 Cr 0~100 1.000 0 2.18

Al 0~100 1.000 O 17.2 Fe 0~100 0.999 8 35.3

K 0~100 0.999 8 61.5 Ni 0~100 1.000 0 9.75

Ti 0~100 0.999 7 3. 84 Cu 0~100 0.999 9 5. 81

\% 0~100 1.000 0 0.52 Zn 0~100 0.999 8 40. 6

2.6 AEMERESREEE

SR FH S I A 5 84T I [0 WA 552 56 56 91 J7 ¥k 0 ME 1 1k 5 R
P, R A SUR bR JE #3s ICP-MS (SF-1ICP-MS) %t i kx
e AT T XS, W ¢ R AT ST i, BRI
SME 6 W, GERNE S, MAREIRN 95.6% ~104.2%,
RSD<C4. 5%, ICP-MS/MS il 5 4% 5 55 SF-ICP-MS JC 3 %
P2 (p=>0.05), Bk T H kM HERR LS . K% 3.

2.7 HEOW

PSS B0 T L. T, M A H T S PGME B &
(BERARS 1. 2, 3), SRAFTE LAY ICP-MS/MS #4743 #
[F] i R SF-ICP-MS #4540 #7» REASFEREE M 6 . M
FO6TLIAH, 3 FlriF% PGME K i H 1) & J8 24 e £ 1
AT ng %K, ICP-MS/MS 5 SF-ICP-MS {43 # 45 5 3%
A—%k,

RS FAEHEBENBEE(=6)

Table 5 The accuracy and precisions of method (n=6)

Element Spiked Found by ICP-MS/MS RSD Recovery Found by SF-ICP-MS  test
/(pg e LD /Cug s LD /% /% /(ug s LD
Mg 5.00 5.12+0.23 4.5 102. 4 5.08+0.19 p=0.37
Al 5. 00 4.91%+0. 11 2.2 98. 2 4.85+0.12 p»=0.15
K 5. 00 4.88+0.10 2.0 97.6 4.94+0. 15 »=0.21
Ti 5. 00 5.09+0.15 2.9 101. 8 5.16+0. 21 »=0.26
\% 5. 00 5.17+0.19 3.7 103. 4 5.05+0. 24 »=0.18
Cr 5. 00 4.83+0. 14 2.9 96. 6 4.74+0.18 p=0.11
Fe 5. 00 5.21+0. 20 3.8 104. 2 5.13+0. 16 »=0.23
Ni 5. 00 4.78+0.08 1.7 95. 6 4.82+0.12 »=0.26
Cu 5. 00 4.81+0. 21 4.4 96. 2 4.85+0.09 p»=0.33
Zn 5. 00 5.19+0. 14 2.7 103. 8 5.07+0.10 p»=0.06
6 PGMEH 10N BREEBETEMNSHER (ng g7, n=6)
Table 6 Analytical results for determination of 10 ultra-trace metal elements in PGME (ng * g~', n=6)
Sample 1 Sample 2 Sample 3
Element

ICP-MS/MS SF-ICP-MS ICP-MS/MS SF-ICP-MS ICP-MS/MS SF-ICP-MS

Mg 2.56+0.03 2.3440.04 1.8740.03 1.9240.02 2.15+0. 04 2.20+£0.05

Al 1. 3640.02 1.4140.02 2.05+0.02 2.094+0.03 3.61+0.05 3.53+0.04

K 2.234+0.01 2.194+0.03 4.59+0. 05 4.66+0.08 1.2040.02 1.3140. 05
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2k 6
Ti 2.80=£0.05 3.01£0.07 1.50£0/02 1.4340.03 1.97+0.03 1.8340.03
\Y% 6240.03 1.57+0.02 0.7540.01 0.7940.01 1.84+0.05 1.68+0.02
Cr 0.9340.01 1.0440.03 2.4040.03 2.31£0.02 2.7540.03 2.8240.03
Fe 5.10£0.12 5.237+0.10 3.6540.05 3.71£0. 04 8.06+0.13 7.82+0.16
Ni 1. 66+0. 02 1.74+0.03 0.6940.01 0.6440.01 1.73£0. 04 1.8140. 04
Cu 4.7740.08 4.9240.09 2.8740.04 2.8240.06 3.2140.03 3.3940.05
Zn 3.45+0. 04 3.36+0.05 1.2140.01 1.164+0. 02 2.2740.02 2.3240.02

IE TR . ST R MR R 0.52~61.5 ng« L', 5L

3 45 i BRAE S B BIRR [R1 0%y 95. 6% ~104. 2%, RSD<<4.5% ., %

F SF-ICP-MS HEAT X HR 43 A7 14 45 S B AR — B, I99E T A

K H ICP-MS/MS Xt B ¥4 PGME H1 iy 10 Fj i I & 4 ERERYELE, WIS . 5N PGME R & 4 )8 44 T

JEATOCE AT TR E . £ MS/MS BT, EHIRE JUER M e R4 TR RS . HA A R, BT, R
SRS NH; /He/H, JHBRBURE T HL AT . FIH AR TR K BER R
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Analysis of Ultra-Trace Metal Impurity Elements in Proprylene Glycol
Monomethyl Ether Using Inductively Coupled Plasma Tandem Mass
Spectrometry

LI Tan-ping, LI Ai-yang
New Building Materials Academy, Hunan Institute of Technology, Hengyang 421002, China

Abstract Based on inductively coupled plasma tandem mass spectrometry (ICP-MS/MS), an analytical method for the accurate
determination of ultra-trace metal impurity elements in propylene glycol methyl ether (PGME) was established, and mixed
reaction gas was used to eliminate the spectral interference. The challenging ultra-trace metal elements including Na, Mg, Al,
Ti, V, Cr, Fe, Ni, Cu, and Zn in diluted PGME were determined directly by ICP-MS/MS. In the MS/MS mode, the mixed gas
NH, /He/H, was selected as the reaction gas. Ti", Cr", Fe', Ni", Cu', Zn" and NH; undergo mass shift reactions. Among
the large number of cluster ions formed, Ti(NH;){ , Cr(NH;), . Fe(NH;), , Co(NH;), , Ni(NH;); , Cu(NH;), ,
Zn(NH;) " have high abundances and interference-free, Ti', Cr', Fe', Ni'", Cu', Zn' can be transferred to the
corresponding cluster ions for determination by NH; mass shift method. H; can react with the adducts —NH and —NH, to form
—NH;. Increasing the concentration of —NH; in the collision/reaction cell (CRC) will help to improve the analytical sensitivity
of Ti, Cr, Fe, Ni, Cu, Zn. Mg", Al", K", V' can hardly react with NH;, and the interference ions can react with NH; to

form cluster ions. The NH; on-mass method can be used to determine the contents of Mg, Al, K, and V. Argide ions react with
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H, at a relatively fast rate, while nearly all elemental ions exhibit low reactivity with H,. Therefore, the addition of H, to the
reaction gas can quickly and completely eliminate the spectral interference caused by Argide ions, which is beneficial to the
determination of Mg, Al, K, and V. The cluster ions Sc(NH;); generated by the reaction between Sc’ and NH; were selected
as the standard internal ions of Ti(NH;)s , Cr(NH;), , Fe(NH;), , Ni(NH;); , Cu(NH;), , and Zn(NH;) . The cluster
ions Be(NH;), generated by the reaction between Be' and NH; were selected as the standard internal ions of Mg’ , Al", K",
and V. The matrix effect caused by the difference of physical and chemical properties between sample solution, standard
solution and the blank solution was corrected to ensure the stability of the analytical signal. The developed method was applied to
the spike recovery experiment of real samples, and the accuracy was evaluated by comparing and analyzing with sector field
inductively coupled plasma mass spectrometry (SF-ICP-MS). The results show that the limit of detection is 0. 52~61.5 ng *
L', the spiked recovery is 95. 6% ~104. 2%, and the relative standard deviation (RSD) is < 4.5%. At the 95% confidence
level, there is no significant difference between the analysis results of analytes and that of SF-ICP-MS, which verifies the
accuracy and precision of this analysis method. The method shows great potential for determining the ultra-trace metal impurity

elements in PGME, and has the advantages of rapid, interference-free and high sensitivity.

Keywords ICP-MS/MS; Proprylene glycol monomethyl ether; Metal impurity elements; Collision/reaction cell technology;
NH,/He/H,
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