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Abstract The contents of magnesium (Mg) ,aluminum (Al) and copper (Cu) in an IR interfering smoke
material directly affect the anti-interference performance. Chemical titration is a traditional method for
determining the content of metal element,it is complicated and time consuming,and each element can only

be determined sequentially. Besides, the quantification of Mg cannot be performed in the presence of both
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Al and Cu. An inductively coupled plasma optical emission spectroscopy (ICP-OES) coupled with a sample
pretreatment method was developed in this work to quantitatively determine Mg, Al and Cu. Specifically,
the sample was digested with concentrated nitric acid,and the ICP-OES analysis was directly performed on
the digested solution after filtration and dilution. When the resonance lines 279.5,167.0 and 324.7 nm
were selected for determination of Mg, Al and Cu, the limits of detection (LODs) of them were 0. 013,
0. 040 and 0. 025 pg/mL, respectively. The spiked recoveries for the three elements were in the range
102%—105% ,and the relative standard deviations (RSDs) were in the range 1.0%—3.0% (n=28),
indicating that both the accuracy and the precision of the method are good. The total standard deviation of
the developed method was traced and compared with the results of complexometric titration. It showed that
there was no significance difference between the results of the two methods. However, the developed ICP-

OES method was simpler and faster, and able to determine the three elements simultaneously. It can

completely substitute traditional chemical titration method.
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FHEE K E AT HIEW 17 . I 17 A 88 ik
535 °A 4.00.,3. 00 fl 8. 00 pg/mL,
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F10.70 mL # % 100 mL &0, FH 4K g2,
N 27 W 27 MBE L 4k B 4 ok
5.00,4.00 1 7. 00 pg/mL,
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279.5 nm fE4rHT 4.

1 FAEAZFHILEETHRAEBRBTHUESER
Table 1 Measurement results of standard solutions at different resonance lines
PRUER W Mg 279.0 nm Mg 279.5 nm Al 167.0 nm Al 308. 2 nm Cu 324. 7 nm Cu 327.3 nm
Wl 17 /(pg» mL— 1) 3. 97 4.12 2.98 2.79 8. 25 8.41
AR/ %) —0.75 2.95 —0. 60 —7.03 3.13 5. 06
W 2:/(‘ug' mL~1) 4. 85 5. 05 4.01 3.81 6. 94 7.13
HXF R 22/ % —3.08 1. 00 0.15 —4.83 —0.87 1. 80
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JHE R 1k . R4S B IR 58 A A% 2 DA 100 mL
e A4 IR 0. 65 mL Fi B F] 50 mL %%
AT ICP-OES M€ . A [F WA R AT
Ay AE Mg 279.5 nm, Al 167. 0 nm,Cu 324. 7 nm 43
Brék Fiag e Mg Al Cu JC R, WWIE 1, AT
B TE 3~10 mL Ju N, = Fh o R M0 v B 5
AL UL A 3 mL ¥ fil R B AT S 6 BR B RE
i 8 AT A . 25 SRR P AR R A IR T BE 1
K L I B P BB S BR I AR R R 3~5 mL,

20 -
Cu
Y S YY
16 -
o
g
¥ 12 -
X Mg
& *— o @ —®
sl
% Al
R — 5 &=
4 |-
0 | | | |
2 4 6 8 10
HNOS}:H%/mL
B1 REBWNANEXNFE. B ETEUENZN
Figure 1 Effect of the volume of concentrated HNO; (mL)

on the measurement results of Mg, Al and Cu.
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2 R A7 SR Ol I ORI W 77 ) FIIA A 22 B0k
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Table 2 Measurement values of the diluted solutions

with and without graphite powder

/(pg - mL~")
R WWRTTU  WWST W9 WW 107
Mg 5.643(5.60) 5.619 5. 681 5.617
Al 2.851(2.80) 2. 880 2. 897 2.904
Cu 9. 347(9. 45) 9. 142 9.225 9.096
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M 3.75 mLOARA YA G B 5w 47 .57 .67 M
W5 AL P . 75 R R A S A & R S b
VWS TR S P S PR RS i A1 0 47 b [l i 2%
T 2 R IR A . AN TR Dy Ak B S A I
GESRLAUINAR IR ILFE 3. MK 3 FHIIL BT 5™/
TER 105 R e 132 3T 100 %6 5 3% B 3 Al RE 5 4 2 5 5K
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Table 3 Measurement results of sample with different

pretreatments and spiked recoveries

HIR(LOQ) E5R IR 4, £ 4 RY =FhouR & it
AR 2 P 5 28 AR AR 4 o s ) PR A PR R IR as 3 T
13 ng/mL Fl 44 ng/mL,
x4 AEHNEGEKRUNREEER
Table 4 Linearity, limits of detection and limits of

quantitation of the developed method

ORI 7 {8/ JnARE/ ERIEE/ R/
LA (ugemL D' mL (ugemL D' %
Mg 1. 40 2.00 1.16 117
w4 Al 2.61 1. 00 2.41 117
Cu 8.55 3.75 8. 44 116
Mg 1.28 2.00 .10 103
Wi 5® Al 2. 44 1. 00 2.19 104
Cu 8.18 3.75 7.78 104
Mg 1. 48 2.00 2.37 119
W67 Al 4. 44 1. 00 4.59 122
Cu 8.51 3.75 8. 61 120

o T ARG ﬁ‘iﬂﬂl@i iiﬁf&i
M (pgemL D) (ugeml D)
Mg y=11589. 112+106.23 0.999 8 0.013 0.044
Al y=19.80240.56  0.999 6 0. 040 0.132
Cu y=396. 642+7. 40 0.999 7 0. 025 0. 083

- JFARE R AR 5 mL Y ingR R A R FL R 11, 75 mL.,
2.5 FEWZHERG R

TEALAL B AL 258 5256 25 0 1 o X 28 4 b 1 0 VAR
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TEALAL B A S 30 2 A %o 5 0 VR ot 0 I A
FEOYRE - ATINAE 8 WK, Z5 R INE 5 iR, &ILK
(18 FE X A o D 25 (RSD) 23/ F 3% . B I ik A &%
JERAF, MRYEER 5 MG, 45 G F AR = A] DUt
B Mg AL Cu JT 2 78 H0 % B ORERE v (9 T 5 H
A3V BEAY R 13,57 % .7. 61 % Fl 26.50% ,

£5 WEERR
Table 5 Precision experiments(n=28)
P WISV HE (g » L) Xk g/ T o4 g 22 / *IJ‘X\JW}I\"(@E
(pg+mL™ D) (pg * mL™1) 2/ %
Mg 4.485 4.440 4.396 4.533 4.485 4.479 4.546 4.478 4. 480 0. 048 1.1
Al 2.263 2.655 2.295 2.639 2.619 2.573 2.615 2.433 2.512 0.072 2.9
Cu 8.728 8.933 8.736 8.773 8,677 8.545 8.867 8.720 8. 747 0.120 1.3
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