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Abstract When the standard mode of inductively coupled plasma mass spectrometry (ICP-MS) is used to
determine Cu and Zn in geological samples, TiO" and TiOH™" are easily formed in the sample solution at
high temperature, resulting in overlapping interference, which deviates the measured value from the true
value and affects the determination result. Using hydrofluoric acid-perchloric acid-nitric acid digestion and
regia solution samples,the relationship between Ti and ** Ti'**O" ,mass charge ratio 63,64,65,66 ions was
studied by multistage online correction of **Ti'® O, eliminating the interference of TiO" and TiOH™"
overlapping. An analytical method for the determination of Cu and Zn in geological samples by inductively
coupled plasma mass spectrometry (ICP-MS) was established. The results show that the interference value
of Ti on Cu and Zn is not a simple positive correlation with its mass concentration. The strength of the
interference ions produced by TiO" is higher than 63 in mass-to-charge ratio(65),and higher than 66 in
mass-to-charge ratio(64). The interference increment of “ Ti'*O" against mass charge ratio 63 and 66 ions
is not related to the change of Ti mass concentration. **Ni produces the same amount of ectopic overlap
interference to *“Ti'*O" ,and the measured value must be corrected for the contribution from **Ni. For the
determination of Cu and Zn in geological samples by ICP-MS, the measured isotopes *Cu and **Zn should
be selected,and their detection limits(n=7) are 0. 35 and 0. 63 ug/g,respectively. Verified by the certified
reference material, the measured values were consistent with the confirmed values, the accuracy (RE) was
less than 8.6% , and the precision (RSD, n = 6) was less than 5% . The method is suitable for the

elimination of mass spectrometry interference of Cu and Zn in the determination of geological samples by

ICP-MS,and meets the requirements of geological analysis.
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Table 1 Concentrations of the elements in calibration standard solution

PREHWGS  uX W/ (pg« L7D EAK/ N
1% Cu/ Zn 0 1. 00 2.00 10.0 50. 0 200 1 000 5
2% Ni 0 100 200 500 2000 5000 10 000 5
3% Ti 0 100 500 2000 5000 10000 40 000 100 000 500 000 1 000 000 5

2 FHR5WiE

2.1 #%$TE Cufl Zn Ex
JCRTEARF LI Z R AR FRBEE N [ F
FEAE L ICP-MS ] 5 B 32 Ji ik TR [, Z 57 5 F
JE TP ICP-MS 3% o e ™ A T 0 2880, T4
B R R LR A MER I E R R ET ., T
P w] 3 3 o BT — A& T R A TC R T
SRJETHE MO™ X 43 #7749 06 1) 5Tk o el R T 3R
AB oy AT A OE . N A5 B oE B Y e R4
R SN A N R A ICP-MS @6 2708 4 HE
[ A A B 1R o A D S T R =/ b e = B
T BN TR 7 R g A AR AR G T, BT 4R A
MITR M UEM BE . Mot Ti.CulZn £ FE AR

FE B R 2 A B Ti(7.99%) .7 Ti(7.32%) |
ST (73.98%) . “Ti(5.46%).° Ti (5.25%),

B Cu(69.09%), ®Cu(30.91%).% Zn (48.89%) .
©7Zn(27.81%) ., ¥ Zn(18.56%) . Z& vk % I\ K.
ICP-MS 2 i T A5 BT 3 {4 11 4k PY i i 5 4
T P2 5 O f H 28508 %, Ti° O K& Ti OH'
FEIREZHNZRFE T, ZED TIHARFE
HARIE R TiO" & Ti'OH" X k¢ & Cu Al
Zn TR WAL RS Zn 23] VA AR B
T M Fe (75 T4, L™ Zn AAE A 0 & R 07 % .
A5 LAl i) BB T ) N B A 1 %k L[]
MZCTI TS TiL T O FlF AT 1L 63.64.,65,66
TS F B (2Bs o Ti°O" K Ti°OH ), 115
KA Ti X Cu F Zn B TR v 6. RIETEILE 2.



1200 o [ JE AL T 1L 2023 4F
£2 AEARSBRETI ST Ti 8 Ti.?Ti'*O" BEHEE 63.64.65.66 5 Fit & E
Table 2 Analytical results of **Ti,* Ti,* Ti,** Ti'O" , mass-to-charge 63,64 ,65,66 ion from different concentrations of Ti
T/ BT eps _ %?i‘l‘ﬁttﬁ 4

(pg+ L7H 16T T 8T BT O" PR Hﬁ(’”/zf E\‘Tﬁ.t? 63/ E\‘Tﬁth 6/ E\%ﬁ_t? 6,6/
63 64 65 66 TS0 BTieOT T 0
100 57529 52797 544774 399 402 3716 391 447 1. 008 0.979 1. 120
500 289245 264074 2717684 1801 1770 18066 1709 1897 0.983 0. 949 1. 053
2000 1152867 1055277 10900339 7064 7185 65066 7240 6130 1. 017 1. 025 0. 868
5000 2881667 240941 26122117 17572 17741 175623 21320 15296 1. 010 1.213 0.871
10000 5740322 5258053 52330005 35272 35547 365560 44651 30523 1. 008 1. 266 0. 865
40000 22939506 21015002 209680130 140148 141684 1421695 188940 121570 1.011 1. 348 0. 867
100000 57319103 52503459 524250325 345442 349296 3565420 475601 300255 1.011 1.377 0. 869
500000 284065871 260227256 1926417730 1705746 1720503 17760460 2 435015 1480899 1. 009 1. 428 0. 868
1000000 556558847 509934513 2024031549 3367931 3 403510 35679310 4 968786 2929400 1.011 1. 475 0. 870

B3R 2 s IR I RS Tl
JFfar Lol 62~66 344 AN [ o B A B T, R
Ti %R 7 %% Cu,” Cu A1* Zn . Zn #0052 25 5 =
AT IEF IR E T T T B i80S Ti
(49 18R 3 B (B AE EL 2 B AR I o6 2800 445 2R wT LA
L [ AR A R 2 A AT 5 . ICP-MS il
SE 3o v 3 B [ 67 2% I 1 A0 F K L R AR =
TS/ A BR ARy B FE Sl T
WP AR BT LG 66 1 B R ECEL BT B R 64 1Y
BT BUR (52BR Sy TiO" #1 Ti"OH ' 57 L il ik
IS8 66 1E R Zn iR R A7 &K .

N 2 BHE A L AEAl T A PP s A e L
Sk 63 F1 65 [T HLE 7 (SEBR o Ti O A TiOHY
BB ZEA K 401 TAEE R A ICP-MS il
Hb SRR rh Cu B 3% T 4 40 63 5 65 1y I 4t [+
PR A2 AW . A ff b 63 T 65 A T 4 S
FAHECh Al LA W s He ol 65 MBS F Rl fE Rt T
BT Z 80 T O = A T4 A i iE 52 8] =F B {H
EETIA S B T CTIOH ) T8, stk T
PR E 2R W ERIEHE 2 TS 7. Bt
65 M THEE 5 Ti" O i T4 R & v (A BT
T Joi s e i A8 T 1 K. | O AT AR A Ll 65
TR R 22 b S 4L T OF 77 2R 1 B T3 %k
5% Cu % Zn $38 .S Ti® O 76 i 4k 63.66 4b 1Y
TR y (HILT AL B A T e 5
afi Ti A T ik B AR R TE G . 25 b B TG O
A SR T B L T 45, ICP-MS A o 455 2 0 i Hly o
R i B e R R RN 63 1 Cu (il [Rl & .
2.2 REGEMTFIREF

AV AN L ICP-MS il 5 Cu B, 4 £ %2
FATTIOT UTIOT M TICO H 5 5E Zn I,
FAFEZERATTI®O" " TI"O" M7 Ti" O H',

GB/T 14506. 30—2010 75 ¥ w1 38 33 43 1) W i 24 i
TR T B SR B B R Hy 2 T 5
B TICOT M T O" B TR 8 T bR . HaHr
TAEF R ICP-MS 5 #b Jot A 5 o Cu B 2 5 5
AL 63 5L 65 1F I WAL K 52 L AR 48 B AR
FRE AN SR 2 10 52 56 K dhs 2 B L e AT W) T
Wl Timrh . Ti°O7 5Bty 63.65.66
(9T M 25 F 11 B0 BE JLF- A0 24 W] 7 &R Ti, ' T,
ST IS Al Ti i B 2R F B BLIE L 8T 8
JIA I E Cu Fl Zn (19T 40 85 43 5% A il —
T O BT, Y T O B F 4% Cu.” Cu 1% Zn
WA T OR] SR AR LM E Dy FE AT T I A R

R R 2 hry g8 . 18 1 Shall Ti 3 Wo7e o
TR 0~1 000 000 pg/L, 4 Ti 5°Ti*O" | &
fif bt 63.65.66 THLEFHICRE . HIE 1 Al 5, bl
Ti Ve BE 38K, T OF i far bk 63.65.66 T4t &
-1 il 28 B R OR [A) RE B MBS K, B4l Ti Xt Cu,
CCu M Zn BT LA S Al Ti o i ok B S R A
B IEAE DG . FTREE B TR A BT 2l Ti %
VR ) JOT Sk VA R A v ol A DU g 5% A 5 B AR N L R T
TNORF I v R T R, ARk AN A
SRy R R B ) T R A TR R v T B R R
HEFTINZE 6 U 45 2 320 T 35 80 A R e o X DA o e SR A
THITHEXFMITR T RE v H, 25 | ICP-MS 5
AR S b T RE S b Cu B Zn R4 TR I BRI, 16
PERCIETHBR T O B R i TR i ERE 4L Ti.
2.3 FTHRIEAE

] i 0 R UEIA SE AR 2 5T B T O A
- UL HEL i B 5 2 JB 3 vk b L A T R R B
O 2% Ml AR A A e SO TR TR I E A5 AR . PR
BH 25 SR AR 34 BT RE A Ok ) B2 4, A% 1k i )
Zxad BE T BR A ALY 7 A ) T S 3R O K 2



W11 EER A f BE A SR TR RS (ICP-MS) 22 I 5 B A o Cu # Zn (9 THE0F 5 1201

PR oy 7 3 5 A o 80 2 52 2% Ni A8 o1 1 4K 62 &b
FREEAA Ny 3. 66 % . & Ni B4 @ AR T O 1y
W 25 7= AL TE T R IE B U 25 3 BE TR B T O
RS Cu fl Zn 25 R ARIK. S % F IR K%
Z BT BR 2 518 1 10 J7 1 Ni S B0 i 50T
B VAR I E T TP B NI B R R R 4
SR NI ARG BOETE & 5 62 40 Ti° O iy & 73t
B AR HER I E CuZn FEFRIS BB AT RE. B 2 1)
HE T BRL T R NP MR B VR B 0~ 10 000 pg/L
B Ni A Ti° O Z R R85 R EXH L, TP OF
BT NI f T vk B AR RIS KL T O
B RS NIy B R VR R 5 OE A O R B 3R
BTN X TS O THREE v 58 0. 143 3, A (D
J Ni#FCTiO" T4 7 FE

W
=
T

S
2

5

o8
[
T

TR, % 10% eps
[\ )
e
T

v
0 2000 4000 6000 8000 10000
cllug - L) o
E 465160+

161
== SCy
8 —A=Cu
ok —v— %7Zn
1 1 1 1 1 1
0 2 4 6 8 10

¢/ x 10%(mg * L7)

1 AERERE Ti BHRACTIO" |
BT L 63.65.66 BF X RE
Figure 1 *Ti'*O" ,mass-to-charge ratios of 63,65 and
66 ion relationship diagram formed by

different concedntrations of Ti.

25
20 L E 4()Til(v()+

. r=0.1433

£

Z 15

X

# 10
5

0 2 4 6 8 10
o/ x 10%ug - L)
B2 AERE N F“TIO" BFit
Figure 2 The interference to ** Ti'O" from

different concentrations of Ni.

TEL TP IE J5 i = S A [l e B2 6 5 1) T4
FICRARE RO & g T HOC R TR R B A
SRR AR T B, AT AR, WV 2 F)
PCIOT T, W] LASE 2 I T CI'° OF o |] $2 11
SLTCI O 5 AT 38 a0 ] 5 400 Cr 1 B it
BOPAT M0 Cr (9 & B o T8 197 Cr 72 3 2R
R R RR . SR E I ICT V) =
IC Y Cy) —3. 1271 X ICTCIY ) = 1M Cyy ) —3. 1271 X
IPCy) +0.3546 X I (* Cr), Horp 1P Cr) =0. 1142 X
IC*Cr), 55 FRIME ARSI A B iy T4
FBCy H 53 0 2l i B 5T R T N A o T I
MFEB B L 25 H T T O P E 7 Bk
63 Fl 65 1Y T i W B 5 B o R0 M L LR B 4%
THMEFW TR vy i, AEEEMNT, EHF
S Cu F1% Zn AR ARG Cu A1 Zn (30 & 8] 67 % , DA
TR TR IETRE,

D T O i I Rl 28 S TE T 2

ICTI®O ) =IC T O )y —0. 1433 X 1(P Ni)

(D

KO T TIO )y M IE G B F I ops;
TCOTO) gy Rl 81158 eps.

g Cu B W0 Rl 3R B F IR I I fE 0

I Cwy =T Cwy — 1. 010X TS T O™ )y +
0. 1427 X I(**Ni) (2)

K2 d: TP Cudy IEEIE G B T 1150 cps;
I(“Cu)wig?ﬁ!ﬂﬁi%%i‘l‘%ﬂ[,cpso

WAE Zn B 90 TR 067 3R 88 1T HBORCE 7 B

I1CZn) =1 Zn)y —0.8680 X I (P Ti O )y +
0. 1244 X I(*Ni) (3

K F T Zn)y A IE G B F 115 cps;
T Zn) g I E B 3 E eps.

2.4 HEKRHR

TEAL AR e AL S5 18 T X R 50 A o 3 AT
. BREY]LEALRY Cu M Zn TR R E 1~
1000 pg/L ZRPELF AHC R B KT 0.999 6.
[F] — S 36 N D% 42 B S0 7 5 o 45 R o S L WO %
ZEGEAT T YOI E L L3 A8 A RS HE R 22 (o) T 515 3
FEKE R, &5 B W 3, ALK KM R AR
P Cu 1% Zn WYKL H BRI T 5K RS OR A B AR
1E LT R T A5 R H R
2.5 FEEMENMBEE

LU Rh Ry AR 2 £ [\ 7 =% Cu F1°° Zn #E 47
DU SE o 8 A7 UE A5 E 9 BT AT 6 U A IR AL IE U
JZ (RE) fiUKS % 2 (RSD) WL 3% 4, 25 £ W, ik



1202

o E TS HLAT Bk A 2023 4F
W .Y Cu B IE RE N 1.1% ~8.6%,Zn TR i I K
o5 0/ 0/, ¥ 3% 63 (™ £
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4.0% ., ME &AM R Tioo R WA E /lpg-g™)
FruEW . Hodh Cu &l 3. 9~1 230 pg/g, [ FfrE  WEFHE bR AR SOk R
N o~ N N 63C . . .
MECCuREMSANEHEMEF: Zn S8R 19~ S Cu 038 012 045
o 66 - e A 567n 0. 54 0.21 0.63 0. 82
579 pg/g, AL & Zn K IEME 5@ AR FF 5
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Table 4 Method of accuracy and precision /(pg-g")
63Cy 66 7n
REP TGS TOAEME®  KRER R , , RIERM — KIERE ‘
RSDY A RE® RSDY A RE®
WEE WEE W WM WEE W
GBW07361 0.151 5.71 4. 06 3.1 3.9£0.6 4.1 24.5 18.7 4.0 1942 —1.6
GBWO07312 0. 151 1 257 1 244 2.6 1230433 1.1 498 500 1.2 498418 0. 40
GBWO07360 0.293 29.3 26.1 0.4 26. 5410 —1.5 567 565 0.9 579+17 —2.4
GBWO07406 0.439 410 402 1.0 390+14 3.0 106 92.6 2.4 97+6 —4.5
GBW07301 0. 587 25.4 20. 1 3.0 22+2 —8.6 102 83.8 2.0 79+7 6.1
GBWO07318 1. 44 73.1 62.7 3.6 66+6 —5.0 209 167 3.3 165415 1.2
GBWO07407 2.02 114 93.8 1.0 97+6 —3.3 208 144 1.5 142+11 1.4
GBWO07112 4.61 74.7 26.5 2.4 28.3 —6.4 268 125 0.5 118 5.9
GBW07224 6. 38 237 166 1.0 0. 00 418 217 1.1 211 2.8
TR Y
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