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Determination of element impurities in electroplated gold layers by
ICP- AES with microwave digestion
ZHOU Xing', SUN Si-juan’, HUO Deng-ping' , WANG Wei-jia'
(1. AVIC Xi’ an Flight Automatic Control Research Institute, Xi’ an 710065, China;
2. Chemical Experimental Teaching Center, College of Science, Chang’ an University, Xi’ an 710064, China)

Abstract; The inductively coupled plasma atomic emission spectrometry (ICP-AES) is used to determine Ag,Cd,
Co,Cr,Cu,Fe,Ni,Pb,Sn and Zn in electroplated gold layers which are dissolved by microwave digestion. The spectral
lines for the determination of element impurities are optimized. The results show that the determination for the element
impurities under the optimal spectral lines has good linear relationship and the correlation coefficients are higher than
0.999 9 with RSD and detection limit less than 1.2% and 0. 001% ,respectively. The recovery rate is around 98. 4% —
101. 5% . This method is simple, accurate, sensitive, rapid and capable of multi-element determination simultaneously,

which is suitable for daily production detection.
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(FEAERGR]) HPRL(99. 99% ) BFRL(99. 99% ) 4 2
(99.99% ) 57 ¥3 (99.99% ) .53 %7 (99.99% ) . &k ¥
(99.99% ) &K1 (99.97% ) 4R KL (99.99% ) . FiF§ iR
(PLR k) HCI(L R 45) B0y B KB PHE B
PRA PR H] 27K £ Millipore FB2H7K R4t H il o
L3 #RERREECH

1.3.1 AuA#A%%(4 mg/mL,16% EK)

HERAFREL 1. 000 0 g 4 22 THLBIH AEME S , in A
5 mL ¥AHIR (15 mL KREEMR, iR, HRZE2EH
A 250 mL FEHH, INEFTKEZE,

1.3.2 Ag #7A%% (1 mg/mL,2% E A58 )

HEFAFREN 0.393 7 g fHBR4R (542 0.250 0 g),
VT 100 mL £ FKH . AT 2EHERYE
A 250 mL ZEHEH, A S mL ¥RASEER , 2585 77K
BRI,

1.3.3 Ag ##4E#% (20 wg/mL,2% R AEER )

I Ag PR (1 mg/mL,2% YRAKIR )
5 mL F 250 mL &, A S mL #RAHER, hn %
BIKEZE,

1.3.4 CrAaAz% (1 mg/mL,2% RAKBR)

HERFRE 0. 707 2 ¢ EERIRFF (545 0.250 0 g),
VT 100 mL KB FKH . FFEMRTE2EHERYE
A 250 mL A&, A S mL YRASER , fin 2585 57K
e
1.3.5 Sn#7A%E% (1 mg/mL,10% 3% 38 )

HERAFRAR 0. 250 0 g 28 T B AETE S , In A
10 mL ¥R LR B IHIR , TH MR . THR SR BA
250 mL BN, [FEAMN 15 mL ¥ EEER, in 2=
BIKEZE,

1.3.6 Fe.Cd Az E% (1 mg/mL,4% ¥ %8R )

S BIUERR PRI 0. 250 O g SlEk | S1 5% T IRb 10 i
WE, A 10 mL IR ERR , R, HRTE2RBA
250 mL FEIMP, MEE T KBZIE
1.3.7 Pb.Zn.Cu.Ni,Co #7 /£ % (1 mg/mL,2%
RAHER)

SR HERFRIR 0. 250 0 g 26T (B8 1 R VBE T
AR EE A S mL YR ASER, W AR, AR
2EHA 250 mL ZEHH, INEB FKEZE,
1.3.8 ZRAAEHE(20 wg/mL,4% K 3 84)

539 #% B Cr, Pb, Zn, Cu, Ni, Co #5 # & W&
(1 mg/mL, 2% ¥AHPR ) , Sn Fr#EE W (1 mg/mL,
10% #ELER) , Fe Cd ARMEVE R (1 mg/mL,4% ¥ Eh
M) & 5 mL, 73 FIHCA 250 mL 25 & 5, in A
10 mL FVRERER , N8 F /K BZIE

1.3.9 ArfERZ TAEER

B Au AR HEE ORI AR ROOC R B, 83K 1 s
VW ARTR, W FLTC ) A5 24 IR O 2R R B U B
%7 0.0.0.5.1.0.2.0.5.0 pg/mL, Fik 4 FEEK
BEN 2 mg/mL MIARIE RINE W W EARBE R A

TROEERBE
®1 GERITIEDR
o S B L iiﬁﬁiiﬁ%
s S — -
4 mg/mL 20 pg/mL 20 pg/mL 3

0 50 0 0 100 5 "

1 50 2.5 2.5 100 2 0.5

2 50 5 5 100 ) Lo

3 50 10 10 100 ) -

4 50 25 25 100 ) o

1.4 FEmAmETLE

Bk B ARIE AW P TR R R Y
10 wm ¥4 88 2= il ZE Al b 38, R RV W
(1 +1)¥2 30 min, F KR EBEYE 3 K, B
K e 3 R AT
1.5 BAHE

TEHX 0.200 0 g ¥ 5 A I IS g T, im A
8 mL F£7K (2 mL ¥KAEER,6 mL ¥RELER ) FAT BN
i, RS2 IEBA 100 mL ARHEP ER, 175

.
1.6 EBRBAEETHE-RTRIHKE(ICP-
AES) WEFH

952 27. 12 MHz, RF D254 1 050 W, 5k
550 o/min, 3R FEE N 0.5 L/min, X BN
0.5 L/min, ®#X FE N 12 L/min,
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I#x. 2.2 FHiEHKRHR
HEHAS 22 R ICR AR 4 BT ig£k, L4 0.0.0. 5, XA 25 5 10 W45 RbnEIR 21 3 557

1.0.2.0.5.0 pg/mL HrifE R 5 AR O SLARHE i XL B 5 B 3 B D T vk A R, 0 B 4 SR A
2, BB il R AR ML i, T B AR BefsE (A %3 Pim.

1.0 pg/mL TAEVE I E 45 R 1) RSD & ,) Wik F3 BRRTEEHRE
LA BN EL . HRGERIRK 2 Fim. RITTCH wCEHM) /% D KR o/%
K2 BERTERFRIEXHONESLSREXLIE Ag( 1)(328.0 nm) 0. 0001 0.0001  0.0003
A e RSD/ A %Tjr;ﬁﬂﬁ Cd( ) (226.5 nm) 0. 0000 0.0000  <0.001
Wi B 1 % R¥n R Co( 1) (228.6 nm) -0.0001 0.0000  <0.001
Ag(T)224.6 nm  166.9  0.6199  0.999763 328.0 nm Cr( 1) (283.5 nm) - 0. 0001 0. 0001 0. 0003
Ag(1)328.0nm 5248 0.7477  0.999980 Cu( 1) (224.7 nm) -0. 0001 0. 0001 0. 0003
Ag(1)338.2nm 1555 1.914  0.999875 Fe( 1) (259.9 nm) 0. 0000 0.0000  <0.001
Cd(1)2144nm 6914 0.4231  0.999965 226.5 nm Ni( I) (231. 6 nm) 0. 0000 0.0000  <0.001
Cd(I)226.5nm 5388 0.1804  0.999982 Pb( T ) (220. 3 nm) 0. 0000 0.0000  <0.001
Cd( 1) 228.8 nm 3426 0.4249  0.999981 Sn( II)(189.9 nm) -0.0002 0.0000  <0.001
Co(T)228.6 nm 1801 0.3036  0.999974 228.6 nm Zn( 1) (206.2 nm) 0. 0000 0. 0001 0. 0003
Co(T) 237.8 nm 1301 1.178  0.999878
Co(T) 238.8 nm 1549 2.900  0.999529 HR T2 BT LB B & 0 R B A
Cr(1) 206.1 nm  46.96  3.086  0.999996 283.5 nm /% 0.001% .
Cr(1) 267.7 nm 4173 1.442  0.999787 2. 3 HENREE
Cr(1) 283.5nm 7069 0.6073  0.999984 S 4 e R T2 R Al 0. 05% (22 RITTE R
Cr(1) 284.3 nm 1865 2.768  0.999720 BRI N 1 pe/mL, & R BN 2 me/L) HUFRIE
Cu(1)219.9nm 246.3  0.7023  0.999978 224.7 nm FHAT 11 PO BE B v MRS B L S 3 4
Cu(T)224.7nm 1003 0.4727  0.999995 g
Cu(1)324.7nm 4202 1.646  0.999724 R4 BENBTEER
Cu(1)327.3nm 2226 2.305  0.999934 S FoCE R oA IoeE), RSD/
Fe(1)238.8 nm 2452 2.605  0.999267 259.9 nm MR (ug.mL n % %
Fe(1) 239.5nm 2153 2.047  0.999454 Ag( 1)(328.0 nm) 1.008 0.05040  0.6924
Fe(1[) 259.9 nm 4539 1045 0.999733 Cd( T) (226.5 nm) 1.018 0.05090  0.6397
Ni(T) 216.5nm  717.4  0.1685  0.999995 231.6 nm Co( T1) (228.6 nm) 0.9933 0.04966  0.5327
Ni(ID) 221.6 nm 1711 0.5476  0.999987 Cr( 1) (283.5 nm) 1.012 0.05060  0.5708
Ni(I) 231.6nm 1089 0.2015  0.999996 Cu( 1) (224.7 nm) 1.017 0.05085  0.3148
Pb(1) 182.2 nm  33.70  0.5337  0.999765 220.3 nm Fo( T1)(259.9 nm) L 025 0.05135 1117
Pb(1)216.9mm 5248 0.1362  0.999928 Ni( ) (231.6 nm) 1.017 0.05085  0.8189
Pb(I) 220.3 mm  423.6  0.7231  0.999992 Pb( 1) (220.3 nm) 1.014 0.05070  0.0727
Pb(1)261.4mm 108.5 4.927 0.999283 Sn( 1) (189.9 nm) 0.9891 0.04946  0.4087
Sn(1) 189.9 nm  404.6  0.4253  0.999949 189.9 nm Zn( 1) (206.2 nm) 0.9945 0.04972  0.7190
Sn(1)242.9nm  69.05  5.853  0.999907

Sn(1)283.9nm 433.3

—_

238 0. 999774

HEA4WNEN SERTEMEEEY
<0.001% ,
2.4 FiEmEE

S350 1.0 we/mL ARME TAEBE B HMA 1.0,
2.0.3.0 pg/mL £ TR ARUEE W, AP &S0 19

Zn( 1) 202.5 nm 6136 .2645  0.999962 206.2 nm

Zn( ) 213.8 nm 3135

0.

Zn( 1) 206.2 nm 3388 0.2879  0.999967
0.4230  0.999992
7

Zn( 1) 481.0 nm  243.4 . 184 0. 999963
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ICP-AES Bt 7l &, AR S MARNREEZ
AER ECAEIU g 75 325 R s [ iR, S e ARG o IR
3 AT B A O B [ R B BB N & TR
RAHECR, GRIEK S

K5 BRRMOKRER

FURR, R WASEY/ hidbsEM SRR

oK (pgml™") (pgml™') (pgml™') F% /%

Ag 1.0 1.0 1.97 98.5 99.4
2.0 3.06 102.0
3.0 3.91 97.8

cd 1.0 1.0 2.05 102.5  101.3
2.0 3.04 101.3
3.0 4.01 100.3

Co 1.0 1.0 2.03 101.5 99.5
2.0 2.93 97.6
3.0 3.98 99.5

Cr 1.0 1.0 1.97 98.5 99.5
2.0 2.98 99.3
3.0 4.03 100. 8

Cu 1.0 1.0 1.96 98.0 98.4
2.0 2.97 99.0
3.0 3.93 98.3

Fe 1.0 1.0 2.0 100.0 99.6
2.0 2.92 97.3
3.0 4.06 101.5

Ni 1.0 1.0 1.99 99.5  100.4
2.0 3.04 101.3
3.0 4.02 100. 5

Pb 1.0 1.0 1.96 98.0 98.9
2.0 2.93 97.6
3.0 4.04 101.0

Sn 1.0 1.0 2.04 102.0 1015
2.0 3.05 101.7
3.0 4.03 100. 8

Zn 1.0 1.0 1.95 97.5 99.2
2.0 3.06 102.0
3.0 3.92 98.0

Hi# 5 TLAE H, A IR K ECRITE 98. 4% ~
101. 5% Z [8], BiBA 7 2 ) [l A5 2R R
2.5 HmUE

W LIRS BT, 2% 0.5 e/ mL AR
TR (M5 T R E R 2% R R & 2 808
0.025% ) [ P4 & JRAE & (R DR FIAE &) #EAT T
MRE . MELERME 6 R

®6 HEmUELER
0.5 pg/mlL Fiv TARAW HLE R
WEsER/ (pgeml™') RSD/%  WIELEH /%  RSD/%

Ag 0. 5040 0. 8295 — —
Cd 0. 5009 0. 5835 0. 0000 84.6
Co 0.4976 0.5701 0. 1636 0. 6688
Cr 0. 5060 0. 9420 0. 0040 3.026
Cu 0.5035 0. 6802 0. 0028 3.332
Fe 0.5100 0.7842 0.0120 1.381
Ni 0.5102 0. 5650 0. 0032 2.996
Pb 0.5070 0. 6982 0. 0000 672.8
Sn 0. 4947 0. 6145 — —
Zn 0.4972 0. 5008 — —

=" R ARK

MK S AT LAE i, 5L SR T 5 B R B
KB E o DK P B < 2 R i A 02 45 R AT, L 7
5T 0T LA 2 A RO S0 BE AT A R SE P A
MTE, TTEATE.

3 #Hig

FENL T R IE AR -ICP -AES B I5E &R
Ag.Cd.Co.Cr.Cu.Fe Ni ,Pb.Sn.Zn JLZ JF &5
W I o TERBUR S BT 4 a5 T X & R
e R, MR R RIF, X REY >0.99 9,
RSD <1.2% , 2R LR R =5 H R <0.001% ,
IR ALE 98.4% ~101.5% Z [6], JrikEA @i,
HERA R A PR, - RE R B R AT 2 R on R I S
FOIERT B W AR,

S 0k
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