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Abstract: A series of matrix reference materials for 21 inorganic trace impurities in
2 mg/g cadmium telluride (CdTe) solution with five impurity concentration levels (0,
1, 2, 4, 8 ng/g) were developed. High purity (>>99.999%) CdTe was used as raw
materials and dissolved using HCI-HNO,; mixed acid, and then was doped with multi-
elements solutions to prepare the candidate reference materials (RMs). Matrix-matched
ICP-MS with internal standard calibration was established for certification, homogeneity
test and stability test. Mass spectrum interferences of ' Cd'H on """ Ag and '"In'H on
"In could be effectively removed by optimizing argon gas flow parameters coupled with
mathematical correction. The matrix suppressed effect was effectively corrected about
20%-60% by using matrix-matched method. The precision of consecutive analysis
expressed as RSD (n=22) was reduced to approximately 1% by using internal standard
calibration. The linearly correlation coefficient factors (R) of standard curves were grea-
ter than 0. 999 for all elements. The limits of detection (LODs) ranged from 0. 001 ng/g
to 0. 35 ng/g, and the spike recoveries ranged from 89. 2% to 106.5%. The established
method was further validated by using CRM EB507. The dissolution of packaging con-
tainers was investigated and the results showed that the impurity dissolution from
HDPE (high density polyethylene) bottle was lower than that from PP (polypropylene)
plastic bottle. Except for Ca and Se, the dissolution of elements of concern in 4 months
was less than 0.2 ng/g, which met the requirement. All elements were tested by the
established method, and the results showed that the homogeneity, long-term and short-
term stability of RMs were satisfactory and the validity period was 12 months. The
mass fractions of 21 elements were certified by using a collaborative characterization
program with eight sophisticated participating laboratories and using HR-ICP-MS and
Q-ICP-MS methods. The arithmetic mean values were taken as the certified values, and
the uncertainty was systematically and comprehensively evaluated. The measured
results ranged from 3.5 ng/g to 4.5 ng/g, and the RSD ranged from 1.2% to 8.5%
from 8 labs. The average value was about 4. 0 ng/g., which was consistent with the tar-
get values and the relative expanded uncertainty was about 7%. This series of matrix
RMs fills the blank of relevant RMs at home and abroad, and it plays an important role
in verifying the reliability of measurement methods and ensuring the consistency and
traceability of measurement results.

Key words: high purity cadmium telluride; impurity analysis; reference materials;
cooperative certification; matrix effect; internal standard calibration; inductively cou-

pled plasma mass spectrometry (ICP-MS); uncertainty evaluation

e (CdTe) & —MEZ M -V &
P2t AR R 5 A e i ik 2 S AR RL A L
HUA O 10 R A 0% (R i 28601
J 2N T O R & A CdTe IR K
PH R L S 5 1T . CdTe 3 mJ I F il 5 %

739 55 A6 AN B AE S SR B IR L LR HE B
G5B R w1 T R B R, CdTe #4 R
A I S 2% JB X il 8 A B b ) 2 B B A HE R
S 4 JE AT L bR VES B AE  CdTe o
15 FIGHLIC 2 (Na,Mg.Fe Ni,Cu,Al,Ca,Sn,



784

=)

L I

EoERE

Pb.Cr.Bi.Sb.Zn.Ag.Se) (PR & £ 0.2 ~2
mg/kg Z [, Bl & Tk A= 7= X 1 kL 1 RE 22k
4 R DL RAE B 2= TF R TR A B Mn, As,
In.T1.Ba & i i A & &l CdTe w75 2L R 5
HlE 2ROt % . CdTe B8} I 2 2% 5 1 v 1
RO I IR R E A ORI ol U S g
EH.

F T B bR VA R R S R
TR 3 2 (ICP-MS)H ™ gl Ry il 2 CdTe
SRR TR BRAE IS . SR, i R A SE R
F AT AR UE R RE ) A7 7E 22 57 DL S L B bR fE ) ot
BEZ MRS SR, i
Wy A Sy 5 (00 U A AR L 0 R R 25 SR Y
AR S R R A EEAEH. H
HIT » DA o 20 R I il VR B A R B A T R
B v AR 1 N AT 25 1. i S bR v ST F
il A e A E AR IAE : D R % VR
F4 T TC 2R A (BB A7 72 7™ Y AR T L SR AR AL
JO7 DL R R RS (R A
2232) JRJFOCE S BRI K R B
U AR TR A R 5 3) IR A 2% U AE e VR
J3E A o g R M AT B L TCAH S ST GE .

AT EPE R4l CdTe JFURFCAEEE =99, 999 %6)
HEAT VS i o AR B4 BT S IS N AR LT & L 1l
£ 0.1.2.4.8 ng/g 5 44 it oo K ¥k B /K F (G
1% ~54)f CdTe IE W (GEREE 2 mg/g)
Hr JEAILIR 1 A% B A3 43 B A HE ) o, B b 1
YA & 21 Fs TR . ) 8 KL E K
A7 2, SR ICP-MS ¥ Xt br it 4 o idE
AT 58 AR SCHEBE R 7K F- 4 ng/ ghr HE ) i

4 B ] e A AT 8 L A B I % R S B HE)
3t F) B 1 E 4% AN [ 4 Sh 28 H L O CdTe R
% 5T T0 BRI 46 2R 4 90 DT L o AR A R AT L
PSR I

1 KIWES
1.1 FENEEERE

A5 250 = A Y o M- B A T
PR T REAL (HR-ICP-MS) L K DY 8 #F- B # A
A B TR T (Q-ICP-MS) il I 551 3% 1,
Milli-Q # 4 7K 4b B & %t . 55 8 Millipore /4 A
77 s LR : LabTech 24 &) 7 i s XP204 43 #t
K- (d=0.1 mg) 5 XP205 43 #1 K F (d =
0.01 mg) : ¥+ Mettler Toledo 2 Bl = i .
1.2 FE#B5iKF

CdTe By (4 BF >>99. 999 %, &4 : ™ &
e M A A R w77 i 20 R I A bR
W (GNM-M304347-2013) « [ b5 (A6 50) K 5
IAE A BR 2 & 7 s HCLORR & 43 % 30% .
4l A% [E Merck 24 A 77 il s HNO, (5T & 43 54
5500, 84l . H A 2 8 /3 W) 7= i s B. Na, Mg,
Al.Ca.Mn.Se.In.Sn.Sb.T1.Bi 0 £ B K r
HEY) 5T (SRM R 51D - 56 B B K An e 5 B AR
Be (NIST) 7= 5 ; Cr . Fe . Ni.Cu.Zn.As.Ag.Ba,
Pb.Sc HICEE WA MEY) BT (GBW R51)) . th
T BF2FBF 58 BE 72 b s Cs (ICP-12N-0. 1X-1) |
Re(ICP-45W-0. 01X-1) 50 25 ¥4 b5 E 9 I -
% AccuStandard A= A& AL ICER
FRUEY) B (ERM-EB507) 7 [ 56 5 b4 6 BF 5% JiF
77 i

F1 EXREFANRENERS

Table 1 Mass spectrometry instrumental models used by all labs

T = i CIRE s & I TR LV 3
No. Institute Instrument Model Manufacture

1 o T R B ST B HR-ICP-MS Element 2 % Thermo Fisher 23 7
2 T S A AR 5 B Q-ICP-MS NexION 2000 & PerkinElmer 2 7]
3 TP T A I A 5 QICP-MS iCAP RQ % [ Thermo Fisher 2 7l
4 [ A% AR AR HR-ICP-MS Element XR 3 [H Thermo Fisher 4 ]
5 TRIN T 7 A6 56 46 0 B AR A7 B2 ) Q-ICP-MS Agilent 5100 e Agilent 22 7]

6 A A R F Q-ICP-MS iCAP RQ %[ Thermo Fisher 23 ]
7 TR A S I A PR ) QICP-MS NexION 2000 ¥ [H PerkinElmer 2
8 T BT T W 5 B Q-ICP-MS iCAP RQ [ Thermo Fisher 23 #]
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Table 2 Measurement methods and

calibration strategies used by all labs

SR R RES
i o T iE ik
s Measurement
Calibration strategy
No. method
1 HR-ICP-MS FEAR V-SRI 8 4 b
2 Q-ICP-MS FRUEIN A - 72 28 AR
3 Q-ICP-MS FEAR V-SRI L FE L R
4 HR-ICP-MS F A VE iL- S g 35
5 Q-ICP-MS LRV FL-SMAR s FE LR N AR
6 Q-ICP-MS B SN NIRRT
7 Q- ICP-MS B eI 7 R 5 A
8 Q-ICP-MS BRI A

2 HR5TiE

2.1 HEYREERERR

2.1.1 BT BT A5 Ingr £
BT CAHCERE 1.25%) 5™MCA HE
BE 28. TV I T, BT i 43 BER K F 12 000,
PR G 5 A A % 5 50 B AR A 7 % O R T
BERE T L BR T, A5 2 CdTel i
(CdTe F 2 mg/g.In 5 Bi %) }8 ng/g) Nt
At T 55 A0S R B ACRY T B Tl g B
WIn B FERBE DL T Z W, ALY
PR ORTE 1. SRR AR E N 0. 97
L/min, B X H#E N 0.8 L/min B, "PInkg
B BB TR R OF H T Z R R
(1.79), BV AL 9 7 3 g5 AR BT T 30 e /)N BE
5 2 Ag 5 In A HERR I & .

2.1.2 JEREN LA Mn JoE 6L, I CdTe
FARFES 18 ~52 JF 50K & WA [F 09 7 R
(220 HCI+ 1. 6 26 HNO; ) 35 WURE it ) 4 25 2R
T, R FE 2, AT, 76 & CdTe
L Mn JC 3 B 55 B A A i 24 30 %0, S il sk
N7 B S Al T 3R AE 50 BE B I 20 0 ~60 04
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Fig. 1 Influence of gas flow rate on hydrogenated product yield
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Fig.2 Comparison of intensity of Mn in diluted acid solution and CdTe solution (a),
signal suppression of elements with respective mass numbers in CdTe solution (b)
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e DN g R R R AL ™ L PRICR T Se,
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LR ML PEM R (R B KT 0.999, LU
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Table 3 Precision RSD, correlation coefficient, limit of detection (LOD) and recovery of the method

JLH KRR A Hh R ENES 5
Element Correlation coefficient (R) LOD/(ng/g) Recovery (% ,n=3) RSD( % ,n=22)
B 1. 000 0 0. 045 101.2~102. 2 1.0
Na 1. 000 0O 0.32 87.8~91.9 1.9
Mg 1. 000 0 0.018 96. 6~100. 6 1.8
Al 0.999 1 0. 007 98.1~100.7 1.1
Ca 0.999 2 0.13 86.3~114.3 4.9
Cr 0.999 9 0. 002 102.3~102. 9 1.8
Mn 1.000 0 0.003 99. 8~100.7 1.2
Fe 0.999 8 0. 049 97.8~99.7 1.9
Ni 1. 000 0 0. 024 97.4~100.7 2.1
Cu 1. 000 0 0.030 100. 2~102. 3 1.6
Zn 1. 000 0 0.011 103.1~108. 7 0.8
As 1. 000 0 0.031 100. 5~104. 7 0.8
Se 0.999 9 0.079 97.6~107.0 1.9
Ag 1. 000 0 0. 009 91.8~99.0 1.2
In 1. 000 0 0. 35 97.1~100.7 2.0
Sn 1. 000 0 0.030 94.5~99. 3 2.4
Sb 1. 000 0 0.075 95.4~103.1 1.5
Ba 1. 000 0 0.016 100. 4~100. 6 1.7
Tl 1. 000 0 0. 004 99.5~102.3 1.6
Pb 1. 000 0 0. 004 97.5~98.6 2.3
Bi 1.000 0O 0. 001 95.5~97.1 1.6

x4 NELRS5EBSO7 RAEENER(%)
Table 4 Comparison of measurement results with the certified values of CRM EB507 (%)

ix e (i AR5 E  Different laboratory
TR
Certified
Element
value 1 ? 3 1 5 6 7 8
Ag 3.0240.05 3.0140. 06 2.9840.02 2.8940. 04 3.1440.18 3.26£0.20 2.99£0.18 3.19£0. 20 3.0610.02

Cu 14.69£0. 05 14.4120.72 14.39£0.28  14.09x0.12  14.88£0.90  14.5940.88  14.58L0.88  14.3420.86 14.39£0. 04

Ni £.99£0.04 4.98£0.16  4.9040.06  4.8040.08  5.0940.30  5.13£0.30  4.8740.30  4.85+0.30 4.99£0.08
n 2.10740.016  2.15340.128  2.125+0.060  2.033+0.026  2.15040.12  2.006+0.12  2.190+0.14  2.072£0.12  2.069£0.02
Wca. FRUEME TV RATEE Uk=2) b, M558 +2SD(n=14)
Py = Ty — i (A ) SR L A R R ST A 0 TR
“Ag — Loz X 117 ) Sn - N § N

Anrra Avss, A, BEFAM RS T y FE, ks T,

Tor =016 5 Ly 70. 05 ¢ I, 2 0 5 31 D 0 4 SR S 4 0 —
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Table 5 Comparison of results

by using two methods (ng/g)

& 45 5 Result

. S Ad" Jiik 1b Iy ik 2¢
N Reference  CHIXHF2)  CHIXHR )
Element
result Method 1 Method 2
(RD/ %) (RD/ %)
Ag 4.0040.39  3.99(—0.3)  3.84(—4.0)
In 3.94-40.40  3.79(—3.8) 3.95(0. 3)

Ha. ZHMER 8 REREBA EEMNTIHESY A
Uk=2);b. J7# 1 HR-ICP-MSH 244 IF (SL3a 2 45 1 45
H) e k2 R QICP-MS+KED(EL I % 4 5 5 45 5

2.2 GETHREE

ARSI IR (2% HCL41. 6 % HNO, , 5
W] 169 b ME 0 5 R A JAH [R]) 43 53] B T SR O M
(PP) 5 2% Jif B 2 1% (HDPE) R it P17

3y E AN ERARAEHENIURE G

L4 R8T 3. 45 R R WL PP ¥R R
Mg.Al.Ca.Fe.Ba 5 8] & ()% i ; 1 HDPE %4
B 2% BT s A, 5 Ca.,Se #b, A TTE BN
PIKF 0.2 ng/g. HIL. AR EEE HDPE ¥
BHRAE N3 4
2.3 HEHBEESRERELE

R4 1SO S0 357 2L J% JJF 1343—2012
F L3R SR F A 57 1) S5 A DE JiC- PN A3 A TE-TCP-MS
Tk 21 MOT R AT S SR rER L R

FHELR 2 05 2243 BF (ANOVA) ) F #6535 LU )z #a
PO HTL ¢ R T G . S5 R R
HICRZHSN, B 12 S AN ER & T
CRfaE O DL & 7 RIFMME 60,—20 C %
P G R e O R AR

1.6
= PP
e HDPE
1.2f - HBR
-
)
< o3
=
N
,@ 0.4F
0.0r
T 1T 11 11 111 17 17 17 T T 17 77T
RDEWTICG FES S FELTSSIOLY
B3 BRAKNSTERZERSELRAHBER T

Fig.3 Comparison of dissolution

of impurities from PP and HDPE containers

HFARdEY P A 7E 2% HCL ATRES Ag
K AR U PRI RT Ag $EAT 5 %88, HK
WREESEMREENESRRTE A, 4
T Ag fEZAR R OREREN . T4 G RN
T AgCl+Cl <= [ AgCL ]" MAF1E, 1718
HCI i} ,ng/g # 1 Ag o] IR R .
2.4 EESAHEEIEM

Xt 8 R A SRy 21 FhoT R B HETT 4
BT o 0I5 T b 5 15 ) AT  FRAR % Grubbs i ) 531
BRGEIT B R U ECT YA A b HE(E. X T
FIT A TG R » 45 S50 == I 45 5 RSD 78 1. 2%~
8. 5% Z i), 4 R Z T R brtfE(E AL 7E3. 5~

5.0 5.0 5.0
a b c
o 4.6F 4.6F 4.6F
]
< 42f 42F 42F
By : ; —— f —H— f
/T; 3.8F 3.8F 3.8F
il
= oggl 0 PRAMEREL | 5, 0 P RAHE L al P RAHE B
—FrifE{E — FrifE{E L —FRiE(E L
30 T T T T T T T 3(} T T T T T T T T 30 T T T T T T T T
0 2 4 6 8 10 12 -10 123 45678 101223458678
ftiE]/ H TS et i)/ R

TEa FRAMT 12N ARGIFEEM:D. 60 CHRMAT 7 REBREMS, e —20 CHRMAT 7 KA EE
B4 TEAHREMREER
Fig. 4 Results of stability test of Ag
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4.5 ng/g Z 8], L 4.0 ng/g, 5 R HIH
—3. Ag.TL.Pb TR Ml #2505 T3 6, X
T TLPb Jo &R, th TIOBUE T LA K 2 520,
5 S I 29 R LA B Y — B B o 22
SD 435124 0. 08 ng/g(n=28).0. 05 ng/g(n="7) ;i
P Ag JTER BT B T P05, I 25 R
BB K AR Z: SD A 0. 25 ng/g(n=38),
FRAE ISO S 00] 3507 (i 8 A 5 JE R
FERI ) (GUMD™ LA K JJF 134320128 fiy 22
SR X bR UE ) BT S B BE HEAT VAR . LA Pb
N A E By A TR T bR B

AN LA A RE (E 3 23 R E S
T PRSI B AN B E BE L He b E 51 A
TE AL 1 22 5 S0 A S (B I AR Cun) L s
PR Cu ) PR AR Caao ) B HE JE 2R R Q) 25
H Cup) GIABIARHE BE . X TR TTR ua
S S (B A W 5 BE 19 2 2R U 1 4 T Na Al
Ca G BTG P I DL R I8 W wn ST K. &2
1A Ph MY AN E 0 0. 08 ng/ g, AHXS
AHERE N 200 . FTA JC R B X3 R A &
BETE TO0 e A+ AT LA R ek 2% BT  d of o A
PR 2R

F6 BEXEE Ag.TIL.Pb TEHIMEL R (ng/g)

Table 6 Measurement results of Ag, Tl and Pb elements from all labs (ng/g)

LR ) 5 45 R -1 {E o 4 i 2
Element Measurement result Mean value(n=38 8¢ 7) SD(n=28 8§ 7)
Ag 3.99.4.25.3.48.4.08.3. 84.,4.02.4. 08.4. 22 4. 00 0. 25
Tl 4.02.3.97.4.04.,4.02.4.02.4.09.4.16.3. 89 4.03 0. 08
Pb 3.96.3.98.4.00,4.05,3.93.4.07.,4. 34" ,3.98 3.99 0. 05
1 AR YE Grubbs o U 51 B 55 11 85 (.
*7 PbLEHNAHEEITMH
Table 7 Uncertainty estimate for Pb element
AN 2 3 ok TR PPAL J7 % BE
Uncertainty source Evaluation method Value
E =X . E < 7 7 0.02
2 {H Gt tehar =X ”.mel Jr”fslml ”fsz.ml uISS.rol+uISI.rol ne/e
Z R I B %V EME Cun, ra)? " 0.47%
S — o2
= =y _ua
uA nn—1) X
T UE VA TR Cumi el H AR AV WOUE 15 3K 75 0.10%
PRt Cupz, ret) B RO HE A3 3R 45, I AR SR TR 2 AR AL 0.10%
T o HHT 8 2 1 Cues et A 1 1 (xg —2)° 0.27%
upy = —+ |+ —+—-—7-—"7",
k N n "
Z(I,’ 7.l‘>2
i=1
< Up:
A=, /JZ]U; — (kx; +0) ], ul}.ﬁ.rd:Y}:;
% H (upi, rel) 2 H/NF 0.1 ng/g, AHIXF bR fEfm 22 10 20 fl 4, 0.25%
W25 LA RASH & BE/NF 0. 252, L 0. 25 %63t
By P G ) Swithin . MSinin 0.02 ng/g
Boupy, =) ——
n n YMS ith
KW 1 Cupe) @ us =1+ s(B) 0.01 ng/g
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Uncertainty source Evaluation method Value
H AR P () © Ugs =  uba tube 0.02 ng/g
60 °CJa a2 M Cuss) g =t * s(B) 0.02 ng/g
—20 CRMEE M (uae) uasz =t * s(B1) 0.01 ng/g
BRAREE (o) ue= Tl T 0.04 ng/e
PR A & B (U) U=k * u. 0.08 ng/g
PRAEE (XD — 3.99 ng/g
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£ B0 A AR 00 A o A UK o il 2 8 D B85 o M Samong « MSwithin « s

AP RN A Ty 5 VN TS 2L A A
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MG e 0os(BD 53 378 B I RV I E L 5 TR AN E LRI T k=2

3 4ig

ASCHFR] T 5 Fh CdTe W h JEHLIR H 22
J A3 o T SRR ) i, Cd Te ¥R R 2 mg/ g,
BRA 5 h 2% HCL+ 1. 6% HNO, , 4 F % i
21 P T E MR E 43 0.1.2.4.8 ng/g,
RH 8 FIH =B A 1 7 AT A RS
(A UG Ji- P b e TE-TCP-MS 5 85 b M A P9 A
M IE ICP-MS 35 - bR fE ) it EB507 55 4IF
JrEAEENE . R RV ARMED R A S
T EME R AR 12 S H . B8 FKSLha i
45 S 7 B VE S A oA 6 R W
TPvEAl . HICREHSE LA N 4.0 ng/g. ¥ &
ANHREBEL A T Y0 AT LA R o 4 0
WET R A R B A o B X Al
CdTe HJi £ 2% 5T I 4 5 325 %) 46 ik LA K2 A £ DU
AR MR S SR A R L,
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