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*Mg. YAl ®Ca, *Fe, "As, "Sn, **Pb, *"Bi#f7IE, LIFVRSHIHA—ESHN RBER T E =, 4
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Determination of Nine Impurity Elements and Confirmation of
Dual-use Controlled High-purity Triphenylantimony by NMR
Combined with GD-MS
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DUAN Yi-pin', WANG Shi-cheng', ZHU Zan-fang’
(1. Guangzhou Customs Technology Center, Guangzhou 510623, China; 2. Guangdong First Rare Materials
Co. , Ltd., Qingyuan 511875, China)

Abstract: High-purity triphenylantimony is a dual-use, export-controlled substance and a key,
highly efficient catalyst in polyester production, with purity and trace metal impurity content serving
as the core indicators for regulation and quality control. An analytical method was established for the
qualitative confirmation of triphenylantimony and the quantitative determination of nine impurity ele-
ments therein using "C nuclear magnetic resonance (NMR) combined with direct determination using
direct current glow discharge mass spectrometry (de—=GD-MS). The sample preparation and instru-
mental operating parameters, including the discharge current, voltage, argon flow rate, and pre-
sputtering time, were systematically optimized. The optimized conditions were a sample diameter of
4-5 mm, discharge current of 1.8 mA, discharge voltage of 850 V, and pre-sputtering time of 10
min. At a medium mass resolution of 4 000, the isotopes *Na, *Mg, “Al, *“Ca, *Fe, "As,
"®Sn, **Pb, and *”Bi were selected for quantification. The Sb matrix was used for normalization in
combination with relative sensitivity factors. The detection limits of the nine elements ranged from
0.01 to 0. 05 pg/e. The relative standard deviations (RSDs) of seven parallel determinations were not
greater than 5. 7%, indicating high precision. Compared with the results obtained by inductively cou-

pled plasma mass spectrometry (ICP-MS) , the relative deviation was < 3%, demonstrating the accu-
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racy and reliability of the method. This method employs direct solid sampling without requiring com-
plex pretreatment, effectively avoiding sample hydrolysis and contamination. The technique offers
high sensitivity, rapid analysis, and simultaneous determination of multiple elements, thus meeting
the precise detection requirements for trace impurities in food-grade polyesters. These results provide
reliable technical support for monitoring the purity of dual-use, high-purity organic antimony.

Key words: triphenylantimony; nuclear magnetic resonance; glow discharge mass spectrometry ;

impurity elements

SAEILEL S (WG . 3C003) &P i LS il i, 4R ER D e, BT H
FH LR SR ¢ B AR 00 I, =R 3EE6 2 Tl B AR AR Pe s b iz (i F 0 —Fh i i i
o5, BAMALTEES . AR B AR s HE T A 30 ) SR Hhont 43 e 3 RS R Al B AT A
TR E ; BEEF Y, YLEBE A S BB 0. 1 pg/ght, 4RV IEREE N, 2= 5ho 850
mEEEFE, HATREYD LA 3~5A 47, HeAh, ZIRFEB R T 250 S o it h =8 b 86l
7, TERESHETAL B R h R S AR T T ) 2 EE ), DUORIESS SRR . A T lbnifE S A%
SR TR . RO B R R BRAY | pe/es HUIEHE A 4 88 It ik (ICP-MS) B B
IRk R Al 2 e F RN 4 TRE T, (TRt B 0 aAb B, Zid fevh =R 5B S K i, HIR
I TRES INI T, S0 45 28 s 25 L bR A

FRUE YS/T 972-2014 F1E b5 GB/T 3253. 1-2008"' . GB/T 3253. 2-2008"/F1 GB/T 3253. 3-2008'"' 47|
T =Rl 5 gk BiATMIIE o FEEHHL RS (GD-MS) v] R H Ik BLHE RS, Ry AR
an G R ASHTAC L, AU/ AR ST S A BRI R W] AL, ARG T A R TS
YK XS, FINEA REES . WEGER) T, 0Tk ENE 2 Mooz s TS TFERT
200 Da I AHLEIRIE G, CD-MSTEEZHRIERAT 1) REUEEL ICP-MS &5 10~100F5. HAT, XT=
AFEEEIE VETRIE S 48 A ks 0 ) FiR B 550 o A SO R A LR 15 (NMR) 2 PE TR IE -5 Wl
FiS E TS G, AL TR SRR T, o A I A LR BT s S
BRI TR RERBOR A

1 SLIRERS

1.1 ;5 IKH

WABAZRE IR AL : Advance Neo SOOMHz Z (B E 45 - 50 /0 7] ) 5 FECHHE BT . Astrum BY (3
Nu Instruments 23 7)) 5 HUBHRE &S5 5 TR & SHGRE{C . ULTIMA 2 24 (7EE HORIBA JY 22#]) ;. HZ&IE
GE (AP AR AT ; Akl Milli-Q B (£ Millipore 247 ) 5 HLF-KF: BSA224S
HI(Satorius 23w, FHEH0.000 1 g); FAESML; B2l Ar < (LEEEA99. 9 999%)

ARG (CDCLs, aial) ; il (LA /NTF 99. 999 995%, S lsEA K (AR ) AR A ;
28 T ICP-MS A AR IR R —2A (B 45 . 8500-6940. L1, CPAchem/AT]): 100 mg/L; 10FhTE
BEEARAE (R B4 5 . 8500-6948. L1, CPAchem A 7]): 10 wg/ml; flfER . SR . LRFE(HF UPZL,
I EEC B AR 2 1)) 5 5288 Kk 27K CRBHEEA 18.2 MQem) .

1.2 #HmiahiE

NMR T FE FL 25 FEH P S8 R ) LS VR S0 BT . B TFERME S ZEIMETF 0. 1 MPa,
NSRRI ERE, BEREIR., ETERERMAT T, BERRZ 10 mg =SB TR
S mm AZREE R, ABCEHEFEEINAN 0. 6 mLAURE T, #AEIRY 2 min fFE S S8 2 MR, Dol 5 1
o, BUB =R R,

GD-MS 4347 R FH AR F ALkl 2 PRt . BRZT 2 o Wl , IRIRARNIR . 4k . ZFEER e T,
HFBE SRR EARL 15 mm BRI A . BUE B =858 K B TR |, BSBE e
Jo TSRV R LA (PFA) BB T80 FE SE ik T4 i . BT Je B8l e i g ieiids . BHE R E S8
K, BLDAGRE X AL 4~5 mm BV —RESLE Ok, SRR,
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1.3 BT IEEH

NMR & PCi, SffkmpisisX; SCoimpe. =i, BkobMEE: 30°; fEREtE. 1s; HHiRE:
321K RAEEATTE: 20 ppmo

GD-MS &M JRCEH: 1.8 mA; JAHHE: 850 V; $REUHLE: 4620 V; EFHE: 112 V;
AEJRELE : 92 V; /KB EEHEA: 1960 V; FEEBE@®EE: 1320V,
1.4 SCIGHEHEALE

FERSINET , K S i B AR (Matrix) , DL ShZE ZFEFLEEH BT A0 E 40 & 2ol SR Sh ) & 2ok
34%, =IRFEEAHIN AT E S B ED A S PR TR S s R A b iZ e E ek S =R
Hefto A EAEAiEE=99. 9 99 99%, HIAWTTTHER ] ZEEAN . THEA (D) PR
IJA, |, RSF,
I4/A,, ~ RSF,,
A CUATRRINEE SR TR XIS & L LT XS G558 A A 43 AT XA
Sh Ay [E N 2 FERE; RSF,. RSF, 43 Aoh 72 X F Sh AYAHXT RELER 7, 0. 34 K ShTE =L B i
L

2 HRSHE

2.1 BUEHBIERENERE

SORBELER R I LA T, (] |
R PR B e E A R, A PLAE #) B e A 4
EEHERRANOSMEE T EEG . Ak, 5
X T A MR- (GC-MS) | A (i - i
i (LC-MS) FIAZ i 2 Y I %% 3 Fh B 1 1 JH 1
KHILC-MS 73ty , 7EH MR AT T, =28
FEBRR Sk, AR = AL B R R B A 0 : ,
LEA Gy s AR MARKIR R, BB E KRR i
FEAZE W SR B T RCRRAR, LR FaE 1 =SB AT GC-MS Wi B A £ i
B4 TBS T . GC-MS TA7E [RIRE ), HEREL 25 Fig. 1 Benze‘n‘e_chr‘olmzftovg‘lje?phi(z .peaks (ihse?l'ved during direct
TR I ot 157 2 e 1 N = e e s o AT DY 21 | CETNS anelysis o riphensfartimony
DRI (E 1), HiXPii T hbaeee 5 v
PRI IR A, EBEY, M ReE 2
A A LA

NMR #5017 _F R 7K g B g ) 5, {H Bl
i H'H NMR ), iBUEAAE—EMES T, R

CY = x 0.34 (1)

TN

ShPh,

b,ed Residual CDCI,

R
RGN
[

—749

1.58

73
Sippm

R EEREFER, HRF(ES57S7.38 HO

ppm AL B | 5 =R IRA N £ EIEIX ™
6] (8 7.25~7. 44 ppm) HE([F2) . FUIALFEHIE 10 8 o 2 0

AR > < N TS o ppm

LTINS SRR IR LTI, s —epppmupiny wpmsring | s Bot
51\ PC NMRFATHBIHIE . ME 3R, IFE7R T2

HBR(E 5 HBLTES 128. 34 ppm &b, ZtbNis T2 '"H NMR spectra, structural formulas, and chemical
BRI TR | & BB T B D T shifts of triphenylantimony and free benzene
ST 2y . X — 22 Rl C NMR BERE T 4

ANFFE RS 5 0 S BR00 PR 254, SCRERI 6 128. 34 ppm ALK 55 B0 B2 IR I S 2 R 5 47 1
H RN TR 10 pg/g BZRFREAA RIS EWR I (SIN>3) o BeZCHfiE L) C NMR A 'H NMR #E47
SEMITRIE, BG4 LHPEIRRRIG, H.6 128. 34 ppm AL TB L 43155, BIOTHHIERE S A HLE;
W) HICHF R T, WE2E GD-MS I B TeA L Bra SR 3t 1 i m v i B A AR JIG R 1
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Fig. 3 "C NMR spectra, structural formulas, and chemical shifts of triphenylantimony and free benzene

2.2 =FEBEELIRS T

SOREBAN) H NMR B, KR ERFES EEAM T 7. 2~7. 6 ppm X [8], H A4 EZ 8051
B ] VRN 520, SEIROCE RS0 KA RS, TE6 7. 45~7. 52 ppm A 2RI L HIE(6H) , M1 5 XML
fBokEEE, B T67.33~7. 40 ppm VB H NIEHEC AN 2 EIE(9H), 7. 28 ppm [FHITH{ES WK
BRI A LB FUE (AR « Ta)+Rt~2 © 3) 5 =R IS /A
MR AEEARY) F5, IO EPREEHVE A2 P (HIF B A0 T SIS I IRAES 7. 38 ppm 4k, 5
SORFEER R AR 2 EIEIX ) PR E AL S, P 'H NMR S TG AR ORI AR 7E 5 545 th e 4G
o A HHEBR T, AWFRHENIREE "C NMR GBI 7500 W3 FR, B b R e ah B R A
WIEGRES, =R L 4FhiRIE 3 R, WA n ok ipso ik 586 EIEAHIE, HZE
Wk, THAZAHES, NOELEs HobB e, (599K, §138. 44 ppm; ABHiH%S 136. 48 ppm ., [H]
FrB#%6 128. 91 ppm . WFHLHRS 128. 61 ppm. WEEARMITRIG FAES 128. 34 ppm &b, 5 =IREEHEIRINIRAG
SHEE. [\, §77.73 ppm ] WARGEGE RITFHE =HgE, 776 128. 3 ppm AR WAEIHRFIENE,
FIRE S ATETE T 8 °C NMRAG I B0 S 28 5R 88, A0y 4h 17 'H NMR PR 5% 06 o5 25 1 T 125+ 1 ) I
HRARTTIAE . ZREPIFREIE, 'H NMR 85I 1770 LB 508045 & =28 B0 E, © C NMR7E
5 128. 6 ppm AR WIE(ES, ZHAEENE, THIE 7 A PLEE W E8 S EaiE, AEEGCD-MS
TeHLZAR T E St 7T SRR AR . ORI BRI 'TH NMR . “C NMR B . 454X b4
53 LI 2 FIE 3.
2.3 S$HIHBNEBRFNGEMAEE

VRELZ 2 o i AEH AR ST 100 mLPFA T, I\ 10~15 mLASERIEBE 10~20 s, MAUKFEBEEIK, &
FEig e 1k, TG TFARE DAUE R B2 15 mm B R, #% R BPBEEE HRE 1R, 1§5a%
TFo Zde-GD-MSKGM, ZmaifF i Na, Mg, S, Ti. Cr. Fe, Zn., BifJ&EHM0.2~3 ng/ghb, HAi
HRIFHIINT U ng/g( WA 1), 2l REHE 4 Bh HUAR B2k .

F1 In PR REINE LR (n=6)

Table 1 Determination results of impurity elements in In binder(n=6)

Element Found/(ng-g™) RSD(n=5)/% Element Found/(ng-g™) RSD(n=5)/%
Li <0.2 - Se <l -
Be <0.2 - Rb <0.2 -
B <0.2 - Y <0.2 -
Na 0.5 6.1 Zr <0.2 -
Mg 0.3 12 Nb <0.2 -
Al <0.5 - Mo <0.2 -
Si <0.5 - Ru <0.2 -
S 0.6 13 Rh <0.2 -
Ca <1 - Pd <1 -
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(831)

Element Found/(ng-g™) RSD(n=5)/% Element Found/(ng-g™") RSD(n=5)/%
Se <0.2 - Ag <1 -
Ti 0.3 35 Hf <0.5 -
\ <0.1 - \ <0.5 -
Cr 0.2 36 Re <0.5 -
Mn <0.1 - Os <0.5 -
Fe 0.5 12 Ir <0.5 -
Co <0.1 - Pt <0.5 -
Ni <0.2 - Hg <1 -
Cu <0.5 - Tl <l -
Zn 1.8 14 Pb <0.2 -
Ga <0.5 - Bi 0.5 17
Ge <l - Th <0.1 -
As <0.5 - U <0.1 -

*: not detected or no data

WEBGE & =R B T b, EEEUZTRELC, HPFA
BIEFIER, SR Bsmm, BrAREAREENRAR,
SRR TAESRFESL, R R X R T AR E A
LR . BIRER ST R 9~10 mm Y 6~8 mm I, 22/ NSHIK S S S
SARTIEREE ; SHIFER S A 4~5 mm N, FARIE S LEES B R
A3, P'ShIE SRR S, 5x107cps, BRI, HIFE RSk 4~5
mm, T E ARSI 4 PR
2.4 MEBSHNMRK

T SR A B R AR S AR, SRR R, A
il S AR | AR T PR, REW K SEGS/NIE

/,

AS

S RREkE. SGEFE, EFRNEBEESECN 1.8 mA/8S0 V, 4 Eﬁ%lﬂjtﬂgzi&%%
2.4.1 EMBEFRHNERE 50 s i BH AR % 5 2= | HE 5 Fig. 4 Triphenylanlifnony pressed onto
PR s AR R . =R A LB & the fnbinder

AR RRFES,, BRI O B IO AR, AN R DLERE SR T AR E 1S S
2, BRMESHES B2 i OE i s W T RERE ORE el # . IR U AR 22, EEE
SRR 2 B ST AR . S S S S R B 5, SEIR R i R R HLRE A 850 V. AR,
AR A 450 mL-min ' ISAFE T, IRIKFLZET 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 mA 6 NHLYE, [AFid
SESh M SHREE (cps ), MELE RN 2 7R,

#£2  ARGHESET NG S mE

Table 2 Signal intensities under different discharge parameters

Signal intensity vs. discharge current Signal intensity vs. discharge voltage Signal intensity vs. pre-sputtering time

Current/mA Intensity/cps Voltage/V Intensity/cps Pre-sputtering time/min Intensity/cps
1.0 9.3x107 900 7.1x10” 5 3.4x10°™
1.2 1.3x10™ 1 000 9.8x10™ 10 3.9x10™
1.4 2.5x10°° 1100 2.3x10°° 15 3.8x10™
1.6 3.9x10™ 1200 4.1x107° 20 3.7x10°
1.8 4.2x107 1300 3.6x10™ 30 3.8x10°
2.0 4.1x10°° 1400 3.0x10™ 40 3.6x10™

SEREAR TR AN 1L 0 mA Ry, {ES0REEN 9. 3x107 cps, HULIHORRATEE , KAEIE
KR, 550kt +30%, 1ZEE ] RE B EORIE T 15 S s s 00 S DT . TR 1. 2 mA B,
fE 9 IR EEIRPE 2 1. 3x10™ cps, XAEH TIRSTRIRC Y, HESGREMRTZNIS 500 S, 3 T lus
WAk, FEE RS E L 4mAFI 1. 6 mA, fF5ESHITRTFR 2. 5%107 cps FI 3. 9x10™ cps, FEHH
SR, SHBLRTRRE, B HRE L. MHEER 1. 8 mA R, F5 0k R M
4.2x10™ cps, HBELEWLI 30 min P A AH X AR IE (25 (RSD) XM 3. 2%, R CHUIR A B g HAE . Ak
KPR 2.0 mA, {5590 EEMEFE R 4. 1X107 cps, A GRS T Bl H BURBIOE (LIROE , FEShiH
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FERRA IR, FERGE SN IS FREREH . XPTREH T HIRAL T 1. 6~1. 8 mA X[HJB, FH,
R S5 FUTRE FE R B Y, SRS 4RSS fa R ; M 1. 8 mA Ry, S HLR
FEMRE SRR BT, R SRR IR, vTREAE K ShoO SR A ALY, A T S HEIE, S
HET TR LEHIEESRE . FRUE BRI ER, EEREBOR R A 1. 8 mA,
2.4.2 RIEBEMEE BOLHEEE SRR TMBEBIRE, B2 k™ 2008 15K
o MTAESARS, BEMS, SRR RN BEAELIRERS, 5L “MIUIHE” FfiE %
BT 8ig; BEMRIK, WIRFEF=FAE, RO R i ReRIEw AL . Iiltbix—2%0, i
HUHLPE 1. 8 mA . I 450 mL-min” Z54F F, #%E17 900~1 400 V[ *'Sh {5538 AR R, i
IRZER L2, MELE A 900 VI, {ES5 58 K 7. 1X107 cps, {HILIH RS SS, ML R,
FES R T LSRRI SR I, %055 0l RERIE T 5% B AR s R 15 e i e, AR B /7
Wi, BLETFEZE 1000 VIR, S5 5EETHE9. 8x107 cps, TILISEE S hE, = RSN AKE T
WMIARE RS R . MEIEMZE 1100 VEF, 555885 2. 3x10% cps, PBIIRST BB C 058, FESEEA
FaE AP L. A 1200 VI, (5550 R R KE 4. 1X107° cps, BEHBCRRZSHNE EH et E
ST S), BES— EFF, (SS9 MR FIEE 3. 6107 cps, [RINHEEIH R AR L5 F5F T4
(SbAr", CH,%F), FEMIHFER R, ARSI AE 10 min, 7 EZ5REEH, 900 V
IR, B LR E,; 1100 VGRS BIEE R, HERIFGTREikSt; 1200 VMG SRR
ARAA 4. 1x10° eps, (HIERREBEM H 2 R 15 F FILR 0. Ao G5 REt: . TIREE AL
FHE, ERE1200 VA TAERIE, %50 FERGES1E60 min NIIEZI/INT 5%, IR & HTER
2.4.3 TRIBSETEIAMA TSR E) £ 2R RSB R IR Stk . Koy UL, Wl
RS DU ST . S AIREES S SRR IR o, TIIRSTI AL , R E Y
T HES; BN RE S BRSO R HFEE S SR i, SEOR i A 1. 8 mA . LU
850V, Z3ill#%EE T 5, 10, 15, 20, 30, 40 min AYFFERETIS RIS ™ ShAE Som EAER E LA s (F2) o

EREIR, PSR 5 min b, {FS5RE R 3. 4x10™ cps, (55U 3NELK (RSD~8. 2%) , X
RE AR PR A i 28 TR B A K R A AR e 2T B, RIS R 52RO kel it B 3R i 1 17 I A
¥y, YTRIREIE K E 10 min, {5 990ERTFE 3. 9x10" cps, HIEZN B WD (RSD=3.1%), BilE
AR FE 4 ), SRR RS . ARSEAE K U ST B 18] 2 15 min F120 min, {55585 437
FaEAE3. 8x107 cps HI 3. 7107 cps, ASALMEEE/INT 3%, FBIIRSTIEANTAZS . FHIEST>30 min i, {5558
JE<3.8x10" cps, 510 minZ5RTCRFEZER:, HAEMCHMMHEFE, T2 S/NSHREN S
e i, B, SEERIERE 10 min ME M IRAETUIR SIS 0] . R T, ORPEARR T RNGE S
SRPETEIG S 30 min NIRRFEERE , 8 SRS TR 25 5 (RSD<S. 7%) .
2.5 RNIESHNPHERE

FERECTBO i o B, e 5 & 1Y W7 28 5 00 R T i IR B 40 . A48 vl Sl & 0
T SORBEERMR S R EIR . A AREOLE, BUEERBRT SRS R TE T RERIEEEZH
B TS MTOE T R3ILA T OM BRI C RN EFE . EEE TR TR PR

XTEITE, CAr Ca i FHLIC I H /3 BR800 3, BOEREE B 2. 1% 19 “Ca A
ERNE . BEnETEE "C°C R E X Mg T4, H Pt (4 000) P H 522 @i . ot
FWFETHRE “Ar°0", P Fe IR H 4 000 oy P0G R 5 . MO RN R IEE (PAs),
T RECACCIINBEE T, HER sn 52 R FE N EHES, BoREHRAFEEK
) Sn. FRIBRAY EE 0T R R O R 2 T

LA E 9T HARTTE IR H 4 000 th a3 HRIE., BT R3S EN F T RELS €8, Bk
T BRI Sy A ) E B R T S
2.6 FHEFFM
2.6.1 FHEWRHR fEmFE TS 11K, HERERZ, DL3 MR 22 e SO Ef i
ZEREN, HIRo KR 4 0. 01~0. 05 pe/e, i EIR B FRNITE R . S oo HR R A o i)
B W3,
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Table 3 Major mass spectral interferences, resolution selection, and detection limits for target element isotopes

Element  Isotope Natural abun- Major potential interference ion Interference source Resolution Intf}rglatlon Detection l,lfmt
dance/% time/ms w/(pwgg")
Na »Na 100 AL Ar gas 4000 320 0.01
Mg Mg 78.99 ehet Matrix carbon 4000 160 0.05
Al 77Al 100 PCPNT, PCMNT Matrix/residual gas 4 000 160 0.01
Ca *Ca 2.09 BAr, “ArH" Ar gas 4000 500 0.05
Fe *Fe 91.75 YAL0T, “ALPN'HT Ar/residual gas 4000 80 0.01
As PAs 100 PAPCLY, MGeH? Ar/impurity 4 000 80 0.05
Sn Sn 8.59 S+ (Isobaric), ““Ar*K*Ar? Matrix Sb/Ar 4 000 80 0.01
Pb 25p} 52. 40 *®Bi* (Isobaric) Impurity 4000 320 0.05
Bi 2B 100 T A7 Ar/impurity 4000 320 0.05

2.6.2 FAERBEE AARKE ZREEBE I TIAL, W EET 7 ICP AT AR S 24T
9Fh A TR I E L5 R LA 4. 250, 9FPITEIIRSD 4 0. 84%~5. 7%, WEHHIZ 712 BA B IFHKS
SEE, REET I = IR R R A BRI RS I AT A TR

F4 KEBETREEER (n=7)

Table 4 Precision test results(n=7)

Element Measured value/(wg-g™) Average value/(pg g ") RSD/%
Na 1.62, 1.64, 1.64, 1.62, 1.63, 1.67, 1.66 1. 64 1.2
Mg 0.31, 0.30, 0.31, 0.35, 0.31, 0.34, 0.32 0.32 5.7
Al 0.38, 0.36, 0.38, 0.39, 0.39, 0.38, 0.37 0.38 2.8
Ca 2.73, 2.77, 2.70, 2.73, 2.68, 2.71, 2.69 2.72 1.1
Fe 0.83, 0.87, 0.87, 0.82, 0.85, 0.83, 0.83 0.84 2.4
As 1.45, 1.49, 1.47, 1.41, 1.48, 1.46, 1.47 1.46 1.8
Sn 4.44, 4.34, 4.76, 4.74, 4.53, 4.33, 4.46 4.51 3.9
Pb 5.70, 5.78, 5.84, 5.93, 5.88, 5.99, 6.02 5.88 1.9
Bi 12.46, 12.42, 12.43, 12.44, 12.72, 12.54, 12.50 12.50 0. 84

2.7 EEREMMK, HRNBASESRTLL
R AR 7 0068 1] — AR BEA TN, P R 45 R 5 ICP-MS L B I E (A EATEL S o A St
PIBIH AL E G AL T . PRI IT IR O PP AR RO SR A E 45 R AR 5 .
F5 ANIEJTERFEBE L =8B BEF1 £ —REBERE b & A T I 1 25 R L4

Table 5 Comparison of analytical results of impurity elements in imported and exported triphenylantimony and antimony glycolate

samples determined using different methods

- Triphenylantimony content/(pg*g™") Antimony glycolate content/(pg-g™")
Result of de=GD-MS Result of ICP-MS Result of de=GD-MS Result of ICP-MS
Na 0.97 0.95 0. 88 0. 86
Mg 0. 054 0. 057 0. 045 0.043
Al 0.22 0.21 1. 18 1.17
Ca 0. 86 0.85 1. 67 1.65
Fe 1.39 1.41 1.82 1.79
As 0.96 0.94 0.94 0.71
Sn 5.30 5.29 9.46 9.42
Ph 12.75 12.74 5.28 5.28
Bi 20. 25 20. 29 7.25 7.18

MEEFZERIFE], de-GD-MS %5 1ICP-MS iR e (i HA R —Etk: . o, de-GD-MSI
BEEN0.97 pgrg!, ICP-MSIARE§0.95 pg-g', MIMWEL 2. 1%, . 81, FS3MseEcE
BRI E 25 SR AR —50, T E LSRR ZE N 1. 4%, XFT, 8. 8. WS ESIRAT, R LR
KRR I —8E . AsH) de-GD-MSZ55940. 96 wg-g”', ICP-MSZEH450.94 pg-g™'; Sn L5 RS>
MR 5.30 pgeg F15.29 pergs Phbaraill 12,75 wg g 12, 74 weg s Bigrdll A 20. 25 wg-g ' 1 20. 29
pegrg o R O FIT R PRI VAN E LA W 223 7E 3% LAY, SRHHA T B R I v

B — 25 I AR T 2000 2l £ REBRRE S A T E , AR (L S T RE R A T E . 9
FhAR BT R RL R 47 0. 2~12 ng- g™, 7UCFATINER) RSD 24 0. 92%~5. 9%, JrikAE® B R I, FizJ7
15 1ICP-MS AT, SERRFEMIE 2RI R : BR AsHb, B IeR M RZEY/NT 3. 5%; X T As
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JEE, ICP-MS P A AL FE I i R v ol RETR i AsCLER AsHA3% L e, S80I E WAL, s iR,
GD-MS {5 0. 94 pg g™, ICP-MSMFF0. 71 ng g, FHITMWZEL 14%, W GD-MS % H [ 44 B33,
ToTFIEM, AR AR As O ESEE R, S5 RE N EE,

ICP-MS {5 AR BRI HLAE RIS E o %, (HRTAMFRECA I, RN 5 2 TH Al T 2K I )
P 5 R A A LR 5 0 wT RE IR T A AR K e, 6 R 43 Je 2 I {EL R . de—GD-MS
TEMFETTRTACS, RS AR S AR, ImRET 7 BB XS . PR iR I E S5 R &, A 22 < 3%
M UFIRIE T LA S e e | 25 A A RN T (RSF) A IE 1 & B RIS A A BT 17100 o [R]B 7%
BRI BE 0] 3K 0. 05 pg-g ' BAF, S0 T IR FRISOGIERAN BE IS ) ppm Zn RTINS,  REBS TR IR
B EBKBEARNERER, ZEUd, H3HERLIEIRATNE, de-GD-MS L EAE T {E |
SIFTERERR . ZoCRFEIFRINGRE S0, AV A E A ILER 2L S b AR BRI E LI E FBL, B
Sh M2 FH A PO A ) 4 B T 5 ) ISR T T SRR S

3 &

ARSCENL T NMR 4545 de-GD-MS BRIE &y 2 =L B AT HLES #) FF X Herp 9 R FOoT R b A7 20 il
W7k ST IER A RSB E RS, AL TR EP TR, ARG T AYLBME S
PRI A AT 5 NI S SR 22, G 1 AN IR B T4 R0 T, TR ORBERIR SR T il
B R IR R T T AT RCR . DT IR S IRIESR R, 9 RIT R B R 4 0. 01~0. 05 pg/g. it
ICP-MS FUXTSEB T, RN T ik D0 5 28 SR B ARG i 234/ T 3% i 07 ikt — 4 il T £ g g cbn
a7, FIREEAT 75 ICP-MS BAR — S 2Rk . 28 B, ATHERARERE . RBUEE .
IR R FEN E R A, RS R BRI AR P ] =R B IR R U B R, AP
Tl A HLERE) L W AL BV R R B Tl SER BRI
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