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Determination of Trace Elements in High-purity Quartz by Inductively
Coupled Plasma Mass Spectrometry

Hirohito NAKA and Hirofumi KURAYASU

Synopsis :

Determination of Li, B, Mg, Cr, Mn, Ni, Co, Cu and Zr in high-purity quartz by inductively coupled plas-
ma mass spectrometry (ICP-MS) was studied. Effect of mannitol, dulcitol or solbitol on suppression of
boron volatillization from hydrofluoric acid solutions was examined. Boron volatillization was found to be
completely suppressed by addition of 500-fold molar excess of dulcitol to boron or 1 000-fold molar excess
of mannitol. Even 1 000-fold molar excess of solbitol was not sufficient for complete suppression. These
organic compounds introduced to ICP-MS caused mass interference due to *°’Ar'2C with *?Cr and reduction
of intensity by carbon deposition on the sampling cone orifice. Therefore the following analytical condi-
tions were employed.

(1) 2mg of dulcitol was added.

( 2 ) Measurements were performed by deviding into 2 groups; one group with dulcitol for Li, B and Mg
determination, and the another without dulcitol for Cr, Mn, Ni, Co, Cu and Zr determination.

(3) Be and V were added as the internal standards.

The limits of detection (3 ¢) with present method were 0.0005~0.01 ppm. The proposed method was
applied to the detemination of Li, B, Mg, Cr, Mn, Ni, Co, Cu and Zr in the practical quartz with satisfac-
tory results.

Key words : inductively coupled plasma mass spectrometry ; high-purity quartz; ultra trace analysis; boron

volatillization ; dulcitol ; mannitol ; solbitol ; mass interference ; internal standardization.
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Table 1. ICP-MS oprating conditions.
(A) Plasma conditions
RF power 1.3kW
Nebulizer gas rate 0.7 1/min
Auxiliary gas rate 0.51/min
Cooling gas rate 14 1/min
Sampling uptake rate 0.6 ml/min
Sampling depth above load coil 10 mm
(B) Mass spectrometer conditions
Element Li, B, Mg Cr, Mn, Ni, Co, Cu, Zr
Mass range 6~27.5a. m u 50~91 a. m. u.
Number of channel 512 1024
Dwell time 160 ps 160 ps
Number of scan 800 400
Integration range +0.4a m. u +0.4a. m. u.
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Fig. 1. Structural formulae of mannitol, dulcitol
and solbitol.

L/B mole ratio

0 500 1000 1500
T U I
100 0-0-0-g=Q=-g—@=
/ /
[
SO ./
« 60
° 0 /A/
2 -~
S 4ol
3
s X
20+
1 i () 1 1
0 1 2 3 4 5
L (mg)
L : Dulcitol (()-Q))
Mannitol (@-@)
Solbitol (A-A)
X No addition

Fig. 2. Effect of mannitol, dulcitol or solbitol on
suppression of boron volatillization.
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Fig. 3. Relationship between concentration of dul-
citol and mass interference due to "Ar'’C with

2Cr
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Fig. 4. Interference due to '°C with ''B back-

ground intensity.
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Table 2. Effect of internal standardization on Table 3. Analytical results of Li, B, Mg, Cr, Mn,
stablity of intensity. Ni, Co, Cu, and Zr in synthetic solutions.
RSD (%)* Quartz taken Added Recovery *
Element Analyte g (pg) (%)
Intensity Internal standardization
0.025 112
Li 5.2 3.5 Li 1.0 0.050 114
A B 2.1 1.1 0.10 99
Mg 2.8 0.8
0.025 96
Cr 1.8 1.1 B 1.0 0.050 93
Mn 1.5 0.5 0.10 110
B Ni 1.8 1.2
Co 3.4 2.1 0.025 108
Cu 2.3 1.6 Mg 1.0 0.050 106
Zr 2.8 2.4 0.10 110
A:Li, B, Mg:8pg/l Be:50pg/l . 0.0125 104
B : Cr, Mn, Co, Ni, Cu, Zr : 4 pg/1 'V :50 pg/l Cr 1.0 0.025 16
* W20 0.05 104
Sampling uptake time : 3 h‘ ‘ 0.0125 104
Interval of measurement : 20 min Mn 1.0 0.025 112
0.05 104
/ - . 0.0125 12
BIOE ML METES 50 g/l & L7 Ni 1.0 0.025 101
0.05 94
Table 2 {7, PEEHEE LB L 2B E LA VEGO ’
0.0125 104
Li, "'B, *Mg, “*Cr, "*Mn, "®Ni, **Co, **Cuy, 9”Zr Co 1.0 0.025 108
o ) 0.05 104
22T, 3h Ml s B % M iR O R E (L SO o
T RSD & B&id) %233, L BMlEE, Li, B, Mg % Cu 1.0 882)5 {(‘)g
8ug/l, Cr, Mn, Ni, Co, Cu, Zr %4pg/l IZFHB L , 0.0125 o1
. . . . SN A 1. ).025
72th, BOBO Be KUV % 50pg/l & 4B &) IE r 0 9-02 1

ML 7@ % ICP-MS (Z#EMICEAL, 20min T &
I2ff > 7:. Table 2 2»5, 3hfllEIC BT, KNFEL
bNAERE B LB, MoK/ NS Ok
D, RSD & 4% LMICHIFITE D Z L dbh o7z it
T Li, B, Mg {24 L CTi& Be %, Cr, Mn, Ni, Co, Cu,
ZrildLTid V &, PHEETCEE LTREHTAZ LS
L7

3-3 TEBER
FAEHHE 1gi2, E# Li, B, Mg Fild 5\ I3E#
Cr, Mn, Ni, Co, Cu, Zr AR EHRML, BOBOD

2:3-1 H B\ 2-3:2 ISR L2 HEICHE - T, 3EHAR
B L 72k, Table 1 Ot~ T, wuFEiEE
L7453 % Table 3 1Z/R7. KIL#FE 33 (Fyc4aiZmX
ENBHZEhbhroT.

B, RBRERE, B Inl CEERETTEBRRY
BERSEICRIM L 724, 25 ml WAL TR L 2.

BT, Table 4 i, RE@EFEOMMKRALZRT. %
SBTEOKRBEREE, 0.0lppm L TFTHho7z. %k
BB BR B, 2eilEBRiE oo W R DR RO 3 A
LIRS 7.

Table 5 12, KERFETEBEOAHEFENBH L 744
BATRT. HhBHBOLDIC, GERF 10g % 50 ml
D5>bKERBICE OB L, BHEMNIC 25 ml (S HR
Lo U, BN 79 X0 (LT
ICP-AES & W&id) # @A L AHRICPWTHIRT.

* Average of three determinations

Table 4. Limits of detection for quartz sample.
Analyte Limits of detection (ppm)

Li 0.004
B 0.004
Mg 0.009
Cr 0.002
Mn 0.001
Ni 0.01

Co 0.0005
Cu 0.004
Zr 0.002

Table 5. Comparison of analytical values between

ICP-MS and ICP-AES for quartz sample.

Analyte ICP-AES™ (ppm) ICP-MS™*Z (ppm)
Li 0.05 0.050
B 0.03 0.036
Mg 0.06 0.071
Cr <L.D. 0.016
Mn <L.D 0.011
Ni <L.D <L.D.
Co <L.D <L.D.
Cu <L.D 0.011
Zr — 0.50
n=3 * Sample: 10 g *2 Sample: 1 ¢

L. D. : Limits of detection
— Not determined

Table 5 7* %, Li, B, Mg 2B L C, ICP-MS & & & &
Rid, ICP-AES L R —HLTHBY, 7/ ICP-AES

TIRBEBHTE L7 Cr,
DWUEETHD I Wb 7.
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