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Relative Sensitivity Factors for Cu, Al, and Ti-based Metals in Glow Discharge Mass Spectrometry

Mika Ixour, Noviko Oxamoro, Takashi Saka and Tomohito Tikuso

Synopsis :

Relative sensitivity factors (RSFs) in the analysis of glow discharge mass spectrometry were determined for

Cu, Al and Ti-based metals. Pin-shaped and disk-shaped samples for the respective matrices were prepared from the
same blocks. A systematic deviation has been recognized between the values of RSFs for pin-shaped samples and disk
-shaped samples in all the matrices. The manner of the deviation is quite similar to that in Fe and Ni-based metals
as has already been reported and the deviation in each matrix is expressed by a linear relation. RSFs for disk-shaped
samples are obtainable from those for pin-shaped samples by the linear relation and vice versa.
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Cu#t#¥l & L TMBH Analytical Ltd. #17866X, 17867X,
17868X, 17869X 3 & (F17870X D 5 ikl %, AlFEMELE L
T Alusuisse-Lonza Services AG#113, 114, 115% & (F116

D 4 k2, Tid# k& U TBrammer Standard Company,
Inc.BT-2, T-4 3% X UfT-260 3K P A2, € URE
BFOBKREKS 2 X 2mm, B320mmOACTH Y, ¥
CINENE =LA ESF1L.6mmic A L D ICHY AT
1z, 2OLEE, PIX=IBINIETOESIL6.6~T7.5
mmT H - 712, 72, PHRKEEHS ¢20mmbL E D38 e E
(FWHE IZRmax4.9~16.2ym) #F 7T 570 v 2B CHE
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AR —RM L 080 b Lotk ML 2 REOHRY
BET B0, BERIT-o. Aldkd L UTiIEMEHIYIRT,
(1 + 3)EE T OMBGESF, BAKTOERIFR, REKL
B LRIE L 7o, CuBiMENI I, REREIRIS, ABAIKRT
DIk, BEEZE LBEE L 7, Table 1 o 723K

Table 1. List of analyzed standard samples with chemical compositions (ppm

by mass).

Matrix Cu Al Ti

Sample [17866X 17867X 17868X 17869X 17870X 113 114 115 116 T-2 T-4 T-26
Be 3.6
B 100 210 6 3

100 110 50

Mg 20 50 380 880 1600 4 15 40 37
Al 30 120 1020 2160 3000 190 320 20
Si 2200 1700 1200 660 12 33 70 117 70 140 100
P 50 380 800 1430 1800 7 11 10 20
S 1030 710 190 70 20 20 10
Ca 1
Ti 5 6 17
v 6 12 10 23 60 30 200
Cr 570 330 210 160 5 27 52 30 210 370
Mn 90 100 300 700 900 27 33 52 40 60
Fe 280 230 450 650 840 40 55 67 115 1900 2600 550
Co 610 510 360 150 5 31 20
Ni 710 560 410 210 110 32 50 50 110 20
Cu 2 12 41 71 30 20 370
In 1000 730 470 250 100 2 13 34 56
Ga 3 21 23
As 1200 850 500 180 13
Se 2.4
Ir 11 25 15 20 50
Mo 10 20 20 280
Ag 60 120 430 820 1000 10 20
Cd 1200 750 540 320 33 22 10
In 20 21
Sn 840 660 470 180 100 5 10 10 22 50 150 250
Sh 60 300 520 730 7 12 11 32
La 13
Ce 7
W 10 20 5700
ig 41
T1 30
Pb 120 150 290 480 620 7 14 10 15
Bi 320 970 1400 2200 5 10 15 16
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Table 2. RSFs for elements in Cu, Al and Ti-based metals for pin-shaped and
disk-shaped samples. The values from other literature are also shown.

Matrix Cu Al Ti Cul? A Ti!® Ti?
Shape PIN DISK PIN DISK PIN DISK PIN PIN PIN PIN PIN
°Be 0.846 0.661 1. 57
g 0.744 1.317 0. 664
2c 10. 046 9.24
Mg 0.498 0.443 1.090 0.896 1.02 1.01
A 0.210 0.261 1 1 1.784 1.910 1 1 2.61 3.33
® 8 0.300 0.391 0.976 1.060 4.495 1. 17 1.11 6. 06 4.09
ap 0.686 0.750 1.866 1.751
2s 0.733 0.835 6. 379 0. 831
“Ca 0. 281 0. 383
Ty 0. 332 1 1 0.300 0.309 1
Y 0.391 0.465 1.469 1.444 1. 64 1. 40
%2 Cr 0.464 0.527 1.740 1.304 4.524 3.813 0.380 1.64 1.60 5.73 7.09
 Mn 0.509 0.432 1.130 0.966 3.917 3.060 0.280 1.04 1. 05
% Fe 0.314 0.285 0.680 0.687 2.496 2.113 0.248 0.714 0.671 3.03 2.94
% Co 0.239 0.214 0.590 0.574 0.494 0.650 0.651
% Ni 0.360 0.350 .
0 Ni 0.361 0.353 0.896 0.828 2.935 2.697 0.424  0.986 0.933 5. 12
8 Cu 1 1 3.106 2.215 9.857 8.645
8 Cu 3.100 2.208 9.764 8.481 1 3.90 4.16 14.3
% Zn 1.472 1.206 3.650 2.820
% Zn 1.475 1.179 L7 3. 58 3.7
® Ga 2.763 2.111 .
" Ga 2.815 2.112 2.90 3. 26
™ As 1.170 1.054 2.541 2.037 0. 990
” Se 1.822 1.635
% Se 1.674 1.487 0.672
0 Zr 0. 547
% Zr 0. 486 1.408 1.641 0. 456 1.61 1.59
% Mo 0.807 0.674
* Mo 0.812 0.705 3.18 3.92
199 Mo 0.882 0.745 2.734 2.241
7 Ag 1.356 1.086
s Ag 1.350 1.083 2.477 2.237
mcd 2.290 1.479 4.239 3.140
13 cd 2.277 1.488 4.433 3.335 2.31
1S In 3.106 2.376
17 gn 0.893 0.590 1.757 1.338 9.013 5.928
us g 0.886 0.588 1.714 1.337 8.833 5,943 0. 506 1.77 1.57 7.00 8.89
12t gp 1.543 1.033 2.220 2.191
12 Shy 1. 511 1. 015 2. 088 1.04 7.21
% La 0.592 0.848
M0 Ce 0.472 0.797
By 1.391 0.952 4.009 3.412 5. 64
22 Hg 6.010 4.066
71 5.267 3.381
208 py 1.080 0.626 1.414 1.078 0. 620 1. 64 1. 31
20 Bj 1.779 1.088 2.516 2.036 1.28
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Fig. 1. Comparison of analytical values of °Ni with
certified values.
(a) Cu-based metal,
(b) Al-based metal,
(c) Ti-based metal.
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Fig. 2. Average of magnitude of relative errors for
different orders of concentration for pin-
shaped and disk-shaped samples. The num-
bers of analyzed elements in each matrix are
shown.

(a) Cu-based metal,

(b) Al-based metal,

(c) Ti-based metal.
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Fig. 3. Comparison of RSFs for pin-shaped samples
and disk-shaped samples, the references
being the respective matrix elements.

(a) Cu-based metal,
(b) Al-based metal,
(¢) Ti-based metal.

F2M) v 2 20B0T, ROGERMM BT, o
EIXGRREME L RU—FZRT, 70, AFF L~ vfFICX
LT L REEER R L7, BAF RO~k 1 ~
10ppm, 10~100ppm, 100ppm~0.1%3 & f0.1~ 1%z
I, U NEICONHE L REE R e L e, Ze b Y
v 7 A8 B & LAV A IRE DM XHE D ) # Fig.
2RT 7 7T SR E B /RT . CukD10~100
ppm b Nz THIAREY K E L DD, AR P
RSFZ@HT 52 Lz L b, BppmDEAROBMEBRD 2
DTy, FHDOMHEMBRET, 2IF20% LA ERE S »7H
#FTs5,

65

r'e —REE

2.5 F

1.5 |

RSF (2. 5mA-0. 8kV)
%)
T
O

A B
3.5 4

0:....i...,l‘...l...yl‘...
0 05 1 1.5 2 25 3

RSF (2. 0mA-0. 9kV)

Comparison of RSFs for a disk-shaped sam-
ple of Fe-based metal determined at the
discharge conditions used for pin-shaped and
disk-shaped samples.

Fig. 4.

3:2 ECBEREFHREFIRORSFOLEER

AFRFSTRE LICRSFEBRMIIZ DV T, Fedkis L UNidk
MEHZ D L TN L U HETE R L TR
EHZ 31 5 RSFORLR~DRE LTI, Fig. 3ok
Elis & EBCRERRI T 6 W7 RSFORME # 77§, RSFiZ
ENFRO=MNY v 2 2ARERFPRECHI SN T 5, Fe
¥z L ONiFEMRHZ O G Ty 6 /e 1R AL, Ti

3 L UCulMEHC DL T H D b le, Feh ZREETR
o el — R\ 3 & CHHBIR £ (r) 2 LUN IR T,
CuZi'E * RSFpisk =0.597 % RSFy 1y +0.184
(r:0950) ................................................ ( 2 a)
Al I RSFpex =0.642 % RSF;,+0.328
(F=0.980) ---rreerrrrrrrerrimrrruenrriieriniereiannaann, (2b)
Ti% © RSFpisx=0.729 % RSFp 1y +0.281
(r:()962) ................................................ (2 C)
22T, WFDISK# & UPINI 2 L& PRI & e

KA L > TRD ONIRSFTH 2 2 L 25T,

¥, B S EDL—HOMEI I T, 2hF0OR
FUER A LT, b KRET 2 HESRFREHRHLIZED,
YRR SO R I O TR R IEDTR L - T 3,
ZORERMDZEC L 2RSFORMBMN L ZALIZED O T,
B3 N/CRSFOZERIZFAEHER (B L CHC R KRE 1O
) oK T 5 b 0)1“26 5, ErEKE & Uﬂr?t!iﬂ;ﬁ
THAH LUK ERMC B TRD IeFedk O PR R 2
uamm@&y%mg4:%Toé%C,m%%ﬁxiwm
FBRED, 208N 1~2.5mAx L 0.8~ 1 kVOFHT
&, € kE R s & CEHCIREVER E b, RS2 & ARSF
DRFEM L EENIED Nl ot2, 2k b, O
DHERBFZF TR (2)RXPRECELTHEHAT S %, Fe
H¥ & ONiFME & B Cudt, AlJE S & O Tige R -

BOTIE 300 2 Cudk, ALK, TiltHE oMz 65



BN 66 %> $8Vol. 84(1998)No |

wTh, (2)RNEZHCTEVRREESD 5 ©ICFRKERD
TN ORI L TH G NIZRSFY» 6, i OIKD
RSF#k® 5 Z LW TS 5,

4. &

Il

Cudt, Alk s & U TidbE O TT R DA BEE R %,
Utk L CUPACRERH I L TR 72, B kE R &
CEHCKREL ORI T, Fedids & UNiZMEHI o0 THERE S
NIHARERRO BB L ZRZ VA o, TOER
I3Fedkds & UNIEMEIOHA LR, —KRTR (R
aNs, AN, FEEREIEE MY v AR HAE
LTkl R LI, I OMHAERERED= Y
v 27 ARAFIE DRSS KR D TIT O

1)
2)

3)
4)

6)

7)
8)
9)
10)

11)

X B

Wz, AR, e B orAT(RE, 41 (1992), 425.
FRERE ., NSO, BRIIE—, RANIRME A AR EEF 2,
57 (1993), 1186.

M.Saito : Anal. Chim. Acta, 274 (1993), 327.

BT, BOECHE, BERNIEMG D BAREBEREE 58 (1994),
526.

AVEE BE, RIFEESH), %EER—, WMEEAT oML 43
(1994), 697.

E.Hoka, T.Tamura, R.Fushimi and S.Imai: Ultra High
Purity Base Metals (UHPM-94), ed. by K.Abiko ef al., JIM,
Sendai, (1994), 432.

A T, K f%, BCHIEM g% &8, 83 (1997), 181
WA, ¥ &, BCHEIEN c 8k L, 83 (1997), 193.

N .E.Sanderson, E.Hall, J.Clark, P.Charalambous and D.Hall:
Mikrochim. Acta, 1 (1987), 275.

W.Vieth and J.C.Huneke : Spectrochim. Acta B, At.Spectrosc.,
46B (1991), 137.

WoOE, HEEF, WA, SRARIA kL, 84(1998) 3
BT E.




