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Matrix Dependency of Relative Sensitivity Factors in Glow Discharge Mass Spectrometry
Takashi Saka, Mika Inoug, Noriko Oxamoro and Tomohito Iikuso

Synopsis : Matrix dependency of relative sensitivity factors (RSFs) in glow discharge mass spectrometry has been systematically
investigated. RSF's were determined using pin-shaped and disk-shaped samples prepared from the same blocks. The
matrices are Fe, Ni, Al, Cu and Ti. The numbers of elements (isotopes) whose RSFs were determined in the respective
matrices are 40, 35, 24, 36 and 12. Using the method of least square, the RSF's for.respective matrices are compared
each other. There exists a strong correlation between the RSFs for the different matrices. Thus, the RSFs for a matrix
can be transformed for other matrices by the simple multiplication of appropriate coefficients. However, the coefficient
for Al matrix is not equal to the value of the RSF of Al element in the relevant matrices. The five sets of the values
of the RSFs after transformation to Fe matrix agree each other. The relative errors for the pin-shaped and the disk
-shaped samples are almost within 309 and 209, respectively. The large error for the pin-shaped samples is probably
caused by the minute difference of the shape of the prepared samples. Furthermore, the ion beam intensities for the
disk-shaped samples were always higher than those for the pin-shaped samples. The fact will also cause the small error
for the disk-shaped samples. For precise analyses, disk-shaped samples are recommended.

Key words : elemental analysis ; glow discharge ; mass spectrometry ; relative sensitivity factor ; pin-shaped sample ; disk-shaped
sample ; matrix dependency.
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Table 1. RSFs for elements in Fe, Ni, Cu, Al and Ti-based metals for pin-shaped and disk-shaped samples, the
references being the respective matrix elements.

Matrix Fe Ni Cu Al Ti
Shape PIN DISK PIN DISK PIN DISK PIN DISK PIN DISK
*Be 0.846 0.661
"B 1.452 1.276 0.923 1.034 0.744 1.317
12C 4.993 3.811 3.342 2.354 10.046
“Mg 1.362 1.122 0.826 0.856 0.498 0.443 1.090 0.896
TAl 1.171 1.146 0.714 0.768 0.210 0.261 1 1 1.784 1.910
S 2.503 1.880 0.300 0.391 0.976 1.060 4.495
sip 4.170 3.019 0.686 0.750 1.866 1.751
328 3.044 2.773 0.733 0.835 6.379
*“Ca 0.518 0.249 0.285 0.281
48T 0.382 0.513 0.302 0.360 0.332 1 1
Y 0.472 0.567 0.373 0.437 0.391 0.465 1.469 1.444
2Cr 2.030 2.052 1.737 1.472 0.464 0.527 1.740 1.304 4.524 3.813
Mn 1.292 1.392 0.968 1.128 0.509 0.432 1.130 0.966 3.917 3.060
56Fe 1 1 0.779 0.314 0.285 0.680 0.687 2.496 2.113
*Co 0.825 0.834 0.689 0.643 0.239 0.214 0.590 0.574
8Ni 1 1 0.360 0.350
5ON1i 1.396 1.397 0.361 0.353 0.896 0.828 2.935 2.697
53Cu 4.627 3.988 3.510 2.995 1 1 3.106 2.215 9.857 8.645
55Cu 4.561 3.890 3.264 2.849 3.100 2.208 9.764 8.481
56Zn 4.656 3.540 3.753 2.812 1.472 1.206 3.650 2.820
58Zn 3.877 2.946 1.475 1.179
Ga 1.637 1.934 2.763 2.111
Ga 1.587 1.882 2.815 2.112
Ge 5.620 4.870
»Ge 5.508 4.945
5As 6.620 4.861 3.906 2.427 1.170 1.054 2.541 2.037
Se 4.114 3.167 1.850 1.805 1.822 1.635
82Ge 1.674 1.487
NZr 0.529 0.756 0.405 0.465 0.547
Zr 0.641 0.397 0.458 0.486 1.408 1.641
*Nb 0.605 0.806 0.393 0.460
%Mo 1.161 1.396 0.880 0.837 0.807 0.674
Mo 0.812 0.705
190Mo 0.945 1.102 0.882 0.745 2.734 2.241
WAy 3.793 3.644 2414 2.550 1.356 1.086
19A g 4.367 3.744 2.458 2.688 1.350 1.083 2.477 2.237
H1Cd 2.290 1.479 4.239 3.140
13Cd 2.277 1.488 4.433 3.335
H5]n 1.828 2.228 3.106 2.376
17Sn 1.996 2.071 1.252 1.324 0.893 0.590 1.757 1.338 9.013 5.928
11950 1.981 2.044 1.225 1.304 0.886 0.588 1.714 1.337 8.833 5.943
121Sh 4.932 3.434 2.962 2.405 1.543 1.033 2.220 2.191
1%3Sb 4.821 3.366 2.996 2.371 1.511 1.015 2.088
130Te 3.874 3.102 3.094 2.623
139].a 0.523 0.935 0.592 0.848
140Ce 0.499 0.952 0.472 0.797
Mpr 0.599 1.210
146N d 0.599 0.963
18T 0.890 1.239 0.913 0.961
184W 1.214 1.334 1.223 1.089 1.391 0.952 4.009 3.412
197 Au 3.241 3.105
02 g 6.010 4.066
205 4.941 4.574 5.267 3.381
208Ph 1.881 1.832 1.230 1.248 1.080 0.626 1.414 1.078
209Bj 4.386 3.148 2.639 2.169 1.779 1.088 2.516 2.036
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Fig. 1. Comparison of RSFs for Fe-based and Ni-
based metals.
(a) pin-shaped samples,
(b) disk-shaped samples.
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Table 2. RSFs for elements in Fe, Ni, Cu, Al and Ti-based metals after the transformation of the reference from
the respective matrices to Fe. RSFs for matrix elements are denoted by bold Italic, which are
equivalent to the respective coefficients for matrix transformation.

Shape PIN DISK

Matrix Fe Ni Cu Al Ti AVE. CV.(%) Fe Ni Cu Al Ti AVE. CV.(%)
‘Be 1.375 1.375 1.073 1.073

"B 1.452 1.381 1.209 1.347 9.3 1.276 1.485 2.138 1.633 275
12C 4.993 5.001 4.023 4.673 12.0 3.811 3.381 3.596 8.5
Mg 1.362 1.236 1.582 1.771 1.488 15.9 1.122 1.229 1.522 1.454 1.332 14.1
AL 1.171 1.069 0.667 1.625 0.714 0.905 27.8 1.146 1.103 0.896 1.623 0.830 0.994 15.5
35i 2.503 0.953 1.586 1.800 1.711 374 1.880 1.343 1.721 1.648 16.7
sip 4,170 2.179 3.033 3.127 31.9 3.019 2.576 2.842 2.812 7.9
328 3.044 2.328 2.555 2.642 13.8 2.773 2.868 2.820 2.4
*“Ca 0.373 0.373 0.518 0.409 0.456 0.461 11.8
T 0.382 0.452 0.400 0.417 11.9 0.513 0.517 0.539 0.435 0.523 2.7
' i 0.472 0.558 0.635 0.588 0.563 12.2 0.567 0.628 0.755 0.628 0.644 12.3

2Cr 2.030 2.599 1.474 2.828 1.812 2.149 26.0 2.052 2114 1.810 2.117 1.657 1.950 10.6
*Mn 1.292 1.449 1.617 1.836 1.569 1.552 13.0 1.392 1.620 1.484 1.568 1.330 1.479 8.1

**Fe 1.000 1.166 0.997 1.105 1.000 1.067 7.8 1.000 0.979 1.115 0.918 1.004 10.0
*Co 0.825 1.031 0.759 0.959 0.894 13.9 0.834 0.923 0.735 0.932 0.856 10.7
*Ni 1.497 1.143 1.143 1.436 1.202 1.202

ONi 1.396 1.147 1.456 1175 1.294 12.0 1.397 1.212 1.344 1172 1.281 8.3
#Cu 4.627 5.253 3.176 5.048 3.948 4.719 12.2 3.988 4.301 3.435 3.595 3.758 3.911 7.8
#Cu 4.561 4.885 5.038 3.910 4.598 10.9 3.890 4.092 3.584 3.686 3.813 5.9
#Zn 4.656 5.616 4.675 5.932 5.220 12.5 3.540 4.038 4.142 4.578 4.075 10.5
#Zn 5.802 4.685 5.243 15.1 4.231 4.050 4.140 3.1
#Ga 2.450 4.490 3.470 41.6 2.717 3.427 3.102 14.8
"Ga 2.375 4.575 3.475 44.8 2.703 3.428 3.066 16.7
Ge 5.620 5.620 4.870 4.870

"Ge 5.508 5.508 4.945 4.945

=As 6.620 5.845 3.716 4.130 5.078 27.2 4.861 3.485 3.620 3.307 3.818 18.5
Se 4.114 2.769 2.961 3.281 22.2 3.167 2.592 2.654 2.804 11.3
#Se 2.721 2.721 2.414 2.414

0Zr 0.529 0.606 0.889 0.675 28.1 0.756 0.668 0.712 8.8
Zr 0.594 0.790 0.564 0.649 18.9 0.641 0.658 0.713 0.671 5.6
“Nb 0.605 0.588 0.597 2.0 0.806 0.661 0.733 14.0
*Mo 1.161 1.317 1.312 1.263 7.0 1.396 1.202 1.094 1.231 12.4
*Mo 1.320 1.320 1.144 1.144

1Mo 0.945 1.433 1.095 1.158 21.6 1.102 1.209 0.974 1.095 10.8
WAg 3.793 3.613 4.307 3.904 9.2 3.644 3.662 3.730 3.679 1.2
1°Ag 4.367 3.678 4.288 4.026 4.090 7.6 3.744 3.860 3.720 3.631 3.739 25
"Cd 7.273 6.889 7.081 3.8 5.080 5.097 5.088 0.2
Cd 7.232 7.204 7.218 0.3 5.111 5.414 5.262 4.1
15]n 2.736 5.048 3.892 42.0 3.200 3.857 3.528 13.2

"7Sn 1.996 1.874 2.836 2.855 3.610 2.634 27.0 2.071 1.901 2.026 2.172 2.577 2.149 12.0
1Sn 1.981 1.833 2.814 2.786 3.537 2.590 26.8 2.044 1.873 2.020 2.170 2.583 2.138 12.6

121Sh 4.932 4.433 4.901 3.608 4.468 13.8 3.434 3.454 3.548 3.557 3.498 1.8
23Sh 4.821 4.484 4.799 4.701 4.0 3.366 3.405 3.486 3.389 3.412 15
30Te 3.874 4.630 4.252 12.6 3.102 3.767 3.434 13.7
¥La 0.523 0.962 0.743 41.8 0.935 1.377 1.156 27.0
140Ce 0.499 0.767 0.633 29.9 0.952 1.294 1.123 215
“1Pr 0.599 0.599 1.210 1.210

146Nd 0.599 0.599 0.963 0.963

'81Ta 0.890 1.366 1.128 29.9 1.239 1.380 1.310 7.6
W 1.214 1.830 2.261 1.606 1.728 25.3 1.334 1.564 1.545 1.483 1.482 7.0
97 Au 3.241 3.241 3.105 3.105

*?Hg 9.767 9.767 6.600 6.600

205T] 7.394 8.560 7.977 10.3 6.569 5.488 6.029 12.7
208Ph 1.881 1.841 3.430 2.298 2.362 314 1.832 1.792 2.150 1.750 1.881 9.7
29%9Bi 4.386 3.949 5.650 4.089 4.519 17.2 3.148 3.115 3.737 3.305 3.326 8.6
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Fig. 2. Comparison of average RSFs for pin-shaped
and disk-shaped samples.
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