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Solig surfaces exposed to real environments can be considered to be accumulators of
environmental informations. Therefore, surface analytical methods of solids under real en-
vironmental conditions can be applied to evaluate the pollution of environments.

The first purpose of this study is to create analytical methods, by which the surfaces can be
observed under real or nearly real environmental conditions. The second one is application of
them to evaluate the pollution of environments. For these purpose studies on three spectrometric
methods have been performed as follows:

(1} Emission spectrometry

The emission spectrometric analysis by low power glow discharge is available to analyse
metal surfaces under real or nearly real environmental conditions. The disadvantage of this
method is comparatively lower sensitivity than other excitation techniques such as arc or spark
discharge. An introduction of applied voltage modulation technique improved this non-attrac-
tive feature and further gave interesting information that the signals caused by atmospheric
discharge gas can be distinguished from that of sputtered materials. The quantification can be
carried out using the experimentally obtained relative sensitivity factors which are the function
of sputtering yield and spectral intensities.

(2} Elecron spectrometry

In electron spectroscopy, samples are essentially exposed under ultra high vacuum condi-
tions. Therefore the adsorbate on solid surfaces are set in different conditions from real
environments. Improvements of Auger electron spectrometer for high spectral resolution and
X-ray photoelectron spectrometer for measuring under low vacuum condition, so called similar
environmental condition, were carried out. An X-ay photoelectron spectrometer has been
modified by introducing differential pumping systems in it to make lower vacuum atmosphere
around sample surfaces. Adsorption behaviour of NO; on silver powder was observed using this
instrument, and N1s peak of NO, type was found. However, the sensitivity for adsorbed NO; is
not fair compared to SERS (Surface Enhanced Raman Scattering).
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in order to observe electron energy loss spectra (ELS) or extended electron energy loss fine
structure (EXELFS), which is useful to study the adsorption phenomena on solids, an Auger
electron spectrometer was improved to get higher resolution to separate ELS or EXELFS peaks

from AES peaks.
{3) Raman scattering spectrometry

Surface Enhanced Raman Scattering phenomenon which has been observed on some metal
surfaces was applied. Silver powder surface was utilized as substrate, and SERS spectra caused
by adsorption of NO, and SO; could be observed. The effects of presence of oxygen or water, and
total pressure of environmental gases were found. Elucidation of the mechanism of surface
reaction of NQ,, SO, with water and oxygen is the key point to apply the SERS method to

environmenial analysis.
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fable 1. Proportionality factors for the select-
ed emission lines to the iron line of 344.1nm

Element EI?;"SS:]?,? Factor Allowed content”!
Micket 339.3 6. 735 0-BDatom % Ni
3415 1.88
3525 2.63
Chromism 359.3 2.1z 0-3atom & Cr
360, 5 1,78
Cobalt 340.5 0.778 0-20atom % Co
.2 1.07
345.5 1.64
Molybdenum 379.8 2.63 0- 5atom % Mo
Tungsten 400.9 1.68 0~ Tatom % W

Manganese 403, 1 3.72  0-10atom % Mn

»! The concentration range in which the linearity
of calibration curves is confirmed by our ex-
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periments, EHEEEMNS D, Lirdbd AEFEL -oEiito
Tahle 2. Analytical results of commercial stainless steels
Alomic ratio®
Sample
SifFe Mn/Fe Ni/Fe Cr/Fe Mo/Fe Cu/Fet?
SuUs410L (0.010) (0. 010) (0. 00%) {0.163) {0.001) (0. 00§}
0.014::0.000 N.D. 0.179+0.008 N.D. MN.D.
SUS 430 (0.0 {0.010) (0.9005) {0.230) (0.001} (0. 061)
0,015::0.002 N.D, 0.254::0,012  N.D. N.D.
SUS 304 (0.025)  (0.029} (0.249) {0.342) {0.035) {0.003)
0.031%0.001 0.2420.012 0.353+0.013 N.D. N.D.
SUS 204 (0.019) (0. 025) (0.127) (0, 304) (0. 002) 9. 002)
6, 026:0, 003 0,119:0,008 0.315+0.020 N.D, N.D.
SUS 304 0. 027) {0.027) {0.134) (0. 285) {9.003) (0. 002}
0. 02740, 002 0. 1250005 0.308:£0.017 N.D. M.D.
SUS 3041 (0.027) {0.025) (0. 156) (0. 306} (0. 002) {0.002)
0.026:40, 602 9. 149+ 0. 007 0.3194:0.019 N.D, M.D.
SuUsan (0.019) (0.024) (0. 140) {0.279) {0.002} (0.9001)
6.024-:0.002 0.1331+0.COB 0.3070.017 N.D. N.D.
SUS 316 (0. 0L3) (0022} (0.161) (0. 290) (0. G20} {0.003)
0.018+0 001 0. 154+0,007 0.279:+£0. 16 0.024:£0.002 N.D.
SU5316 {0.018) (0.9029) {0.151) (0. 269) (0.023) (0.003)
0.028+0.002 0.1380.008 0.283::0.016 0.028::0,002 N.D,
SUS 6L {0,027 6.027) {0.222) {0. 300) (G. 024} {0.004)
0.024£0.0062  0,209x0.007 0.3190.019 0310004 N.D.
SuUS 31601 (0028} (0. 025) {0.194) (0. 314) (0.024) {0.017}
0.025:£0.001 0.176:£0. 009 0.339+£0.17 9.032:+0,.002 0. 01940. 805
3085 3088 (0.023) (G.930) {0.236) (0. 426) {0.002} {0,002}
0.036%0. 003 0.2204:0.011 0.467:£0.029 N.D. N.IZ,
SUS 0s (0.025) (0,036} (0. 379) (0, 543} {0.002) (0.002)
¢.040£0, 002 0.354£0.015 0.609:£0.032 N.D. N.D.

*> Siandard atomic ratios are denoted in parentheses. N.D., not detected. Analytical lines: Mn,
403.1 nm; Ni, 341.5 nm; Cr, 360.5 nm; Mo, 379.8 nm; Cu, 327.4nm.  Proporiionality factor: 1.6 for
copper 327.4 nm (catculated from the intensity ratio in Fe.1.0 atom% Cu alloy). © Average and
the standard deviation are based on 10-15 replicates.
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Table 3. Observed emission lines of argon, neon, and nitrogen

szsignment, eV

assignment, eV

wavelength, nm upper lower intensity” wavelength, nm upper lower intensity?
{a) Observed Emission Lines of Argon (b} Observed Emission Lines of Meon
ArHl 2843 21.35 %Py 17.14 *Pyp M Ne Il 295.6 31.36 *Sy;e 27.17 Pypy M
Arll 297.9 2437, 1721y, w Ne II 300.2 3136 'S5, 2123 Py W
Ar Il 345.1 2149 %Dy, 1794 Py M Ne I 3217 3481 ‘Pyys 2096 Dy W
Arll 354.6 93.26 Ty 19.76 Dape M Ne II 323.2 348Dy,  30.55°Dyn W
Ar Il 356.0 93.16 TFye 1968 Dy § Nell 331.0 3153 %P,  2RTB Py w
Arlt 577 2301 “Fy;  1985°Dy; M Nell 132.0 3428y, 3055 Dap M
Arll 358.2 2307 Fyn 1961 D W Ne iI 332.4 3151%Py, 2178 'Pap Vs
Arll 3589 20954Fy, 1949 Dy M NeII 3335 30.894Dy;  27.1T°Pyp 8
Arll 372.9 1997 'Sy; 1664 ‘Pyp w Ne I 3348 3483Dy; 3093 Dy S
Aril 3764 9299 Dy, 1949 Doy M N 1T 334.6 34257,  30.55 MDyp 8
Arll 385.1 19975y,  16.75'Py w Ne IF 335.5 30.93 Dy, 2723°Pyp M
Ar 11 386.9 23.17 “Pyp 19.97 *Pyye W Ne I1 azt.8 3158 Py 27.86 *Pyy2 ]
ArlI 394.4 1955 Dy, 1641 ‘Fyp w Ne Il 339.3 3151%P,,  2186°P, M
Arll 404.3 2149 Dy, 1843 %yp w Ne i 341.8 20.30 [1] 16.67 {1} W
Ar I 407.2 2150 *Dypz 1845 Wypp S Nel 344.8 20.21 2] 16.62 [3] W
Arll 410.4 22,51 Dy 1949 Doy g Nel 347.3 20.19 {3} 16.62 [3] W
Ar Il 413.2 21.43 “Dyyy 18.43 "Dy M Ne IT 348.2 31.34 %8y 27.78 Pap M
Arl 4158 14.53 (2] 1155 [2] 5 Nel 352.1 20.37 [0] 16.85 [1] s
Arl 419.1 14.51 [2] 11.55 [2] W Ne Tt 356.9 3402 7F;,  30.55 Dsp M
Arl 4198 14,58 [0] 1162 {1} 5 Ne II 357.4 3402y,  40.55 Dy w
Ark 420.1 14.50 (3] 11.55 [2] s Nel 359.4 20,30 {23 16.85 [1] w
Arl 426.0 14.74 [0) 11.83 [1] W Ne l1 266.4 3055 Py; 2117 Psp W
Arl 426.6 14.53 {2] 11.62 1] W Ne 11 369.4 30,62 *Pyy 2717 :Pm M
ArTl 427.8 2135 Py, 1845 Dy Vs Ne Il 371.3 31270y,  215%Py, 5
Arl 430.0 1451 [2] 11.62 [1] hid Me II 729 118 2Dy, 27.86 Py M
ATl 4331 1861Dy, 1675 ‘Fyp w Ne Il 376.6 052 Pyy 2723 P W
Arll 433.2 1931°P,; 1644 Dy w Nell 1T 3055 ‘Byy  21.27 g w
Arll 434.8 19.49°Dq, 1664 Pap ] Nel 395.4 21.52 [1] 18.38 [1} w
Ar II 4371 21.49 2Dy 18.68 2Dyyy M Ne [T 438.5 3767 ‘Fape .84 1y w
Ar I 4380 1064Dy, 1881 Py, W Ne 1 439.2 3762 ‘Copy 8480 Fop W
.26 4 . w . . N
ﬁlr, g ﬂgg iggg 451{; %g;; 43::: M {¢) Observed Emission Lines of Nitrogen
Arll 4420 19.61 Dy, 1681 Py w N, 295.3 O (4] BT (2] W
Ar II 448.2 21,50 *Dgyy 18.73 'Dypp W N, 206.9 CoII (3] B {1 W
Arll 454.5 18.87 *Papn 17.14 *Papg 5 N, 0976 CoI [2] B [0) w
Ar 11 458.0 19.97 By 17.27 *Pyyz M M, 3138 cir [2] B [1] W
Ar i 458.0 21.13 *Fyp 18.43 2Dy M N, 315.9 C°1 (1] B'H [0] [
Arll 461.0 214 3Fy, 1845 Dy V8 N, 3371 T 04 BI {0} vs
Ar 1l 466.8 19.80 Py, 17.14 Py S N, 353.6 ' [1] B [2] ™
Ar Il 472.7 19.76 *Dyye 17.14 ZP;“ M N 3577 M [0] 81 [1] s
ArlE 4736 19.96 ‘P, 1664 Py W N 3710 & BT [4] W
Arl] 476.5 19.87 *Pyyz 17.27 *Pipz Vs N. 3755 CaI {1} B211 (3] w
Ar Il 480.6 19.224P,;  16.64 Py M N 980.5 At (o] B [2) M
Arl 488.0 19.68 Dy, 1114 Py M Nt 3914 BT [0] XIT (0] Vs
Al 496.5 19.76 %Dy, 1727 7Py w N, 290.5 cn (3] B3 [6] W
N; 405.9 cn {0} BYH1 (3} w
i 4277 BE [4] Xz 1) M
N* 4709 B2Z 0] X% 2] W

*Key: VS, very strong; S, strongs M, medjum: W, weak; VW, very weak; ND, not detected.
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Table 4. Observed emission lines of copper

wavelength, assignment, eV intensity

nm upper tower Ar Ne N,
Cull 212.3 9.09'D;, 326'D, ND W ND
Cu I 212.6 8966°, 2831, ND W ND
Cul 216.5 5720y, 0.00°8,, W ND W
Cul 217.8 5.69 %Py, 0.00°5,, W M W
Cu Il 21178 866, 258°D, W M W
Cu il 219.2 849°%, 283D, M VW ND
Cu Il 221.8 84277, 283D, W W ND
Cull 222.9 854°P, 288D; W W ND
Cull 294.7 8.23%, 272D, VS W ND
Cul 220.4 8.79 Py, 1.39°D5, W VW VW
Cu Il 229.4 8233, 283D, W VW VW
Cu Il 237.0 13.65%D, 842°P, ND W ND
Cull 242.4 13.65°D; 8543, ND M ND
Cu Il 248.6 13.657D, 8863, ND VS ND
Cul 249.2 497%Py, 00078, W ND M
Cull 250.6 1343%D, 849%F, ND M ND
Cull 252.8 13.39°D, 849%; ND S8 ND
Cull 254.5 13.39°D, 8529, ND M ND
Cull 259.0 13.66°D, 886°D, ND § ND
Cull 260.0 1368'D, 892'F, NB VS ND
Cul 261.8 6.12%Py, 139Dy, M VW W
Cull 270.1 13.68-'D, 9.09'D, NP VS ND
Cull 270.3 13.65°D, 9.067D, ND VS ND
Cull 27143 1343°D, 886%D, NB S ND
Cull 271.9 13.68'D, 9.12'P, NP S ND
Cul 276.6 6127P;; 16420y, W ND VW
Cul 232.4 5.76°D,, 1397Dy, VS W §
Cul 296.1 557 139°Dg, M ND »
Cul 3247 3827, 00078, V§ VS5 VS
Cul 327.4 3.797%P,,, 000%5,,, VS8 V5 VS5
Cul 402,3 687y, 379%P,, VW ND ND
Cul 406.3 6.87 %Dy 3827%P;, W ND ND
Cul 510.6 382%;,; 139D, W W ND
Cul 515.4 619y, 379y M VW W
Cul 521.9 6.18%Dyy, 3827, M VW W
Cul 570.1 3.82 Py, 164D, VW VW VW
Cul 578.3 3.79 %Py, 164Dy, VW ND VW

"Key: VS, very strong; S, atrong; M, medium; W, weak; VW,
very weak; NI, not detected; **, not observed due to the overlap-
ping with gas emission lines.
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Table 5. Observed emission lines of silver

wavelength, assignment, eV intensity®

nm upper lower Ar Ne N,
Agll 211.4 10.729D;  4.86°D; ND VYW ND
Agll 214.5 11.20 %D, 5429D, VW VW ND
Ag I 222.9 11.27 'Dy 571D, VYW W ND
Agll 2246 10.37 °F, 4853; VW M ND
Apgll 298.0 1L14P,  571'D, W W ND
Agll 2317 10777, 542, VW W ND
Ag Dl 282.0 1105%F;, 57'D, W M ND
Agli 282.4 10.19%F; 486'D, VW W ND
Agll 233.1 10,37 °P, 505D, ND W ND
Agll 235.8 10.88°F, 542°D, WND W ND
Ag Il 241.1 1056 °D;  542°) VYW M ND
Ag Il 243.8 9.94 *P, 486°D, VW § ND
Agll 244.8 10.77%F,; &71'D, VW W ND
Agll 2474 10.723D, 571'D, VW W ND
Agll 271.2 14.94D, 10.37%F, ND VW ND
Ag Il 318.1 14081G, 11018%, ND W ND
Agll 326.7 13.93D, 984%, ND M
Agl 328.1 3.78 %Py, 0.00%8,,, VS V8 VS
Agd 338.3 3.66 ’Pm 0.00%,, VS V8 VS
Ag Il 349.5 1373 'D;  10.193F, e+ W ee
Agll 368.3 13730, 1047%F, ND W e
Agl 4211 6.72°Dy;; 8.78%Py; W ND **
Agll 462.0 13.93'D, 1105'F, ND M ND
Ag I 478.9 13730, 1IL14%P;, ND 8 ND
Agl 521.0 6.04 Dy, 366%P, S S Vs
Agl 546.5 605D, 378 S S5 VS
Agl 547.2 6.04 Dy 398%P, W VW W

“Hey: V8§, very strong; §, strong; M, medium; W, weak; VW,
very wenl; NI, not detected; **, not ohserved due to the overlap-
ping with gas emission lines.

NQ,, SO, #X & ORRHEEZRE | THkARzE
D Lt RSB EKSRLE TR F LY
ATETLL 1~10pm BEEOSNFEEL, <
NEWESE, EE, 107 Pa BEORTET THE
Lice (ERZE XPS v 257 A 2R L, NO, % 10°
Pa THER, XPS RENTHEEIOENZT
NIV TBIXI07 Pa 5 1.3X107° Pa OfT
ZibH Lvic b, 27x107%Pa & TOKESHA
T - T, MIERRECREVWEE KRR %
fEo Lz, FOE, Tig 10 KR L3
Nils E—27#406eV KPR L, THbBL,
XPS k2 & BHIE T NO, DEF (L NO, B ¢ilk %
LTWw3, LHL, EEZEE XPS OXEid, BE
ETHLLDETOREEHBITENEL, T0k
DHItHEMEL, BRETHLLTH 5, FHE
LT b IEETRE SN, HERS
OE(FFE COFTEEE I I REREREE LT
R SHETHEOTREVREER - TVS,

(3) Surface Enhanced Raman Scattering
(SERS) DB~
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Table 6. Observed emission lines of zinc Table 7. Observed emission lines of aluminum

wavelangth, assignment, &V intensity® wavelength assignment, eV intensity”

nm upper lower Ar Ne N; am upper lower Ar Ne N;
Znll 2025 6122y, 000%,, VW M ND AlT 2269 548 g0 0017, W ND
Znll 2062 601, 000%; VW M ND AT 3967 5247Dee QU0 M VW
Znll 2102 1201°Dy, 6.12%%;,; ND M ND Al 2373 5.24 Dgpyy G017y § VW
Zn1l 213.8 580'P, 0.00'S, W W M Al 256.8 483 Dy 000%Py,, M W
Zn1l 2502  10967S,, 6.01°P,, VW W ND All 251.5 483y, -001%P,, S M
Znll 2558  1096%%,, B612%Py M M ND All 265.2 467 28, 000y, W VW
Znl 258.2 8.839D,, 4.03%, VW ND ND AlT 266.0 467 %8, 001%Py, M VW
Znl 260.8 8.83 2Dy, 4.08°%P, W ND ND ALTI 980.0 1185 °Dy, 7.42'P, ND S
Zn 1 o756 850°D, 401%, M ND VW AIIl 2816 11825, 142'p, VW V8
Znl 277.1 8.50°D,, 4.03°%P, 5 VW W Alll 290.4 11.69 P, 742'Py, ND W
Znl 2801 8503D,,, 408°P, V8 VW W All 308.2 4.02 2Dy 0.00%Py,, VS M
Znl 303.6 81135, 403°P, W *+ ND AlT 309.3 402 Dgpgn 0017y, VS M
Inl 307.2 811%,  4.08°P, W W YW ALl 318.0 15.59 °P, 11.68%, ND M
Znl 307.6 403%, 000'S, M M S Al 3587  1530°F, (°Fy 11B5°D,, ** VS
Zn1 3282 7983, 401%, VS M W All 304.4 314 S 000 %Py, VS W
sl mm dmm ow iy MR mE B g
n : 783D,; 4.08°P, * X 261 60 ND M
Znl 4880  665%5, 401F, M W W AU 4663 1326, 1060 "D
Znl 47122 665%, 403%, VS M M *Key: VS, very strong; S, strong; M, medium; W, weak; VW,
Znl 4811 6657, 408%F, VS M 8 very weak; ND, not detected; *%, ot abserved due to the overlap-

ping with gas emission lines.

*Key: VS, very strong; S, strong; M, medium; W, weak; VW,
very weak, NI, not detected; **, not observed due to the overlap-
ping with gas emission lines.

Table 8 Observed emission lines of tin

wavelengt, assignment, eV intensity?

nin upper lower Ar Ne Ny
Snll 215.1 5.76 ‘P 0.08 Py ND M ND
Snl 235.5 547 °D, 0.21 %7, AL vw vw
8n 1l 236.8 5.76 *Py 0.53 *Pype ND W ND
Snl 242.1 6.19 'Fy 1.07 'Dy v w vw
Snl 2429 5.53 9D, 0.42 7P, w w w
Sn il 244.9 12.38 ¥y 7.30 2By ND w ND
Snl 270.6 4.79 3P, 0.21 3F; M W M
Snl 284.0 4,79 3p, 0.42 P, M M s
Snl 285.0 5.42 F, 1.07 'Dy M w VW
Snl 286.3 £33 %P, 0.00 3P, w w w
Snl 300.9 4.339P, 0.21 %P, M W w
Snl 303.4 4.29 %P, 0.21 3P, S M S
Snl 317.5 4.33 %P, 0.42 3P, S M S
Snl 326.2 4.87 'Py 1.07 1Dy, 5 M S
Sn I 328.3 131.07 %Fy5;n 7.30 2Dy VW s ND
Sn il 235.1 11.07 Fyps 7.37 Dy ND Vs e
Snli 350.1 4.33 *P, 1.07 1D, M W e
Snl 452.5 4.87 7, 2,13 'S, W ND ND
Sn II 507.1 13.51 2Dys (G 11,07 *Fyj12 ND w ND
SnlI 533.3 11.19 3Dy 8.86 2P w s ND
Sall 556.2 11.20 Dy 897 Py VW s ND
Sn11 559.0 11.07 ?Fyye 8.85 *Dypn VW ] ND
Snll 559.7 1119 *Dypy 8.97 *Pyp ND w ND
Sn 1l 579.8 1107 *Fyp 893 *Dypy W ] ND

*Key: VS, very strong; S, strong; M, medium; W, weak, VW, very weak; ND, not detected; **, not observed due to the overlapping with
gas emission lines,
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Fig. 6. Simplified schematic diagram of the apparatus for electron energy loss spectroscopy (ELS),
postion 1: modulation mode, position 2: bias mode.
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Fig. 7. The spectra measured in order to test the ability of supression of Auger lines, (a) total spectrum,
{b) the spectrum in modulation mode, {(c) the spectrum in biasing mode.
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Fig. 9. Schematic diagram of the low vacuum
XPS system, DP: diffusion pump, IG: ion
guage, V: valve, LV: leak valve, S; sample,
TMP; turbo-molecular pump, X: X-ray gun.
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Fig. 10. XPS spectra of adsorbed NO; on Ag
powder. {a} before adsorption, (b} after ad-
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Fig, 11. Schematic diagram of SERS, L:lens, V;
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pump, RP: rotary pump.
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