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Table 7 Chemical composition of binary Fe-Cr alloys.

Samples
Fe-5Cr Fe-10Cr Fe-15Cr Fe-20Cr Fe-40Cr Fe-70Cr
Cr(wt.%) 5.0* 10.0* 15.0* 20.0* 43.5%* 71.5%*

*Dby chemical analysis, * * by XMA analysis
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Fig.7 Photoelectron spectra of the 2p shell of Fe and Cr and 15 shell of O for several
bomberdment time of Argon ion irradiation. (Fe-20Cr alloy)

(A) Fe2pi/2 and 2p3/2, (B) Cr2pl/2 and 2p3/2, (C) Ols
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Fig.2 Depth variation of Oxygen fraction in Fe-20Cr alloy.
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Fig.3 Depth variation of Cr/Fe intensity ratio

ar 5’111$75f YCr, YFe, i) 'f'f‘ﬁé KCr, Kret
L, BEAEILE Kerre 2 T2 &,

IICr — KCr % N’Cr
IIFe KFe N’Fe

_ Ker % Ner/Yer

 Kee NENATH
Yre Ner
= Keorme X 5T i,
Ker,r Yer XNFe {1
EEIT S,

Ker,re DAL, d0H, @UEMIE B FEHEY)
BERCTERBIZHRD L2, EETFOFEHER
TR A A AL AR, & OB E T
BRIt HTRD B,

AEDEAL, HROBIES o REMAKE D
OB R EL Z L IIHMTH 5, £ D72,

ED B THMEFIEIC LD BRI Ker,re 2
Rz,

ARSI Ker,re 12

’T(ECI‘) dcr FCr A(Ecr)
T(Ere) ove I're " A(Ere)

KCr,Fe -

NMETHRLEINED, 22T, E, o, I', Lil3#
NENLIEFIZOWTORETZALY—, X%
WEMERE, T 7 75—, REFOREHR
TOIHMERELARITIETH D, TIIREMKT
Hb, TIZEIRFLY, A EY IZFg 228
L, o, 'Y ZNEFNDXMTHZ H6NT W5
HEGEZ v 5 &, (20305 Ker,reHETH TR 5,
ZMEAT 2 72455 Ker,re = 0.935 & 7% 572,



(4)

100 .
s
Pd
KGrre=0.935 i
T .
3 ,
5 .
~ /7
w 7
O ’
= 7
& /
= 50 L
2 7
g ’
5] e
G i
Ve
s
’
s
,
/
0 1
0 50 100

Reference Cr content (at.%)

Fig.4 Relationship between reference value and analy-
tical value by XPS of Cr content for Fe-Cr alloys.
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Fig.5 Sketch drowing of sample holder for measurement
of normalized intensity.
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Table 2 XPS peak intensities from Fe
and Cr pure metals.

Sputtering Peak intensities****
time (min)  1,,* R Teo***
10 1.00 2.29 4.30
15 1.00 2.33 4.07
20 1.00 2.39 4,13
av. 1.00 2.33 4,16

* Audf, % % Cr2p, * % % Fe2p, * % * *normalized for Tsu



Table 3 Comparison of analytical value by XPS and inherent reference value

of Cr content for Fe-Cr alloys.

Cr content (at.2s)

Fe-5Cr Fe-10Cr Fe-15Cr Fe-20Cr Fe-40Cr Fe-70Cr
Reference* 5.27 10.5 15.7 20.9 44.9 72.6
XPS*+ 4.0 10.0 15.0 - 21.0 43.0 67.0

* by chemical and XMA analysis, * % K¢ re = 0.559
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Table 4 Atomic number, atomic weight and
sublimation energy for the consti-
tuent atoms of Fe-Cr alloy.

Atomic Atomic Sublimation
number weight energy (eV)
Cr 24 51.996 4.03
Fe 26 54.847 412
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Quantitative XPS Depth Profile Analysis of Binary Fe-Cr Alloys
Okico Nishimura, Katsumasa Yabe and Masaya Iwaki1*

SYNOPSIS

Accurate quantitative depth analysis of a wide range of binary Fe-Cr alloys by X-ray photo-
electron spectroscopy (XPS) in combination with Ar* ion sputtering was attempted to determine
the proper sensitivity ratio.

Use of a semi-empirically calculated sensitivity ratio resulted in a less Cr content by about 26
at.% than the bulk content determined by a chemical analysis.

Then, we designed a new experimental method for determination of the sensitivity ratio by use
of the Fe and Cr pure metals. The values of Cr content analyzed by use of the sensitivity ratio
obtained by this method, agreed very well with the bulk values in the whole Cr content region of the
alloys. From the result, it was also found that both the Cr and Fe atoms were sputtered with a
same yield without any preferential sputtering.

Applying the XPS technique established in this report, depth analysis on Fe-Cr alloys with sev-
eral contents was carried out. [t was found that there existed an oxidized surface layer which had
a thickness of about 80A and was enriched Cr content, reaching to about 100 at.%; in the case of
the Fe-70Cr alloy.

+ The Institute of Physical and Chemical Research.
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Electron Probe Micro-analysis and Application to Research on Inorganic Materials

Yoshikazu SUZUKI and Takeshi OKUTANI

SYNOPSIS

Electron probe x-ray micro-analysis (EPMA) has been used for qualitative or quantitative ana—

lysis of elements on the surface of metals, alloys, minerals and other materials.

In the guantitative analysis, for calculation of the chemical composition of a specimen a mea—

sured intensity information needs to be correct for dead time, background, absorption, atomic nu—
mber and fluorescence.

This paper introduces the knowledge of the analysis by use of EPMA and shows some examp—

les of the application to research on inorganic materials in this institute.
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WOWTHRE 2T -7,

2. EBRHIE

HEEELT, PL—rEZ7Ur 9 b (F—
b7 ) TR B LW ARILEDRZ 5 5 AL
WERPER SN2, 2O LESE & TR
% Tablel 127”3, NMR BiZEIZHr - T, R
BHRIZ100.2 » & 2 LITFIZ i3 7,107°CT12hrs
WIETEE S e,
CP/MAS *C NMR o #llzZE 12, INMFX60Q %!
FT-NMR #& (H &~ & %(ﬁ)) 1z NM-SHGOQ RUE
fRE 7 fREE NMR & 27 2 234k L TiThit, #l

Table 1 Proximate and ultimate analyses of coals

Proximate analysis

Ultimate analysis

(wt %) (wt%, dmmf coal basis)
Coal Volatile Fixed LTAs C H o
matter carbon
Yallourn * 43.2 37.6 1.7 66.2 3.9 29.4
Soya-koishi 33.6 35.3 22.9 72.0 5.5 21.1
Taiheiyo 49.6 33.8 i3.8 76.6 6.2 15.9
Horonai 47.9 46.1 7.0 81.1 8.5 10.9
Akabira 41.7 51.2 5.7 83.2 6.3 8.6
Shin-yubari 34.7 56.7 9.6 87.4 6.2 4.6

¢ LTA, low-temperature ash
¢ Briquette
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F 3 ALIB Rk 15 MHz, B2 ~<2 b LIE
10KHz, 7—% H 1 > #8192, 90°/ /L R5.5 s,
Ay F 7 FEA L2 ~3ms, 2L AHED I UREE
8 ~12s Th iz, =¥y 7 M (54.7)

THEPE X A F LR 2 HWTEDTEE
b‘éer?it AFNWREOE-TRENELLILDA

SIS, B0.5 g DEEHRY D — 8 — Iz
%hﬁén Yy 7 AETH2. 1 KHz D[RR T
5 R 4172, » 9L 2ADFEENEIE, 3000~50008]
TH-72, REOZEL 7 NI, S5TEEEY
BTHDT I~y OIS E—2 (38.6ppm)
2ke, TOHT T AFNT T U (TMS)H#e
TER LI, A7 }gwr“éﬁ REFTary
7RI A LB IV 2R UK O80T

T, BRICHRE L2

DREND,

3. ERERLLUEE

3.1 BEREORE
AR CP/MAS *C NMR =x-<7 b iz, 1k
HREED RS R L THh DT H 50T,
7Miﬂ CTIEANT PV EWL DL DRET T
2oV, AEEEME oL 7 b T2 b
0)5': : B A BATE B O RERUN 2e 227 b sk

WL, IRHRRINL—T DS T MEE R
Er, Tl BREHEE BT 2RE KE
RFofiz, RIEICE - Td»Zd 0 OEBEERRE T %
BEATHBY, REVFBOBICRIAFELAED
D& LT EHmEAMOZEL 7 P -2 b B
B/,

Fg.1 l2v)b—r @77y by, #LTFig2

XN =R L &) Ve 4T CP/
MAS BC NMR 27 PLRR L2, vIb— R
3,2 ) nENEMEREEREAEZAELTEY
JERE L ‘/“57 A T ORI A7 P ViR
FOIREHIICH L, W{OrDMALERLNL,
FHEBERFIZ3~171 ppm OfLEFEL 7 | fGHEIZE
bILAD, U348 ppm T 2 7N — I ET
& 5, 148~171 ppm DAREGSGM 7V — 713, 7 =

J =t OH ¥, OCH; %72 L THEEFRT—TL
MREFEAELLFFERREAr-O)NCFBEZ NS,
Fig.2 m2~<2 FLDEE®L, Ar-O0 L 7L
BREEAY OCH; 3£ (51~67 ppm) D Z L& B £ &
LTWwaDpah 5, 93~148 ppm & &g
TN —=T7%, WICEIMEEFRKE (Ar-H, 93~
129 ppm) & B 4 MHFHEK R (Ar-C, 129~148
pom) [CHAEITE S, 171~187 ppm DL 7 F L
12 COOH #rFiz, # L T187~235ppmd F1L

adamantane

{ Bridgehead
Ar—0OH Substituted
{ Ar—0CHa

Ar—0-Ar l

L1 I 1 [ |

L1 1 ]

240 200 160

120

80 40 0

Chemical shift (ppm)

Fig. 1 Assignments of various types of carbon atoms in Yallourn coal



A. Dark prown lithotype

B. Medium light brown
lithotype

C. Light brown/pale
brown lJ.thotype

D. Xylite .J/\

- Gelified soft brown

>>>

o]

coal woad

L ! ! 1 | |
240 160 30 0

Chemical shift (pem)

Fig. 2 CP/MAS ™C NMR spectra of various types of
lithotypes from Yallourn brown coal

BC=0XRFIMBINL, —FhERE
(%, CHs 255 % (0 ~25 ppm), CH 241K 3K (25~51
ppm}, OCHs ZHRE G1~67ppm) F L TF N2
—NVEIOH BB L i3I lE T — T B R O %
HFOE7T~93 ppm) D4 FTN— I BEITE L, T
BD2RRIN—71F, it~ Tl
BHIZNG W 7PV Th b, LI DR, AiF
FTIEFig 1l CRTIESIZHERD AT FLE 9
REBIN—712508 L, Fhbsnftys 7 iE
? Table2 2R L7,

3.2 Eﬁmlﬁ?ﬁ?ﬁtﬁ?iﬁ#ﬁ

Fig.3 iz, AR REIRo CP/MAS *CN-
MR2&7Fw%mLto%w—>ﬁ%TA$E
D &) LARBBALE RN 2y LT, 148
ppm & ) KT & 51~93 ppm o g 14 fi b
RO > 7P VIRIE D, MO E R RALEE RIS
NTCREL L > T LDV HEITH 5, i,
ERRACERD 7 = / — % OH 3, OCH, %,
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Yailourn
C :66,2%

Soya-koishi
C:72.0%

W Ahtr

Taiheiyo
C:76.6%

Shin-yubari
C:87.4%

240 160 80 0
Chemical shift (ppm)

Fig. 3 CP/MAS ™C NMR spectra of sample coals

Table 2 Chemical shift ranges of carbon atoms in coal

Chemical shift

Carbon type range (ppm)

Aliphatic

end-CH: in alkyl chain }

0 — 25
CZ*CH;
CHzgr.Oup} 25 — 51
CH, bridge
OCH, group 51 — 67
cC-0-C

67 — 93
R—OH } 7

Aromatic
Ar—H 93 — 129
bridgehead} 129 — 148
substituted
Ar—0QH
Ar—0CH; 148 — 171
Ar—O—Ar
COOH group 171 — 187
CHO
group 187 — 235

C=0 ‘ /
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Table 3 Distribution of carbon atoms in coal

Distribution (%)

Coal Polar® Aroma. CH. a—CH, B~—~CHS
Yallourn 22 57 12 5 4
Soya-koishi 19 51 18 7 5
Taiheiyo 13 54 21 8 4
Horonai 5 61 22 8 4
Akabira 6 66 15 7 5
Shin-yubari 6 71 12 6 5

% Sum of carbonyl, carboxyl, methoxy and aliphatic ether groups
b Methyl group is subdivided into @ and £ types at 17 ppm

COOH#, C=0%#, =—F AL EnERE
BEREICEATWAILERLTWS,

Table3 iC, B CEDIBBICHE DT A
7 P bR I EREL RO RF A 2w L7,
BRI, RACEEATE < &b L 2T U,
FEERFE, FHPARTRL DL, ARIL
TR kb AL, Y— kL, HHS
i@ EHR O T ARILE B LRIz b e
bHTHENE OFEFERREEEZHE L Tz,
UL, BELLTN oy P EGERRO IIBLEZ K
ST, T 77 Y ERIEE D L OBKRERIGIRE, Z
DEFRFBERKERPBENLI2HEEL LN,
—HEMiERRIZOWTiE, CH; BRFHF TR
DAFRICBNTL I~ TIRIT—ERTHDLHD
a L, CHZRF IR FERSIRAROEES

RTHmLELL->THED, CoCH, ERFROYE
ENIAROEFE H/IC v # e BB LT
VaZz,

FHito CP/MAS '*C NMR 222 kLid, Fig.1
WAREND L) ICEMEREOSHICHLTLIE
e 2T, 5T, ZOEBERFEODMN
b, ARICEFZN LS EZHEREOEBTERDEH
DEARNNCHEETH B 2 L b, 27k
WP SEBERD BIZIEKD 2 mrfE L 2 b, §
—OfREL, CPETI—RICE 4 FFIRRE
D RFBICHEANTRZ RPN+ TH LD

AR IRl S A RIS S D, £ OREREN

FRFERIIBRICAFE SN AH L, 2 0MEG,
7z /= OH ZEZE FEEL—TNLRBREICEA
L FHERBIIACICERE LBENICEETE YL

Table 4 Calculation of oxygen atom distribution from CP/MAS B¢ nmur. spectrum of Soya-koishi coal

Cao
:ggo ~COOH Ar—OH Ar—-0O-—Ar —OCH, C-0-C
(187—235 ppm) (171—187 ppm)} (148—171 ppm) (67—93 ppm)
No. of oxygenated 5.1 4.3 21 2.2
carbon atom per 100C (y 2x 3.5)
No. of oxygen atom 5.1 8.6 7 x® 3.5 1.1
per 100C (y=14.1) (=17
Oxygen distribution 15.0 25.2 41.3 5.0 10.3 3.2
(%)
No. of oxygen atom 3.3 5.5 9.1 1.1 2.3 0.7
per 100C

2 X ig the number of oxygen atom in aromatic ether and y is the number of oxygen atom in OH group.
The values of x and y are calculated from the following two simultaneous equations:

Carbon balance 2x+yt+3.5=21.0

Oxygen balance

x=1.7

y=14.1

g/ (xty+5.1+8.6+3.5+1.1) =

ODH/Cb

OtOLal/Cc - 0.414

b Oen/C is the atomic ratio of oxygen in OH to carbon in coal obtained by the acetylation method.

¢ Ouotar/C is the atomic ratio O/C of coal obtained by ultimate analysis.
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Table 5 Oxygen distribution of coal®

0/C x 100 (%)

Coal —CO —COOH Ar—OH Ar—-O—-Ar —OCH; C-0-C
Yallourn 7.9 7.7(7.2)" 9.7 " 2.9 4.0 0.8
Soya-koishi 3.3 5.5(5.6) 9.1 1.1 . 2.3 0.7
Taiheiyo 1.9 3.2(2.0) 7.0 1.2 . 1.6 0.5
Horonai 0 1.7(0.7) 5.6 0.2 2.3 0.2
Akabira 0 1.2(0.4) 4.7 0.55 1.1 0.1
Shin-yubari 0 0(0) 2.5 0.66 0.7 0
4 Values obtained by assuming that alcohols are not present in coal.
> Values obtained by barium acetate method.
WETH D, He- TRITKTIE, A7 Fdb COOHZ Y C=0 I FFI R A RILE R TE VA,
W/ EBRREN TR, TEFMEECL - ABALEE DR % B E RIS LTEY, IR
CTEmL7ZOHEREZ L TUREFILO/CHEDE T SOBRERDPARALARTESICHREEINL L
— % Fl\v, Tabled (C/ngHHFEICETWTE FRELTWS, FICEET~REZ LT, =—7F
i g 4 7 NEEERRE RS2, #5R% Table5 10K LMEBRE ZALE TOWEML) L2 S
T o [RIREICEERE <) 7 2372 TR L7z COOH <, Lok —7 v L) 8 ERz—T
HEZIFMOPITRL, NMR HOSHHEE £ TED PWEGCT ETH T,
72, WEDER, EARER TIEmEOHEIT
W R C— LT 59, SaRibER TIEE 3.3 RERkoEESH
FoEHFR LN, L2 LEFEELTIE, NMR FROEENIE s FEb T E LT, &R
Rz L %)%Eﬁ'ﬁﬁi‘%@?ﬁﬁi{%ﬁ@ﬁmCiﬁ?‘ﬁ&ﬁiﬂi DIHEPENTH 5, AUZETIF, CP/MAS ©°C
Th b I EFb L FRC, ERLFo R TR NMR 227 FL7— 2 12D THe b FAR %
BEFRNT & A 22— T VERRE DG AT ZOOREIEK (f, £, Hare/Ca) 2872, fa
REWC: D2 2, BIROBESRKBICBIT 22— BFEHRESRY, AIIEREERPRVRES
FNIEEOEEZBE S »ICY 2 LTI ERHICHRESE MRS EEO N BERESES, LT Hao/Car
Thbo Tables DiERM 5, LFNOTR D 7 LS B OIS F R L R IR D ),
= /= OH Hrfikd £ <, 2MEEIIHT S INBIIRAIC L - TEPNLS,
EORERERALEO K £ & b izgm Lz,
fa = Car/total CATDON ~orrerme i e e (1)
e A (e e o O P (2)
Haru/Car = (H/C —7/4%x Ceu,/C — 2% Ceuy/C — 1/2x% Ocoon/C — Qon/C — 3% O¢cn,/C)
Cer /C
N Oc=0/C + 1/2% Ocoon/C + 2% Oar-0-ar/C + Oocp,/C + Oon/C
e T T T (3)
ZIT, Cor 3FEHEREOREZTT, ARPICE —7 Haro/Car 12, BRI Retcofsky 5 29 j#
FNAEMEOEIIRAEICL >TKRE CHL, DI H/C 2 CP NMR 222 pupr bk onin
B2 DRBEGHALRIEDOWBIERE THEE 2 A EICETCTEREZRAT A5, KT
BEINDLZENWU LN -TD, 65T, A RIETCRO L) FLRE EMETHZ L THE
B O ERERICREI N v £ 13, KIBOMET FIEH/Cle o WTEH L, e, BRIz n
S IRFEFHBEENT L EEN LD, AKE T, RD=ZDDREDH LI, 1) Bk 7

DIRFBFIEE DI EHTH 5. NENAUNSEO KEL S 1L, CHs 35 L CoH 3 TRERR S
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Fig. 4 Methylene carbon distribution of coal
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Fig. 5 Plots of structural parameters against carbon
content of coal
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Table 1 Determination of aliphatic carbons « to aromatic ring by BC- and 'H-NMR methods

Aromatic Aliphatic Cs-n+Alkyl ‘H-NMR
. Fr-M (Bridge) — 10.0 —
CS—L{ Alkyl 10.0 48 } e
a-CH, (5.1 '
Crﬁ{wCHa‘ 56 7.4 8.6 7.8
171 18.6 18.4
Fr-D Bridge — —
: - 9.2 C
CSL{Amw T30, 3.0 }76
a-CH.- (3.2 '
Cs- 11 .
S”{wCHs ° 7.5 115 8.1
13.7 145 157
Fr-T ' Bridge — —
Cs- 14.3 23 .
T { Alkyl | 23 3 } .
a-CH, ' (2.6)% '
Cs- 10.2 10.2
5”{a-CHa 5.4 5.8
10.3 125 11.3
Fr-PP Bridge — —
b : i : 173 3.4
: CSL{Amw 7 3.4 }64
: " (a-CHa (3.2)2 ‘ : '
Cs- 9.7 .
. S”{wCHa 5.4 o7 , 5.9
12.0 13.1 12.3

@) Values calculated from the chemical shift range of 25.4 to 29.1ppm.
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Table 2 Comparison of values of structural parameters obtained by 3C-NMR
method and Brown-Ladner's method

Fr. Protonated | Bridge head | Substituted fa fo?! Ha/ Cy Hau/ Cs® o a?
M 0.215 0.026 0.186 0.43 0.38 0.94 0.97 0.46 0.60
D 0.372 0.095 0.207° 0.67 0.60 0.86 0.94 0.36 0.39
T 0.410 © o 0.098 0.245 - 0.75 0.73 0.87 -0.76 0.38 0.27
PP 0.341 0.076 0.270 0.69 0.63 0.89 0.82 0.44 0.38

.a) Values obtained by Brown-Ladner’s method

Aromatic carbon ; 100
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30|
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FroM D T PP

Ring-type fraction

Fig.6 Ratios of various types of aliphatic carbons
a@ to aromatic ring
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Table 3 Difference in Ha/Ca of model hydrocarbons
obtained by BC-NMR method and Brown-
Ladner's method .

”C—NMR Brown-Ladner's
method method

Hydrocarbon

1.0 0.83

Qo © ©
8 3

e @.@g@ 0.88 0.69
f. 0.88 0.63
g 0.71 0.71
h. 0.80 0.60

D £ HALAMIZH LT b 2 D RGE EAT e T »s
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FI-MSIZ& 270 —7"9 £ 7TRiroiEs,
fLihic (3 Table 3 i2® 2 {bairo & 95 icEaHiz
A S NALEEE T D O T L N EENRT
WL Lo TED, FRZIC *C-NMR
FIC & B Ho/Ca i3, BALHOREERATICHN LEE
WHEETER L %) ) b, Tabie 2 C-NMR iZ &
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Table 1. Determination of Relative lon Sensitivities of Components Assigned to
Various z Series in Ring-Type Fractions®
Fr-P Fr-M F Fr-D
Z series eq zZ series eq Z series eq
+2 In y= (2.6x107%)x—0.807 —6 In y= (9.3x107%)x—1.451 —-12 In = (20.9%107°) x—3.998
0 In y= (1.7x107%)x—0.612 —8 In y= (10.5X107%)x—2.005 —14 In y= (15.8%107°) r—3.456
—2 Iny= (3.1x10) x—1.691 —10 In y= (9.9x107%) x—2.031 —16 In y= (12.5X107°) x—2.970
—12 Iny= (7.8x107*)x~1.596 —18 In y= (10.8x107°) x—2.598
—14  Iny= (6.5X10%)x-1.135 —20  Ilny= (7.6X10°)x—1.799
—22 In y= (5.4x107%)x—1.080

¢ ¥ is the relative ion sensitivity and x is the molecular weight.

Slope of relative lon sensitivity plot

| ,/o/} Fr-p AN 0\
e
o é 6 —é :T—E —é —1‘0 —1‘2 -'1.4 —1‘6 —1‘! —ZIO -2‘2 —2‘4
Z series
Fig. 5. Correlation of slopes of relative ion sensitivity plots
with z series.
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Table 2. Apparent and Corrected Mole Percentages for
Various Mass Ranges in Fl Mass Spectra for Fr-M and D

mol %
mass range apparent corrected
Fr-M
100-149 9.0 15.0
150-199 42.1 52.0
200-249 30.1 24.8
250-299 14.5 6.9
300349 3.7 1.1
350-399 0.6 0.2
Mn 206 189
Fr-D
100~-149 4.6 10.2
150199 36.3 51.7
200249 28.1 24.2
250-299 19.8 10.6
300-349 9.4 3.1
350399 1.9 0.2
Mn 224 198
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Table 3. Apparent and Corrected Mole Percentages for
Various z Series in FI Mass Spectra for Fr-M and D
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Fig. 6. Comparison of our data with published data in Fl
and El (electron impact ionization) relative ion sen-
sitivities of aromatic and hydroaromatic model hy-

drocarbons:

data, (O) published F! data.

(A) author's data, (@) published EI

zZ series apparent corrected
Fr-M*
—6 10.3 7.1
—8 32.5 37.6
-10 26.4 29.0
—12 19.4 17.1
—14 11.4 9.3
Fr-D*
—12 23.8 30.1
—14 30.9 35.1
—16 19.1 17.2
—18 10.3 7.0
—20 8.7 6.2
—22 7.3 4.5
¢ Excludes peaks assigned to z numbers beyond Z = —16.
* Excludes peaks assigned to z numbers beyond Z = —24.
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