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[ O O The chemical states of the lanthanides, as well as the elements and amounts,
often play an important role in material science, and so it is vital to analyze their
chemical states. The K emission spectra of several lanthanide compounds, especially
Gd and Ce, were measured, which are considered to imply their chemical state
information. Several factors contributing to the spectral intensity (sample shape and
experimental setup, measurement conditions and signal intensity, and sample
absorption) were investigated, and the possibility of chemical state analysis was
discussed. It is noted that the change in spectral shape with the increasing signal
intensity was observed. The large difference in the sample absorption coefficients
among the compounds proved never to impede the analysis. It is expected that the
chemical states of the lanthanides should be derived from the relative intensity of K
emission spectra.

[Key words] X-ray fluorescence, K emission spectra, Chemical state analysis,
Lanthanides, High-energy synchrotron radiation
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Fig.10 Schematic diagram of the experimental setup

0oooooo 34 197



0ooo00o0o0oo0oo0ooo000000oooobDo0000oooooo000—-000000000000

0o0ooooooboboooooo 1smme000000D0O0OO0ODOO Fig.1ODO
O000D000GeO0OODOOOCanberrall 0 GLOOSSPSOOOODOOOOODOOO
J000DbD00o00obbO000nDDDOOOdCanberra20210 shaping time = 12 us [
00000o0ooobobOoboooOoUobsSEIKOMCA7/000 D0 0DODOODOOOO
000000000000 00000059kevVO*Fed 0 175eVO0OO0O
OO0D000000000S50mmx 50mmx 3mnmO0O000000000O0O00O0O Al
00o0ooDoooobooooboobooo®gmmex 1lomt 00000000
000000 10mmex Smmtd 00000000

. 000ogo

00000000KOOODOOOOODD050239keVO00 000050 mmx 50 mm x
3mmi00 00 XOOOOOOO Fig20 0000000 1,80000GIO00 XOO
000Ge0D0O0000 GIKODODOD escape peakd 78 keVO 0000000000
000000000000009° MX000000000000CudPbOO00
0000000000GI000 X0 Ko, O Ke,OOO O KB, O KB,OOOOOOOO
000000000000000000000000000 50keVO GdKB,O0 360
eVODODOOODODOGdKR,O=48.967 keVO 0 GdKBO=49.052kevI 000000
0008ev0 0000000000000 0000000000N00oooOO
01000000000000000000000000000000000000
000”00000000000000000000000000000

10° F Ke,
- Kﬁ
r Ko, '
10' g Kp, .
. excitation|
o [
78keV
8 Loy, Ge escape
S 10°F
o0 F LB compton
= i
N [
T 10tk LI Cu Kao,p
g E Pb Lo,
O Ta Kocl1
10'F FWHM(at Ko, )=310eV
; FWHM(at Kp,)=360eV
10° . 1 . ! . !

0 20 40 60 80
Energy (keV)
Fig.20 K X-ray fluorescence spectrum of Gd metal plate

198 Joooooo 34



goooooobbooooooooooobbobooooooboobbobooo—ywooboobb0o00oooo

igoodoooooboboooboboobon

oGcdOooooAlODOOboDOoooooooOodtommex 1lmmtOO00O0000OO0O
goooooXxg/0oo/0boboooooboboboboooboobobooboon
gbgobooboobobboboboboboobobobgtrg3toooboaonoan
oobooOoobOoobOoobOoobooXxXooboobooooooXxa/ao/o
gboboooboobobobooooooboobobobomobobuoooooon
gboboosmcogobooooobooboboobooXxboooooobaooao
bgbxgbouoooobodbuoboobooboobobouoooboobaoboab
OoodoooopooposBOODODDOOODODOO0O0ODOKROOOODODOOOOO
gbobooomobooboobooboooboboboboboboooboboban
ugbgboobuobobooboboboboobooboboboooobaoban
gboboooobobobooobobobobobooboooboboooA0bOoDbDgon
gbobooobobobooobobobobooooboboboboooooban

A B C (B)

= —>\i\ Sample
X-ray

10° I

0 |:|Detector

M. I

10' |

Counts

Energy (keV)

Fig.3[] Spectral dependency on the sample configuration

0oooooo 34 199



0ooo00o0o0oo0oo0ooo000000oooobDo0000oooooo000—-000000000000

UXoO/Oo0/0000000o00o0o00b0oo0ooooboooboooobooobooo
oooooOooooboooooooboooooooboooooooooooobooooon
obobobooboooooooooonooooooooobooooboOoooboOooobon
ooooooooooooooobooooobooooooooooooooooon

2000000000000000
oobGadOOoooOooboooDoooooooboooboonDFigdodDO OO 100000
oobobOookKOOOoOoooooobOoooolegOOOoOooooooooon
oboboooooooboooboobboobobooboobooadKe, 00000000
ooboooboobooooooomuoooboooobooooooooooooooDboo
oboooboooooooooooooboobobocoooobooobooooooooon
ooboobooboobooooobooobboooooboooboooobooboooao
O shapingtime 12usO0 000000000000 0O0O00OOO Tablel OODOOO
OO0DOshapingtme 0000000000000 0O0OOOOOOOCOOOOOOO
ooooooooobooooooboooooboooooooooooboooon
oo0bO00b00Fg40 00000 0ODOOOOO0OOOOOOOODOOODOOODO L6
kepsU O 0OO0O0O0O0O0DOO0O0OO0OOO0OOOOOOOO0O0OO0O0OOODOOODOO
oobobooooooooooobooobOoobOOoobOoobOOoobOOoobOoooan
gobooooooboooboooboooboooboobboooboooooo

KB,

KB,
3600cps

3
[as}
>
§ , 1600cps
O
&0
2
“ 200cps
“' L ! \ ! stk
30 40 50 60

Energy (keV)

Fig.40J Spectral dependency on the signal intensity

200 Joooooo 34



ooob0o00o0o0oooob00000000b0000000000D000-000000000000

000 Table2O OFig40 000000000 DO Odead timel Koy, + Ko, (10 OKB, 0 O
K, 0OOOOOODOOOOOOOOoOoooO0O0OO00000D0O0OOdead timed %0
goboobooobooooooooooooooooboooooboooboooooan
oobooboobobooboooooooooooooooooooomuoooono
O00000000oooOdooooOOO00OO0O0O0O00ODO0000OKR,OKa,+
Ko, [ DKB,OKB+KBR,OOOODODODOOOOOOOO0O0O0O000O000000000
oobooboooboooooooooooboooboooobooomoooboboooboogon
oobooboobobooooomooooooooooboooboobbooobooon
goboobobooboooooooooobooooobobooboomobobooooaon
ooboobooboboooooooooooooboooomooooooooooo
obooooOoooobooooooon 3,600cpsd00000O dead time O 32.1 % O
ooboboobboobobooooooooooooooooooooboboooogon
UbOdbO0TablelODOOOOO0OO0O0O0O0O0ODODOshaping time 12pus0 0000000
obobooobooooobobocoboooooooooooobooobooboboobooon
gbooooooboboooooooboobobooooooboboobooboooo
ooboobooooboooboooooooooooboooooo/mMmMcAoOnOoOono
ob0o00booobOo0o0O0ob0o0o0oboOobOO0oO00Oo00D0 ORTEC DSPEC jrQd through-
put>100kepsOO0 000 O0O0OO0O0DOOODOOOOOOOOOOOOOOOOCOOO
obobooooOooooobOoobooooOooboboobbooobo0obO00DOddead

Table 10 The counting system and their conditions used

Detector Canberra GLOO55PS: Ge SSD
Preamplifier Canberra 2008: optical feedback type
Amplifier Canberra 2021: CR-RC clipping, shaping time 12 us

gain X 300

SEIKO MCA7700: succesive approximation type, 4 Us

Multi-channel analyzer 200 keps throughput, 4096 channel

Table 200 The counting rates and spectral intensity ratios[] gross, accumulation time of 1000secl]

Counting Dead Ko+ Koy, KB, KB, KB, KB,
Rate / cps | Time/ % / counts /counts | /counts | /(Koy+Kop) [ /(KBi+KBy)
3600 32.1 2,095,783 | 496,424 | 145,418 0.069 0.227
1600 16.3 1,028,039 | 242,950 68,735 0.067 0.221
200 2.4 150,003 35,827 9,256 0.062 0.205

ooooooo 34 201



0ooo00o0o0oo0oo0ooo000000oooobDo0000oooooo000—-000000000000

timed 20% 000000000000000000000O0

3300000000000000000
3310000000000

0000GI000000 GdOO 00 Gd,0,00 000 GdF,00 00 Gd(NO,),00 O
0 Gdy(CO,),0 0000000000 Gd(acac), 10 KOO XO0OOOOOOOOODO
00000 100000 00000000000 AIDDDODODODOOOOOOOOC
000008mméx lmmO0000000000000000000000OCOO
000000000000000000 Teble30000000000000000

Table 30 The Gd K-line intensities and their ratios for the several Gd compounds

Dead Ko, Ko, KB] KBz KB 1/ (K(Xl Kﬁz/ (K(Xl
Compound time/% | /counts /counts /counts /counts | +Ka,) | +Kop)
Gd 15.0 | 2,803,234 | 5,558,800 | 2,341,189 | 590,663 | 0.2800 0.0706
Gd,0; 15.8 | 3,005,244 | 5,941,184 | 2,425,012 | 615,471 | 0.2711 0.0688
GdF; 16.5 | 3,088,771 | 6,114,024 | 2,507,627 | 640,886 | 0.2725 0.0696
GdA(NOs); 17.7 | 3,108,717 | 6,126,312 | 2,397,056 | 611,677 | 0.2596 0.0662
Gdy(COs); 119 | 2,251,407 | 4,409,397 | 1,729,539 | 441,488 | 0.2597 0.0663
Gd(acac); 6.9 | 1,210,706 | 2,256,019 889,997 | 225,646 | 0.2495 0.0633
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Fig.50 Spectra of the several Gd compounds
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Table 4[] The absorption coefficient and escape depth of the Gd compounds

Absorption coefficient / cm’ Escape depth / mm
at 78 keV at 50 keV
Gd 46 0.37
Gd,05 38 0.45
Gd(NO;);3 5 3.0
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Fig.6[] Dependence of the KB/Kow on the Gd compounds
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Table 500 The absorption coefficient and escape depth of the Ce compounds

Absorption coefficient / cm’ Escape depth / mm
at 78 keV at 40 keV

Ce 33 0.32

CeO, 13 0.79

CeF; 17 0.60
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Fig.8[] Dependence of the Kf3 / Kot on the Ce compounds
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