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BEBHE AAS TPb 2EBTHEEIC, v by 2 ABHAIE LT Pd 25NT 5 &, Pb OREEHH
K 5L, Pb OHBBEN ERL, KILBE* X VSVEBIRETHIENURELE LD, 0D
Pd DFRIZONT, X AEFHHE (XPS) 2ZHWTHKRET L. Pb ODERBRAKDOEE, 600°C T
Pb DIZEAEN PbClL, & LTHEKT HH5, ZTHICPd 2HFFEXH 5L, 600°C I2MEL TH Pb
Slgn. X, EBAD PACL, &, MBABEO LR EHICBITLINTEE Pd &80, REIC Pb b8
TLEINBEIENTMoT. ZDXPS OERMS, Pd 256N 52 EiICk->T, Phb IZEHRFOREHE
BT PdHRICHVAENS 1-HIZ, RTHEEBELIATIO Pb OEKSIFIENEEEZ SN 5.

1 %

BWRFRTEBNEICLZHBOERICBNT, SHRUTZ
DIEEHOMENIENTZ D, R LERELIFTIDIHK AR
BEsbd zorey, KILBEEE2EVWEBILRETE
T, EEFBOSHTICE O THEY & IR T2
R L xHEETCH B, ChoDEO—DELT, Y
VEEED, — o ua@iB?, ST TUILY, BT IY
LERTEIVILOREMYRER< N v 7 AEHHF
EUTHERAL, BEOmEABTVLAS. LrL, 2hbH
<2 b))y 7 ABHRAIOEOKEEICEE L T, XRD I
EHBMPFEmMICHH U PEOREY, EBBTEM
FEOR, X BHETHIE (XPS)P)C & 2 B R
HME ORI BITbhTIRVWSE DD, HFEMH DI
<, WELXFRBZANKEL., FEEHIX, XPSIZLhid
TEMED» O Ta L, {LEFEOEERBII>WLT O
WEBONBEEMH, XPS WETEEEBICODLTD
BEICHICER TH 5 EE 2, KITAXIIRT 51E(EY
DOF W I F OMEIEBIC DO TR LY. 374
bb, SEREMMORTIC L0 2 LISEEY & L Ti%
T5IE, RUBMBT7 v E-v 405RMMC LY, BRI

aull

AL AFEEREHE 060 JbuEEALRTILX
d10%&/m8TH

* o dbmEAFTERTESNILFEE —#E 060 JtiE
HEFLRHILXIE 13 &8 TH

BT v EZ T LE UTHRBL, TESSBREahbs &
= EBRICIH S I U 1.

EHTE, SROERICBNT, < M) v 7 AERFI&
ULCIBIE/ ST Vo a2 mU BEORBRITDONT XPS
ERVWTEIL, =, Z0RREBLOTHET 5.

2 X B

2.1 H ¥E

1000 mg 1! SAEEHEVA W, tRMbSn (RIYeisR T2
B, HIERR) 134g 2ERE (AOEMETER, HFES
BRAEH) lml 2&5GKICERLTKT 11 &L
IRT I ARROEAEBE, B 3TV A (esET
¥84, 99.9%) AV, ZOfORIKIIHWT ARG
EERALL. RErEoRBICIE, &Y - 14 8K
FEABELILLOZEN.

XPS OFIED 12 DFEBAH L, XPS DRIERRE %
ZELUT, #5500mgl ' @ 0.1 M EBAKSE, Thic
IRT I A 500mgl ' EHFEIHIERD 2 BEZH
BEUf. XPS HOEEHAMLE L TIZ Pb, PbO,
PbCl,, Pd, PdO X ¥ PdCl, # W\ 1z. Pb XU Pd
iE, SHESEBRE Ar-2/%y 7)Y 7 LTHL, s
SRABEAEEZOET EHEAL .

22 KERUCRE
BEFEEWERB I, B 170-50 EREFRNESHK
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Table | Operating parameters for AAS 16

Hitachi 170-50 AAS 3 ta
Wavelength 283.3 nm S8 P
Spectral bandpass 0.4 nm § :
H. C. L. current 10 mA )

Hitachi GA-2 ' w
Dry 30 A (200°C) 30's ramp 5 08
Ash 70 A (650°C) 20 s step S
Atomization 138 A(1500°C) step 2
Sheath gas Ar 2.0l min~"' 5

HEEHCHN. GA2 757774 b T b4 —%
BEHRUTHERLL. 85h2BNESDRLTIERY
WHEL, AIDEBEBABLTIVYE2— % —ICHVA
ATZ. RFBICDOBIESRM% Table 1 IT/RT.

XPS DRIFE X, RO LHIZLTITo72. O ER
FERUMEDZ 7774 MR (BS(EETE8: 10
mmX4mmX05mm) %, 7NV T EERAH
2800°C, 10D ME % 5 VR L THEHRICL, &
NITER O/ NNT Y7 AEANBR 0w 2R FLTY
774 VREMPH—ICENS EDICL, EEFTV 45—
F—HTHETCHZEE®RT S, ZO®RFEL 10 MEVE
L, #B&E35. CoBB2MERLY—ITEEL,
1007°Pa UEOBREERTT AT LD K B (hv=
1253.6 eV, 120W) ZBH U CHEF AT bV ERIE
9 % (Vacuum Generator ESCA-11I). 82, [&] — & &

ZRBENEBAEEAH (107°Pa) T 200°C, 30 5Nz

U, WHIERBRIC AN b VEZBAIET S, ZORE%EN
BEAE 400°C RO 600°C IZ BT SRS VR L 12
kB, KEBFAXRI PLVOEEIFNVY— (E,) @
BRIEWIKK BEEABOBA, BHLREOD Cls ®
E,=2850eV %, X, ABULUIL T 77 74 b RDBE
I, 77774 bD Cls ® E,=2845eV % F
12 HBOSREEETE D12 Audfy, DAY
PVEZRIELIZE A, FMEIBIE 1.3eV THo 12,

3 HREEEK

31 NI LOFMHE

< MUy 7 AEMRAIE LUT/8T Uy LRI
LT, BBFTHRFALLUZBOMOBICE-FE 7o 7
A% Fig. 1 ITRT. /XTI AOGINBY 2 ng BE
ETWE, MOBAEIZFEAEELER SNz, /3
ZIV9 0% 0ng HFESEHE, OB — 7 HE<L
5V, HELEARITS. BiZ, TV 0GR %
T, HOBINYE — 2 OHBREANEL 20, HOHR
BEFEL LD, COELE, E—270EXILIEVICH

Time/s

Effect of amount of palladium (II) on the
atomic absorption of lead (2 ng) in 20 pl of
0.1 M HCI

Pd: (a) 0, (b) 0.2ng, (c) 2ng, (d) 20 ng, (e) 200
ng and (f) 2 ug

L4 BHH, E— 7 OHffEIL 20ng DEEEFUMBTH -
. SO ENPS, NIV LRREFEIRSLEIEICL
0, KIEBRBETOROBERZMEIT 5 &40, KILEE
ZLOGOVEEBICRETHIENTELEIESHALIT
H5.

3+2 XPS IZ& B85t

FBRDINT T AOTMHREHS»ITT B 121,
XPS ZHWT 757 74 FREIZH T H1LFE DNk
KL BEILERETL 1.

321 MRUNFTDILOEERXRBF AN ML
Fig. 2 I Pb, PbO KU PbCl, iZD W\ THE S N1 Phaf
ANZT FWVEIRTS. Pb, PbO KU PbCl, IV T D
Pbiaf,,, ¥E— 7 DEETINVLF— (E) &, FhEh
136.8, 137.7 RT* 138.7¢V ¢, £&£|®, Bity, Hit
DMEIZEHL 35, 1BILMD E, BIEHODF it~
EmNDI, B A v OBTREESKE <, BB
THEENLIONIL D128 TH%. Fig. 3 1 Pd,
PdO KU PdCl, ® Pd3d A X7 MV ThHb. ChoR
BD Pd3ds, E— 27 D E, 1&, #H#Fh 3359, 336.7
KU 3385eV TRBRE, B{tY, HEELYWOEIIE,
IANF—ANZY 7 hg 5.

322 MBIILDIABFIXNYT MLOE{L

SMOBMIBK : 77 7 7 4 MRUICHOERIAK T
Ul 2 BER B4 OREICE L 728D Pb 4f X
N7 PIWVOEALZ Fig. 4 IZ/RT. Pbdf,, AT bV
E,=139.0eV IC¥— 7 285, E =137V {IT/NX
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Fig. 2 Photoelectron spectra of Pb4f for (a) Pb
metal, (b) PbO and (c) PbCl,

BEARY. 400°C TTMELTDH, A7 buidids
AEELLIE WA, 600°C ETMRT SH&E, E,=139eV
DOV — 7 HEBICHD L, METSH. BESROANRT
bw(ﬁgz)tm&&mb,ﬁﬁ774bi®%mﬁ
(L8 E LCTEES 518, —H38{tMd 5 VI3 &BIRE
LLUTHETAEEAHONS. X, 600°C £ THI#T S
L, HmDIFEAEHER, HKTS.

MEST VY ADRAEEK : $1E/37 V7 LOREHE
WABELEZZ 5774 PRI DL T D Phaf ANY
bV % Fig. 5 KRS . Pbdfy, A7 MV, FINEAD
skl (20°C) DBE, E,=139.0eV IKE— 7 2R 5,
%a;wnvuméagéﬁt.m=wwkvme—
7&, NSO FREIICED L, 600°C I35 &
B3 B, E,=137eV fHEDRE I, HICHMT 5. <
DOERM S, 75774 b Lo, HEPTEITRL
e LIS 505, Cham#dss, REMAEE
OEREFEIIEBRE~NBITIND ZEPHALLTH
%.

ZDBED Pd3dspen A7 FVE(LE Fig. 6 IR
ﬁ.HHQHXNﬁbwm,&=%&MVKE*7%
%, E=3355eV (EKEZRT Y, MBEED L
54 3tic E,=338.1eV O E— 7 38H UL, E,=3355
VDY —Z i Bicikd s, $abb, BEEANT b
MV (Fig. 3) EOHED S, RIMADBERHTH LT,
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Fig. 3 Photoelectron spectra of Pd3d for (a) Pd
metal, (b) PdO and (c) PdCl,

47,2
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Fig. 4 Change in Pb4f spectrum with heating

temperature, obtained for 13.3 ug PbCl, de-
posited on a graphite plate

85T ADIEEAEREEME UTHFEL TVA W,
MEC LT, /87 VY LABRBICRITINS I LT
»b.
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Fig. 5 Change in Pb4f spectrum with heating

Fig. 6

temperature, obtained for 13.3pg PbCl,/
16.7ug PdCl, deposited on a graphite
plate
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Change in Pd3d spectrum with heating
temperature, obtained for 13.3pg PbCly/
16.7ug PdCl, deposited on a graphite
plate
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Fig. 7 Change in intensity ratio of peak area

(Ix/Ic, x: Pb, Pd and CI) with heating tempera-
ture, obtained for (a) 13.3ug PbCl, deposited
graphite and (b) 13.3 pg PbCly/16.7 pg PdCl, de-
posited graphite

Shan 5913, $HRUR//85 V' ARERA % K(LE
BEELTM#T 2L, 8#0//35 V7 LRAEBD Pb 4y,
E—2 D E, BRBEHOEBODZ MICHANT 146V &
<729, X Pd3ds;y D E, WEB/STIILDENEH
BULT08eV B LBIEABELTVS. ABich
5 EROEBRERIE, HODBREKERLE S,
CHIMEFRAR R O MBREOHEE, 550 I3mAD
%, MEETCOBORAROERGHADBHOFES &1
F5bDEEZ S NS,

3:2-3 BWRERUBOEREY Fig. 713, AR
BRBEZIBED Cls A7 MVIZd 5 Pb4f, Pd3d
BUCI2p AX7 bVOREBEERER (Iv/Ic, X: Pb,
Pd, Cl) OMBBEIC L BE(LEZRL TV S, S
DEBDOB S Fig. 7 ()l In/lc RO I/l i,
400°C ETRITEAEEILL LWV A5, 600°C F ThNZkd
HERBIIBAT D, Tabb, 7774 NERBOH
V& 400°C DA EIC 72 5 SIE1EER & U T KERS R - %
THLEEZOND. ThITHULT, /37 VY ARE
HBEOHBE (Fig. 7 (b))l K13 Io/Ic WINBEED L7
EHITHAD U, 400°C DL ETIE I Em 5 s,
Ipp/Ic WEBA L8 W* . X, Iyl bHE OB L 4
Vo ZhE, NIV LPRETAEIEIICLY, i

* /%5 VU LREBEHRDEBE, In/lc RU Ipg/Ic 7%
600°C IZBVNTHICHART 5013, ABERmDIBY
A—=—FYEPEMBIZE OB EINS £
5% (-
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ithhr > BRE~NEBTTE A, BRECL, A, &
BT T A FEORSICEVRELEME L TH
W45 ERRBLTVWAS. &8, Fig. 7(a) KBTS
In/Ic RO Ia/Ic OEH, (b) KBYHENR LD B/
X0, (b) 757 74 hRE LOHEMEY
(a) ICHNRTEL, (b) O I OfEP/NSLBHIZHL
Ezxohsb. ‘

3.3 INST Y LBEMDBOEE

EROEED S, BIFRTRIAEHEICLLMOERI
BT BT VY LAORMBBEIE, ROEDICHHATSE
5. $nbbL, 8T I ARRNE SIS, ROERIAR
£ BHFICEA LSS, TRER T RIS ELR
EUTERBFOERmMICHNT 505, —EHREIKSH#HIC &
DRILSIZE D, ROT, BFOREFERT L L,
400°C BB T3, Bt E LTHES 55, 600°C L
ETIB MO THER - METHLEAONS.
—F, BROERBARKIZNT U AR FSEIIEE,
EAREYRE CHNIIE(LR R OB E LT, /ST VT LK
(L85 Yo A& LT RHMFREICHHT 5. ThEn
sy 5 E, H{L/ST U A HBRENERE (200°C)
CABIIBTINTRBELY, RB/ST VY LAOMK
VERIC L0, BILMRUBLHLRITINT, W77
T 74 VRELTH/ /T IVILERERERTHEEX
sh5. CcOgEERArEVIDT, BLAPEL
MO TOROMEA DT L, HOBIN Y — 7 EREHHE
*FBEELZHNS. X, Wendl 521 XRD IZ L DR
SN IZ PdsPb, PdsPb, 7z & DS BRLEMHER
FTHIEEBELTVAS.
ERDEAIT8T Y A MYy 7 ZAEHRIOERIIC
LV, RALEELANCHZ SBREIETL, AR
o ko THOMER - MEEMEITALOLEEZLND.
KFRO XPS IKHBWVTIE, ERPRNBHTAHIEICE
R EFTHYOBILB LD - oic, HEz XPS %
BRsLHHT O &g, HERTA - AIEZRVIEL
.o LdL, BIF AAS OBSICWEEE, TVI VR
BERmTT->THY, e/ S5V 7 L0RAEHS XPS
AEOEERELRE-TVA. X, TIITYFEHSH
i3, oEth Bt ZREEL URTLT LD
WEYL H 0, Pd OEFHEHEORIICIZEIC &0
EREPBETHDD.
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X-Ray photoelectron spectroscopic study of the
stabilization of lead with a palladium meodifier in
graphite furnace AAS. Osamu Sakurapa® | Hideaki
Takanasui ™ and Mitsuhiko Taca™® (™ Department of
Chemistry, Faculty of Science, Hokkaido University,
Nishi 8, Kita 10, Kita-ku, Sapporo-shi, Hokkaido
060; **Analytical Chemistry Laboratory, Faculty of
Engineering, Hokkaido University, Nishi 8, Kita 13,
Kita-ku, Sapporo-shi, Hokkaido 060)

A mechanism of stabilization of Pb with a palladium
matrix modifier in graphite furnace AAS has been in-
vestigéted by XPS. The effect of Pb amounts added as
PdCl, on the Pb atomic absorption profile was examined
by AAS. Small amounts of PbCl, or PbCly/PdCl, were
deposited on graphite plates and, as a function of heating
temperature, the changes in the amounts and valence
states of Pb, Pd and Cl remaining on the graphite sur-
face were measured by XPS. It was shown by AAS that
the addition of more than 20 ng of Pd causes a significant
increase of a 2 ng-Pb absorption peak, and that the addi-
tion of more than 200 ng Pd causes shift of the absorp-
tion peak to a higher temperature. The XPS of
PbCl,-deposited graphite showed that Pb4f and Cl2p
spectra remain unchanged during heating up to 400°C
and disappear at 600°C, indicating that Pb evaporates as
PbCl, above 400°C. By the addition of PdCls, Pb(II)
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and Pd(IT) were found to be reduced to the metallic Keyword phrases
states at 200°C and to remain even at 600°C, after chlor-
ine had disappeared. The enhancement of Pb absorp-
tion signal in AAS with a Pd modifier is discussed in
terms of Pb reduction and alloy formation with Pd.
(Received March 29, 1989)

palladium matrix modifier; determination of lead;
graphite furnace AAS; XPS.
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