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Fig.1 Least-squares fits to Au 4f,/; photoemission
data as a function of 0%
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Each spectrum was fitted individually assuming two lines of
equal shape with all line-shape para-meters and line
positions freely adjustable. The surface component
is shaded. Note exce-llent consistency in
binding energy of the bulk and surface

components for each data set
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Fig. 2 Core-level binding-energy shifts for Pd,

Pt and Au on carbon supports as a function of
average coordination number nl1
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Error bars are rough estimates of the experimental
uncertainties. solid lines are linear least-

squares ﬁts to the experimental data
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- Table 1° Cluster core-level binding energy shifts for various metals

deposited on amorphous carbon substrate

(3]

& R’ CCS(eV) & B’ CCS(eV)
Cu 0.7 Pd 0. 5@
Ag 0.6 Pd 2.1@
Au 1.0, Pt 0.75
Cr 0.6 Ni 0.6
Pd - 1.0 Rh 0.7

O&BURERFABL,OLRTHRESETHAMNARE,
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Table 2 Audf,,, core-level binding-energy shifts on various substrates'**]

MR B (eVD il R (eV)
C 1.0C1) Pd —0. 66(10)
Cd 0.73(10) Pt —0.30(10)
In 0. 98(10) Ni® —0. 23(5)
Sn 1. 06(10) Au® ~0.40(1)
Sb 0. 20(10) Au(100) — (5 X 20) —0.28(1)
Te —0.46(10) Aw(100)— (1X1) —0.38(1)
SiO; 1.2QD) Auc(110) —0.35(1)
ALO; 1.1CD) Awe(111) —0.35(1)

:a.b.c RICHR[10]A9 3% CHR 56,55,54, 4 3CHE .

3 Aot E/RIE TS A & SRS

FEHRBXHMEN T HRES AR/ KRREMLE—1. 240. Imm/S Ti =, 5
KHI+3. 65+0. 05mm/S FIREH MR S B FRESHEBTE”, H NS H T Wagner %
RO NUELEE "R G EL VR EB TFENGER XI5 A WBIESERRAEE.

EFHBEREDUE CAvh A MEARFREMLBMHEXNSE S I+ 8. 22—
+8. 35mm/S ,KAu,KAu,,NaAu;,LiAuv E{ &P L0 F R FEMBYE 3. 02—5. 64mm/S
ZHEL,RE 3 B4, ZEBLRB-SLEYTEEANSE NSRS ENE FHIE
L0, BRAFHREAOWRARREMBHA—EREEET,

A5 EEHERER Y F. E Wagner FARBHED M E KT F S WBIESH RS
ZCNES RS RIS PHE TS RTINS X W R R G LR & FIKE .
= BIL¥EYS & £ 80 Wagner fl Friedl & A9 B % AuTe, (calaverite ), Au, Ago.s Te,
(krewnerite) , AuAgTe, (sylvanite) % 7 F B HIBY & B L W HE1T 2L BIS A 4T, I R R EENI B
AN —0.78—+1. 67mm/s, B B RF FEKT MBEBODHET FH +2. 49—+ 3. 62mm /s, B 42
FEEE7, AR A, WEH, RFFAM, MARRA(FHED ST HWRBTELEHER
Au-As-Sb-He-TIREFEF M REREE=ZEF X RS WHF S RHERL
FYORL B S BRMESNRBEZ T, =R M5 Y TR AR /NG . TARIE B TR
BB EE S SNV BRI LR TREY.

ETFURRAERE, B8 i s Sk, B aEsE i A RME L. Pauling #j
RLSRPEAR B 40 B R T AR B b, AR B U 1, U R 4 (AR IE N 3. 98) T
R HE . 7E L. Pauling (950 ENEFZAEIERHNITE., TEHSRZXHEA

Allred-Rochow B3 fi ¥R iy F =2 1 S8 51y vh 1 F (R 46 X , T A0 Pauling B9 HIRE H, 97

r

HHERRAFAR, BEREMNZEAFREXR BREFVE  AELBTELBREER. &1
Allred-Rochow B H{E 5 Pauling ARSI B TR A ZH, Tk — S HR. REMmit,
H BT 2 8k ERL 2 DL R B 3+ S P 5 5R A Pauling B4 X B S RO SRR 78 BL 2608
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Table 3 ’Au Mossbauer Data for Al Kal i-Metal-Gold compounds!*!

%3 BLR-S1SMITA BN

: T —
. (mm s~12) (mm s~1) - (mm s~1*)
(2,2,2-crypt-Cs)Au 7. 34(5) 2.2(2)
(2,2,2-crypt-Rb)Au 7. 34(8) 2.0()
(2,2,2-crypt-K)Au 7.55(5) 1. 8(1
CsAu 8.22(2) 2. 01(5)
Cain 8. 35(6) 2.06
RbAu 8. 00(3) 1.,93(7)
RbAu 8.07(1) 2.06
RbAu,° . 4.52(2) 4.41(2) ©2.16(3)
KAu site 1 4.39(5) 4.32(4) 1.7¢D) 0.29
site 2 5. 64(4) 4.46(2) 2.12(7) 0.71
KAu,? 4. 40(2) 4.31(1) 2. 43(3)
KAu, site' 1 3.13(3) 3.45¢1) 2.26(4) 0.82
site 2 4.10(6) 3.95(6) 2.0C1) 0.18
KAuz* site 1 3.26(2). 3.22(4) 2.31(4) 0. 85
site 2 3. 56(5) 5.1(1) 1. 9CD 0.15
“NaAu” 5.32(2) 4.24(1) 2.12(3)
NaAug® 3.02¢1) 3.67(C1) 2. 66(2_)
LiAu 4.57(1) 2 59(’1)‘ 2. 64(2)
Liz.1Auo. site 1 4.88(1) 2.61(2) 2. 64(2)h 0.78
~ site 2 4.93(2) 0.22

B RbAua,n=1. T UEEAH 1 K KAua,n=1.7(1) (b2 5>
B>+ Jp“NaAu”, REE AT A B0 & RS HIBEW P E 85 e K NaAuy:GKy=1. 11(1) sh R &

WA HFHRRE.
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Table 4 '’Au Mossbauer parameters'of some gold alloys, of gold minerals, and of the

combined gold observed in pyrite and arsenopyrite gold ores*]

YR © IS(mm/s)” QS(mm/s) /fa RI(%)
SREREMES
Au —1.22(1) — 1. 00 100
Auo.01Ago. 99 ~+0. 68(1) o= 0. 95(2) 100
Aug. 1Cuo. 59 +2.76(2) — 1.33(2) 100
R '
+1.97(3) 2.43(3) 63(2)
AuTe; (calaverite)
+0. 42(4) 1. 77(5) 27(2)
Ao AgosTes Ck ite) +1.54(2) 2.75(2) 63(2)
; 3 nnerit
o228 T e TTERRERIEE +0.144) 2.08(6) 27(2)
) +1.71(D) 2.64(2) 91(1)
AuAgTe,(sylvanite)
—0.78(7) 1.01(14 09(1)
+1.61(1) . 2.56(2) 85(1)
AuCuTe, (kostovite) ’ ;
+0.15(2) 2.01(3) 15(1)
+1.48Q1) L 2.31(2 58(1)
(Au,Sb);Te; (montbrayite) .
+0.57(2) 1. 90(2) 42(1)
AgsAuTe; (petzite) 4.56(4) 100
. +1.19(2) :
AgsAuSe; (fischessreite) * +1.20(1D) 4.96(1) 100
Ag3;AuS; (uytenbogaardtite) * +1.60(1) 5.42(1) 100
PbsAu(TEySb)q,Ss—g . )
+1.67(1) 3.56(1) . 100
(nagyagite)
AuSb; (aurostibite) +2.33(2) = 100
TlAngu;;SbloSw(criddleite) —+2. 36(1) - . . 100
Au,Bi(maldonite) +0.07(1) 3.31(2) 100
¥y R&(HaFELRAMD '
Au;FeS;(=~90X107¢) +2.49(5) — 1. 85(35) 91(2)
Au:FeS;(A50X1076) +3.13(9 — 100
Au:FeS,(x100X107%) +3.49(7) = 1. 64(30) 100
Au:FeS;(/~400X107¢) +4.01(6) . == 34(2)
Au:FeAsS(=160X107%) +3.28(5) — 100
Au:FeAsS(1800X1076) +3.53(1) = | 145 100
Au:FeAsS(&150X106) +3.62(3) — 1. 46(6) 100
Au:FeAsS(6400%X 106 * +3.62(2) . ' 77(1)

% 1S HARN )R SR M R R R B 1055 5 QS S i AR 53 34 5 £/£au A X F B S 09 F v B F 5 R AR RS 58 BE (T BL
* A U T e



6 ZARE S EEULDTOTATREEM " 497

B~ W b e

10
1

12
13

1. 000

0. 985 0.995
KAu " '
0,250 0.990} ‘3 '
0. 995 H
% | 0.985¢ V
+ (il
=<
1. 000 T
0.999} 0999} -
(2,2, 2-crypt-Cot) (2,2, 2-cryptK )| |
0.9981 : 0.998 Au-
0-997 & 4 ) T
5.0  5:0.°'15.0 0.997 —5.0 s.LoPJ 15.0
—10.6 00 10.0 0.0 0.0 10.0
HE (mms™!) HE (mms™!)

B 4 CsAu,KAu,(2,2,2-crypt-Cs*)Au~MI(2,2,2-crypt-K*)Au~,4. 2K B Au B 6 /R 510
Fig. 4 Gold-197 Méssbauer spectra of CsAu, KAu,(2,2,2-crypt-Cst)Au~,
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COMMENT ON “ NO NEGATIVE VALENCE GOLD
IN Au-BEARING SULFIDE”
—— A Discussion with Wang Yuming et al.

Li Jiuling', Feng Daming?, Qi Feng' and Zhang Guilan’
g
Abstract

Pure metal gold is a common standard material for energy calibration and the peak of Au
4f,;, =84. 0eV is usually used as a standard of binding energy in X-ray photoelectron spec-
troscopy (XPS). A lot of detailed research work and experimental data on gold were accumulated
in XPS, including the accurate experiments for charge correction by gold, the surface core-level
shifts of gold and gold metal-cluster core-level shifts. In light of the basic concepts of XPS and
the above-mentioned data, the authors demonstrate that the arguments “the W (the binding en-
ergy) of a native gold particle with a radius of nearly 500 nm is close to 83 eV” and “So, there is
also directly proportional relationship between W and the redius (R) of the metal particle” by
Wang Yuming et al. in the “No negative valence gold in Au-bearing sulfide” cannot hold water.
These data indicate that the binding-energy Au 4f;,=82.5—82. 9 eV (the shifts are over-1. 1
eV relative to Au®), reported by the authors, of Au-bearing sulfides could not be caused by fine-
grained native gold, e.g. 0.5—1 pum in size, detected by TEM, nor was due to the surface core-
level shifts of gold or gold metal clusters suported on carbon, SiO;, Al,O;etc. Up to now the
best explanation for the negative binding energy shift >1.1 eV is still the existence of the nega-
tive charge state of gold in sulfides. Moreover, the '’ Au Méssbauer spectrum data on gold min-
erals, Au-bearing sulfides and alkali-metal-gold compounds indicate that the “combined gold” in
pyrite and arsenopyrite with +3. 6510. 05 mm/s IS (the isomer shift) could not be imagined as
the cation of gold or a telluride of gold suggested by Wang Yuming et al.

Key words: surface core-level shift of gold, cluster core-level shift of gold, Au-bearing

sulfide minerals, binding energy shifts of gold in sulfide, negative charge state of gold
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Note : 1. Institute of Mineral Deposits, CAGS, Beijing
2. Department of Chemical Engineering and Material Sciences, Beijing University of Science and Engineering, Beijing
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