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NaClO: 10718 MVST3 NaCl 990.1 KOK83
NaHsPO, 1071.1 Swif§2 NaF 9986 Wagn75
NaH,PO,4 10720 Swif§2 NayCOy 989.8 WRDMT9
NaHCO» 10713 WRDMT9 Na;HPO, 9899 WRDMT9
NaN; 10708 SGRS72 Na;HPO, 989.7 Swif82
NaNO, 10716 Wagn75 Na:S:0s 990.1 Waga75
NaNO; 10714 Wagn75 Na:S0; 9904 Wagn75
NaPO;y 1071.7 Wagn75 Na:S04 989.8 Wagn75
NaPO; 1071.7 Swif82, GMD 79 Na;Se(s 9910 Wagn75
Na:Cri0y 1071.6 WRDM79 Na;TeOy 990.5 Wagn75
Na;Cr04 1071.4 Wagn75 NayPO, 990.1 Swif82
Na:Cr04 1071.0 ACHT73 NaH:PO; 989.8 Swif82
NaaliClg 10719 Wagn75 NaHaPO4 989.1 Swif§2
Na:MoOq 1070.9 Wagn75 NaHCO; , 980.8 WRDM79
NaaMoO, 10718 NSLS77 NaNO; 989.8 Wagn75
NapPdCly 1071.8 Wagn75 NaNO; 989.6 Wagn75
NaxSn0;3 - 3H:0 1071.1 WRDM79 NaPOy 989.3 Wagn75
NaaW0, 10720 Wagn75 NaPO; 989.4 Swif82
NaAsO, 10709 Wagn5 Na:Cr0; 9906 WRDMT9
NaBi0; 10713 WRDM79 Na,Cr04 9912 Wagn75
NaCr0; 10724 ACHTT3 NaglrCle 9892 Wagn75
Na;BeFy 1071.8 NKBP73 Na;MoOy 991.0 Wagn75
NasGeF 1071.7 Wagn5 Na:PdCle 9902 Wagn75
NaSiFg 10717 Wagn75 Na;Sn0; - 3H:0 9903 WRDMT9
Na:SiF, 1072.1 NSLS77 N2 WO, 989.6 Wagn75
NayTaF; 1071.9 NKBP73 NaAsO, 990.7 Waga75
NayTiFg 10716 Wagn75 NaBi0; 990.9 WRDMT9
NayZiFg 10715 Wagn75 Na:GeFs 998.1 Wagn75
Na;AlF; 1071.8 Wagn75 NaySiFg 9877 Wagn75
NagTaFs 10718 NKBP73 Na;TiFy 9885 WagaT5
NaBF, 10727 Wagn75 NayZiFg 988.7 Wagn75
NaBeFy 1071.9 NKBP73 NazAlFg 988.0 Wagn75
NaTaFg 1071.7 NKBP73 NaBF; 987.1 Wagn75
Na;0 1072.5 BaSt75 Na;0 989.8 BaSt75
NaOOCH 1071.1 WRDM79 . NaOOCH 989.8 WRDM79
Na;C204 1070.8 WRDM79 NayC;04 990.5 WRDM79
NaAlSi;Oy, albite 10722 WPHKS2 Mol Sieve A 988.8 WPHKS2
Hydroxysodalite 1070.5 WPHKS2 Mol Sieve X 9884 WPHKS§2
Natrolite 10724 WPHK82 Mol Sieve Y 987.8 WPHKS2
Mol Sieve A 1071.8 WPHKS2 NaOAc 989.9 Wagn75
Mol Sieve X 10723 WPHKS2 NaOOCCH,SH 990.4 WRDM79
Mol Sieve Y 10726 WPHKS2 NaO;SPh 989.7 WRDM79
NaOAc 10711 Wagn75
NaOAc 10717 HHDDS! Nb 3d
NaOOCCH,SH 10712 WRDM79 Nb 2024 [
NaO;SPh 10713 WRDMT79 Nb 2023 NyMa80
p-(NaOCOCMe=CH) 10722 HHDDS8I Nb 2022 MSC73, NSCP74, WRDM79

Nb 2018 Bahl75

Na KLL NbsTey 2028 Bahl75
Na 9943 BaSt75 NbTey 2038 Bahl75
Na 9943 KLMP73 NbsSes 2030 Bahl75
Na . 9945 SRHH78 NbSe; 2034 Bahl75
Nal 9912 WRDMT9 NbS, 2077 MSC73
NaBr 990.6 Wagn75 NbN 2038 Bahl75
NaCl 9903 Wagn75 NbBrs 207.1 MSC73
NaCl 990.0 SGSO70 NbCls 2080 MSC73
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NbO
NbO
NbO
Nb:Os

LiNbO,

KNbOy

CaNb;0¢

CdNb;Og

CaNbOy

RhNbO4
ChLNbeCli(H;0)s - 4H;0
Cls(NbsCl2)(Et:N};
Brg(NbsCli2)(BusN)
Ch{NbCl)(PrsP)s
Cl(Nb¢Cl2)(Me2S0)s

Nd 3d
Nd
Nd:03

Nd 4d
Nd;0;

Ne ls
Ne in graphite
Nein Ag
Ne in Au
Nein Cu
NeinFe

Ne KLL
Nein Fe

Ni2p
Ni
NiO
Ni
Ni
Ni
Ni
NisYb
Ni;Si
NiSi
NiS
Ni§
NiS
Nil; - 6H:0
NiCl,
NiF; - 4H;0
NiO
"NiO

NiO
NizOs

230

2028
203.7
204.7
2075

207.1

206.8
2070
206.7
206.5

2047
2047
204.6
2046

980.8
9820

1208

863.1
8624
861.6
8622
8634

818.0

8527
853.8
8527
8527
8528
852.7
8527
853.0
8535
8528
§53.2
855.1
8553
856.7
8515
853.5
8543

854.3
8513

SPB76

Bahl75

FCFG77

SPB76, MSCT3, FCFGT1,
NFS82, NGDS75
StHo79

MSC73

Bahl75

Bahl75

Bahl75

NFS82

BeWa79
BeWa79
BeWa79
BeWa79
BeWa79

SaRa80

SaRa80

o

CiHa74
CiHa74
CiHa74
Wagn75

Wagn75

0]

]

LANMS1

ALMPS2

PEI82

WRDM79, ShRe79
WWCT78

GGMS2

GGMS2

ShRe79

DPS77

NgHe76

NZB78

TRLK73, KIHe83, YYST8
NSLS77

WRDM79

DPS77, KlHe83, LFWST9,

NFS82, NZB78, SRD79
KiWi74, McCoT5
NgHe76
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Niz03

Ni(OH);
Ni(NOsy);
Ni(NO3), . 6H;:0
NiAlL O,
NiALOy

NixSi0:

NiClO; - 6H:0
NiFe 04
NiRh204

NiSO;

NiSiO:

NiWO,

NaNilOs - H;0
KaNiFg

Ni(CO)
BraNi(NH;)s
Ni(NH;)4(ClOs)2
Ni(acac)s
Ni(OAc); - 4H,0
Ni(CsHs)
Ni(CsHs)
ChNi(PhsP),
ChLNi(PhaP),
CLNi(PhsP),
Ni(dimethylglyoxim);
ChNi(bipyridyl)
Ni(SPh);
Cl;Ni(NH:CONHCONH,);
Ni(2-aminobenzoate),
Ni(P(OEt)s)s
CLNi(E6P)
BrsNi(ELN),

Ni LMM
Ni
Ni
Ni

Ols
Ak, sapphire
A0
AgO
ALO;

AhO, sapphire
Al,Os, alpha
Al O3, gamma
As:03

As05

B:0,

BaO

BeO

BirOy

CaO

855.8 Kiwir4

855.6 DPST7, LFWS79, McCo75

857.1 TRLK73

8569 NZBT8

8558 SDR 80, LFWS79

8574 NgHe76

856.1 LFWS79

857.2 NZB78

8554 McCo75

8559 NFS82

856.8 ShRe79

856.5 SRD79

857.7 NgHe76

8564 NZB78

861.0 TRLK73

8548 BCGHT72

855.9 NZBT8

856.5 NZB7S

855.9 NZB78, TRLK73

856.5 NZB78

8542 BCDHT3

856.8 CIAGT1, TRLKT3

855.0 BNSAT70

8544 NZB78

857.0 STHU76

855.0 NZB78,YoYa81

855.7 NSWU77, NZB78

854.6 BBFR77

856.7 YYS78

855.9 YoYa81

853.8 TRLKT3

854.7 FaBa79

855.2 EMGK74

846.1 PEJS2

846.2 WRDM79

846.1 Kiwiz4, KGW76

531.0 ®

5292 Scho73

5286 Scho73, SRD80

5313 Nefe82, SDRS0,
BGDTS, ZS0S79

5310 Tayl82, WPHK82

5318 WPHKS2

5309 Barr83, WPHKS2

5317 Tayl82, MINN78

5316 WZR80

533.0 NGDS75

5283 InYa81

5317 NGDSTS, NFS75, HIGNT0

530.0 NGDS75, DSBGS2

5294 InYas1
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Ca0 5313
CdO 529.2
CdOs 530.3
Cey05 530.3
Ce0, 5292
C0303 529,9
Coy0; 530.2
Coy04 529.6
Cos04 529.7
CoO 530.1
Cr0s 5310
Cr05 531.5
Cr0y 5293
Cr0; 530.2
Cs0, 5215
CSgO4 530.5
Cu0 | 530.3
Cu0 529.6
FeaOs 530.2
Fex0; 529.6
Fe;03, alpha 529.6
Fe;03, gamma 529.8
Fe30y 5300
FeO 529.8
Ga:0; 530.8
GeDy 520.0
H,0 5332
HIO, 530.4
105 5299
II’I;O; 5298
Ii’leg 530.3
Iny0;3 530.5
Lay O3 528.6
L0 5313
Lua0s 5295
MgO 530.0
MgO 5312
MgO 532.1
MnO 529.7
Mn304 529.6
Ml‘le; 529.6
MnO; 530.0
MnQy, beta 529.6
MoO; 5311
MoO; 530.7
Mo0O, 5299
MoO; 530.9
MoQ; 5316
MoO; 530.4
Na:0 529.7
Nb:0s 520.6

Perkin-Elmer Corporation
Phvsical Electronics Division
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WZR80

NFES75, NGDST5, SBB&0
HGW75

PKHLS0

NGDS75

McCo75

NGDS75, WZR80
BGD75

CBR76, GPDG79, HSUT6
BGDT35, NFS82, NGDS75
HoTh&0, DPS76,
WZR80, BDFPSI
NGDS75

IKK76

DPST6

YaBa8(

YaBa8()

HMUZ78, MSSS81, RBO72, Scho73b
MSSS8I1, McCo75, HMUZT8,
RBO72, Scho73b
NGDS75, WZRS0,
Kilk73, Limo§1
HSU76, NSLS77
McZe77

McZe77

McZe77

McZe77

NGDS75, Scho73a,
WZR80, ZS0ST9
NGDS75, WZRS0
NGDS75, WZR80
NGDS75

Sher76

NGDS735

CFRS80

LAK77

NGDST5

CSFG79

NGDST5

NFS82, NGDS75
InYa81

WZR80

OHI75

QHI75

OHI75

NGDS75, WZRS0
QHI75

PCLH76

CGR78, KBAWT4
SaRaB0

NGDS75, NFS82
PCLH76

SaRa80, KBAWT4,
HMUZ78, CGR78
BaSt75

GBPS1

NbyOs
NbyOs
NbO,
NihO3
NizO3
NiO

P»0s (bridging O)
P;0s (bridging O)
P05 (nonbridging O)
P:0s (nonbridging Q)
PhO

PbhO

PbO, thombic
PbO, thombic
PO, tetragonal
PbO, tetragonal
PbO;,

PbO;

PdO

Pr303

Pr0,

PO,

RCO:

REO}

Rhy 03

Ru0s

Rqu

RuO;

SbyOs

Se205

Si0,

Si0,

Si0,

Si0,, gel

Si03, Vycor

Si0;, alpha cristobal
Si0;, alpha quartz
Si0;, alpha quartz
SnO

SI’IO:

S0
Thy03
ThO:
TeOz
ThOs
TiO,
uo,
U0s
V203
Va0
V205
Vo205
WO,
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530.6
5313
530.7
5306
5318
529.6

5322
5326
5336
5343
5289
5316
5294
5309
5215
5289
5214
529.0
529.3
529.3
5286
5314
530.1
531.9
5304
5294
5204
5307
5300
5300
533.0
5343
5325
5328
532.9
5325
5327
5332
530.1
530.6

530.5
528.8
5268.8
5302
530.0
529.9
530.4
529.9
530.5
530.0
529.9
530.5
5304

NGDS75, NFS82

SaRa80

SaRa80

SaRa80

KiWi74, NgHe76

DPS77, LFWST9, NFS82,
NGDS75, SRD79, WZRS0
NGDS75

GMD79

NGDS75

GMD79

NES82

WZR80

KOW73

ZiHe78

KOW73

ZiHe78

KOWT3

TLR78

KGW74

SaRa80

SaRaB0

CMHLT7

BHUS1

BHUS1

CMHL77, NFS82
MWLF78

KiWi74, McGi82, SaRa80
KiWi74

WZR80

NGDS75, WZR80
Bar§3, KMH78, NGDS75
Kilk73

NSLS77, SRD79
WPHK$2

WPHKS2

WPHK§2

WPHKS2

TLR78

ADPS77

ADPS71, LAK77, MWLF78,
NGDS75, TLR78

VaVeB0

SaRa80

SaRaB0

GBP81, SBBS0

NGDS73

MWLF78, WZRS80, NGDS75
MSSS81

MSSS81

CGR78

KKL83

BCM78, KKL83
NSLS77, NGDS75, NFS82
CoRa76

711



W03
0

0,

70,

AOHs, bayerite
Al(OH}s, gibbsite
AIOOH, boehmite
Co(OH)2
Cr{OH)s
Cu(OH)
Fe(OH)
FeO*OH
FeOO*H

In(OH);

KOH

LiOH

Mg(OH);

NaOH

Ni(OH)»

AIPOy

Cs:POs

CsiP20;

KiPOy

KsP2On

LisPOy

LisP20;

NayPO,

NasP;0; (bridging O)
NasP:0y (nonbridging O)
NaPOs (bridging 0)
NaPO; (nonbridging 0)
Ba(NOs),
Ca(NOs)

KNO;

Pb(NOs)s

BaSQ,

BaSQ.

CaS0,4

Cry{(SOg)s

FeSO;4

K280,

NiSO;

PbSO;

ZnS04

NayS0;

NaS:04

PhSOy

PbS;05

Ag,COs

BaCOx

CaCOy
CdCO,
CuCOs
LixCOs

Appendix B. Chemical States Tables

5306

5304

5302
5309
5314
5315
5315
5312
5312
5312
5313
530.1
5312
5318
5318
5312
5309
5328
5313
5328
5301
5302
5304
530.1
5315
5317
5304
3311
5329
5315
5334
5330
5336
5327
5317
5318
3325
5320
5321
5324
5312
5321
5315
5315
5312
5318
5308
5311
5306
5313
5314
5314
5315
5315

CoRa76, KMHTS, NFS82,
NGDS75, NSLS77

NFS82, NGDS75, NSLS77,

Scho73, WZR80, ZS0S19
NGDS75
WZRS0
WPHK$2
WPHK80
Tayl82

HSU76

DPS76

MSSS8I1

HSUT76

McZeT7
McZe77
WZRS0

Kilk73
CSFGT79, WZR80
HNUWTS
BaSt75
LFWS79
CFRS80
MVS73

MVS73

MVS73

MVS73

MVS73

MVS73
MVS73, GMD79
GMDT9
GMDT79
GMD79
GMD79
CLSW83
CLSW83
NSLS77

TLR78
CLSW83
WZRS80
CLSW83, WZRS0
DPST6

Limo81

WZR80
NSLS77, Nefe§2
ZiHe78

Nefe82

WZR80
WZR80

ZiHeT8

ZiHeTR

HGW75
CLSWS83
CLSW&3, WZRS0
HGW75
WZR80
CSFG79
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N2:CO;

PbCO;

CsCloy

KClOq

KCIO;

LiClO,

NaClOy

RbCI0;

ALSiO0s, kyanite
ALSiOs, mullite
AlLSi0s, sillimanite
ALSi0s, sillimanite
Ca(HSiO4)
CozSi0y
NuSi0*;- 5H;:0 '
Na;Si0s - SH,0*
Ni:Si0,

NiSi0,

MgSiO*; - 2H,0
MgSi0s « 2H,0*
Ab(MoO)3
AhL(WOg4)y

CaCr0,

CaMoOs

CaWo,
p-Benzoguinone
Hydroguinone
PhCOONa
p(Me:Si(0))
Methylsilicone Resin
Phenylsilicone Resin
PhCONH,

Os df
Os
Os
Os
OsCly
050
050
Os(HSO3)
K:Osly
K20sBrg
K:0sCls
Kz0sClg
K:0sClg
K:0sClg
K:0s0,(0H)
Os(NH3)sNa I
Os(NH3)sNBr:
Os(NH3){(N2}:Br
Os{NH;)N:Cl
K:0s(NO)Brs
KaOs(NO)Cls
HOs(PhsP)CI(CO)
OsCl(EuP),

5316
5312
5327
5322
5323
5314
5310
5318
5313
5316
5313
5319
531.2
5316
530.6
5325
5319
5323
5320
5328
5310
5320
5295
530.6
5299
5322
5335
5314
5315
5327
5326
5322

50.7
50.6
50.2
53.1
520
5.7
522
51.9
529
53.0
532
535
539
552
50.9
520
516
522
533
534
511
526

HHDDS1, WZR80
WZR80
MVS§73
MVS§73
MVST73
MVS73
MVST73
MVST3
AnSw74
AnSw74
AnSw74
WPHKS2
CIRi76
WZRE0
CIRi76
CIRi76
LFWS79
SRD79
CIRi76
CIRi76
PCLH76
NgHe76
ACHTT3
NFS82
NFS82
0YK74
OYK74
LBNNT78
WPHKS2
WPHKS2
WPHKS2
LBNN78

]
Folk73, BNMNT9
BHHKT0
Nefe78
SaRaB0
Folk73
Nefe78
Nefe78
Nefe78
Folk73
CoHe72
LeBr72
Nefe78
Nefe78
Folk73
Folk73
Folk73
Folk73
NefeT8
Nefe78
Nefe78
LeBr72

Perkin-Elmer Corporation
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0sClg(PhPMe), trans 53.0
0sCli(PhPMe3)s mer 51.7
OsCl(PhPMe:)s trans 50.5
P2p
P 129.9
P 130.0
P (red) 130.0
CusP 129.6
CuP; 1297
GaP 1288
GaP, anodically oxid. 128.5
GaP, thermally oxid. 129.7
InP 1283
InP 1294
ZnsPy 1283
ZnP; 129.8
AIPOs 1329
CssPOy 132.1
K-HPO, 132.8
KiPOs 133.2
Li;POy 133.6
Na;HPO: 133.1
NaiPO, 1324
NaH:PO, 1342
NaPO; 134.2
RbsPO, 132.5
NaH,P0, 132.6
CsaPr0y 132.6
KqP,0r 132.6
LisP,0y 134.3
NasP,0; 133.2
RbsP20y 133.1
P4Oyo 1353
OPCly 135.7
SPCls 1353
SP(NH3)s 1334
PhiP 130.9
PhiP 1309
PhiP 130.9
PhsPS 1325
PhiPSe 132.6
Ph;PO 1325
PhsPBl; 1322
PhsPBBr3 132.1
PhsPBCls 1322
PhsPBF; 132.0
PhPSH 1323
PhoPSeH 1323
(PhS)P 1343
(PhS):PS 133.1
(PhO)P 1347
Perkin-Elmer Corporation

Physical Electronics Division
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LeBr72
LeBr72
LeBr72

@
NSDU73

ScBr8l

NSDUT75

NSDUT5

WaTa80, IMNN79, NIMN78
MINSI

MINSI

CFRS80

Bert8]

NSDUT75

NSDU75

CFRS80

MVST3

Ben8l

MVST73

MVS73

Swif82, WRDM79, WaTa80
MVS73, GMD79, Swif82
Swif82

Swif§2,GMD79

MVS73

Swif82

MVST3

MVS73

MVS73

MVS73, GMD79, Bert81
MVS73

NIMNT78, NGDS75, CFRS80,
Bert81, GMDT79

FIWe75

FIWe75

FIWe75

Dale76, NSMST79,
TRLK73, GBMP79
HVV79, LMF80, SRH72
MSAVT1, GZF73
HVVT9, STAT4,
FIWe75, MSAVT1
HVV79, MSAV7I
GZFT73, STA74, FIWeT5,
MSAVT1, HVV79, BNSAT70
HVVT9

HVVT9

HVVT9

HVVT9

NSWMS0

NSWMS0

MSAVT]

MSAVT]

MSAVTI

(PhO);PS
(PhO);PSe
(PhO)PO
(PhO):PO
Ph;POBBry
PhsPOBCls
PhsPOBF;
Ph:PO(OH)
OPCI(OEt),
OPF;NPh,
OPCLOE
OP(NMes)s
PhsPl

PhsPBr

PhePCI
MePPh;Br
(PhyPy:P*Fs
(PhsP*)1PF,
Pi(PhsP)
PhsP=CHCOPh
PhaP=CHCOOMe
CLNi(PhyP)
Ni(CO}(PhyP)>

Pb 4f

Pb
Pb
Pb
Pb

Pb
PbgsSny
PbTe
PbSe
PbS

" Pbly

PbBr;
PbF,
PbO

PbO
Pba04
PbO;

Pb(OH),
Pb(NOs),
PbSO3

PbS:05

PhsPbCl

PhaPbCh
Pb(OAc)
Pb(OAc)
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1347
1343
133.6
134.8
133.7
1334
1333
1333
134.8
135.8
135.2
1334
133.0
1335
132.8
133.0
136.7
1335
131.2
1322
1325
1324
1314

136.9
136.4
136.8
136.8

136.8
136.8
1374
137.4
137.6
138.7
138.8
139.0
1389

1389
138.0
1374

138.4
1393
138.6
1394
1384
1373
1382
1389
1394
1385
1372

MSAVTI
MSAVTI
CFRS80
FIWeT75

HVVT9
HVVT9
MSAVTI
FIWe7s
FIWeT5
FIWe75
FIWe75

LMFg0, SRHT2
SRH2

LMF30
RiggT2
Dale76, STA74
STA74
BNSAT0
TRLKT3

D

LKMP73

SES77

BeFI80, KOWT73, Kiwi73,
TLR78, WRDM79, WaTa80
HSBS81, OCH79
HSBSS1

SFST7

SESTI

MoVa73, SFS77, ZiHeT8
MoVa73

NeFe82

MoVaT3

KOW7T3, ZiHe78, WRDM79,
INFS82, NSSP80, MoVa73
MoVa73, BeFI80

MoVaT73

BeFlI80, KOW73,

TLR78, MoVaT3

INSSP80

BeFI80, TLR78, NSSP80
ZiHeT8

NSSP80, ZiHe78

ZiHeT8

NFS82

MoVaT3

MoVaT3

MoVa73

BeFI80

BeFIR0
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Pd 3d
Pd
Pd
Pd
Pd
Pd
Pd
Pd

AgiOPdsO
AgiOPd:0
AgsOPd,0
AlsOPd,0
Mg:tspdn
Pd,Si

PdsSi

Pdls

PﬂBl’;

PdCL

PdO

PdO;
NasPdCly
K2PdCly
K:PdBry
K2Pd(NOz)s
K3PdClg
BroPd(PhsP)
ClPd(PhsP);
LPd(PhsP):
(CN)Pd(PsP)
Pdy(PhsP)y
ClLPd(PhsP)s
Pd(PhsP)s
Pd(OAc)
Pd(SPh),

Pd MNN
Pd
Ag:0Pd;0
AgOPG:0
AgsOPd,0
AlOP&0
MgysPdas

Pm 3d
PmCl;

Pm 4d
PmCly

Pr3d
Pr
Pra0y
Pr(y

335.1
3.1
3352
3352
3355
3352
335.3

334.6
3349
3349
3374
336.2
336.8
336.2
336.4
331.1
3378
336.3
3379
338.0
3382
33713
339.0
340.2
3378
3378
3315
3382
336.6
3429
336.0
338.6
kXN

3278
3288
3293
3297
3255
3264

1033.5
128.3

9318
9332
935.3

L]

NyMa80

BiSws0

BiSw8(

BiSw80

JHBKT3, Asam76
WRDM?79, WeAn80, BHHK70,
Scho72, GGM82, KBAMT2
WeAn80

WeAnS0

WeAn80

WeAn80

WeAn§0

GGME2

AWLS0

KBAMT2
KBAMT2
KBAM72, NKBP73
KGW74

KGW74

SeTs76

KBAM72, NKBPT3
KBAMT2
KBAMT2
KBAM72, Nefe78
KBAMT2
KBAM72, NSMST9
KBAMT2
KBAMT72
NSMS79

BNSAT0

NSMS79

NSMS79

BBFR17

WeAn80, WRDM79
WeAn80
WeAn80
WeAn80
WeAnSQ
WeAn§0

MNTB70

MNTB70

P
SaRa80
SaRa80
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Prdd

Pra0s
PrO,

PL4f

Pt
Pt
Pt
Pt

PiSi
PLSI
PICh
PCly
PO
PO
Po,
PO
POH),
KaPilg
K:P[B 7y
KzPlBl's
KzPCly
KzPICL
KaPiClg

K>PiFg
PU(NH;)¢Bny
PINH;):Cly
PUNH3),Ch,
PUNH;)eCly
PNH;)(NOy);
PYNH3}(NO3);
K:P(OH)s
KaP((NO,),
KaPiNO2)s
(NHq):PtCly
Pt(PhsP)
P{PhsP)
ChPt(PhsP), cis
CLP(PisP); cis
ClsP(ELP),
ClPYEtsP)
HCIPy(ELsP),
0:P(PhsPh
P(SPh)
PhiPP(SPPhy)
Clzpl(El,\P]z
LPIEGP)
1Pt{Me;P); cis
LPt(MesP); trans
LP{CH:CONH)
BryPt(CHsCONH),
ClLP{CH:CONHY

116.1 SaRa80

116.2 SaRa80

7.2 ]

71.0 JHBKT3

71.2 BHHK70, KWDT71, NefeT8,
Scho72, WRDM79, Wagn75

712 CMHL77, Cale73,
HaWi77, BACB75

73.0 GGM82

725 GGM8&2

73.6 EPCC75

75.5 EPCCTS

738 KWD71

742 EPCCT5

74.6 KWD71

75.0 EPCC75

726 HaWi77

73.4 SNMK78

72.6 SNMK78

74.6 SNMK78

73.0 CMHL77, EPCCT5, SNMK78

734 Wagn75

754 CoHeT72, EPCCTS5, LeBr72,
SNMK78

116 SNMK78

734 Nefe78

732 CMHLT77, Nefe78

734 SNMKT78

76.3 SNMK78

73.7 Nefe78

744 CMHL77

75.1 SNMK78

74.1 SNMK78

759 SNMK78

724 KaEI79

714 Nefe78

714 Rigg72

723 CABTI1

73.0 Rigg72

753 LeBr72

75.9 Nefe78, Rigg72

726 Rige72

73.0 Rigg72

728 BBFR77

718 NeSa78

731 Rigg72

725 Rigg72

726 CABTI

727 CAB71

74.6 NeSa78

4.9 NeSa78

74.8 NeSa78
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ChPUH:NCH:CHNH:: 730
ChPi(cyclooctadien) 739
KaPICl 318.1
Pt MNN
Pt 1960.7
Pt 2041.1
Rb 3d
Rb 1S
RbCI 1099
RbN3 1098
Rbl 1104
RbBr 1100
RbCl 1099
RbF 1098
Rb:PO, 1100
RbiP:0; 1100
RbCIO; 1104
Re 4f
Re 403
Re 405
Re 405
Re 410
Re0; 436
ReO3 4638
KaReClg 42
ChReO(PisP), 439
ChLReN(PiP)2 427
ClRe(E1sP; 433
CliRe(PMe:Ph), 436
ChRe(PMe;Ph)s, mer 418
Cl:Re(PMePh)s, trans 405
CIReN(PMezPh)s, trans 403
Rh3d
Rh 307.2
Rh 3072
Rh 3072
Rhly 308.6
RACls 310l
RACl; - 3H,0 3100
RACly - 12H:0 3101
Rb:0; 3088
R0 3082
BaRh,04 3084
BeRip0s 308.9
CaRh0, 30838
CoRn04 30838
PbRhy04 308.6
KRhO, 3085
LiRh0; 3089
ZnRh:04 308.7
Rh;MoOg 3092
Perkin-Elmer Corporation

Physical Electronics Division
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YMK78
CMHL77
EPCC75

Wagn78
Wagn78

SGRST72
MVS 73
MVS 73
MVS 73
MVS 73
MVS 73
MVS 73
MVS73

o

FHRE0
SSHU83, WRDM79
BHUSI

BHUSI

BHUS1

CoHe72, LeBi72
Folk73, Nefe8
Nefe78

LeBr72

LeBi72

LeBi72

LeBr72

LeBr72, Folk73

NyMa80

OIIT79, WRDM79, FHPW73

Nefe78

OIIT79

CWHS2
CMHL77
NFS82, CMHL77

NFS82°
NFS82
NFS§2
NFS82
NFS82
NES82
NFS§2
NFS§2
NFS§2

R, WO,

RhNbO,4

RhTa0,

RhVO;

K3RhClg

KiRhF;
K3Rh(NOy);
K3Rh(NO3)g
Rh(NH;)Cly
Rh(NO)sCly
CIRh(PhsP);
ChRh(PhyP);
ClRh(Ph;P);
BrsRh{Ph;P)s
NORA(PhsP);
ChRh{Ph:PpMeCN
H{(CO)Rh(PhsP);
ClCORRPHP)
CI(CO)Rb(PhsP),
ChRhy{cyclooctadi)s
Rhy(OAc): - 2H,0
Rh(NH,CH,COO); - Hy0

Ru 3d
Ru
Ru
Ru

RuCly

Ru0,

RuD;

RuO,

Ru(NHz)sNal;
Ru(NHs)sN:Br,
Ru(NH3)sN,Cly
C];Ru{PhPMe;); mer

S2p

L]
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3094
3092
3095
3092
3098
3122
3105
3111
3105
309.8
3074
3097
309.7
3079
"3082
309.6
3085
308.7
308.6
3087
309.0
3103

280.1
2800
280.1

2818
2807

2833

2805
2825
276.6

164.0
164.1

160.1
1617
1620
1613
1624
1620
1613
161.6
1629
162.2
161.8
161.7
162.0
162.5

NFS$2

NFS82

NFS§2

NFS82
SNMK78
Nefe78
SNMK78
SNMK78
Nefe78

Nefe78

CWHS2, Nefe78, OIIT79
CWHS2

Nefe?8

Nefe78

NefeT8

GIWa79

oI1T?9

NefeT8

CWHS2, O1T79
CMHL77, CWHS2
Nefe78

NPBS74

®
NyMa80

Folk73, BHHKT0, KiWi74,
FEMY77, WRDM79
Folk73

SaRa80, KiWi74, McGig2
KiWi74

Kiwiz4

Folk73

Folk73

Folk73

LeBi72

o

SNRS76, WRDM79,
RiVe83, LHIG70
SiWos0

BSRR81

Limo81

BSRRS!
NSSP80

Limo81, NSSP80
BSRR81

Bind73, Limo81
Bind73, Limo8]
TIWB72

SFS77

HKMP74
NSSP80

Limo81

78
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MoS; 1625 SSOTSI, StEd7S, PCLH76 Thiophene 1643 LHIG70
Na:S 160.6 SWH7I PhsPS 1624 FIWe75, MSAV7I
NS 161.8 LHIG70 PhsPS 161.8 HVV79
Ni$ 162.2 ShRe79, NgHe?6, DPST? PhiAsS 161.7 HYV79
PbS 160.8 SFS77 PhSSPh 164.4 RiVe83, LHIGT0
Sh:Ss 161.8 BCH75 PhCH.SSCH:Ph 1642 RiVe83
SnS 161.1 SFST7 (PhS);P 163.6 MSAVTI
Us 161.5 SNRS76 (PhS);PS 163.5 MSAVTI
US; 162.6 SNRS76 BuSSBu 164.1 RiVe83
WS, 162.1 NeHe76 MeSSMe 1643 RiVe83
WS, 163.0 Wagn75 NH>CSNH, 162.1 LeRa77, NBMO73, SrWa77
Zn8 164.0 Limo81 2-Mercaptobenzimidaz 1622 YYS79
GeS;TeAs; 1615 HKMP74 2-Mercaptobenzimidaz 162.8 ChHa79
GeSiAsy 161.6 HKMP74 BuNH3HSO, 167.3 EvRe8|
KFe$: 161.6 Bind73 BusNHSO, . 168.0 EvRe8!
Nao($*S04) 162.5 Wagn75 EtsNHHSO, 168.5 EvRe81
Nax$*S03) 161.7 LHIG70 PhSCMe; 1624 PiLu72
Nay(S5%05) 167.7 LHIGN0 Tetrathionaphthalene 164.4 RiVe83
K:S03 167.5 TMRS0 Cysteine 163.2 LIMa79, LHIGT0
NazSOs 165.6 SWHTI Cysteine HCI hydrate 163.1 SSEWT9
NazSO4 166.6 WaTa82, LHIG70 Cysteine HCI hydrate 163.6 LHIG70
Na;SO3 167.2 TMRS0 Methionine 162.8 BBFR77
Ag:S04 168.6 TMRS0 NH;CeH.SO:H 167.8 HaSh73
AL(SOs)s 168.8 LHIG70 (Me0S); 1645 LHIGT0
BaSO, 168.8 SiWo80, CLSW83 Me,SO 166.5 LHIGT0
CaSO04 169.0 . CLSWS3 ¢ (PhCH3):S0 165.9 LHIGT0
CoS04 169.7 Limo8| PhaSO 166.0 LHIGT0
CuS0, 169.3 WaTa80, NSSPR0, Limo8 | Me2S0: 169.0 LHIG70
FeSOy 1688 - LimoS81, LHIG70 CH;0S(0)OCH; 168.4 LHIG70
Fex(SO:)s 169.1 LHIGT0 MeSO0:Cl 1693 LHIGT0
Ka804 169.1 TMRS0 CICHCH,S0,C 168.5 LHIGT0
MnSO4 171.0 Limo8! PhSO;Na 166.3 LHIGT0
Na S04 168.8 TMRS0 p-NH:.CeHaSO.CHNHy-  167.9 LHIG70
NiSO; 169.2 Limo81, NSLS77, p-NH.C¢H.S0,NH, 168.4 LHIG70
Nefe82, ShRe79 p-CH:CeHaSOC 168.4 LHIG70
PbSO4 168.6 NSSP80 ' p-NH:CeHiSO5Na 168.1 LHIGT0
SIS0 169.1 CLSWS83 p-O:NCeHiSNa 161.0 LHIGT0
U(SO4)2 169.1 Chad73 CO,NCgH,SH 163.5 LHIGT0
ZnS04 169.5 Nefe82 0-0;NCeHaSH 163.9 LHIGT0
NO:S0: 166.8 BCM78 p-ONCH SMe 163.5 LHIG70
SN 164.6 SDIO77 0-0:NCeH,SNH; 164.1 LHIGT0
SFs 174.4 WaTa82 0-0NCHLSCI 163.9 LHIGT0
SFy 177.2 LHIGT0 p-OINCeH4SOF 169.6 LHIGT0
S0, 167.4 WaTa82 0-0:NCgHSO,F 170.0 LHIGT0
S0, 168.1 LHIGT0 PhCH,SSCH:Ph 163.6 LHIGT0
SOCh 168.1 LHIG70 PhCH>S*SOCH;Ph 163.7 LHIG70
SOF: 170.0 LHIG70 PhCH,SS*0CH:Ph 165.9 LHIGT0
SP(NH;)s 1623 FIWeT5 PhCH,S*S0,CHPh 163.9 LHIGT0
SPCl; 163.7 FIWe75 PhCH2SS*0,CH,Ph 168.0 LHIGT0
$:Cla 163.5 LHIG70 (CH3)38+- 165.8 LHIG70
5Cl 1744 LHIG70 (CH3):S+O)I- 168.2 LHIGT0
cS, 163.7 LHIGT0 (HOOCCH,),S+CH,C00- 1662 LHIGT0
(CH:COOH)S 163.7 LHIGT0
(CHaPh)sS 163.3 LHIGT0 SKLL
PhSH 163.1 LHIGT0 Nis 2116.1 WaTa80
PhsS 163.2 LHIGT0 NiW,S 21159 Wagn78
Perkin-Elmer Corporation
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WS, 2156
NazSOx 21085
Nay(85%0y) 2107.8
Nuy(§*503) 21125
CuS0y 2108.0
S0, 21062
SFq 2100.5

Sb 3dsp
Sh 5283
Sh 5282
AlSb 5286
ShesSns 5280
SbySs 5205
Sh;Ss 5292
Sbly 5304
SbCls 5309
ShF; 531.7
ShyO;y 530.0
Sh;0s 530.8
RbyShyBry 529.9
Rb3Sbalo 5299
CsaShaly 5292
Cs:SbiBry 530.0
Cs:ShiCly 5293
Cs:ShiCly 530.5

. CaSbClg 5309
Co(NH;)sSbBrg 530.1
Co{NH;)SbClg 530.8
KSbFg 5323
KShF; 5329
NaSbF, 5321
CsSbFy 530.6
KSb;F 5312
KaSbFs 5310
NasShFs 531.3
BuNH;Sbl; 529.6
BuNH;Shalg 529.9
EtNSbFg 5324
PhySb 5289
BusSbh 5281
PhsSbBr; 5298
Me:SbBrz 5303
Ph;SbS 5287
(CiaH2)3SSb 5298
PhyPSbClg 531.7

Sh MNN
Sb 464.1
ShyS3 462.1
SbySs 462.2
Shy0y 462.1
KSbF; 454.4

Perkin-Elmer Corporation
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Wagn78
WaTa82
Wagn75
Wagn75
WaTa80
WaTa82
WaTa82

¢
HSBS81,MSV 73,PVVAT9,
SFS71,WRDMT9, Wagn75
MSVT73
HSBS8|
MSV73,Wagn75
MSV73 Wagn75
MSV73

BCH75

MSV73

MSV73 Wagn75
MSV73

Tric74

Tric74

BCHT5
BCH75,Tric74
BCH75

Tric74

Tric74

Tric74

Tric74

MSV73
Wagn75

BCH75

BCHT5

Tric74

Tric74

Tric74

BCH75

BCH75

BCH75

BCH75

BCH75

BCH75

BCH75

BCHT5

MSVT3

MSV73

WRDM?79, PVVAT79, Wagn75
Wagn75
Wagn75
Wagn75
Wagn75

Se2p
Sc

Sc:05

Se

ScN

Sea0s
ClSc(CsHs)s
Se(CsHs)(CgHg)

Se 3d

Se
Se

Se
As;Se;
Ga;Ses
GeSe
GeSes
CulnSes
IMSC]
NbsSey
NbSe»
PbSe
PbSe
SnSe

HzSe0;

HiSe0y
Na;Se0;
Na;SeQy
NaxSeS404
PhaSe
(BrCsHy):Se
PhoSe;
(BrCeHa):Se,
(CieHasSe);
1,SePhs
Br:SePhz
ChSePh,
ChiSePh,
CigHz:SeCN
HSePP
SePhsP
Ph:Se0
(PhCH,):5¢0
(BrCgHa),5¢0
(C4HzCOOH)5¢0
PhSeO(OH)
ClCsHsSeO(OH)
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3986
401.8
3987
400.7
401.9
4014
400.2

55.6
555

_ ssi
55.1
546
548
545
540
548
549
537
534
54.1
537
550
546
549
589
598
592
599
612
59.1
616
569
558
564
558
56.0
56.1
581
578
517
588
517
545
543
576
582
584
585
588
593

o

o

SMKMT7

STAB76
NGDST75,WRDM?79
WeMe78

WeMeT8

o

SFST7, BWIS0, UeOd82,
WRDM?79, WSPT7, MTHBTI
BWIS0
UeOd82, WSPT77
ITI82, TIWB72
SFST7

UeOd82
KIID381

KIIDg1

Bahl75

Bahl75

SEST7

WSP7

SFST7

WSP77

BWIT9

BWI?9
BWIB1, ITI82
MTHBT71, WSP77
BWISI
MTHB7I
BWIBI

WSP77

WSP77

WSP77

BWI81
MTHB71
BWIS1

BWIS1
MTHBTI
BWIB1

BWISI

BWIBI
MTHBTI
MTHB7I
NSWMS0
HVVT9

BWIBI
MTHB71
MTHB71
MTHBTI
MTHB71
MTHB7I
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FCgH:SeO(OH) 593 MTHB7! Hydroxysodalite 101.7 WPHKS2
CICsHiScO(0H) 60.2 MTHB7I Kaolinite 1027 Ban83
(MeOCsH)Se0: 60.0 MTHB7] Kaolinite 103.0 WPHKS?2
(HOC:H4S)Se 56.2 WSP77 Mica, Muscovite 1024 WPHKS2
Natrolite 102.2 WPHKE2
Se LMM Pyrophyllite 102.9 WPHK82
Se 1307.0 BWIS| AlSiOs, sillimanite 102.7 WPHKS2
Se 1306.7 Wagn75 : LiAIS10g, spodumens 1025 WPHKS2
Se0, 13014 BWIS1 Tale, MgsSisO1(OH) 103.1 WPHKS&2
H:Se0s 1300.8 BWI81 Wollastonii,Ca;Si;0g 1024 WPHKS2
H:Se0, 12979 BWI8I Mol Sieve A 101.4 WPHK 82
NaSe0s 13012 Wagn75 Mol Sieve A 1013 Barr83
PhsSe 1304.0 BWIS1 Mol Sieve A, Ca form 101.8 Barr83
PhsSes 13043 BWI81 Mol Sieve X 102.2 WPHKS82
1:SePh 13021 BWIS| Mol Sieve X ' 1022 Ban83
ChSePhy 13029 BWIS1 Mol Sieve X, Ca form 102.7 Ban83
PhSe0 13019 BWIS| Mol Sieve Y 102.8 WPHKS2
Mol Sieve Y 102.8 Barr83
Si2p Mol Sieve Y, Ca form 102.8 Barr83
Si 993 o KaSiFg 104.6 MoVa73
Si02 1033 D Na:SiFg 104.3 NSLS77
Si %5 AWLS(, PADSTS, WRDM?9, p-Methylsil. (linear) 1024 WPHKS2
WPHKS?, Tayl$1, KBHN74 p-Methylsil. (resin) 1029 WPHKS2
Si, p-type 99.0 HBBKT72 p-Phenylsil. (resin) 102.7 WPHKS2
Si, n-type 100.0 HBBK72 MeSi 1005 GCHT6
Si, (100) 99.7 TLR78 ‘ PhsSi 100.7 MoVa73
FesSi 995 ShT75 PhsSi 101.2 GCH76
MoSi; 99.6 WPHKS2 Ei:SiH 100.7 GCH76
MoSi 99.1  Brwhs Et;SiOH 1011 GCH76
NisSi 98.9 GGM82 Et;SiBr 1010 GCH76
NiSi 08.8 GGM&2 ESiCl 1014 GCH76
NiSi 98.4 AWLS0 EtSiF 101.8 GCH76
PdsSi 997 GGM&?2 EtSiCla 102.1 GCHT76
Pd:Si 99,6 AWLS0 EtSiCl 1029 GCH76
PdSi 99.8 WaTa80 ' (CH=CH)sSi 100.7 GCHT6
PLSi 100.5 GGMS2 MeSiSiMes 100.5 GCH76
PiSi 100.5 GGM82 MesSiOSiMe; 100.9 GCH76
PhaSiSiPhy 100.7 GCH76
SisNy 101.8 WHMC?78, WaTa80, PhsSiOSiPhs 101.3 GCHT6
Tayl81, TLR78 ’
SiS, 1034 MoVa73 Si (KLL)
Si0y 103.6 KBHN74, NGDS75, Si 1616.6 WPHKS2, CDN 77
MoVa73, Barr§3 MoSi, 1617.2 WPHKS2
Si0,, Vycor 103.5 WPHKS82 PdSi 1617.4 WaTa80
Si0, quartz 103.7 WPHKS2, TLR 78 SisNg 1612.6 WaTag0
Si0;, alpha cristobal 1033 WPHKS2 Si0; 1608.8 KBHN74
Si0; gel 1034 WPHKS2 S$i0;, Vycor 1608.5 WPHKS2
Ni:Si04 102.9 LFWS79 Si0y, quanz 1608.6 WPHKS2
NiSiOs 103.3 SRD79 Si0;, alpha cristobal 1608.8 WPHKS$2
ALSiOs, kyanite 102.8 AnSw74 Si0; gel 1608.3 WPHKS82
AL:SiOs, mullite 103.0 AnSw74 NaAlSis0g, albite 1609.3 WPHKS82
ALSIOq, sillimanite 102.6 AnSw74 H Zeolon 1608.4 WPHKS2
NaAlSi;0s, albite 102.6 WPHKS2 Hemimorphite 1610.5 WPHKS$2
Bentonite 1029 Ban83 Hydroxysodalite 1610.7 WPHKS2
H Zeolon 103.3 WPHKS2 Kaolinite 1609.0 WPHKS$2
ZnsShO1(OH)s - 2H,0 102.0 WPHKS2 Mica, Muscovite 1609.6 WPHKS2

Perkin-Elmer Corporation
238 Physical Electronics Division



Handbook of X-ray Photoelectron Spectroscopy Appendix B. Chemical States Tables

Natrolite 1609.6 WPHKS?2 PhySn 487.1 HWVVT4
Pyrophyllite 1609.2 WPHKS2 ' PhsSnl 4863 WVV79
AISIOs, sillimanite 1609.5 WPHKS82 PhsSnl 4875 HWYVT4
LiAlSi;Oq, spodumene 1609.6 WPHK§2 PhsSnBr 4815 HWVVT74
Tale, MgsSisOy(OH), 1608.9 WPHKS82 PhiSnCl 486.3 WVV79
Wollastonii, CasSiaOg 1610.0 WPHKS2 PhaSnCl 487.0 MoVa73
Mol Sieve A 1610.1 WPHKS2 Ph;SnCl 487.6 HWVV74
Mol Sieve X 1609.4 WPHKS2 o Ph;SnF 486.2 WVV79
Mol Sieve Y 1608.6 WPHKS?2 PhsSnF 4813 HWVV74
p-Methylsil. (linear) 1609.4 WPHK§2 Ph:SnOH 485.6 WVVT9
p-Methylsil. (resin) 1608.8 WPHKS?2 ClySn(pyridine); 487.3 WVV79
p-Phenylsil. (resin) 1610.0 WPHKS2 CliSnEt(pyridine), 4872 WVVT9
ClSnPh(pyridine)s 487.2 WVV79
Sm 3dsp, Me;SnF 4867 WVV79
Sm 1081.1 ¢ Me,SnF, 487.1 WVV79
Sm 1081.2 DKMRB76 MezSnSOy 487.0 WVV79
Smy0s 1083.4 WRDMT9 BuSn0 485.6 WVV79
BrgSn(EtaN), 487.0 WVV79
Sn 3dsp ChSn(MesN) 486.1 GZF73
Sn 485.0 ) CliSn{Me;SO) 487.0 GZF73, WYV79
Sn 484.9 NyMag0
Sn 485.1 SESTT Sn MNN
Sn 485.0 WRDM79, PYVAT9, LAK 77, Sn 4374 PVVAT79, Wagn75, WRDM79,
Wagn75, OCH 79 LAK 77
Sn alpha 485.0 Hegd82 SnS 4357 Wagn75
Sn beta 484.6 Hegd82, HSBS8I Sn0; 4327 LAKT7
AgosSns 485.6 HSBS81, Hegd82 NaSnF; 430.8 Wagn75
AuSn 485.2 FHPWT3 Na;Sn0s4 431.7 Wagn75
AuSny 484.9 FHPW73
Cdgo + 580+ 005 4853 Hegd82 Srid
CdgsSns 485.6 Hegd82 Sr 1343 L]
IngsSns 485.2 Hegds2 Sr 1344 VaVe80
PhysSns 486.4 Hegd82 S0 1353 VaVeB0
SbsSns 4852 Hegd82 Sty 1338 WRDM79
SnTe 485.6 SEST7 © SiICOs 1332 CLSW83
SnSe 485.7 SEST7 St50y4 1343 CLSW83
SnS 485.6 SEST StNO3)2 134.7 CLSW83
SnBr 486.9 GZF73 SrMo0q 1335 NFS82
SnCly 486.7 WVvV79 SrRhz04 133.0 NFS§2
SnFa 487.0 MoVa73
SnF; 4870 MoVa73 Ta df
SnO 486.0 ADPST7 Ta 219 )
Sn0O 486.9 WVV79, MoVa73 Ta 216 VHES?2
Sn0; 486.7 LAK 77, MoVa73, WRDM79, Ta 216 MSCT3
NGDS75, WVV19 Ta 219 WRDM79, WaTag0
(NHq)25nClg 486.7 GZF73 TaS 26.6 MSC73
BaSnCly 486.8 WVV79 TaS, 267 MSCT3
Ba(SnCl3); 486.8 WVv79 TaBrs 269 MSCT3
KSnF; 486.7 GZF73 TaCls 213 MSC73
KSnFg 487.6 MoVa73 TaFs 27.8 MSCT3
NaSnF; 4874 Wagn75 Tax0s 26.7 SaRa80, MSC 73,
NaSnQ;3 . 486.2 MoVaT3 NFS82, NGDS75
NapSn0Os 486.7 Wagn75 KTaO, 259 MSCT3
NapSn0s 4872 ADPST77 RITa0, 258 NFS82
PhySn 485.1 WYV79 K TaF; 294 MSCT73
PhySn 486.3 MoVa73
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ChTaCl(HO) - 41,0 258 BeWa79 Te MNN
Brg(TagCli2)(BusN)» 263 BeWa79 Te 4922 WRDM79
Clg(TagCliz)(EuN)2 202 BeWa79 TeBry 4873 BWI78
TeCly 486.1 BWI78
Ta MNN TeO, 487.1 BWI78
Ta 1674.8 WaTa80 TeOs 485.5 BWI78
Te(OH)s 485.1 BWI78
Th 4d (NHg TeCls 486.4 BWI7S
™ 1460 o NayTeOx 4855 Wagn7s
Ths0y 148.7 SaRaB0 ClyTePha 4863 BWI78
ThO, 1492 SaRa8( B TePhy 486.6 BWI78
L TePha 487.8 BWI78
Th 3d l;TeEt 487.6 BWI7S
Tb 1242.0 @ PhyTe, . 488.5 BWIT78
Tb0s 12415 SaRa80 BryTePh 486.8 BWI78
ThO, 1241.4 SaRa80 1iTePh 488.2 BWI78
LTeMe; 486.6 BWIT78
Te 3dsn p-toly TeOOH 486.6 BWI78
Te 573.1 P BI]TCB!I 486.5 BWI78
Te 573.0 NyMas80
Te ST3.0 SES77 Th 4f772
Te 573.0 PVVAT9, WRDM?79, Th 3332 ®
BWI77, Bahl75 Th 3332 WRDM79
Te 5127 SNRS76, SWHTI ThO, 3344 VLDHT?
CdTe 5723 SBBS0 ; ThE, 336.5 WRDM79
GeTe 5727 SES77
HgosCda:Te s1.3 SBBS0 Th 4dsn
Na;Te 5122 ' SWHTI Th 675.3 FBWF74
NbsTey 5726 Bahl75 ThO, 675.5 VLDHT7
NbTe, 5728 Bahl75
PbTe 5720 SFS77 Ti 2p
SnTe 572.3 SFS71 Ti 454.1 (]
UsTey 572.9 SNRST76 TiO, 458.8 (]
UTes 573.0 SNRST76 ) Ti 453.7 ALMPS2
InTe 572.9 SWHTI Ti 4539 LANMSI
Tel, 575.8 BWI77 Ti 4539 NSCP74, WRDMT9
TeBry 576.7 BWIT7 TiB; 454.4 MECCT3
TeCls 576.9 BWIT77 TiN 455.8 STAB76
TeO; 575.1 GBPS|, SEB80 TiClg 4585 MRVE3
TeOs 576.6 SWH71 Tio 455.1 SPB76a
Te(OH)s 5711 BWI77 TiO, 458.7 NSCP74, SPB76a,
(NH4): TeClg 576.9 BWI77 WRDM79, NGDS735
(NH4). TeOy 576.5 SWH7I Ti0; (anatase, rutile) 459.2 MWI75
KiTeOs 575.5 SWH7I BaTiOs (cubic, tetra.) 458.5 MWI75
Na;TeO: 576.8 Wagn73 CaTiOs 4589 MWI75
ChTePh: 576.2 BWIT77 PbTiO; 458.6 MWI75
Br;TePhy 576.2 BWI77 SITi0; 458.8 MWI73
1;TePh; 575.4 BWIT77 ClyTi(CsHs) 4571 GSMIT4
I TeEt, 575.3 BWIT? CITi(CsHs)2 455.8 GSMJ74
PhsTex 5739 BWI77 Ti(CsHs)CiHy) 4554 GSMJ74
BryTePh 576.6 BWIT?
ETePh 575.8 BWIT7 Ti LMM
I TeMe; 575.6 BWIT7 Ti 419.1 WRDM79
p-olylTeOOH 576.1 BWITT
BriTeBu 576.6 BWI177
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Ti 4F V2p
T 1177 ¢ v 5122 ¢
T 1178 MBN8S0, WRDM79 V305 5174 ()]
T 1185 MSCT3 v 5121 LANMSI
TiBr 1192 MSCT3 v 5123 WRDM79, NSCP74
TIC! 1190 MSCT3 v 5129 KKL83
TIF 1192 MSCT73 1 5134 SMKMT7
ThS 1187 MSC73 v 5124 RoRo76, LFS 73, FrSa75
T1sSs 1187 MSC73 VB; 5132 MECCT3
Th0y 1175 MSCT3 VN 5144 RoRo76, STAB76
CliTl(pyridine), 118.5 Walt77 V304 515.7 CGR78
ClgTly(PhPEL)s 117.9 Walt77 VO, 5163 KKL83
V305 517.6 INSLS77, NSCP74, WRDM79,
Tmdd , NGDS75, NFS82
Tm 1754 [0 Vocl, 5164 LFST73
VOSO, 5159 LFST3
U dfip CssVO4 5169 NFS82
U 1773 o Rb;VO, 5169 NFS82
U 3772 VRPC74, Chad73, WRDM79 Na;VO, 3173 NFS82
UsTes 3805 SNRS76 LisVO; 5175 NFS82
UTe; 1813 SNRS76 RhyVO 5169 NFS82
USe 3803 SNRS76 K4V(CN)g 5133 Vann76
USes 379.1 SNRST6 V(acac) 5142 LEFST3
us 1801 SNRS76 VO(acac), 515.1 LFST3
Us, 3794 SNRST76 CIV(CsHsh 5138 GSMI74
UBn 3784 TBVLS? V(CsHs) 5129 GSMI74, BCDHT3
UBx 3799 TBVLS? V(CsHs)(C:H7) 5133 GSMI74
ucl 3783 TBVLS2
UCL 3802 TBVLS2 VMM
UCls 3819 TBVLS2 Yy 4720 WRDM79
UF; 380.1 TBVLS2 VO 468.6 KKL$3
UF, 3822 TBVLS2 V205 468.0 KKL83
UF, 3827 Chad73
UFs 3826 TBVLS2 Wl
uo, 3800 VRPC74, Chad73, MSSS8] W 314 ()
U504 3810 Chad73, ChGr72 W 314 VHES2
U409 3799 HoTh79 W 314 WRDM?79, CoRa76, CGR 78,
U0, 3817 MSSS81, Chad73, ChGr72 BiPo73, NSLS77
UOBr 380.1 TBVLS2 : we 315 CoRaT76
UOBr; 3804 TBVLS2 wce 322 MSCT3
uocl 380.0 TBVLS2 WS 332 Wagn75
uoch 3803 TBVLS2 WBrs 363 MSCT3
UO;Br 380.5 TBVLS2 WhBrs 359 MSC73
UOBr 811 TBVLS2 WCls 169 MSCT3
UO,Cly 3816 TBVLS2 WOCl, 372 MSCT73
UOF, 3829 TBVLS2,Chad73 W0, 328 CGR78, CoRa76, NgHe76
U(S0g) 3816 Chad73 WisOss 343 BiPo73
UOy(NOs): - 6H,0 3820 Chad73 WO, 358 SaRa80, CoRa76, CGR 78,
Ulacac) 3797 Chad73 BiPo73, KMH 78
UOyAcO); - 2H:0 3810 Chad73 W0, 358 NFS82, NGDS75
CallO, 380.7 Chad?3 AL(WO4)s 36.1 BiPo73
Li:UOs . 3814 Chad?3 CaWO, 350 Nefe82, NFS 82
KaUFg 3824 PMDS77 HaWO;q 353 CGR78
Ha WO, 36.2 BiPoT73
K,WO, 36.0 NFS§2

A
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Li;WO.

NaaWOy

NagsWO;3

Nag W03

NiWO,

RhyWOs

(NH)s W02 - 4H20
KaWCls
CLW(ELP),
ChSnW(CO)(CsHs)
PhsPW(CO)s

Xe 3dsp
Xe in graphite
Xein Ag
Xein Au
Xein Cu
XeinFe
Xe in graphite
NasXeOg

Xe MNN
XeinFe
Xe in graphite
NasXeOg

242

36.0
36.3
35.8
35.6
354
356
36.3
349
34.6
324
316

669.7
669.6
668.9
669.6
6702
669.7
674.1

5448
5452
5414

1560
1558
1568

1824
1813
1827
1854

10218
10219
10218

1021.8
1021.6
10220

NFS 82, MSCT73
Wagn75
BiPoT3
BiPo73
NgHeT6
NFS82
BiPoT3
LeBr72
LeBr72
WWVVT77
HVVT9

CiHa74
CiHa74
CiHa74
Wagn75
WRDM79
Wagn77

Wagn75

Wagn77

)
NyMa80
WRDM?79, NGDS75

HHL70, KEML74
LPWF75
HHL70

)

LANMSI, LKMP73

GaWi77, KLMP74, MaDu77,
Scho73a, KPML73, KIHe83
WRDM?79, Wagn75, SMKM77
Van077

GaWiT?
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ZnyP>

ZnPy

ZnI;

ZﬂBl’z

ZnCh

InCh

Inky

ZnF,

n0

In0

Znfacach
(MesN)ZnBrq
ZnSO;4
ZnSi204(0H); - 2H,0
ZnCr04 '
ZnRhy0,

Zn LMM
Zn

Zn
CugZnyg
ZnS

Znh
ZnBr2
ZI‘IClz
Znk
ZnF
Zn0
Zn0
Zn0
Zn(acac)y
ZnSi:0:(0H); - 2H,0

Zrid
Yis
7t
Zr
Zr
0,
ZiFs
KyZrFe
KqZrFy
KZrFs - H:0
BrZr{OH);CH;CHNH,C
CLZr(OH),CH:CHNH,C

10206 NSDUT75

1020.9 NSDU75

10230 GaWi77, SATD73

1023.4 Wagn75, SATD73

10219 KIHe83

1023.1 SATD73

10222 GaWiT?

1022.8 Wagn75

1021.8 Scho73a, WRDMT79

1022.5 GaWi77

1021.4 Wagn75

10209 EMGK74

1023.1 Nefe82

1022.0 WPHKS2

1022.1 BDFP31

1021.7 NFS82

992.1 GaWi77, KLMP74, MaDuT7,

Scho73a, KPMLT3, KIHe83

992.1 WRDM?79, Wagn75

9927 VanQ77

989.7 GaWiT7

988.7 GaWiT?

987.3 Wagn75

989.4 KiHe83

986.2 GaWiT7

986.7 Wagn?5

9885 SchoT3a

987.7 GaWiT7

988.2 KiHe83

987.7 Wagn75

987.3 WPHK82

178.9 P

178.8 NyMag0

1783 NSCP74

178.9 WRDM79

1822 SaRa80, NGDS75, NSCP74

1853 NKBP73

184.2 NKBP73

183.7 NKBP73

184.7 NKBP73

1829 KNPP74

183.0 KNPP74
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ACHTT3
ADPST?
ALMP82
AMFL74
AWLS0
AT76
ALT?
AnSw74
Aoki76
Asam76
BACBT75
BALS76
BBFR77
BCDHT3
BCGH72
BCGHT3
BCH75
BCHM72
BCM78
BDFP8I
BGD75
BHHK70
BHUS1
BMCKT7
BNMNTY
BNSA70
BSRR81

BTE77
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Appendix D. Valence Band Spectra

In some cases, the chemical shifis observed in core level XPS are not sufficient to identify the surface chemistry of a particular sample. In the case of XPS analysis of polymers, the
changes in carbon chemistry may be quite subtle in core level XPS or the chemical shifts may be only a secondary or tertiary effect. With the routine use of monochromators in XP§
and the high counting rates made possible by current spectrometer technologies, many analysts use valence bands for identification of materials. In many cases, the valence bands
are used as fingerprints for a sample or a surface treatment, rather than for identifying specific molecular orbitals. The fingerprints of the valence bands may then be used to aid in
both the identification of polymers and the quantification of polymer mixtures by using methods such as linear least squares fitting. The following is a small compilation of valence
band spectra of organic and inovganic materials to ilustrate the utility of valence band data.

Poly(ethylene) Poly(methyl methacrylate)

35 -5 5

Binding Energy (eV) Binding Energy (eV)
Poly(ether ether ketone) 'I Poly(isobutyl methacrylate)
/

35 ' -5 35 35

Binding Energy (eV) Binding Energy (eV)
Poly(phenylene) sulfide Poly(n-butyl methacrylate)
-5 35 -5

Binding Energy (eV) Binding Energy (eV)
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Poly(propylene) Corona-treated
Poly(propylene)
35 -5 35 3
Binding Energy (eV) Binding Energy (¢V)
CaC0O3 ﬂ NaCi

. S A~

% -3 35 -5
Binding Energy (eV) Binding Energy (eV)
Fe203 (hematite) Fe304 (magnetite)
35 -5 35 -3
Binding Energy (eV) ) Binding Energy (eV)
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Appendix E. Atomic Sensitivity Factors for X-ray Sources at 90°

This table is based upon empirical peak area values* corrected for the system’s transmission function. The values are only valid for and
should only be applied when the electron energy analyzer used has the transmission characteristics of the spherical capacitor type
analyzer equipped with an Omni Focus Il lens supplied by Perkin-Elmer. The data are calculated for x-rays at 90" relative to the
analyzer.

Element Line  ASF Element Line  ASF Element Line  ASF Element Line ASF
Ag 34 5198 Fu ad 2210 Na Is - 1685 Si » 0283
Al % 0193 F Is 1000 Nbo 3 2517 Sm 3ds 2907
Ar % 101 Fe B 2686 Nd A 4697 Sn sy 4.095
As 4 057 Ga  2pn 3341 Ne Is 1340 St 1578
Au 4 5240 Gd 4 2207 Ni B 3653 Ta 4 2589
B s 0159 Ge  2pm 3100 0 s 071l Tb 4 2201
Ba 4 262 Hf 4 22 0s 4 3747 Te A 3266
Be s 0074 He 4 5797 | P % 0412 Te sy 4925
Bi A 763 Ho 44 2189 Pb A 6968 Th 4 7498
Br A 0895 1 s 5337 Pd W 4682 Ti p» 1798
C s 02% In Msp 3771 Pm 3 374 T 4 6447
Ca » 163 Ir i 4217 Pr 3 63% Tm 4 2172
Cd Wsp 3444 K » 1300 | P A 46M U 4 846
Ce A 739 Kr 34 1.0% Rb 3 1316 v p» 1912
al » 0770 La A 7708 Re i 3327 W 4 2959
Co » 3255 Li Is 0025 Rh A 41T Xe 3sp 5702
Cr % 220l Lu 44 2156 Ru 34 36% ¥ 3 1867
Cs s 6032 Mg 2 022 S » 0570 Yo o4 216
Cu 2 4% Mo 2p 2420 S Wsp 4473 Zn P 33%
Dy 4 2198 Mo  3d 2867 Sc %» 1678 It W 2216
Er 218 N Is 047 Se 072

*C.D Wagner, et al. Surf. Interface Anal. 3, 211 (1981).
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Appendix F. Atomic Sensitivity Factors for X-ray Sources at 54.7°

This table is based upon empirical peak area values* corrected for the system’s transmission Junction. The values are only valid for and
should only be applied when the electron energy analyzer used has the transmission characteristics of the spherical capacitor type

analyzer equipped with an Omni Focus 111 lens supplied by Perkin-Elmer. The data are calculated Jfor x-rays at 54.7° relative to the
analyzer.

Element Line ASF Element Line ASF Element Line ASF Element Line ASF
Ag 3 5987 Eu 4 2488 Na Is 1685 Si » 0339
Al » 023 F Is 1.000 Nb 3d 2921 Sm 3sp 3611
Ar LI5S Fe P 2957 Nd 3d 5671 Sn 3sp, 4725
As 3d 0677 Ga Qw3720 Ne Is 1340 Sr 3 1.843
Au 4 6250 Gd 4 2484 Ni P 404 Ta 4 3082
B Is 0159 Ge Qwn 3457 0 Is 0711 Tb 4 2477
Ba 3dsp 7469 Hf 4 2639 Os 4 4461 Te 3 3776
Be Is 0074 Hg 4 6915 P B 0486 Te 3dsp 5705
Bi 4 9140 Ho  4d 2469 Pb 4 8329 Th 4 9.089
Br 3d 1053 I 3sy 6.206 Pd 3 5356 Ti p 2001
C Is 0296 In 3dsp  4.359 Pm 3d 4597 Tl 4 7691
Ca p 18} I 4 5021 Pr 76 Tm 4 2454
Cd 3dsp 3974 K B 1466 Pt 4 5575 U 4fp 10315
Ce 30 8.808 Kr 3 1287 Rb 3d 1542 v p 2116
cl p 0891 La 3d 912 Re 4 3961 W 4 353
Co P 359 Li Is 0025 Rh 3 482 Xe 3sn 664
Cr B 2477 Lu 4 2441 Ru 3d 4273 ¥ 3d 2175
Cs s, 7.041 Mg % 0252 S B 0666 Yb 4 2451
Cu » 532 Mn P 2659 Sb 3sp 5176 Zn Y 3726
Dy 4 2474 Mo 3 332 Sc » 1875 7 3 2576
Er 4 2.463 N Is 0.477 Se 3d 0.853

*C.D Wagner, et al. Surf. Interface Anal. 3, 211 (1981).
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Appendix G. Line Positions” by Element for Al Ko X-rays

Atomic Number/Element Phatoelectron Lines Auger Lines
s 2 2p 2pw 3 dpm dpe Mw Ma 4 dpe dpw KLiLy KLiLay KLakay"
3 L 56 | e
4 Be | |12 1284
5 B 189 - 1310
6 C 285 1223
1N % 107
£ 0 $1 |23 1013 999 L]
9 F 68s | 30 878 8% 832
0 Ne | [863 |41 14 725 ] 669
i N | | 1072] 64 3l 561 52 493
2 Mg | 103 89 50 381 1) 301 |
LaMaMy”  Ladadi™  LaMasMis ('P) LaMaMas ('P) LoMaMss ('F) LaMasMs”  LaMgg
B Al . |n (1419 |
14 Si 151 100 [99 _ 1394
15 P 188 131 [130 [ 14 1367
16§ 208 165|164 | 18 133 :
1 cl oo (19| 17 b 1304
18 Ar 320 M4 (242 | . 121
9 K 380 207 [294 | 35 19 129
0 Ca 440 351 (347 | 45 2 1197
2 S 49 404 |39 | 51 29 1149 1118
n T S61 460 |45 | 9 B 1058 1068
BV 62 S® |SI2 )66 3 1048 104 o
N O 6% S8 [SH | 7S 8 997 959 917
5 Ma 7% 60 (63 | 83 48 98 900 852
% F 845 70 |70 | R 53 888 £ [784] -
27 Co 95 M3 (718|100 60 838 831 m m 713 698
% Ni 1009 870 |853 | 1l 67 s m m 06 641 624
% Cu 1097 953 [93 [ 13 7T 75 719 12 648 640 628 568 548
0 1195 1045 [1022] 140 91 B9 10 660 652 582 sn 559 495 an
i Ga 1301 144 [1107] 160 107 104 19 597 589 514 S04 487 419 0
32 Ge A28 1217] 181 126 12 300 2 M 525 444 4B 4R w30
1 As 1359 [ 1324) 205 146 141 43 @ kil 360 33% 262 2%
M S m e 18 57 [36 j MyMasNas 299 287 251 181 140
35 Br 2% 189 182 70 |69 15 5 1390 -
% K W 26 A 88 (81| 2 ]
3 Rb 1 249 240 13 |m| 3 16 1385
L 30 281 20 1% [14] 9 21 - MisNoV  MeNeNes
£ 94 311 29 I8 |156) 45 24 1356
0 = 40 38 30 18 (19| 51 2 1368 1337
a) Lines enclosed in boxes are the ones which are most useful for identifying chemical states,
b) Includes KVV designation when La3 is not a core level.
¢) Designation is oversimplified.
d) Includes LVV when M levels are not in core and MVV when N levels are not in core.
¢) No simple 4py2 line exists for this group of elements.
f) The 4d doublet for these elements is complex and is variable with chemical state because of multiplet splitting and multi-electron processes.
g) The 3s is of low intensity and is ofien in the shake-up structure of the 4f lines. These values are estimates of the energy.
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Aomic Number/Element Photoclectron Lines f Auger Lines
3 3pm 3 3w M 4 G dpo dw ddn de A S Spw Spn Sdu Sk 65 Gpin Gpuf MaNmV MsNaNe! MNaNe" MeNiV MVV My

41 Nb | 461 3% 361 205 22 | 56 3 1319

42 Mo|506 412 34 21 |28 |63 36 1299

4 T |54 a5 5 25 (298 |68 k]

4 Ru |58 484 462 2 [m0 |75 o 1256

45 Rh 629 521 497 3 |37 | 81 48 1234

a6 Pd| 671 560 533 340 [335 | 88 52 1211

41 Ap |79 604 573 a7 [368 | 98 60 1ol 113

A8 cd |77 652 618 412|405 ] 110 69 1l 110

49 In [828 700 665 452 [444 | 123 8 17 1084

S0 Sa [885 751 7S 493 |48s | 137 89 2 1058

S sh |94 B3 67 SW [5® | 1S3 9 n 1032

$2 Te | 1009 8TI BN S8 (SM | 170 m 4 44 12 1005

531 |1omo9w &5 61 [619| 187 1851 49 b} o2

S4 Xe | 1141 9% 93 6% |67 | 200 19 6 61 1 955

S Cs | 12191060 1002 740 (76 234 113 161 80 77 25 931

S6 Ba | 1292 1138 1064 79 781 | 254 193 179 93 %0 3 15 900

57 la 1208 1128 853 (836 | 275 213 197 106 103 3 17 86

58 Ce 1272 1184 902 884 | 290 223 207 112 109 36 18

59 Pr 109 1242 952 [932 | 305 24 218 s’ 3 18 797

60 Nd 1301 1003 981 | 320 5 228 3 19 758

61 Pm 1060 |io34| 337 284 242 38 i) T4

6 Sm 1108 |1081) 349 23 250 4 19 %)

6 Eo 155 126 36 2 255 3 19 637

64 Gd 128 86 378 W M ] 4 2 602

65 ™ 1276 1241 396 3 2% 8 45 pr) 559 4n 200 230
66 Dy 1333 1296 417 331 297 8 48 bi] 526 368

67 Ho 1303 1352 435 353 309 9 49 30 M 438 314 u7
68 Er 451 68 321 9 2 03 440 m % 56
6 Tm 470 384 33 8 5 N B 98

N Yo 48 19 341 35t %0 N

7N L s 43 360 206 1% 9 (7] W n NNeN:  NeNeNs

n N 5% &7 330 m 2 16 |4 |6 8 N 1317 1306

nBnn 563 463 401 2 2% H 2|6 43 0B 1316 1306

"W 504 491 42 2%6 243 W 3 |B &1 W 1320 130

75 Re 625 518 446 274 260 42 (40 | W 1322 1309

76 05 658 S8 471 23 29 sS4 (51| 8! ma 1326 1311

M I 692 518 495 312 297 64 |61 | 9 4g 1329 1314 :

8 R 725 69 5200 3R 35 W (71| 0P s 134 1317 N0 NNO  NoOusOss NsOssOus
7 Au 763 643 547 353 335 g8 (84| 1oOP 57 M : 1342 3% g\l 1416
0 He 805 682 S5 381 361 105 [101) 5P 85 & 12 10 133 6 2% K2 1406
i m 847 T0 610 406 385 m |us| P 5 W 15 B 1364 133 2 m ol 1399
2 m 893 762 644 43 412 2 [13| 1507 10 8 O 18 1369 1354 % 1391
83 Bi 940 ‘806 679 464 440 162 157 161 119 93 27 % 3 NOu¥  NgOsV 1387 1383
9% Th 1330 170 965 TI3 676 341 [333| W4 W4 M 93 & 42 25 17 | 1419 1239 1335 1404
(V] 1212 1043 90 (736 388 [377) 322 260 195 103 94 44 26 17 | w12 1204 1386
9 Np 1327 1086 816 771 414 402 206 101 218

9 Pu 1121 850 802 43 427 216 105 318

95 Am 83 812 483 449 351 26 119 109 KT

% Cm 919 865 41 4M m 3 218

9 Bk 958 901 SI4 498 246 120 MO8

9% Cf 9 933 M1 5B 14 I 19
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Appendix H. Line Positions” by Element for Mg Ko. X-rays

Atomic Number/Element Photoclectron Lines Auger Lines
5 % 2o Ym B 3pm Im 3w Ma & dpn dpw KLiLy KLiLzs KLl
3 b |[ss =%
4 Be | |2 1151
5 B 189 10m
6 C 285 990
7 N 398 874
80 E 780 766 745
9 F 685 |30 645 626 599
10 Ne | [863 |41 14 49 469 436
n N | |10m2f 64 3l ;M - W 260
R Mg | 1303 8 50 148 114 68 |
LabnMz”  LaMaMy®  LaMsMis (') LoMaMas (') DMaMs('P) LoMaMs® LM
B Al s |n 1186
14 S 151 100 |99 161
15 P 188 131 [130 | 4 1134
16§ 228 165|164 | 18 1103 '
na 2w 1| n 6 1071
18 Ar 320 44 |2 | o 1039
v K 80 297 (294 | 35 19 1005
N C 440 351|347 | 45 % 964
2 S 499 40t |39 | si -] 1916 | 895
nTn S61 460|454 | 59 B 865 %
n v 621 s 512 |66 3 815 781
U O 6% 58 |57 | 75 3] 764 7%
25 Mn 79 650 |639 | 83 a8 gl 667
% fe 45 120 |07 | 92 53 655 606 :
27 Co 925 793 |778 | 101 0 605 598 L 53 465
% N 1009 870 |853 | 1l 67 545 539 an 4m 391
» Qu 97 98 |9B |13 71 75 486 4 415 407 395 35
0 In 195 1045|102 140 91 B 10 : o 419 349 340 6 29
3 G 144 T 10 107 104 [19) 364 3% 231 7 254 159
2 G IM8 1217 181 126 12 0 [F ] 301 292 211 20 19 n
B As 05 M6 M 83 |0
oS W69 163 57 56 MMy
3 Br 25 189 182 70 |69 | 1S 5 1157
% K %7 206 208 88 |87 ] 21 8
3 Rb 249 240 13 || 3 16 152
¥ 8 0 281 70 136 |1M4] 39 21 MaNnV  MasNaNas
My 4 31 X9 158 |156] 45 24 s
0 2 M 3 s |19 51 1] 1160 1104
a) Lines enclosed in boxes are the ones which are most useful for identifying chemical states.
b) Includes KVV designation when La3 is not a core level.
¢) Designation is oversimplified.
d) Includes LVV when M levels are not in core and MVY when N levels are not in core.
¢) No simple 4pip2 line exists for this group of elements.
) The 4d doublet for these elements is complex and is variable with chemical state because of multiplet sphitting and multi-electron processes.
g) The 5s is of low intensity and is often in the shake-up structure of the 4f lines. These values are estimates of the energy.
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Atomic Number/Element Photoelectron Lines . Auger Lines
B3 dpwe ddw Mo 45 dpn dpw ddw ddw Al dfn S5 Spin Spe Sdw Sdw 65 Gpi 6pn| MaNaV MoNaNe" MNaN? MgV MYV Movy
41 Nb | 467 376 361 0 205 [2007] 6 31 1086 1054
42 Mo|s06 412 '%94 231|208 |63 36 1066 1031
43 Te |544 445 425 257 253 | 68 39 : 1047 1008
a4 Ru 586 484 462 284 [280 | 75 439 1023 979
45 Rh | 629 521 497 312 |307 | 81 48 1001 952
46 Pd | 671 S60 533 340 (335 | 88 52 978 926
47 Ag | 719 604 573 374|368 | 98 60 i 958 902 896
48 Cd | 772 652 618 412 405 | 110 69 87 870
49 In | /828 703 665 452 |4dd | 123 78 851 843
SO Sn | 885 757 7S 493 |485 | 137 89 825 816
SISh|%44 813 7 537 528 | 1S3 99 799 789
52 Te | 1009 871 820 583 |5 | 170 1 12 m 762
5301|1071 930 815 630 |619 | 187 123 18 749 8
56 Xe | 114199 934 683 [670 | 207 139 1 i) 709
S5 Cs | 1219 1069 1002 740 726 | 234 113 161 25 698 685
56 Ba 138 1064 796 (781 | 254 193 179 3l 15 667 653
57 La 1208 1128 853 [836 | 275 213 197 k] 17 . 6 621
S8 Ce 184 902 (884 | 200 23 207 36 18 1 —
59 pr 1242 952 (932 305 24 218 38 18 564
60 Nd | 1003|981 | 320 245 228 39 19 : : 525
6l Pm 1060 (1034] 337 264 242 38 n 481
62 Sm 1108 [1081] 340 283 250 41 19 449
63 Eu 1155 1126 363 289 255 39 19 404
64 Gd 1218 1186 378 W1 272 8 £ 2l 369
65 T A 1241 396 32 285 8 a5 n ' g 170
6 Dy 417 33 297 8 48 n
61 Ho 435 353 309, 9 4930 M
68 Er 451 8 321 9 Ly 3 A
6 Tm 470 3% 333 8 1R 8
0 Yo 482 39 3 3 st 30 M
U DT 509 41300360 206 196 9 [ st o : NNz NaNeNs
72 M G L3k oy 380 om 2Ll 6 14 | 6338 a0 1084 1073
B U563 463 4D1 238 060 M |22 |69 43 _ 1085 10m
"W 504 491 424 2% 243 B (3|5 47 3 1087 1075
75 Re 625 518 446 21 260 42 |40 | 99 1089 1076
% 0s 658 S48 471 293 219 54 |51 | g9 44 1093 1078
6 P e D60 S8 405 Al 207 e el | o e 1096 1081 e : .
8B S 6007500 2330 315 e | loa s S| 0L 1084 NSMO NN NiOiOs  NiOwOss
9 A A e s Tes e 1947 a5 A0S e B bR s SO e S R 00 09 1014 998 SR
80 Hg 805 682 579 381 361 107 [103| 15 85 61 12 10 119 1103 0 997 1179 1m
8Tl 847 720 610 406 385 12 [us| 13 95 M 15 13 1131 e 08 98 1168 1166
82 Pb 893 762 644 43 412 M2 (137|150 107 &4 n 18 1136 1121 1161 1158
8 Bi | | 940 806679 464 440 162 |ISTTAGIY 19 193 27 a4 T NGOGV NpOsY : s 1150¢
Q0T A B ST 965 STIBL 676 M2 9331 1904 234 hir 93 igs g as dn [ anigs 1006 i BRI
Ll (] R DO 10439790 736 0 388|370 | 322 260 195 103 9444267 [TImor 9 ] 1153
B Np 108 816 771 414 402 206 101 2 I8
o Py 120 850 802 439 427 216 105 318
95 Am ; o _ 883 832 463 449 35 26 19 109 I 18
0B St 0 T R e, (e TR 007 TR6S: BT A Ta L R R T R g S g
97 Bk | SR 958 901 sl4 498 L6 120 g
98 Cf 9% 933 S4l 5 12403519
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Appendix J. Line Positions in Numerical Order

For photoelectron lines, the spin orbit splitting is indicated in parentheses. Auger lines are in italics, and the photon source for the
Auger excitation is indicated in parentheses.

7 Ludly, (2 89 Mg s 175 Tm 4d 299 Yy - (12)
14 Hf4f, (2 9 Baddy, (3) 179 Zrdd,  (2) 301 Mg (Al)
B 02 98 Er (Al) 181 Se (Al) 307 Rh3ds,  (5)
2 Tadf ?) 9 SiZpy, (1) 182 Yb4d | 309 Hodpy, (44)
25 Sn4d 101 Hg4f,  (4) Bripy  (7) 315 Ptady,  (17)
29 Gedds, (1) 103 Ladds,  (3) 186 Ga (Mg) 320 Ar2s
30 F2s 104 Gadpy (3) 188 P2s . 321 Erdpn  (47)
31 Wi, () 109 Cedds, (3) 189 B Is 330 Zrdpn  (14)
37 V3p Ge (Mg) 196 Luddg, (10) 333 Thaf,  (9)
40 Redf, (2 112 Rb3dg, (1) 19 Cl2py, (2 Tmdpy, (1)
4 Nes Be Is 22 Nb3dy, (3) 35 Pd3dy, (5
2 Asddg () 115 Prdd 208 Krdpy, (8) Auddg,, (18)
8 Crip 117 Ho (Al) 211 Hfddgy, (1) Cu (Mg)
48 Mn3p ' 18 Tl4f,  (4) 26 Tadds, (12) 341 Ybdpy, (48)
49 14dg, (2) Al 28 S2s 342 Ge (Al)
50 Mg2p - 121 Nd4d Moldd,, (3) M7 Ca2pn (B)
51 Osdf,  (3) 122 Gedpy  (4) 240 Rb3py, (9) 360 Ludpy, (53)
53 Fedp 128 Eu4d 22 Ardpy, () 361 Hgdds, (20)
56 Lils 129 Sm4d 243 Wid, (13) Nb3py,  (15)
Sedd, (1) 131 P2y (1) 260 Redds, (14) 368 Ag3dy,  (6)
60 Co3p 134 Sr 3ds, 2) Na (Mg) 369 Gd (Mg)
61 Irdf,  (3) 137 Podfy, (5 Th (Al) 37 Udf,  (11)
Xedds, (2 140 Gd4d 262 Zn (Mg) 380 K 2
64 Na2s 141 Asdpyn (5 As (Al) 385 Tlddy,  (21)
67 Nidp 146 Thb4d 270 Sr3py, (1) 3% Modp, (17)
69 Brid, (1) 151 Si2s 271 Cl2s 398 N ls
71 Pdf,  (3) 152 Dy 4d 219 Osdds, (14) 39 Sc2pn (9)
3 Al2p 156 Y3d, (2) 280 Ruldy, (4) 404 Eu (Mg)
75 Culdpe (2 157 Bidfh, (5 285 Thdpy, (37) 405 Cd3ds, ()
77 Cs4d,  (3) 160 Ho 4d Cls 408 Ni (Mg)
84 Audf, (4) 163 Sedpy  (6) 294 K2p,  (3) 412 Phdd,, (22
§7 Krddg (1) 164 S22 (1) 297 Dydp, (40) 419 Ga (Al)
8 Zndpn () 167 Erdd Irdd,,  (15) 436 Ne (Mg) 1
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Handbook of X-ray Photoelectron Spectroscopy Appendix J. Line Positions in Numerical Order

40 Ca2s 669 Ne (Al) 874 N (Mg) 1103 Cd (Al)
449 Sm (Mg) 670 Xe3ds, (13) 884 Ce3ds, (18) 1107 N (Al)
441 Bidd, (9) 676 Thdds,, (37) 886 Ba (Al) 1117 Ga2p,  (27)
444 1In 3ds, (8) 682 Sm (Al) - 896 Ag (Mg) 1126 Eu3dy,  (30)
454 Ti2py, (6) 685 Fls 90 Mn (Al) 1129 Ag (Al)
462 Ruldpy, (22) Cs (Mg) 916 Sc (Mg) 1149 Sc (Al)
480 Co (Mg) 696 Cr2s 918 Cs (Al) 1154 Bi (Mg)
485 Sn3ds,  (8) 707 Fe2py, (13) 926 Pd (Mg) 1159 Pd (Al)
493 Na (Al) 709 Xe (Mg) 932 Pr3ds,  (20) 1161 Pb (Mg)
495 Zn (Al) 713 Co (Al) 933 Culpy, (20 1168 TI (Mg)
497 Rh3py,  (24) 715 Sndpy,  (42) 942 Xe (Al) - 1179 Hg (Mg)
499 Sc 2s 726 Cs3ds,  (14) 952 Rh (Mg) 1183 Au (Mg)
512 V2py, (8) Cr (Mg) 959 Cr (Al) 1185 Rh (Al)
525 Nd (Mg) 736 U 4ds, (42) 94 Ca (Mg) 1186 Gd 3ds,  (32)
526 Dy (Al) 738 1 (Mg) 971 U (Mg) 1197 Ca (Al)
528 Sb3ds,  (9) 745 0 (Mg) I (Al) 1204 U (Al)
531 Ols 758 Nd (Al) 978 0 (Al) 1212 Ru (Al)
533 Pd3p,  (27) 767 Sb3py,  (46) 979 Ru (Mg) 1217 Ge 2ps»,  (31)
551 Fe (Mg) 172 Te (Mg) 981 Nd3d,; (21) 1223 C (Al)
561 Tils 718 . Co2pwy (15) 990 C (Mg) 1239 Th (Al)
564 Pr (Mg) 781 Ba3dy, (15) 1005 Te (Al) K (Al)
568 Cu (Al) % (Mg) 1006 K (Mg) 1241 Tb3ds,  (35)
573 Ag3dps,  (31) 784 Fe (Al) Th (Mg) 1272 Ar (Al)
Te3ds,  (10) 797 Pr (Al) 1014 v (Al) 1296 Dy 3d;,  (37)
574 Cr2py, ) 799 Sb (Mg) 1022 Zn2py,  (23) 1299 Mo - (Al)
599 F (Mg) 816 Sn (Mg) 1032 Sb - (Al) 1303 Mg 1s
600 Ce (Mg) 820 Te3dpyn,  (51) 1039 Ar (Mg) 1304 Ci (Al)
602 Gd (Al) 832 F (Al) 1049 Sn (Al) 1310 B (Al)
619 Cd3py, (34) 833 Ce (Al) 1068 Ti (Al) 1319 Nb (Al)
I 3ds, (12) 835 T (Mg) 1071 CI (Mg) 1324 As2p;,  (35)
634 La (Mg) 836 La3ddy, (17) 1072 Na Is 1336 § (Al)
637 Eu (Al) 843 In (Mg) 1076 In (Al) 1387 Bi (Al)
639 Mn2ps,, (1) 853 Ni2py, (18) 1077 B (Mg) 1394 Pb (Al)
641 Ni (Al) 863 Nels 1081 Sm3dy, (27) 1401 T1 (Al)
653 Ba (Mg) 867 La (Al) 1086 Nb (Mg) 1412 Hg (Al)
665 In3p,  (38) 870 Cd (Mg) 1103 § (Mg) 1416 Au (Al)
667 Mn (Mg)
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Appendix K. Periodic Table

Atomic number

Element symbol

Most intense photoelectron transition
Most intense Auger transition

9 1.0

1s 685

KLL 647

Binding energy, most intense photoelectron transition
Kinetic energy, most intense Auger transition

PHI sensitivity factor® for designated photoelectron transition

He

3 oos|4 oo 5 0150|6 0206|7 o0477|8 o0711|9 10[10 1340
Li | Be B|IC|[N|[O]|F/|Ne
s Blts 112 1s  B7(ts  25|1s  42|ls  S[1s  ®5|is  BR
KL 43lml 168 KL w7kt 2|kl oML sonfKLL  eSSKLL 818
11 1885{12 0252 13 0.133| 14 0283{ 15 0412 | 16 a570| 17 0770 |18 1011
Na | Mg Al | Si|P|S|Cl|Ar
s welp 2 o W2 @ip iy wp wlp 2w
KL ®4lkL 18 LMM B |LMM oafimm 120 fumm 15t owm 1s3 |uam 218
19 130|120 1,634 |21 1678 (22 1.708 | 23 1012 |24 2201 |25 242|26 2.686 | 27 3.255| 28 3.653 |29 4.798 [ 30 3354 |31 3.341 |32 310033 0.570 | 34 0.722| 35 0.895 |36 1.096
K|Ca|Sc|Ti|V |Cr{Mn|Fe|[Co|Ni|[Cu|[Zn Ga|Ge|As|Se| Br| Kr
» Mln Mz My sm 2p w|p ew|zp W|p M Bp  Wipw 02|pw 17|z o7l e2lu sl Bl ow
b sl 2ol melum sslom o3l oafume sobuv sl e sslom oo lume  swfuwm s |tum nes o s o s iww @7
37 1315/38 1578| 39 1867 |40 2216 | 41 2517 {42 2857 | 43 3266 |44 3596 |45 4.179| 46 4643 |47 5.198 | 48 3444 |49 3777 | 50 4005|551 4.473 |52 492553 53957 |54 5702
Rb | Sr Zr INb Mo | Tc|Ru|Rh|Pd|Ag|Cd|In|Sn|Sb|Te| | |Xe
s fi|ad 1[ad  melad 19| 22lsd  melw  2s3(3d 2003 07| 5[ 36[3dw 405[cke 44 [3dse 465(3dwe 508 |%ee 573 |3 619 [3dse 670
MMN 102 MMV 131 |MNV 150 | MMV 168 {MNV 188 246 |MNN_ 275 [MNN 202 |MNN 308 |MNN 358 [MNN 384 [MNN 4t [MNN 438 [MNN 465 |MNN 4o [MIN 516 [MNN 545
55 6.032| 56 6.361| 57 7708 |72 2.221 | 73 2589 | 74 2.950| 75 3327|76 3747 |77 4217| 78 4674 |79 5240 | 80 5797 |81 6.447 | 82 6965 | 83 7.632| 84 85 86
Cs|Ba|lLa|Hf [Ta| W |Re|Os| Ir|Pt|Au|Hg| Tl |Pb| Bi | Po| At | Rn
Mz TH|ake TRifad @sla wl|e  2le  ulae  wle sje¢ ela mle wla wle mle wla
M seolunn o0 i 63 lwn e |me ei [ne teofmeer  17elmew o |mwn sssimemc molmn weslnoo  si|Noo es|woo  os|NOD 14
87 88 89
Fr | Ra | Ac
58 7.399| 59 6356 | 60 4.607 |61 3754 |62 2907 | 63 2210 | 64 2207 | 65 2.201 | 66 2.198| 67 2.189 | 68 2.184| 69 2.172| 70 2.169| 71 2.156
Ce|Pr|Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho|Er | Tm|Yb| Lu
3 |3 9|ad ®1|xd 10343k 1081[kd 128led Mol 146|6  152ldd wle e il wm|la 7
MNN 65| NN 590 | M 720 NN 773 | neen 805 [meNn sso | we ses |wnw qome (w119 [Mwy 13 lew e
90 7.4%|91 92 847593 94 95 9% 97 98 99 100 101 102|103
Th|{Pa| U |[Np|Pu|Am|Cm|Bk | Cf|Es|Fm|Md|No| Lr
2 W dhe X0
NOV 68 NV TS

*The values are for area measurements of the designated transitions and are only valid when the electron energy analyzer used has the transmission

characteristics of the spherical capacitor type analyzer equipped with an Omni Focus 111 lens supplied by Perkin-Elmer and with x-rays at 90° relative to the
analyzer. Where a spin-orbit splitting is not designated the value is for 2 measurement including both spin-orbit components.
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