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Supplementary Information

Cation vacancy

The n-type dopability metric, Eq. (9) in the main text, based only on cation vacancy is given

as:
559/0) = E&.— CBM + _(‘70 - Va) + _Alucu (1)

Upgrading the model to account for the loss of N amount of electrons from the cation-s
states (£2) in the valence band of the compound to the reference phase, for systems like PbX
and BipX3 (X = S, Se, Te). Also, assuming cation-rich conditions for the n-type doping
(Ap. = 0), changes Eq.(1) to:
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N 1
5V = £ —CBM + ¢ (6. — &)+ — (V. — Vo),

N, N.
N3 N3 1 -
5= = (14558 — OBM — —£&0 4+ (V. = Va), (2)

Using intrinsic material properties as proxies to replace the physically derived terms in

Eq.(2). We approach by (1) fitting parameter x work function of the cation (W,), a x W,

s
c

as a substitute for the (1 + %)éc term (representing average electronic energy of the cation

reference phase), (2) b x CBM, (3) ¢ x (g3) to substitute %c s, where () is calculated
using computed DOS, (4) and using d x AH as representative of the nuclear repulsive term
NL(VC —V,), and adding an additional fitting parameter e to account for the unknown within

the proxies. Eq.(2) now modifies to:

5V = o) x W, — V) x CBM — Vo) x & + d") x AH; + ¢V, (3)

where {aV) p(Ve) c(Ve) dVe) Vel are the free parameters of the model (fitting constants)
for the n-type dopability metric, when cation vacancy is the lowest energy (killer) intrinsic

acceptor defect.

Anion vacancy

Deriving a more generic description for the anion vacancy formation energy, than that derived
in the main text Eq. (6), based on the compound stoichiometry C,A, such that zN.+yN, =

yn,, where N = electrons and n = states.

ALBy, = ch(é“F —&vp) + No(éa — Evi) + (Vo — Vo) + A, (4)
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p-type dopability metric based on the anion vacancy is then given as:

N, N, _ 1
oclVe) — ¢ = LV BM — (1 “\z vV, -V, Ay, 5

Assuming anion-rich conditions for p-type doping (Ap, = 0), changes Eq.(5) to:

1 -
SR ©)

N, Na \ _
5elle) — i e TVBM = (1+ - )éve +
y o oc y e

Similar to the n-type dopability metric, using proxies in the p-type dopability metric. (1)
a x W, (work function of anion reference phase or in case of molecules the first ionization

energy) for &,, (2) bx VBM, (3) average energy (center of mass) of the valence band ¢ x &y g,

and (4) d x AH; for the nuclear repulsive term (V, — V,,). Eq.(6) now modifies to:

e = aVa) s W, 4+ ) x VBM — ") x (eb) + d") x AH; + ), (7)

where {a(Ve) p(Va) c(Va) d(Ve) ¢(Va)l are the fitting constants for the p-type dopability

metric, when anion vacancy is the lowest energy (killer) intrinsic donor defect.

Cation Interstitial

AE; = Nu(ep — &) + N3 — &) + (Vo — V) — Ape (8)
(L) _ _ N 1 - 1
dep —5F—5C+E(5C—5c) —i—ﬁc(Va—Vc)—mA,uc 9)

Ignoring the Ay, term at the moment, and applying the proxies to rest of the terms in
eq. 9. Note that the cation atom likes to donate electrons and hence act like a donor in an

ionic material, and will limit the p-type dopability. Therefore, assuming Fermi energy to be

located at the VBM.
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e = —all) x W, 4 b5 x VBM + 1) x & 4 d') x AHj + U, (10)

where {a'’e), ple) clUe) dIe) e(e)} are the fitting constants for the p-type dopability metric,

when cation interstitial is the lowest energy (killer) intrinsic donor defect.

Anion Interstitial

AE[a = Na(g_VB — éa) + ch(&TVB — EF) + (Va — ‘7a) — A,LLa (11)

N, N, 1 o
gelle) = — 2z 1+ —2)evp + 7 (Vo = Vo) — o Apg 12
= e+ (e )eva + o )~y A 12

Note that the anion atom likes to accept electrons and hence act like an acceptor, and will
limit the n-type dopability. Therefore, assuming Fermi energy to be located at the CBM
and applying proxies to rest of the terms in eq. 12:

el — —qla) s W, — o) x CBM + 1) x 2y + dT) x AHj + o), (13)

where {alle), pla) cla) ga) ()} are the fitting constants for the n-type dopability met-

ric, when anion interstitial is the lowest energy (killer) intrinsic acceptor defect.
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Figure S1: Comparison of the analytic model and the calculated (from first-principles

defect calculations) p-type dopability metric 65%’) in case of cation interstitials. The model
parameters for Eq.(10) are obtained via linear regression to the calculated values. The
expression for the p-type dopability metric based on cation interstitials is given as: 55;{)) =

—1.41W,.4+0.55VBM +0.01&; — 0.09 AH; — 3.14.

Table S1: Experimental data of the band gap and maximal reported charge carrier concen-
trations for various binary and ternary semiconductors.

Compound Band gap (eV) Carrier concentration (cm~3) References

n P
KAISb4 0.20 1.00E+19 - 1
AgFeSey 0.23 5.00E+19 - 2
HfNiSn 0.45 1.00E+19 - 3
ZrNiSn 0.55 8.00E+19 - 3
TiNiSn 0.60 1.00E+19 - 3
InN 0.70 1.00E+19 - 4

CdO 0.90 1.00E+20 - 5-7
ZnAs, 0.90 8.00E+16 - 8

ZnSnNy 0.94 1.00E+21 - 2,9
AglnSe, 0.96 2.50E+18 - 2

CdAs; 1.00 7.00E+16 - 10

CdSnPs 1.16 8.00E+17 - 2
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AgInSq
HfCoSb
TiPtSn
TiCoSbh
BiyS3
ZrCoSb
CdInsTey
CdInsSey
CdSe
SbaSs3
ZmInsSey
AgInOy
CdaSnOy
CdInaSy
CdIn, Oy
SiC-3C
AlP
CdS
Iny O3
ZnGeNsy
TiOq
BaSnO3
SrTiO3
ZnsSnOy
Mglns Oy
Zn0O
SnOsy
ZnS
SrSnOs3
Gag0s3
BisTes
BisSeg
InSb
CoSbs
PbSe

1.18
1.31
1.31
1.42
1.45
1.49
1.50
1.55
1.85
1.88
1.92
2.00
2.06
2.10
2.23
2.39
2.50
2.56
2.90
2.90
3.03
3.10
3.25
3.35
3.40
3.43
3.60
3.84
3.93
4.90
0.13
0.16
0.17
0.22
0.27

3.00E+-20
1.00E+18
1.00E+21
1.00E+18
2.00E+19
5.00E+19
3.50E+15
1.50E+19
1.00E+18
1.00E+18
8.00E+-16
3.30E4-20
1.00E+19
1.25E+19
1.00E+19
1.00E+19
1.00E+19
1.00E+21
3.00E+-20
1.00E+19
1.00E+20
1.00E+19
1.00E-+17
1.00E+19
1.00E+19
1.10E+21
1.00E+20
1.00E+18
1.00E+19
1.00E+20
1.00E+18
1.00E+19
1.00E+19
1.00E+21
2.00E+19
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1.00E+19
1.00E+19
1.00E+20
1.00E+19
1.00E+19

W =N

11,12

13,14
15

16,17
18,19

20
21,22
23
2,24
25,26

27,28
29
30,31
32
33,34
35
36,37
14
38,39
40,41
42
43-45
46

47



InAs
CdSnAss
PbTe
KGaSby
PbS
Mg3Sbha
CoSbg
CuFeS,
CdGeAsy
CusSnSes
SnO
GaSh
Mg, Si
CulnSe,
CulnTeq
SnSe
ScN
CusN
SnS
CulnSq
InP
GaAs
CulnOg
CdTe
MgGeAs,
CdGePy
ZnSiPy
AlAs
GaP
ZnSe
GaN
AgoSnTes
CuFeTe,
CuFeSeq
SnTe

0.30
0.30
0.31
0.39
0.40
0.42
0.50
0.53
0.53
0.66
0.70
0.73
0.80
0.86
0.88
0.90
0.90
1.00
1.10
1.20
1.34
1.42
1.44
1.58
1.60
1.80
2.07
2.10
2.30
2.80
3.47
0.08
0.10
0.16
0.18

1.00E+21
5.00E+18
1.00E+20
2.50E+19
4.00E+19
1.00E+19
1.00E+20
3.00E+21
4.00E+18
1.00E+18
1.00E-+17
1.00E+17
1.00E+20
7.00E+18
2.00E+17
2.00E+19
1.00E+21
1.00E+17
4.00E+15
1.00E+18
1.00E+17
1.00E+18
1.00E-+17
2.00E+18
3.00E+18
1.00E+20
4.80E+18
1.00E+17
1.00E+19
1.00E+19
5.00E+-20
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1.00E+20
5.00E+-18
1.00E+19
5.00E+18
8.00E+18
1.00E+20
1.00E+18
7.00E+-20
2.00E+17
2.90E+21
1.00E+19
1.00E+18
5.00E+17
1.00E+19
7.50E+19
2.00E+18
1.00E+20
1.00E+16
1.00E+18
2.00E+19
1.00E+19
5.00E+19
1.00E-+17
1.00E+16
2.00E+19
2.00E+18
9.00E+17
1.00E+19
1.00E+18
1.00E+17
5.00E+17
1.00E+20
5.00E+21
2.00E+-20
1.00E+21

46

48,49

50
51-53

2,54
2

2

557
46,56,57
58,59

2

2

60,61
62-64
65
66,67

46,68
69,70
17,71
72-75

76
77
78,79
80

81



AgoGeTes
ShoTeg
Cd4Shbs

CusSnSes

ZnSnSho
CusSnSey
CugSnTes

CdSb
ZnSh

AgAlTes

CuzSbSy
ZnSnAss

AgsSnSes

CuoGeTeg

CuGaTeq

CugAsSey

CusSnS3

AgsGeSes

CusGeSes

CuGaSeq

NiO
AgGaSes
CuglngTer
ZnGeAsy
ShoSes
AgGaTe
CusgPSey
ZnSnP,
CuyGeSs
CdSiAss
AlSb
ZnGePsy
ZnSiAsy
Cu20
LaCuOTe

0.25
0.30
0.30
0.31
0.40
0.50
0.50
0.50
0.50
0.56
0.74
0.74
0.81
0.81
0.82
0.88
0.91
0.91
0.94
0.96
1.00
1.10
1.10
1.16
1.20
1.32
1.40
1.45
1.50
1.51
1.70
1.80
2.10
2.20
2.20
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8.00E+17
1.00E+19
3.00E+19
3.20E+4-20
1.00E+21
1.00E+21
1.00E+21
1.00E+18
8.00E+18
1.00E-+17
1.00E+21
1.00E+21
1.00E+18
3.00E+21
1.10E+20
2.70E+18
2.50E+21
2.00E+17
1.40E-+21
1.20E+19
1.00E+19
6.60E+-16
5.30E+-18
1.00E+15
1.00E+15
1.00E+17
6.00E+17
1.00E+17
3.00E+17
1.00E+17
1.00E+19
1.00E+17
1.00E-+17
1.00E+15
1.30E+17

82
1,83

84
85
2,54
2,54
2,9

N NN N

86—88
2,54

89,90
2,54

2,9

9,91
2,9
28,92-94
95



ZnTe
CusPS4
CuGaSy
CuAlSy
CuGaOs
CuAlSes

LaCuOSe
ZnlnsSy
Cul
CuAlOs9
LaCuOS
SrCusO9

2.25
2.38
2.38
2.50
2.60
2.67
2.80
2.90
2.95
297
3.10
3.30

1.00E+18
1.80E-+17
5.40E+17
1.00E+19
1.70E+18
1.00E+18
1.00E+20
1.00E+17
1.00E+20
1.30E-+17
1.00E+19
1.00E+17

96
2

2

2

17

2

95,97

2
2,98,99
100,101
95,97
102,103

S9



170 L0 90°0 10°0 080 ¥80 90 OT'0 0€0 180 160 980 0€0 080 160 ed

860 €40 650 89°0 g0 Lg0O G990 ¥90 PS¢0 80 T¢0 w0 P¥S0 620 1¢0 HVIN
290 €9°0 ¥8°0 980 80 ¥€0 ¥90 ¢80 <¢L0 8E0 90 <¢E0 <¢L0 660 920 HSINY
870" 000 €€ 86°0 000 912 901- 99F% ¥0C 000 G8% 699 G¥'1T <00~ 6L7 J
0070 000 000 G000 000 000 ¢r0- 010 9¢0 S00 000 2L00- L&0O 010 €00 1%
000 000 000 000 600- 000 000 000 010 Or0- S00- 000 TII'0- TI1°0- GO0- 2
8€°0 970 000 000 g¢0 190 S0 000 000 €S0 190 ¥90 000 8O0 090 9
00°0 020 99°0 000 910 80'¢ 000 .80 000 OT0 ¢SPT <0¢ G10- 000 OFI D

SIULIOIR0))

01 17T VI'T 080 9T ¢€0¢ 6I'T ¢I'T 60T L9T ¢0¢ OT'c CSOT €91 66T 89T QUZOHZANAN
¥40 ¢S50 VT'T 18°0 160 9¢1T 690 ¥I'T SI'T 160 %1 9¢T TII'T %60 F¥eT  FP1T OUZAESHOY

G6°0 180 90 ¢6°0 v€'0 80 080 690 990 9¢0 LT'0O ¢c0 990 6€0 610 OT0- Sus
€6°0 780 90 €80 660 G¢0 00T 090 LZTO €0 610 T1€0 6T0 620 910 020 ous
¢L 0 9.0 €Cc'1 ¢80 61T I8T 8.0 L¢'T Q&T'T SI'T ¢L'T ¢81T €I'T 8I'T 0LT 91¢ N°S
4! €11 ¥.°0 ¥6°0 990 €60 .60 &80 690 890 ¥LO 980 890 0L0 VL0 €90 aL4ad
G0'T 0T ¥.°0 €60 690 640 160 980 990 090 ¢90 <L0 990 <90 €90 ¥90 9549d
G6°0 06°0 VL0 €6°0 9¥'0 €90 640 980 690 6¥V0 LVO 690 690 <90 6v0 LV Sad
960 740 ¢ol'l 96°0 60 €1 v¢0 €1 P61 60T €T <01 ¢6T LT 08T 6.0 ISPSIN
20T~ Ly1- ¢l'l 290 §y'1- I¥'1- 8'0- ¢80 O0vV0 6FVI- ¢¥v1- G€1- ¢C€0 8EI1- €vI- arl- OSIN
6¢°T VT ¥8°0 ¥.°0 60¢ 89T 8LT 090 8L0 66T 96T 68T 180 68T I6T 9971 fFOtug
060 €8°0 690 0.0 ver  1¥yo 1€T 0€0 990 ¥ST €80 990 7190 S8I'T 640 190 f0%en
060 ¢80 69°0 06°0 €TI0 080 €0 19T PPIT €80 LE0 69T L9T 680 ¥C1 N®&D
4! 6¢'1 480 g80 8T 9T €T €80 ¥ET 681 €LT 19T LET 06T ¥PLT  ¥0C OoPD
LE°T 071 040 ¥6°0 8.0 ®I'T  9¢T ¢80 €y0 LLO 160 ¢<¢I'T ¢v0 €L0 680 <CI'T faglig
80T G0'T 0.0 ¥6°0 G6e'0 <¢L0 060 €80 TO G€0 €0 €90 €v0 S€0 €0 S0 fShg

{powy {a'pop {potq} {orew} {o'p} {p9} {o'w} {o'qb {ew} {3} {pt {2} {o¢ {»} mwpow worep punodwop

“wP + WD X wi— = A&mm ‘urre) 9dedIour o) puR Jy g ;) 9 JO SISISU0D AJUO MOU [9POUL 9} JRY} YoNs ‘) =p =2 =D
101 spueys {p ‘D ‘p} ‘A[re[muig ‘uLey 24| Jo ISISUOD J0U SOOP [9pOW Jer[) yons ‘() = v 10 spuejs {p} ojdurexs 104 ‘oIz 03 nd
SJUOIDIIR0D JUIY OATI0dSaT 3IM [opowt oY) 10J spue)s ** ‘{q} ‘{p} Yym summo)) "uoAI3 os[e oIe 11 oY) Ul (YN 10110 9Injosqe
ueowl pue ‘JSIAY I0IId oIenbs urowl 1001) I01I0 O] YIM SUOR ‘SIUSIDLPO0D o) JO onfeA SUIpuodsor1od oy J, 4 oY) SUIMO[[O]
[PPOW 9} WOI} PajR[NO[Rd dN[RA DLIJOUI 9} I0] SPURIS [OPOJA PUR SUOIIR[NO[RD 109JoP WIOI] PIJR[NO[RD dN[RA JLIJOUI 9} I0J SpUR)S
ORD (w2 T HY X (P + 23X P — IWTD X ()@ — "M X )P = A&mm ougewt Aiqedop odA)-u 10§ 4 UOISSISSI IRIUIT 7S 9[qR],

S10



1270 610 LT°0 020 10 <0 1.0 ¢¢0 TL0 0r0 8.0 ¢L0 1I80 LLO 180 ed

9¢°0 770 770 evo €0 g0 960 €0 960 Le0 ¢¢0 S0 ¢¢0 €0  ¢c0 IVIN
1€°0 ¢q0 €90 ¢g0 1¢°0  T1€0 1€0 190 1€0 S¥0 L0 T€0 G0 8GO0 ST0 HSINY
00°¢ 000 ¢6°0 170 000 06T 00¢ 0L0 68T 000 6¢¢ P81 LLe ¥I'GC 1I8%C 2
00°0 0070 00°0 LT°0 000 000 000 <¢ro @0 T0 000 <00 TI0- T100- <I'0- p
00°0 0070 0070 00°0 ¢l'0 000 000 000 T€0- €60 €20 000 G€0- 810~ LEO- 2
Geo 61°0 0070 0070 ge’0  8¢0 90 000 000 090 TII'0 LE0 000 00 €00 9
00°0 60°0- 80°0 00°0 11°0- ¢00- 000 €00 000 910- €00 €00- 800 000 600 D
SIULIOIR0))

€9°0- ¥ 0- €10~ 61°0- ¢€0- ¥90- €90- 0¢0- Gr0- 990~ 990- ¥90- 090- 8540~ 8y'0- <¢00- QOUZ-OHZMNMN
G0°0- 200 €10~ q1'0- Gr'o <¢00- G00- LT0- 9T0- 600 4LT0- €00- 0¢0- 600- T¢0- <¢¢0- QUZ-HeSH0Y

9¢°0 70°0- ¢ro ¢c0 800- 920 920 T1¢0 Ov0o 010 6¢0 Lg0 6€0 G€0 O0¥0 0.0 Sus
170 ¢€0 €ro- 80°0- 9¢'0 80 I¥0 <I'0- 6V0 9¢0 €0 LvO0 990 <90 S0 990 ous
740 70 0¢0- €r0- %0 ¥90 €90 6T0- 980 LEO <¢L0 €90 ¢80 180 €80 190 N°S
070 €70~ ¥6°0 6¢°0 €¥0- 660 O0¥0 G0 00 G€0- €70 80 990 0€0 690 190 oL4ad
970 10°0 LT°0 ¥¢0 900 9¥0 9¥0 ¥¢O0 6€0 0€0 90 9¥0 <c¥0 S0  <c¥0  €L0 9549d
16°0 60°0 ¢ro v¢0 610 ¢50 190 ©¢0 ¥ve0 190 <vr0 €90 T1€0 G0 6260 670 Sad
[ZN0) 8¢0- LS80 6¢°0 €ro- 990 wL0 9¥0 Te0 900 G%0 €90 090 0¢0 090 @ S¢0 ISPSIN
L¢°0- ¥0°0- €r0- €9°0- ¥1'0  G¢0- G9¢0- T190- GL0- €¥0- ¥90- €€0- 80~ 80~ 090- 890 OSIN
€L0- 6¢°0- €10~ ¢r'o- ¢€0- ¥L0- €L0- GTI'0- 0.0 T¥0- 8L0- €L0- €80- 620~ €80~ 690 FOtuy
10°T- ¥¥°0- €10~ ¢¢0-  190- ¥0'T- TO'T- ¢¢0- €60 LLO0- €0T1T- G0'1- TOT- 90°T- 00T~ €€T- f0%en
6¢°0- 00 0¢0- 710 ¢r'0- 9¢0- 0€0- 000 ZLg0O 000 ¢<¢O00 T¢0- ¥00- €00- €00- 9€0- N®&D
G0°0 €T0 €r0- €0°0- é00 600 G900 600- LEO T00 €0 600 80 ¥0 660 610 OoPD
170 L1°0- LT°0 €0 ¥1°0- 800 II'0 0€0 100 T1¢0 900 TI0 ®O0- <¢O0O 600- 900- fagg
¢00 20°0- ¢1o €€0 gr’o- 000 TOO 620 T¥00- €20 ¢00- €00 610~ 900- 0¢0- T190- fShg

{powy {a'pop {potq} {orew} {o'p} {p9} {o'w} {o'qb {ew} {3} {pt {2} {o¢ {»} mwpow worep punodwop

“@P WA X @9 = &wm ‘we) ydeoIojur o) pur g A Ul JO SISISUOD A[UO MOU [9POWL Y[} Jey} Yons ‘() = p = 2 = D I0J SPUR)S
{p‘o‘n} ‘Arrequurg ‘uey 44 Jo ISISUOD JOU SOOD [opOU JRY) YoNS ‘() = » 10] spue)s {v} ojdwrexoe 10, ‘0Ioz 01 Ind SIUSIIJO0D
Suny oAroadsor M [opour o) 10j spuejs - ‘{q} {p} Yym sumnjo)) ‘UOAIS Os[e oIe 9 oY) Ul (YN 10110 9IN[OS(e UROW
pue ‘gSNY 10110 orenbs weowr j001) 1010 oY) YIM SUO[R ‘SJUSIDYFO0D oY) JO anfeA Surpuodsoriod oy J, 1Y o) SUIMO[[0] [opPOou
9} WOIJ PIjeNO[RD SN[RA DLIJOUI 9} I0J SPUR)S [9POJA PUR SUOIJR[NO[RD 109Jop WO} PIJRINO[RD 9N[RA DLIJOUI Y[} I0J SPUR)S "O[e))
@@ T+ i x @P + 43X @2 — WA X @9+ "M X @P = A%mm ougewtr Ayiqedop odA)-d 10J 91 UOISSOISOI IeaUl] G J[(R],

S11



Table S4: Calculated cation vacancy formation energy AH at the conduction band minimum
(CBM) and the n-type pinning energy 5;?) relative to the vacuum, along with the charge
state ¢. In the model cation-rich conditions are assumed.

Compound  Defect (D) Charge (¢9) AH (D,q) @QCBM 5;?)

BiyS; Vi -3 1.55 -3.65
BiySes Vi -3 3.05 -3.81
CdO Veaa -2 4.08 -2.86
GaN Vaa -3 3.73 -2.28
Gay03 Vaa -3 1.84 -3.09
In,O3 Vin -3 6.35 -3.35
MgO Vg -2 -2.85 -0.54
Mg, Si Vg -2 1.58 -1.99
PbS Ve, -2 0.93 -3.36
PbSe Ve, -2 1.27 -3.46
PbTe Vpp -2 1.26 -3.77
ScN Ve -3 6.48 -1.04

SnO Vsn -2 0.40 -3.57

SnS Vsn -2 -0.20 -3.93
Rocksalt ZnO Von -2 2.87 -1.98
Wurtzite ZnO Von -2 3.36 -2.68
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Table S5: Calculated anion vacancy formation energy AH at the valence band maximum
(VBM) and the p-type pinning energy 5;5) relative to the vacuum, along with the charge
state, ¢. In the model anion-rich conditions are assumed. For MgySi, the lowest energy
intrinsic donor is cation interstitial instead of the anion vacancy.

Compound  Defect (D) Charge (9) AH (D,q) @QVBM 5;9)

BiySs Vg 2 -1.02 -5.08
BisSes Ve 2 -0.11 -5.27
Cdo Vo 2 0.37 -5.89
GaN %N, 3 -1.07 -6.61
Gay03 Vo 2 -2.66 -7.17
Iny, O3 Vo 2 -1.18 -7.13
MgO Vo 2 -1.15 -6.72

Mg, Si Mg; 2 -0.67 -3.21
PbS Vs 2 0.97 -4.70
PbSe Ve 2 1.45 -5.08
PbTe Ve 2 1.33 -5.18
ScN Vn 3 1.84 -4.73

SnO Vo 2 1.10 -5.05

SnS Vs 2 1.40 -5.60
Rocksalt ZnO Vo 2 -0.44 -6.59
Wurtzite ZnO Vo 2 -0.03 -7.72
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Table S6: Reference phase ionization energy (for gas phase) and work function (for solid
phase) with respect to the vacuum, obtained from Refs.?*1% Cohesive energy of a solid or
gas (molecule) phase is the energy required to break it into its constituent gas phase, and is
obtained from page 50 of Ref.1%

Reference Ionization Energy or Work function Cohesive Energy
phase (eV) Method Additional Details ~ (kJ/mol) in eV /atom
Bi (s) -4.34 Photoelectric effect Polycrystalline sample ~ -210.0 -2.18
Cd (s) -4.08  Contact potential difference Polycrystalline sample  -112.0 -1.16
Ga (s) -4.32 Photoelectric effect Polycrystalline sample ~ -271.0 -2.81
In (s) -4.09 Photoelectric effect Polycrystalline sample ~ -243.0 -2.52
Mg (s) -3.66 Photoelectric effect Polycrystalline sample ~ -145.0 -1.51
N, (g)  -14.53 -945.0 4.90
O, (g)  -13.62 ~498.0 -2.58
Pb (s) -4.25 Photoelectric effect Polycrystalline sample  -196.0 -2.03

S (s) -10.36 -275.0 -2.85
Sb (s) -4.70 Photoelectric effect 100 plane -265.0 -2.75
Sc (s) -3.50 Photoelectric effect Polycrystalline sample  -376.0 -3.90
Se (s) -5.90 Photoelectric effect Polycrystalline sample ~ -237.0 -2.46
Si (s) -4.60 Photoelectric effect 111 plane -446.0 -4.63
Si (s) -4.91  Contact potential difference 100 plane

Sn (s) -4.42  Contact potential difference Polycrystalline sample — -303.0 -3.14
Te (s) -4.95 Photoelectric effect Polycrystalline sample ~ -211.0 -2.19
Zn (s) -3.63 Photoelectric effect Polycrystalline sample ~ -130.0 -1.35
Zn (s) -4.90 Contact potential difference Polycrystalline sample
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