Standard Reduction Potentials for the Elements Presented as Latimer Diagrams*

s Block - Group 1/1

Acidic solution Basic selution
+1 0 +1 0
. 0 -0.828
H » H, H.O *H,
i —3.440 .
Li* > i
2,714
Na* > Na
' -2.936
K *» K
. —2.973
Rb * Rb
-3.026
Cs* » (s

s Block - Group 2/l

Acidic solution Basic solutiaon
0 0 ) 0
—1.07
Be™" + Be
.- 2356 . 2687
My Mg Mgl(OH), — Mg
—2.87
ca*’ *» Ca
. —2.90)
srf - > 5
291
Ba®* » Ba

. “2316
Ra —* Ra




p Block - Group 13/Iil

Acidic solution Basic solution
+3 0 +3
—(LEO0 _ —1.81
B(OH}, »B B{OH}, o
-1.676 “2.310
AP » Al Al{OH), » Al
ae —(1.529 -122
Ga » Ga GaO{OH}; » Ga
+3 +1 0
. —0.444 —0.136 1.24
:n’ »In* *In B{OH); — > BH;
’ —0.33%
1.5 -0.336
TP >TI* >T|
| !

2 Block - Group 14/1IV

Acidic solution

-4

(g8

+4 +2 0 -

{1114 —0.029 157 5
€O,— 1 »HCOOH— = 3 HCHO— =) »CH,OH—— ">, CH,

=104 0517 0132

>CO »C

Basic solution

-1930 —1.160 —0.591 ~01.245
CO; ————>»HCO;—————*HCHO— *CH,OH —»CH,

—1.148



p Block - Group 14/1V {continued)

Acidic solution Basic solution

+4 42 0 +4 +2 0
) 0. . ) 169
Si0, 0909 > Si Si02 »Si
(quartz)
—0.80
GeO,{OH) > Ge
—(L3H) 225
GeO, »GeO: 0.225 »Ge
{tetr.) (hyd)
Ge'* 0124
—(0DEH 0104 _ —(3.53 (=091
SnO, >8n0 ssn satoHp— "% Lqno0m- ' &n
iwhite) {black)
gt 0.15 . —0137
146 _0.125 5, _
a-Pb0, >Ph?* i >Pb PbO, U232 o PbO L »Pb
"‘ (red)
it - (A
(it }Pb304 (L3536
p Block - Group 15/V
Acidic solution
+5 +d +3 +2 +1 0 -1 2 -3
125 —0.23
0.803 . 996 1.50 L7 l _ | 41 5
NO; N,O,—— »HNOy,——— »N,O »N,— 2 5 NH,OH — 2 i — 20 o N
0.94 H 1,207 T | 0,05 135 T
Basic solution
0.25 “lio
-0.86 {1L8AT — {146 (.76 .94 l —3.04 T
NO; —-—+N,0,———>NO, — »N,0 >N, >NH,0H—2 opnih,— Ol o,
4
001 0.15 105 0.42 |




p Block - Group 15/V {continued)

Acidic solution

+5 +4 +3 +] 0 3
—{.933 (380 — 1394 0.508 —(1.063
H,PO, >H,P,0, >H,PO, »H,PO, >P ’ >PH,
(0276 T ‘ —i 502 T
0,364 (0.240 0.225
H;AsO, »HAsO, > AS > AsH,
10155 {1342 (154 —0L310
Sh,0, »Sb,0, >$b,0 »Sb »SbH,
0.699 T
. {2) . 0.317 )
(Bi®*) > (Bi'*) —Bi
Basic solution
+3 +3 +1 0 3
_ —1.12 _ —1.57 _ -2.05 —0.59
PO; >HPO? »H,PO; —>p i »PH,
-1.73 T
_ —0.67 _{LOR _p 3
As0; *AsQ, ’ >As LY — AsH,
—0463 —0.6349 —1.334
»Sh = »SbH,

SblOH);————————Sbl0H]},

. -0.452
Bi,O, a - Bi




p Block - Group 16/VI

Acidic solution 0 _1 -
0,125 151
»HD, l
0.695 1763
0, »H,0, »H,0
1.229
+6 +5 +4 +2 0 -2
_ -0.253 _ (.569 03,400 0.600 0,144
HSO, »5,.02 *>H,50, » SRO§ »S »H. S
0.15% T ‘ (1500 T
1.96
[5.08 ———»s0? |
+6 +4 0 -1 -2
_ I.15 0.74 -1l
Se0; —»H,Sel, —Se »H,S5e
(.43 0.57 -0.74 _ —0.64
H.TeO, »({Te*") —»Te »Tel +H,Te
.53 I
LOO »TeO,
Basic solution i -l _3
—11.33 20
»0; l
- 0.0649 i} 0467
0, *HO; > 0OH
0.401 T
+6 + +2 y -1 -2
_ -10.936 _ -0.576 _ -0.742 0.476
S0} » 802 » 5,02 »S d »HS"
— (639 T
. 0.03 ~0.3 — (167
SeQ? »SeQ? 0.3 »Se > S
- {057 - - 042 —0.84 —1.445
TeO; >TeO3 »Te —Te3~ >Te?"
‘ —1.143 T




P Block - Group 17/VIil

Acidic solution

0 -1
S— LR
‘ 2,579 HF;
+7 +5 +4 +3 +1 0 -1
1.174 »CIO, 1. 1B 1.65%9
| l
CICI; o 1.201 clO;-- - - 1181 » HCIO, 1.674 »HCIO 1.630 ’r“Clz 1.358 »Cl
1.463 B
BrO. |.853 >BrO; 1.447 »HBrO 1604 ‘r‘BerI}* 1.065 »Br
B,z[aq]_l;‘l‘”_j
H_IO, 160 105 - 1.13 » 10 |44 > lis) 0.535 ,
0,536

*Bromine is nat sufficiently soluble in water at room temperature to achieve unit activity. Therefore the value for a saturated selution in contact
with Bro(l} should be used in all practical calculations.



P Block - Group 17/VIl {continued)

Basic solution

0 -1
2.86
Fo— 0% g
+7 +5 +4 +3 +1 0 -1
-0.481 140071
> IO,
0.374 0.295 0.681 0.421 1,358
CIo, >ClQ, * ClOZ *»ClO »Cl, »CI™
‘ 0.800 |
0.584
_ 102 _ (1442 0455 1065 l
8r0; »BrO; »BrO- »Br, S »Br-
L 0.760 T
(.26
0.65 ‘ _ 0.15 _ 0.42 {1.535 l
H,I02 » 10} >10 1, I~
‘ .48 T
p Block - Group 18/VIll
Acidic solution
+8 +6 {}
2.4 212
H. XeO.laq) *XeO,{aq}) *»Xel(g)
218
Basic solution
.09 1.24
HXeO2" >HXeO; > Xelg)




d Block - Group 3

Acidic solution

Basic solution

+3 u +3 Q +3 [
~2.03 -218 -2.60
Sct* »S¢  ScF™ >Sc  Sc(OH), Sc
-2.37
ScF, +>5¢
{aq)
- 237 oy
La’ 238 »La
d Block - Group 4
Acidic solution Basic solution
+4 +3 +2 0 +4 +3 +2 0
—0.86
e 01 i —0.47 o —1.63 ‘l , 1, -1.95
Tio? TP »Ti? > Ti TiO, 2 1i,0,—% 70 23 i
—1.21 T
056 , 123 —1.3]
Tio, > Ti,0, »Ti0 »Ti
—1.55
A o » Zr
—170
— Hf

Ht




d Block - Group 5

Acidie solution

+5 +4 +3

1000 (1.337 —{1.255
vO; 0, vor- -\

+2 0

>y L,y

0.668 T

Weakly acidic solution, pH about 3.0-35

—0.227
07 048] 0.082 . —1.13 l
[HoW 100z, ——>VOOH" » VOH*" >\ >V
0.602
0.374
Basic solution
0.120
19 0.542 — 0,446 — (1820 'l'
vO3- 219 5 hv,0, »V,0, » VO >V
1.366 T
0.749 N
Acidic solution
+5 +3 i} +5 0
-0l 1.1 —0.81
Nb,O. »Nb** »Nb Ta,0.——————Ta
—1.65 0.45

TaF ——————»Ta




d Block - Group 6

Acidic solution

+6 +5 +4 +3 +2 0
Cr, 0 0.55 »CrHV) 1.34 > Cr(IV) 240 P -0,424 »Cri* —0.90 »Cr
13§ H 0.74 T
Neutral solution
+3 +2
_ -1, 14: _
(CACN)LJ* 143 »[Cr{CN),]*
—(1.99
[Cr{edta){OH,}] > [Cr{edta}{OH,}?
Basic solution
+0 +3 4]
Cro? O s eroH)ls) —13 > Cr
-0.72 » CrlOH): -1.33 T
Acidic solution
+6 +3 +4 +3 0
al1l4
{149 .17 LINF] ILIHES) l
H,Mo0, (s} >Mo, 0% > (M030,4(OH,)o}* — > [Moy{u-OH)o(OH, )g] - ——— Mo
‘ e -0.13 T
0.646 » MoO; Y *Mo®*
—0.38
[MoCI,0]%" > [MoCl;{OH,)]1*~
Neutral solution
(725
[Mo(CN), 1>~ > [Mo({CN}J*




d Block - Group 6 {continued)

Basic solution

+6 +4 0

- Q780 —0.980
Mo(? —Mo0Q, Mo

—0913 T

Acidic solution

+6 +5 +4 ¢
-0.029 —0.031 * -Q.119
WO, *W,0. »W0Q, =W
0,090 T
—(1046

[COW,ZO“,]S_—)V[HZCDW,QO‘,O]G_

9
[PW,,0,.) _L’[PWH?OM]‘_

Neutral solution
+5 +4

0457
WICNE- > WICN)3

Basic solution

+6 +4 0
_ -1.259 —(1.942
wWo: »WO, W
-1.074 T
—-0.702

[WICN}L(OH), " ———> [W({CN )4(OH},]*"

*Probably [W.{1,-0{u-0),{0H,),]*". See S.P. Gash and £.S. Gould, trrorg. Chen. 30, 3662 (19913,



d Block - Group 7

Acidic solution

+7 +6 +5 +4 +3 +2 0
151
(.90 1.28 20 0.95 -1
MnO,————»HMnO, ——— (H,MnO,) *»MnO, >Mn®t 3 »Mnit L18 »Mn
r
2.09 1.23
1.69
- (0,74} 0.28
TeO; »TcO, ) »Te
(0415
- 0.72 0.40 0.276 l
{Re0;) »Re0, > ReO, . »Re
0.51 1
012 0.51
-RelI;™
Basic solution
+7 +6 +3 +4 +3 ) 0
0.34
MnO;- (.56 MnO?2 0.27 _ 093 0.146 —0234 1.56
nQy————>MnQ; »Mn0O; »MnQ, *»Mn,0,————»MnlOH),— " »Mn
0,64} —0.088
0.59
- —0.594 s
REO‘ - Heoz 0,352 »Re
[ 0.570% I




d Block - Group 8

Acidic solution

+3 +2 i

Fei 0.771 Ee! 044

4361 -1.14 J

[FelCNg)]? ————[Fe{CN) ]*"

Basic solution

+9 +3 +2 Y
_ 0.81 — (186 -89
FeQi  — — »Fe, 05— i —»Fe{QOH), - »Fe
0.005
[Fe{ox},)’ ———»[Felox),)*” [excess ox™}
Acidic solution
+8 +7 +6 +4 +3 +2 0
1.04

0,99 1.6 . 1.5 . 086 0.24 .8 i

RuQ,——— —»Ru0; ' »(RuQ; ) »(Ru{OH)3") »Ru®' »Ru?' > Ru
14 ‘ (L68 T

+3 +2

0.10
[Ru{NH,J]"* -————[Ru{NH,}]**

RuCN} P —— 2% s (RulCN)Y

1.53
[Ru(bipy)s]’' ————[Ru(bipy}.}*"

‘Likely 10 be H, [Ru,0,(0H.),,]" "™ . See A Patel and D.T. Richen, inorg. Chem. 30, 3792 (1991).



4 Block - Group 8 {continued}

Acidic solution

+& +d ]
.02 .65
Os0,(aq) —0s0, »0s
0.834 T
+4 +3 +3 +2
(.45 0.634
[OsClgl*~ »[0sCl,]° (OS{CN},)? > [OS(CN)e)*
0.45 0.5%5
[OsBr) »[0s8r,]*" [Os(bipy)sl** > [Os(bipy) "
d Block - Group 9
Acidic sofution Basic solution
+4 +3 +2 o] +4 +3 +2 {+
1.4 192 0282 0.42 —0.73
Co0, »Co®’ »Co?* »Co €00,— 7 . ColOH),—— > 3 ColOH},— > 5 ¢o

Neutral solution

+3 +2

[CoNHJ* % s [ColNH,LI**

{Colphen),F"— " »[Ca(phen),*"

[Cofoxh,] —— 27 s[Colox},)*

Acidic solution
+3 o

. 0.7t
Rh* - +Rh

Neutral solution
43 +2

[Rh{CN}— > [Rh{CN],)*-



d Block - Group 9 (continued)

Acidic solution

+4 +3 1]
2 1.0
IrQ, w (I} ¢ >|r
&
0.8
_ 0LR67 0236
(IrCl)? *[1rCig]*
_ 0.803 _
[rBry ] ———————»[irBry]*
0.44
Orlgl* »[irl ]

d Block - Group 10

Acidic solution

+4 +3 +2 ]

NiC, : »> N2~ > Ni

Basic solution

. 0.7 0.5 072
Nl0§—~—>NiOOH—Z-—)~Ni(DH)2—-————b Ni

Neutral solution

ININH )2

Acidic solution
+4 +2 0
Pd0, —— P 0915 o
[PACI,F —— 2 > [PdCLT? 060 s o
{PdBr.J* 0.49 ey

* Formulation uncertain.



d Block - Group 10 (continued)

Basic solution

+4 +2 O
Pdoz 1.47 »PdO {15397 »Pd
Acidic solution
I, .
PtO,{s) ol » PtO{s) 098 >
(L7260
(PCI,]2 [PtCI >~ 0.758
0.631 ,
[PtBr,? — ' 5 [PtBr,J* 0658 >
_ 0.320 0.y
[Pl » [Pt >
d Block - Group 11
Acidic solution
+2 +1 0
Cu 0.159 . Cu 0.520 +Cu
0.340 T
0.10 ~0.10
[Cu{NH).]** > [Cu[NH,},]" - Cu
1.12 -0,
cu? »[CulCN), 0% s eu
Basic solution
r14 -1.5360
Cu({CH), *Cu,0 -Cu



d Block - Group 11 {continued)

Acidic solution

+3 +2 +1 0
1.756
1.715 1.502 l l
Ag,0, » AgD »Ag” 0799 »Ag
Basic solution
0887 [EN 343
Ag,0; *»AgQ »Ag,0 > Ag
. 0373
[AgiNH.),] *»Ag
_ —0.31
[Ag{CN]},] »Ag
Acidic solution
+3 +1 0
i Y
AUzOg 120 —Ay" .69 EN 1T
F 3
i.36
.96 1154
[AuC),]™ »[AuCl,]
(i)
0.802 .
[AuBt,] >[AuBr,] 0950
0.854
0.55 3
(Aul,] —»[Aul,]” 0.578
(.56
(h623 _ 066
{Au(SCN),) ’ » [AulSCN),] 0.0662
(636
0.595

[Au(CN),]"




d Block - Group 12

Acidic solution

+2 0

202" -0.762 »zn

Basic solution

[Zn(oH),? — % »Zn

Zn(CH), —l 246 ~—>2n

Acidic solution

Cdt’ —0.402 »Cl

Basig solution

Gd{OH],{s) — 2 >Cd

Acidic solution

+2 +1 [}
0.854 )

_]

H?" 0.9110 »Hg?' 0.796 ‘;ﬁg
Ha,Cl, 0.268 T

Basic solution

HgO 0.0977 +Hg




FBlock + Lanthanides

Acidic solution

+d +3 +2 }
. 238
La® > La
1.76 . _2:
celi ] - pea 234 > ce
32 as
Pre »Pr* 233 »Pr
—2.32
‘ . _2¢ 22 l
Nd® i »Nd?* »Nd
A
Pm™* 229 >Pm
230
| 155 267 l
5m?' - *»Sm’* . —rSm
—Lyy
| -0.35 280 l
Eu®* - > Eu®” : » Eu
) —2.28
Gd™ >Gd
N _3 3
Tb* »Th** = »Th
_2.29
28 22
Dy’ >Dy*” —>Dy
Ho? 2.3 »Ho
232
Er! »Er
232 .
-2 23 l
Tm*" 23 »Tm*" 23 »Tm
-2,22
-1.05 2 l
Yb'" »Yh*— > Yb
) ~2.30
Lu®’ + Lu




fBlock - Actinides

Acidic solution

+6 +3 +4 +3 +2
-2.13
‘ . —49 0.7 l'
Ac? »{Ac?T) > A,
-1.83
J . -3.8 . -49 0.7 'l'
Th >(Th**) —>(Th?} »T
—1.47
.05 [ . 2 ) l
PaOOHZ+ _}Pad |4 — Pa34 500 e Pa2+ 0.3 > P
(.27 1.66
voz’ 0.17 »UO; 0.38 Hl‘j“ -0.52 . -47 >y -0.1 %é
—1.38 T
’ 2 1.24 ) (.64 l . 0135 54 -47 03 1’
NpO; —>NpO; »Np —»Np »(Np**) »Np
‘ -1.30 T
1.03 200
‘ . 1.02 1.04 l L0 -3.5 -1.2 l
PuO? »>PuO; > Pyt - >Pu" > {Pu*) SN
‘ 1.25 T
1.68 —2.07
‘ 164} . 0.2 2.62 l 23 _1.05 l’
AMO; ' ~————>Am0; »Am*' : > Am>* »{Am?*) Am
1.0 T l — (.90 T




F Block - Actinides {continued)

Acidic solution

+4 +3 +2 (
—2.06
3 _3.7 -2 l’
Cm*’ M sCm >(Cm?’) >»Cm
2.00
B ST 280 pe L6 , i'!k
R
. 32 . —1.60) .- —2.06 l’
(CF*-) »Cf »(CF*") >Cf
—1.9%
13 -1.55 ; 22 l’
(Es*") »Es®" »{Es**) »Es

*Provided as supplementary material (electronic) with the 3" edition of Inorganic Chemistry by Shriver and Atkins.



