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* DISSOCIATION CONSTANTS OF ORGANIC BASES IN AQUEOUS SOLUTION
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. Temp.
Comgound S C Step | pKa K - No. Compound °Cp | Step pKa Ka
.1 "Acetamide. . e 25 0.63 -.2.34 X 101 b15 | Brucine.............. 25 1 8.28 5.24' % 1079
[Acridine. .. LT 20 5.58 2.63 X 108 b16 | Bufane, l-amino- ) .
a-Alanine 25 2,345 - 4.52. % 10 . 3-methyl........... 25 10.60 2,51 X 10—
‘Alanine, glyeyl-..... .. 25 3.153 7.03 X 104 bB17 | Butane, 2-amino-
Alanine, methoxy- 2-methyl,.......... 19 10.85 1.41 X 101
OLY v 25 2.087 9.18 X 103 b18 | Butane, I,4-diamino : )
‘Alanine, phenyl. . . 25 2 9.18 .| 6.61 X 10— (Putrescxne) ........ 10 1 11:15 7.08 X 1012
‘Allothreonine. . . . .. .. 25 1 2,108 | 7.80 X 103 10 2 9.71 1.85 X 1010
Allothreonine......... 25 2 9.096 | 8.02 X 10~w b19 n—Bubylamme ......... 20 10.77 1.69 X 101
-n-Amylazmne ......... 25 10.63 2.34 X 10-u b20 | t-Butylamine.......,. 18 10.83 1,48 % 101
Aniline..... ..., e 25 4.63 2.34 X 1078 - 4teb21e) Butyrie acid, 4-amino. | 25 1 4.0312 | 9.31 X 105
'-ﬁgj&;ne, Z_—allyl 25 4.17. | 6.76 X 107 b i} B id, 25 2 | 10.5557 | 2.78 X 10-1
ne, . o 'b22 | n-Butyric aci
S (p-ammobenzoyl} . 25 1 2.882 1.17 X 10~ glycy1-2-ammo ...... “25 1 3.1546 | 7.01 X 10—
Aniline, 4-benzyl.. .. .. 25 2,17 6.76 X 10— .
- ﬁm%me, g-gromo ...... %g %gg %gg § ig’f ¢l { Cacodylic acid........ 25 1 | 1.57 2.69 X 1072
- |-Aniline, 3-bromo.... .. . . - 2 [7'6.27 . | 5.37 X 10"
'ﬁm}me, i-gromo ...... 25 3.86 1.38 X104 ¢2 | B-Chlortriethyl- L
niline; 4-bromo- anm. fum......... 25 8.8 1.59 X 10~
) ~dimethyl, . . s.. 25 4.232 | 5.86 X 10-6 c3 Cinnorﬁ(r)xgl‘u.rfl ......... 20 2.39 4.27 >>§ 103
) Amhne, o-chloro...... 25 2.65 2.24 X 102 c4 | Codeine.............. 25 8.21 6.15 X 10~
-Aniline, m-chloro. .. ... 25 3.46 3.47 X 104 ¢5 | Cyclohexaneamine,
Aniline, p-chloro. .. ... 25 4.15 7.08 X 1078 n-butyl. . ... .. ..., 25 11.23 . 5.80 X 1012
‘Aniline, 3-chloro-  * 68 | Cyclohexylamine...... 24 10.66 2.19 X 10-u
A I\{ N-d;m?}?hyl ...... 20 3.837 1.46 X 104 e7 | Cystine.............. 30 1 1.90 1.25 X 102
niline, 4-chloro- * . . 3 2. . —¢
A 1N'd§“§eghﬁ’l ...... 3(5) 3.295 ] ig’? X %8“5 0 8.24 576 X 10
* | Aniline, 3,5-dibromo. .34 .37 X 10~¢ - . -
* | Aniline; 2 4-dichloro. ..| 22 2.05 | 8.91 X 10- 4 ',332:;;’%;:3;3: """"" bt R X
Aniline, N,N-diethyl...| 22 6.61 | 2.48 X 1077 d3 | Diisobutylsmine. . . ... 21 10.91 1.23 X 10-u
‘Anhhne’ N, N—dxmethyl. 25 515 | 7.08 X 10 d4 | Diisopropylamine. . . 28.5 10:96 . | 109 X 10-n
'Andlg:::ﬂfi N o5 2,626 | 2.37 % 10~ d5 | Dimethylamine. 25 10.732 | 1.85 X 10~
yl-3-nitro. : . d8 | n-Diphenylamine. . 25 0.79 1.62 X 107
ﬁnﬂﬁne, gﬂﬂethyl %g gé% g g? § %8": d7 | n-Dodecaneamine
 Aniline, 2-fluoro, . . - (Laurylamine) 25 10.63 2.835 X 101
“Aniline, 3-f 25 3. 3.1 =4 Lo TR e e ’
Aﬁiiiﬁg @ﬁﬁgig 25 4.22 2,22 %%8% ) ;
Aniline, 2-iodo .. 28 560 2.51 X 10 el {d-Ephedrine.......... 10 10.139 7.26 X 10™n
Amhne: N-methyl : o5 4848 1.41 % 10~ eg g}'ﬁ?hedrine. e 10 9.958 | 1.10 X 10-10
‘Aniline;, 4-methylthio. .| 25 4.35 4.46 X 10-5 © ane, l-amino- ‘ " on
ﬁnl};ne, 3-mtro.y _____ gg ?.466 ?.42 %102 s tB-;‘;)lgbhoxy ......... 10 9.89 1.29 X 10 10
niline, 4-nitro,. .,.. : .0 .00 X 107! 1 . '
Aniline, 2-sulfonic acid 25 2 2.459 3.47 X 10-* 1.2-bismethylamino..| 25 ! 1040 3.98 X 10—;1
Aniline, 3-sulfonic acid | 25 2 | 3738 | 1.82 X 10-¢ 5 | Bk 25 2| 828 | 5.50 X107
Aniline, 4-sulfonio acid 25 9 3.227 | 5.92 ¥ 10~ e Ethanol 2-amino. ..... 25 9.50 3.16 X 10_u
o-Anisidine. ... ... .... 25 4.52 3.02 X 10-5 e6 thylamine........... 20 10.807 1.56 X 10
m-Anisidine ... o5 4.9% 5.80 X 10 e7 Ethylenedza,mme ...... 0 1 10.712 1 1.84 X 101
p-Apisidine..... N 2 L | B3| 487 Ko 0 2 | 7.5647 | 2.73 X 107
r 1.821 1.51 X 102 ) . )
ginine 25 2 8.9936 | 1.01 ;<<10—o gl l-Glutamic acid....... 25 1 2.13 7.41 X 108
Asparagine........... 20 1 2213 8.12 X 102 2 | Gl id. 25 2 | 431 | 490X107
: . 41 X 10~ e utamic aci
Asparagine, glycyl..... |3 | 33 | LA - eomonostiyl........ |z | 7em Lz
R .44 .63 X 10* . . -
pr-Aspartic acid. . .... 1 1 2.122 7.55 X 10™3 e3 | -Glutamine. ......... — 9.28 5.25 X 1010
S 1 2 4.006 | 1.00 X 10+ eg Lé(l}lutathlone gg % 3.52.03 2.67 X 18‘4
‘Azetidine e : e FOIDe. ..., 2.3 4.46 X 10-3
: (Tnme‘hhyhrmdme) . 25 11.29 5.12 X 1012 : 25 2 9.7796 | 1.68 X 10—
Azmdme ............. 25 8.01 9.77 X 10— &6 ,Glycme, n-goetyl. ... .. 25 3.6698 | 2.14 X 10~
. e7 | Glycine, dimethyl. .... 5 10.3371 | 4.60 X 10-u
Benzene, 4-aminoazo. .. 25 2,82 1.51 X 10™3 e8 | Glycine, glyeyl......., 25 3.1897 | 7.256 X 10—
R e&z% x;]e 2~%m1noe)thy1 s . 84, . .45 ¢ 10- e9 |-Glycine, glycylglycyl .. gg % gggg gf{g ;(( %8::
enylami . 1. - : . .
Benzene, R ) e10 | Glycine, leucyl ........ 25 1 | 3325 |562%10~
B 4~d1d11ne‘nby1ammoa.zo. gg . 3.226 5.94 X 10¢ 1 la thyl 25 2 8.28 5.25 X 10~
enzidine..........., .66 2.19 X 1078 e yeine, methy. g
: 30 .9 3.57 2.69 § 10—+ (Sarcosine)......... 25 1 2.21 . | 6.16 X 1073
Benzumdazol& e 25 -~ F 5532 1294 X 10t 25 2 11012 -} 7.58 X 10-u
genzlmxgazoie, 2-ethyl.| 25 6.18 6.61 X 10~ g12 | Glycine, phenyl....... gé ; i-gg iﬁ? § %g“z
enzimidazole : ’ 5 . B
2-methyl........... 25 6.19 6.46 X 10~ g13 | Glycine, N n- propyl. .. 25 1 2.35 4.46 X 103
Benzxmxdazole, : : ‘ 25 2 10.1¢ 6.46 X 101
2-phenyl.,......... 25 1 5.23 | 5.89 X 10~ gl4 | Glycine, tetraglyeyl. .. %8 % g(l)(z) g gg § %8::
25 2 11,91 " 1 1.28 X 102 . :
Benzoit acid, 2-amino : gls | Glycylserine.......... 25 1 2.9808 | 1.04 X 102
(Anthranilic acid). . gg % 2.108 | 7.80 X 10™% ' 25 2 8.38 4.17 X 107
4.946 | 1.13 X 1078 o -
Benzom‘ acid, 4-amino. . 25 1 2.501 | 3.15 X 10-3 . bl | Hexadecaneamine. . ... 25 10.63 2.35°X 101
25 2 4,874 1.33 X 108 "h2 | Heptane, l-amino. .... 25 10.66 2,19 X 101
Benzylamine......... 25 - 9.33 4.67 X 1010 h3 | Heptane, 2-amino. . ... 19 10.88 1.58 X 10—
Befaine.............. 0 1.83 1,48 X 102 h4 | Heptane, ° :
Biphenyl, 2-amino. ..., 22 3.82- 1.51 X 10+ ) 2-methylamino...... 17 10.99 1.02 X 10-u
Bornylamme(trans-) 25 10.17 6.76 X 10~u b5 | Hexadecanesmine. .. .. 25 10.61 2,46 X 101



DISSOCIATION CONSTANTS OF ORGANIC BASES IN AQUEOUS SOLUTION (Continued)
N Teomp. : Temp.
o. Compound C Step pKa K, No. Compound °C Step 2Ka Ka
hé | Hexamethylene- i i ~
iamine............ 0 11111857 | 1.39 x 10-n PLO | Piperasine........... A 528 338 o
wr | L . 0 2 0.762 | 1.73 X 10~1 pl7 | Piperazine, 2,5-
exanoic acid, 8-amino, gg é lg ;gz :; g; ; %8::1 dinrethytrans=y gg é g.gg é{l’,? ;(( %Q“m .
. . . . . -8
hg nHexylamine........ 25 10.56 | 2,75 X 10-u pl8 | Piperidine............ 25 11123 | 758 X 10-n
€. 25 1 1.80 1.58 X 102 pl9 | Piperidine, 3-acetyl. . . 25 3.18 68.61 X 10~
25 2 6.04 9.12 X 10— p20 | Piperidine, 1-n-butyl. . 23 10.47 3.39 X 101
h10 | Histidi \ 25 3 9.38 4.67 X 101 p2l | Piperidine,
dine, B-alanyl 1,2-dimethyl...... 25 10.22 | 6.03 X 10~ »
arnosine),.,...... 20 1 2.73 1.88 X 10— e p22 P;per}d;ne, I-ethyl:. ;. 23 10.45 3.55 X 101
20 2 6.87 1.35 X 107 p23 P;per;dgne, l-methyl, .. 25 10.08 8.32 X 10-1
20 3 9.73 1.48 X 10-10 p24 Pxpendme,h2,12,6,6-
il |Imidazol.......... ... 55 i ) - Jetramethyl. . ..., ., 25 11,07 8.51 X 1012 i
i2 | Imidazol, 2,4-dimethyl.| 25 855 | 40 XIS P25 | Piperidine, 2.2,4-
i3 | Imidazol Tmethyl . trimethyl.........., 30 11.04 9,12 X 1012
(Oxaimethyline ~ p26 | Proline............... 28 1 1.852 111 X 10—
ia | rogarale yline)..... 25 . 6.85 1.12 X 10 25 2 10.640 | 2.2 X 10-u
(d-1-Hydrindamine 22.5 9.21 | 6.17 X 10710 p27 | Proline, hydroxy...... b ;| Las 352 g1
Py I " - . . -i¢
| e acid, 25 | 1 | 2357 | 4.30 x 10~ 28 | Propane, L-amino- ’
---------- 22 2 | 10005 | e59 $10%, | 22-dimethyl........| 25 1015 | 7.08 X 10~
i6 | Isoleucine......... ... 25 1| 2318 | 4.81 X 10-3 p29 | Propane, 1,2-diamino. . 28 3 | 282 |12 xiom
25 | 2 | 97 . -0 {ami ) 18 X 10
i7 | Isoquinoline (Leucoline) 20 2.438 ég% § ig‘ﬂ p30 | Propane, 1,3-diamino. . 10 : 10.94 1.18 X 107u
i8 | Isoquinoline, I-amino. .| 20 |. 7.5 | 2.57 X 10~ 10 2o 803 ) 6.38 X 10w
i9 | Isoquinoline, p3l | Propane, fe it
| 7hydroxy...... ... 20 | 1| 568 | 20010 b d-ramino. ... 0|2 | 7o |FEXIY
20 2 | 890 | 1.26 X 10 p32 Propa,noitzﬂaxi]d. 3- ) 25 1| 3551 | 2.81 X 10~
1 | L-Leucine............ 25 | 1| 2328 | 470 X 10~ Araino (S-lanine)... -
‘ 25 5 07a4 1.80 % 10-10 a3 | P o 25 2 10,238 5.78 X 10_11 )
12 | Leucine, glyeyl..... ... 25 318 | 861 X 10-+ P84 | propyjamine 20 19508 {190 X 10
oo . N p35 Pteridjne; 2—a,m1no-4, . ' '
ml | Methionine........... e T A g1 6-dihydroxy........ 20 | 2 | 659 | 2.7 X107
m2 | Methylamine. ... ... 25 10,657 | 2070 X 10-u idi ; 20018 ) 881 490 X 10w
m3 | Morphine...... .. @ 25 821 | 6.16 X 10~ P36 | Proridine, 2-amino-¢- 5 -
m4 | Morpholine..... || " 25 8.33 | 4.67 X 10~ Bydroxy....o z : 2.2 5. 10
T p37 | Pteridine, 6-chloro. . ... 20 3.68 | 2.00 X 10~
S ey amine | 8.97 | .07 X 10~ pa8 | Preridine, §-hydroxy-
n2 | Naphthalene =~ . . 4-methyl........ ... 20 % gg? ggg X 18‘5
dimethylamino. . . .. 25 4.566 | 2. - : . 59 X107
n3 {a-Naphthylamine. .- .. 25 3.92 1;3 § %8‘4 P39 | Purine............. Y 20 ! 230 5.01 x 1073
o4 | B-Naphthylamine.....| 25 4.16 | 6.92 X 10" Puri ; 20 2o 86 110 X107
n5 | a-Naphthylamine p40 | Purine, 6-amino ;
n-methyl.. .. .. ... 27 3.67 | 213 X 10~ (Adenine)........... 0| 5| & TRz
n6 | Neobornylamine(cis-) .. 25 10.01 9.77 X 10~u 41 | Pur 25 2 9.83 1.48 X 107
n7 | Nicotine............. 25 1| 802 955 %10 B thviam -
25 | 2 | 312 | 7.3 X 10~ “dimethylamino....| 20 | 1] 400 pR X ‘
8 ~Nonylamine........ . - : ' '
26 | Norteaine. .00 22 2355 |4 X10s  pe2 |Purive Shydroxy..... 0| 5| &3 |EBsNT
p43 | Pyragzine............. 27 0.85 | 2124 X 10
ol | Octadecaneamine. . ..., 25 10.60 2.81 X 10—u p4d | Pyrazine, 2-methyl....| 27 145 3.54 X 107
02 | Octylamine. ....... . . 25 10,65 | 224 X 10-u p45 | Pyrazine, methylamino. 25 3.39 | 4.07 X 10
03 | Ornithine 25 1 | 1.705 1.97 X 10— p46 | Pyridazine...........| 20 2.24 5.76 X 102
25 2 | 8.800 2.04 X 10~ p47 | Pyrimidine, 2-amino...| 20 3.45 3.54 X 10™¢
p48 Pygid:zixidinkel, I2-eunino-4,
» ~§
pl | Papaverine........... 25 | 640 | 3.98 x 10~ P49 Pyrimﬁfzeyzléﬁﬂﬁél” %0 82| 1AL X 10
p2 | Pentane, 3-amino. . ... 17 10.59 2.57 X 10~u 5enitro.. ... .. .. ... 20 0.35 4,46 X 107!
p3 | Pentane, 3-smina- p50 | Pyridine. .. ... ... . 25 525 | 5.62 X 1078
3-methyl........... 16 11.01 9.77 X 1012 pSl | Pyridine, 2-aldoxime 20 1 3.59 2,67 X 10—
p# | n-Pentadecylamine....| 25 1061 | 2,46 X 10-u ' 20 2 11018 | 6.61 X10-u
p5 | Pentanoic acid, . p&2 | Pyridine, 2-amino. ..., 20 6.82 1.51 X 10~
S-amino(Valeric p53 | Pyridine, 4-amino. . ... 25 9.1141 | 7.69 X 10™10
acid) . ............. 25 1 4.270 5.37 X 1075 p54 | Pyridine, 2-benzyl. .. .. 25 5,13 7.41 X 108 .
6 | Perimidi 25 2 10.766 1.71 X 10:“ p55 | Pyridine, 3-bromo. .. .. 25 2.84 1.45 X 103
s A BT N et BN W
e . . p yridine, 2,5-diamino. . .
gg %,%}%—;l;cz?&x&hrohne. .. 25 4.84 1.44 X 10— p58 Py(rzi%irf, Zgl;ldi)methyl -
- -~ ,3-Lutidine) . . , ... 25 6.57 | 2.69 X 10~
210 | m %;Egggggglme) e 28 4.43 3.72 X 107 p59 Py(riciirie, 2£~di>methyl 5 107
- . 2,4-Lutidine) . . . ... 2 6.99 1.02 X 10-
pi1 | p- l()%-gli;}%?giy;aémhne) Ce 25 4.18 6.60 X 10-% p60 Py(té%ixi?, 3£-di)methyi 7.08 X 1077
. ,5-Lutidine) . .. ... 25 6.15 . -
Sl e RN PR Y o R
-Pieoline..........., . 4L i< 'yridine, 2-formyl. . ... . . -
piz ﬁ»llzgcohne ............ 20 5.68 2.09 X 10~¢ p63 | Pyridine, 2-hydroxy
19 y-Piceline..........., 20 6.02 | 9.55 X107 (2-Pyridol)......... 20 1 0.75 9.82 X 10~
pl5 | Pilocarpine........... 30 6.87 1.35 X 107 20 2 11.65 2.24 X 1012
§
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DISSOCIATION CONSTANTS OF ORGANIC BASES IN AQUEOUS SOLUTION (Continued)

o Temp. ] ) Temp. | Step .
-l "Compound.,””" | " °C |Step| pKs Ka No. Compound °C Ko K.
4 ine, 4-hydroxy 20 1 3.20 6.31 X 107t qls Qulnoxahne
e 20 2 | 11.12 7.68 X 107 (Quinazine)........ 20 0.56 3.63 X 10™
5 Pyndme, methoxy 25 6.47 3.30 X 107 .
8 | Pyridine, sl | Serine 2-ammo- . P
: 4-methy1&mmo 20 9.65 2.24 X 10710 3-hydroxypropanoic o
v || Pyridine, i acid) . ...y, 25 1 2.186 5.49 X 10™
2,4 6~tr1methy1 ...... 25 7.43 3.72 X 10~ . 25 2 9.208 6.19 X 10—
R 9 Pyrro idine........... 25 11.27 5.37 X 1012 82 | Strychnine........... 25 8.26 5.49 X 10—
9 Pyrrohdme, : :
X 1,2-dimethyl........ 26 10.20 6.31 X 101 t1 | Taurine )
hE Pyrrohdme, n-methyl 25 10.32 4.79 X 1™ . (2-Ammoethane
e ‘ T ; sulfonic ac¢id)......, 25 2 9.0614 | 8.69 X 1()‘m
1] Quma.zolme. e 20 3.43 3.72 X 10 t2 | Tetradécaneamine "
2 1 Quinszoline, 5-hydroxy. 20 1 3.62 2,40 X 10~ (Myristilamine)..... 25 10.62 ! 2, 40 X 10-u
RS 20 2 7.41 3.8 X 10~® t3 | Thiazole....,........ 120 2.44 | 3.63 X 103
3 Quinine.............. 25 1 8.52 3.02 X 10~ t4 | Thiazole, 2-amino.....| . 20 5.36 4,36 X 10~
L 25 2 4,13 7.41 X 10 t6 | Threonine..... [ 25 . 1 2.088 " | 8,16 X 1073.
47 Qumolme ............ 20 4.90 1,26 X 10—® . : 25 2 9,10, .-:| 7.84 X101
|5 | Quinoline, 3-amino. 20 4.91 1,23 X 105 t6 o—Tolmc‘ilpe ........... : 25 4.44 3.63 X 10~
{67 Quinoline, 3- bromo. 25 2.69 2.04 X 102 %7 | m-Toluidine.......... 25 4.73 1.86 . %X 108
i7-’| Quinoline, B-carboxy 25 1.82 1.51 X 102 t8 | p-Toluidine........... 25 5.08 8.32 X 10
.| Quinoline, 3-hydroxy t9 | 1,3,56-Trinzine,
((3-Quinolinol) .. .... 20 1 4,28 5,256 X 108 2,4,6-triamino....... 25 5.00 1.00 X 105
20 2 8.08 8.32 X 10~ t10 | Tridecaneamine.... ... 25 10.63 2.35 X 10—
= anohne, 8-hydroxy $11 | Triethylamine........ 18 11.01 9.77 X 1012
(S-Qumohnol) ...... 20 1 5.017 1.21 X 10—¢ $12 | Trimethylamine.......| 25 ) 9.81 1.55 X 10~10
25 2 9.812 1.54 X 10w t13 | Tryptophan.......... 25 1 2.43 3.72 X 10
anohne, S—hydroxy- } o 25 2 | 9.44 3.68 X 10-1e
,5-su Ifo. ...ooounut. 25 1 4.112 7.73 X 107 t14 | Tyrosine,............ 25 2 9.11 7.76 X 10710
25 2 8.757 1,75 X 10™* 25 3 .| 10.18 7.41 X 101
Qumohne. 6-methoxy. . 20 5.03 9.33 X 107¢ t15 | Tyrosineamide.,...... 25 7.33 4.68 X 108
"‘Quinoline, 2-methyl R o : .
(Quinaldine)........ 20 5.83 1.48 X 10t ul |Ures................ 21 0.10 7.94 X 10~
uinoline, 4-methyl oo T
i(Lepi idine).......... 20 5.67 | 2.14 X 107t vl | Valine............... 25 1 2.286 5.17 X 102
uinoline, 5-methyl 20 5.20 ] 6.31 X 10t 25 2 8,719 1,01 X 10~

DISSOCIATION CO.NSTANTS'OF INORGANIC BASES
IN AQUEOUS SOLUTIONS

(Approximately 0.1~0.01 N)

Compound T°C | Step Ky K

Ammeonium hydroxide. ............. 25 1.7 X 10— 4.75

“Arsenous oxide.................. 25 1.1 X 10~ 3.96
Beryllium bydroxide................ 25 2 5 X 10-u 10.30

Caleium hydroxide................. 25 1 3.74 X 103 2.43

-Caleium hydroxide. ................ 30 2 4.0 X 102 1.40
"Deuteroammeonium hydroxide 25 1.1 X 10'5 4.96
Hydrazine........ocovivinnnnnnnnn. 20 1.7 X108 5.77

Hydrozylamine. ............. R 20 1.07 X 1078 7.97

‘Lead Hydroxide............ e 25 9.6 X 10+ 3.02
‘Silver Hydroxide.................. 1 o2s 1.1 X 10 3.96
Zine Hydroxide................. .. 25 9.6 X 10~ 3.02
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ot DISSOCIATION CONSTANTS OF ORGANIC ACIDS IN AQUEOUS SOLUTIONS ... *

$u  Compound - ek T°C  Step K . rpK ‘~~' Compound o i T°C  Step K - pK
Acetic C 25 1.76 x 10~ LLA&TS Cyclopropane-1:1-dicarboyxlic .25 ! 1.51x107 1.82
Acetoacetic e 18 2.62%x 107 3,58 Cyclopropane-1:1-dicarboxylic 25 2 3.72% 10 7.43 -
oy 25 5.6x 107 4.25 DL-Cysteine 30 1 7.25x107 8.14
25 2.35% 107 o 4.63 DL-Cysteine .30 2 46x10 10,34
25 1 3,71 x 107 .. 4.43 L-Cystine 25 1 1.4 % 107 ©7.85
25 2 387x10%* 4.41 LCystine . 25 2 L4xie 9.8s
25 1.35x 107 5.87 S . L
25 . Llox107 8.96 Deuteroacetic (in D,0) .25 5.5% 107 525
25 T 6.64 Dichloroacetic 25 3.32x07 T 148
25 1.67x 1071° 9.78 Dichloroacetylacetic .. |, - ? 7.8x10% 2.11,
25 107107 6.97 Dichlorophenol (2,3-), - S 28 36100 .44
25 1,67 X 10 4,78 Dihydroxybenzoic (2,2-) - 25 Li4x10® 294
25 1.2x 107 492 Dihydroxybenzoic (2,5-) 25 1.08 x 107 297
Aminobenzosulfonic . 25 3.3x107 2.48 Dihydroxybenzoic (3,4-). o2 13x10° 7 448
“m-Aminobenzosulfonic 25 1.85x 10 3.73 Dihydroxybenzoic (3,5-) 25 9.1x10% . 4.04
- kA:pinobenzosulfonic . 25 5.81x 10" ) 3.24 Dihydroxymalic 25 112 x 1072 ‘ 1.92
Anisic 25 3.38x 10" 4.47 Dihydroxytartaric . - 25 p2x10m o192
: nisylpropionic - 25 1.59% 107 4.80 Dimethylglycine 25 L3x 1t . 9.89
. * m-B-Anisylpropionic 25 2.24% 107 4.65 Dimethylmalic LI R X E S N B
p:f-Anisylpropionic 25 2.04x 107t 4.69 Dimethylmalic . 252 87x107 | 6.06
¥ Ascorbic A 24 1 7.94 % 10~ - 4,10 Dimethylmalonic ] 25 7.08 x 10~ . 3.15
16 2 Leexion 11.79 , : T -
25 1 1.38% 10~ . :3.86 Dinicotinic S 25 Léx10® . 2.80
25 2 LsIx)ome . 9.82 Dinitrophenol (2,4-) 15 L1x10" 3.96
‘Dinitrophenol (3,6-) ) 15 7.1x10 5,15
25 9.8x 107 4,01 Diphenylacetic 25 115 x 16+ 3.94
. 25 6.46 % 107 4.19 ca
srizosulfonic : 25 2% 107t . 070 Ethylbenzoic 25 4.47 x 107 4358
Bromoacetic ‘ 25 2.05 % 107 - 2.69 Ethyliphenylacetic 25 4.27 x 1078 A3
Bromobenzoic | 25 145%10% .. . 2.4 ) , o
25 L37TX10 .. 1.86 Fluorobenzoic . . Y 125%100 290
20 1.54% 107 o481 Formic 5 .20 L77x10 T3S
18 L4dx 107 . 4.84 Fumaric (trans-) I8 1 9.30x10™ . 3.0
Fumaric (trans-) 18 2 3.62x10% 444
25 6.4 x 1077 6.19 Furancarboxylic 25 7.1%10™ n 315,
. 18 1.43 x 10~ 4,83 Furoic . .25 6.76 x 10~ 3.17 .
18 146X 10" ... 4.84 . . e
:Chloroacetic 28 140X10F . 2.85 Gallic 25 3.9x10%, 44l
© o:Chlorobenzoic 28 1.20% 107 2.92 Glutaramic . 25 3.98%10%, .. 460
- m-Chlorobenzoic 25 LSIX10 . . 382 Glutaric S 251 488x10% . 431
p<Chiorobenzoic - - . 25 1.04x10% 3.98 Glutaric S22 LB9x107 . 5.41
a:Chlorobutyric .+ - . TR 139%10° . 286 Giycerol - ’ 25 7x 107 14.15
- p:Chiorobutyric . R.T. 8.9% 10 4.05 Giycine o .25 1.67 x 107 9.78 .
y-Chlorobutyric R.T. 3.0x10°¢ 4.52 Gilycol B 25 6107 14,22
o:Chlorocinnamic 25 5.89 % 107 4,23 Giycolic 25 1.48x10™ 3.83
m-Chlorocinnamic 25 5.13%107¢ 4.29 v , -
p<Chiorocinnamic , 25 3.89 % 107 , 4.41 Heptanoic : 25 1.28x 107 4.89
o:Chlorophenoxyacetic .25 8.91 x 10~ - 3.05 Hexahydrobenzoic | 25 1.26 x 10~ .. 4.90
m:Chlorophenoxyacetic .25 7.94x 107 - 3.10 Hexanoic o 25 L3rx10®  4.88 .
o-Chlorophenylacetic 25 1.18x 107 407 Hippuric e 25 L57%i0um! . . 3.80
m-Chlorophenylacetic 25 7.25 % 1078 4.14 Histidine . 25 6.7x107 . 91T
p-Chlorophenylacetic .. ;25 6.46 x10°¢ 4,19 Hydroquinone Y T45x g 4. 1035
B~(o-Chlarophenyl) propionic 25 2.63x 10" 4.58 o-Hydroxybenzoic 19 1 107x10 297
f-(m-Chlorophenyl) propionic 25 2.57% 107 4.59 o-Hydroxybenzoic 182 4xiov 13,40
f~(p-Chlorophenyl) propionic 25 . 2.46x107 4,61 m-Hydroxybenzoic 19 1 8.7x 10 4.06
a-Chloropropinic 25 1,47 %107 2.83 m-Hydroxybenzoic 19 2 1.2x107%° 9.92
B-Chloropropionic 25 104 x 10" 3.98 p-Hydroxybenzoic 19 ! 3.3x10° 4.48
cis-Cinnamic 25 1.3 %10 3.80 p-Hydroxybenzoic 19 2 4.8x 107 9.32
trans-Cinnamic 25 1.65x 1078 4.44 B-Hydroxybutyric 25 2x 107 4.70
Citric 18 1 710%107* 3.14 y-Hydroxybutyric 25 1.9% 107 472
Citric 18 2 1.68x10° 477 B-Hydroxypropionic 25 3.1x107 4.51
Citric 18 3 6.4%10™ £.39 y-Hydroxyquinoline 20 3.1x1010 9.51
o-Cresol 25 6.3 x 100 10.20 ,
m-Cresol 25 9.8x 10 10.01 Iodoacetic 25 7.5%10™ 3.2
p-Cresol 25 6.7x 107 10.17 o-lodobenzoic 25 1.4x 10" 2.85
Crotonic (trans-) 25 2.03 x 107 4.69 m-lodobenzoic 25 L6x10™ 3.80
Cyanoacetic .25 3.65 %107 2.45 itaconic 25 1 L40x10™ 3.85
y-Cyanobutyric 25 3.80x10 2.42 Itaconic : 25 2 3.56 x 107 5.45
o-Cyanophenoxyacetic 25 1,05 x 107 2.98 . . ’
m-Cyanophenoxyacetic 25 9,33 x 10 3.03 Lactic e 100 8.4x 10 " 3.08
" p-Cyanophenoxyacetic 25 1.18x 107 2.93 Lutidinic 25 7.0x 107 2.15
Cyanopropionic 25 3.6x107 2.44 Lysine 25 2.95 x 1o™n 10.53
Cyclohexane-1:1-dicarboxylic 25 1 3.55 %10 3.43
Cyclohexane-1:1-dicarboxylic  * 25 2 L76x107 6.11 Maleic 25 1 L42x107 1.83
D-165-
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DISSOCIATION CONSTANTS OF ORGANIC ACIDS IN AQUEOUS SOLUTIONS (continued)

Compound

Maleic

Malic

Malic

Malonic

Malonic

DL-Mandelic
Mesaconic

Mesacanie

Maesitylenic
Methyl-o-aminobenzoic
Methyl-m-aminobenzoic
Methyl-p-aminobenzoic
o-Methylcinnamic
m-Methylcinnamic
p-Methylcinnamic
B-Methylglutaric
n-Methylglycine
Methylmalonic
Methylsuccinic
Methylsuccinic
o-Monochlorophenol
m-Monochlorophenol
p-Monochlorophenol

Naphthalenesulfonic
a-Naphthoic
B-Naphthoic

a-Naphthol

B-Naphthol
Nitrobenzene
o-Nitrobenzoic
m-Nitrobenzoic
p-Nitrobenzoic
o-Nitrophenol
m-Nitrophenol
p-Nitrophenol
o-Nitrophenylacetic .
m-Nitrophenylacetic *
p-Nitrophenylacetic
o-f-Nitrophenylpropionic
p-B-Nitrophenylopropionic

Nonanic

Octanoic

Oxalic

Oxalic

Phenol
Phenylacetic
o-Phenylbenzoic
y-Phenylbutyric
a-Phenylpropionic
f-Phenyipropionic

T°C Step

25
25
25
25
25
25
25
25
25
23
25
25
25
25
25
25
18
25
25
25
25
25
25

25
25
25
25
25

0
18
25
25
25
25
25
25
25
25
25
25

25
25
25
25
20
18
25
25
25
25

L S R

[

X

8.57x 1077
3.9x10™
7.8 %107
1.49 % 1072
2.03 % 1078
1.4 %10
8.22x 10
1.78x 10"
4,8x 10"
4.6x107
8x 10~
9.2x10
3.16%10
3.63x10°*
2.76 x 10°®
5.75 %107
1.2 %107
117 %107
7.4%x107
2.3x10™
3.2%x107
1.4 x 107

6.6 X 107

2.7 %10t
2% 30
6.8 x 10"
4.6 x107°
3. ix107
1.05 x 107
6.95 x 1078
3.4x10™
3.93 x10™
6.8 x107*
5.3x10
7x 107
1.00 % 10"
1.07 x 10~
1.41 %107
3.16x 10
3.39x 107

1.09 x 107*
1.28 x 107
5.90x10"
6.40 x 107
1.28 x 107
5.2x10°¢
3.47x10™
1.74 x 10~
2.27 %107
4.25% 10

pK

6.07
3.40
5.1
2.83
5.69
3.85
3.09
4,75
4.32
5.34
5.10

~5.04

4.50

T4.44

4.56
4.24
9.92

3.07-
413

5.64
8.49
8.85

© 9,18

- 0.57

3.70
4.17
9.34
9.51
3.98
2.16
3.47
3.41
7.17
8.28
7.15
4.00
3.97
3.85
4.50

4.47 -

4.96
4.89
1.23
4.19

- 9.89

4.28"
3.46

4.76
4.64

'4.37
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Compound

o-Phthalic
o-Phthalic
m-Phthalic
m-Phthalic
p-Phthalic
p-Phthalic

Picric

Pimelic

Propionic
so-Propylbenzoic
2-Pyridinecarboxylic
3-Pyridinecarboxylic
4-Pyridinecariboxylic
Pyrocatechol

Quinolinic
Resorcinol

Saccharin
Suberic
Succinic
Succinic
Sulfanilic

a-Tataric

a-Tartaric
meso-Tartaric
meso-Tartaric
Theobromine
Terephthalic
Thioacetic
Thiophenecarboxylic
o-Toluic

m-Toluic

p-Toluic
Trichioroacetic
Trichlorophenol
Trihydroxybenzoic (2,4,6-)
Trimethylacetic
Trinitrophenol (2,4,6-)
Tryptophan

Tyrosine

Uric
n-Vaieric
Iso-Valeric
Veronal
Vinylacetic

Xanthine

T°C  Step

25
25
25
18
25
16
25
25
25
25
25
25
25
20

25

25

18
25
25
25
25

25
25
25
25
18
25
25
25
25

%,

25
25
25
25
18
25
25
17

12
18
25
25
25

40

[ N R

—

N = A2

K

1.3x10"
3.9x%10™
2.9%10™
2.5%10
3.1x10™*
1.5x10"¢
4.2x107"
3.09% 107
1.34x 107
3.98 %107
3x107¢
1.4x10™
1.1x10"*
f.4x 107

3Ix 107
1.55x 107

2.1%10
2.99x10™
6.89 % 10~
2.47 %107
5.9x10™

1.04x 107
4.55x%10*
6x10™
1.53%10°*
1.3 %107
3.1x10™
4.7x10™
3.3x10™
1.22x 107
5.32x10"*
4.33x 107
%107
1x10°¢
2.1x107
9.4x10"
4.2 x10™
4.2x 107
3.98x10™

1.3 x10™

L5Ix107*

L7x10" ~

3.7x10
457107

.24 x10°

2.8
5.5

4.6
3.5
4.8
0.3
4.1
4.8
4.4
5.5
4.8
4.9
9.8

2.5

11.6

4.5
4.1
5.6

- 32

2.9
4.3
3.2
4.8
7.8
3.5
33

3.9
4.2

v 4.3t

0.%
6.0¢
1.6!
5.0
0.3
9.3
8.4

3.8

4.8,

4.7

7.4:
4.3¢

9.91




DISSOCIATION CONTANTS OF INORGANIC ACIDS IN AQUEOUS SOLUTIONS

| (Approximately 0.1—0.01 N) .

Compound T°C Step K pK Compound T°C
Arsenic 18 1 5.62x107 2.25 Periodic 25
Arsenic 18 2 1.70 % 107 677 o-Phosphoric 25
Arsenic 18 3 395x10% 1160 o-Phosphoric 25
‘Argenious 25 6x 107 9.23 o-Phosphoric . 18
- R Phosphorous 18
o-Boric 20 1 7.3x 107 9.14 Phosphorous L
o-Boric . 20 2 1.§x 10 12,74 Pyrophosphoric 18
o-Boric 20 3 LEx10 13.80 Pyrophosphoric 18

B Pyrophosphoric 18
Carbonic ) S 25 1 4.30 %107 6,37 +  Pyrophosphoric ) Lo 18
Carbonic ‘ 25 3 U selx10v 1025 T ' -
Chromic 25 1 1.8x 10t 0.74 Selenic 25
Chromic 25 2 3.20% 1077 6.4 Selenious 25
K2ih . Selenious 25
Germanic 25 1 2.6x107 8.59 m-Silicic RT.
Germanic - 5 2 1.9x1ew 12.72 m-Silicic . RT.
ks ‘ : _ o-Silicic . 30
-Hyrocyanic o 25 4.93x107 9.31 o-Silicie | : ;0
"Hydrofluoric 25 3.53 x 1074 3.45 o'gf:f“’?“ 38
nydrogcn sulfide 18 1 9.1x 1073 7.04 g;n;;:: ' 2
—'Hydmgen sulfide s 18 2 1.1x I()“f, 11.96 Sulfurous 18
:Hydrogen peroide o 25 2.4%x 14782 11.62 Sulfurous . . . . 1‘8 -
:Hypobromous 25 2.06x 107 8.69 - T
Hypochlorous 18 J 2,95 %107 7.53 . . . .
S o : i Telluric : 18
If?pmodous o 2 2aka0m 10.64 Telluric : 18
: ’ . : Tellurous 35
25 . 169 x 107 0.77 Tellurous ; 25
. ) ’ Tetraboric ’ 25
12.5 4.6 10~ 3.37 Tetraboric 25

§

P W RS e B e W B e
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K

2.3x107
7.52% 10"
6.23 x 10"
2.2x10°%
1.0 x 107*
2.6x107
1.4 %107
3.2x107
1.7x10"

. 6X107

1.2x107
3.5%107
$%107
2% 1074
1x10
2.2%107
2x 100

1 %1072
%102
1.20% 107
1.54% 107
1.02% 1077

2,09 10°*
6.46 102

T3x107
C2x10%

~ 10"
~ 107

DISSOCIATION CONSTANTS (K,) OF AQUEOUS AMMONIA FROM 0 TO 50°C

Temperature (°C) pK, S !
0 4.862 1.374 % 107
5 4.830 1.479 x 107

10 4.804 1.570% 107
15 4,782 1.652 x 107
20 467 1710 % 107
25 4.751 1.774 107
30 4.740 1.820 x 107
35 . 4733 1.849 x 107
40 4.730 '1.862% 107
45 4.726 1.879 x 10~
50 4,723 1.892 x 107

Values of K, accurate to £0.005; determined by e.m.f. method by: Bates, R. G. and Pinching, G. D., J. Am. Chem. Soc., 72, 1393, 1950,
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pK

164
2.12:
7.21

12.67
2.00
6.59 .
0.85
1.49
5.77
8.22

1.92
2.46
7.31
9.70
12.00
6
11.70
12.60
12.00 .
182
1.81
691

7.68
11,29
2,48

7.70
r 4,00
~ 6,00



. BUFFER .SOLUTIONS -
OPERATIONAL DEFINITIONS OF pH
Frepared by R. A. Robinson

The operational definition of pH is: o
S © . pH=pHE) +E/k
where E is the em.f. of the eell; T

Hy|Solution, pH|Saturated KCl|Solution, pH (s)[Ha - .

the half cell on the left containing the solution whose pH is being measured and that on the right a
standard buffer mixture of known pH; k = 2.303RT/F, where R is the gas constant, T the temperature
in degrees Kelvin and F the value of the faraday. - Co ]

Alternatively, the cell: .

) : Glass electrddefSolutibn} ApH{Satursuted éalbmel_ electrode »
can be used, the glass electrode being calibrated using a standard buffer mixture or, if possible, two

standard buffer mixtures'whose pH values lie on either side of that of the solution which is being meas-
ured. Suitable standard buffer mixtures are: ' .

0.05 M potassium hydrogen phthalate ( pH = 4.008 at 25°C)
0.025 M potassium dihyg.ro'gen phosphate o '
0.025 M disodium hydrogen phosphate (pH == 6.865 at 25°C)
- 0.01 M borax (pH = 9.180 at 25°C) . .
For most, purposes pH can be equated to' — logyo ya*mg*, ie., to the negative logarithm' of the hydrogen
lon activity. There 1s a small difference between those two quantities if pH > 9.2 or pH < 4.0, given by:

~log ya*mz* = pH + 0.014(pH — 9.2) for pH > 9.2
. = pH - 0.009(4£.0 — pH) for pH < 4.0
It should be noted that in the table tifled “Solutions giving Round Values of pH af 25°C” it is
— log ys*mg* and not pH which is quoted when there is a difference between them.

o . References: : :
R. G. Bates, “Electrometric: pH Determinations: Theory and Practice” Wiley, New York, 1954.

R. A. Robinson and R. H. Stokes, “Electrolyte Solutions,” 2nd edition, Butterworths, London; Academic
Press, Inc. New York, 1859. R. C. Bates, ]. Res. of N.B.S. 66 A, 179 (1962). P

National Bureau of Standards - . s g :
R. G. Bates and S. F. Acree, Res.. 34, 373 (1945); ‘'W. J. Hammer, C. D. Pinching and 8. F. Acree, ibid.
36, 47 (1946); G. G, Manor, N. J. DeLollis;: P, W. Lindwall and 47 Acree, ibid., 36, 543 (1946); R. G,
Bates, ibid., 39; 411 (1947); R. G. Bates, V. E. Bower, R. G. Miller and E. R. Smith, ibid., 47, 433 (1951);
V. E. Bower, R. G. Bates and E. R. Smith, ibid., 51, 189 (1953); V. E. Bower and R. G. Bates, ibid., 55,
197 (1955); R. G. Bates, V. E. Bower and E. R. Smith, ibid., 56, 305 (1956); V. E: Bower and R. G.
Bates, ibid., 59, 261; R. G. Batés and V. E. Bower; Anal. Chem., 28, 1322 (1956). & . 4. -

PROPERTIES OF STANDARD AQUEOUS BUFFER SOLUTIONS AT 25°C

Weight B B Buffer Temp
R of salt . . Dilution coeff.,
Solution Buffer substance Molality in air Density | Molarity value ApH2 vah?e. dpHa./dt.
m . g/ml |- M e equiv. .
per liter ) ApH} per pH Units
solution per °C
Tetroxalate | KH3(C:0)2H0 0.05 12.61 1.0032 | 0.04062 +0.186 | —0.0028 | 6.070 | +0.001
Tartrate KHCHOs, sat. sol'n. | 0.0341 | ...... 1.0036 | 0.034 +0.048 | —0.0003 | 0.027 | —0.0014
at 25°C
" Phthalate KHCs04H4 0.05 10.12 1.0017 | 0.04958 +-0.052 | —0.0009 | 0.016 | +0.0012
Phosphate | KH:PO4 + 0.0255 . 3.39 | .1.0028 | 0.0249® +0.080.| —~0.0006 | 0.028 | -0.0028
Na:HPO, .| 8.83 ' ‘ .
- Phosphate KH.PO, + {70.008695¢| 1.179 | 1.0020 | 0,008665] ~-0.07s | —0.0005 | 0.016 | —0.0028
NaHPO{ ] 0.03043¢ | 4.30 . ] 0.08032¢ | ‘
Borax Na:B.0710H:0 0.01. 1 8.80 0.9996 | 0.009971 | 4-0.01 ~0.0001 | 0.020 | —0.0082
Caleium | Ca(OH)s, sat. sol'n. 0.02038 - Seve. ] 0.9991 |-0.02025 | —0.28 | +40.0014 | 0.09 —0.033
hydroxide | at 25°C co : B SR

* ApH, = pHs (M Molar solution) — pH, {m molal solution).:
b Concentration of each phosphate salt. : ’
° KH;PO4. C

4 Na:HPO..

= Caleulated value.
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BUFFER SOLUTIONS (Continued)

SOLUTIONS GIVING ROUND VALUES OF pH AT 25°C

Reproduced from ¢ Electrolyte Solutions’’ by permission from
Robinson and Stokes, authors, and Butterworth’s Scientific

*A. 25 ml of 0.2 molar KC1 + x mi of 0.2 molar HCL

Publications.
A* B* C* D#* ° E*
pH z pH z pH z pH z pH z
1.00 {67.0 2.20149.5 4.10]1 1.3 5.801 3.6 7.00146.6.:
1.10 | 52.8 2.30)45,8 4.201 3.0 5.901 4.6 7.10145.7
1.20 j42.5 2.40142.2 4,301 4.7 6.00f 5.6 7.20144.7
1.30 {33.6 2.50138.8 . 4.40 6.6 6.10] 6.8 7.30143.4
1.40 126.6 2.60135.4 4.50] 8.7 6.20f 8.1 7.40142.0
1.50 120.7 2.70132.1 4.60111.1 6.301 9.7 7.50140.3
1.606116.2 2.80128.9 4.70113.6 6.40111.6 7.60138.5
1.70 1 13.0 2.90125.7 4.80116.5 6.50113.9 7.70136.6
1.80 110.2 3.00122.3 4.90119.4 6.60116.4 7.80134.5
1.90} 8.1 3.10}118.8 5.00122.6 6.70119.3 7.90132.0
2.00) 6.5 3.20115.7 5.10125.5 6.80]22.4 8.00/29.2
2.101 5.1 3.30]12.9 5.20128.8 .6.90125.9 8.10{26.2
2.20] 3.9 3.40]10.4 5.30131.6 ==7.001{29. ke | 8.20[22.9
‘ 3.50| 8.2 5.40134.1 7.10132.1 | "8.30!19.9
3.60{ 6.3 5.50136.6 7.20134.7 8.40|17.2
3.70] 4.5 5.60138.8. 7.30137.0 8.50114.7
3.80] 2.9 5.70140.6 >7.40139.1 8.60112.2
3.90.| 1.4 5.80142.3 - |-—%.5041.1 8.70]10.3
4. 00| 0.]= 5.90143.7 7.60]42.8 8.80! 8.5
7.70144.2 8.90| 7.0
7.80145.3 9.001 5.7
7.901486.1
8.00148.7
L G* H* CI* J*
pH z pH z pH z pH T pH z
" 8.00 120.5 9.20| 0.9 9.60; 5.0 10.90! 3.3 12.00; 6.0
8.10 119.7 9.30| 3.6 9.70] 6.2 11.00] 4.1 12.10; 8.0
8.20 | 18.8 9.40) 6.2 9.80] 7.6 11.10) 5.1 12.20/10.2
- 8.30 {17.7 '9.50, 8.8 . 9.90! 0.1 11.20{ 6.3 12.30,12.8
8.40 | 16.6 9.60(11.1 -~ 10.00| 10.7~= 11.30{ 7.6 12.40/16.2
8.50 [15.2 9.70/13.1 10.10/12.2 11.401 9.1 12.50/20.4
8.60 |13.5 9.80/15.0 10.20] 13.8 11.500 11.1 12.60/25.6
8.70 |11.6 9.90i16.7 10.30/15.2 11.60{ 13.5 12.70/32.2
8.80 9.6 10.00{18.3 10.40| 16.5 11.70| 16.2 12.80) 41.2
8.90 | 7.1 10.10{19.5 10.50| 17.8 11.80}19.4 12.90] 53.0
9.00 | 4.6 10.20/20.5 10.60] 19.1 11.90]23.0 13.00/66.0
9.10 | 2.0 10.30121.3 10.70/20.2 12.00)26.9
10.40{22.1 10.80121.2
10.50122.7 10.90122.0
10.60{23.3 11.00]22.7
10.70i123.8 .
10.80i24.25

= *B. 50 ml of 0.1 molar potassium hydrogen phthalate + x ml of 0.1 molar HCL
*C. 50 ml of 0.1 molar potassium hydrogen phthalate + x ml of 0.1 molar NaOH.
=5¢*D, 50 m! of 0.1 molar potassium dihydrogen phosphate + x ml 0.1 molar NaOH.

*E. 50 ml of 0.1 molar tristhydroxymeth¥1) aminemethane +

*F. 50 ml of 0.025 molar borax + x ml of 0.1 molar HCL
*G, 50 ml of 0.025 molar borax + x ml of 0.1 molar NaOH.

*H. 50 ml of 0.05 molar sodium bicarbonate + x ml of 0.1 molar NaOH. ..
*1. 50 ml of 0.05 molar disodium hydrogen phosphate + x ml of 0.1 molar NaOH.

*J. 25 ml of 0.2 molar KCI +x ml of 0.2 molar NaOH.

Final Volume of Mixtures = 100 ml
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BUFFER SOLUTIONS (Continued)
STANDARD VALUES OF pH AT TEMPERATURE 0-95°C

Tartrate Calcium
Temper- | Tetroxalate |0.0341 molal| Phthalate . Borax ‘hydroxide
ature 0.05 molal (sat’d at | 0.05 molal Phosphate Phosphate? 0.01 molal (sat’d at
. 25°C) - 25°C)
0 1.666 LA 44008 6.984 7.534 - 9.464 13.423
5 1.668 | ... . 3.999 6.951 7.500 9.395 - 13.207
10 1.670 | ..., .3.908 6.923 7.472 '9.332 . 13.003
15 1672 | ... 3.999 6.900 7.448 9.276 12,810
20 1.675 | ..... 4.002 6.881 7.429 9.225 12.627
25 1.679 3.557 4.008 6.865 7.413 9.180 12.454
30 1.683 3.552 4,015 6.853 7.400 9.139 12.289
35 1.688 3.549 4.024 6.844 7.389 9.102 12.133
38 1.691 3.548 4.030 6.840 7.384 9.081 12,043
40 1.604 3.547 4.035 6.838 7.380 9.068 11.984
45 1.700 3.547 4,047 6.834 7.373 9.038 11,841
50 1.707 3.549 4.060 6.833 | 7.367 9.011 11.705
55 1.715 3.554 - 4.075 6.83¢ | ... .. 8.985 11.574
60 1.723 3.560 4.091 6.836 | ..... 8.962 11,449
70 1.743 3.580 4,126 6.845 | ... 8.921 |, ......
~ 80 1.766 3.609 4.164 6.859 | ..... 8.885 | ......
90 1.792 3.650 4.205 6.877 | ... , 8.850. | ......
95 1.806 3.674 4,227 6.886 | ... ' 8.833 | ......

* Selution 0.025 m KH;PO, and 0.025 m NaHPO,.
b Solution 0.008695 m KH.PO, and 0.03043 m Na,HPO,.

APPROXIMATE pH VALUES : .
The following tables give apprpximate pH values for s number of substances such as acids, bases, foods, biological finids,

ete. All Yalues are rounded off fo the nesarest tenth and are based on measurements made at 25° C, A few buffer systems
with their pH values are also given. . . o

From Modern pH and Chlorine Control, W. A. Taylor & Co., by permission

: ACIDS : .
Hydrochlorie, N................ 0.1 Oxalic, 0.IN.,....:............. 1.8 Acetic, 0.0IN................. . 3.4
Hydroehlorie, 0.1IN............. 1.1 Tartaric, 0.IN.................. 2.2 Benzoie, 0.0IN................. .3.1
Hydrochlorie, 0:0IN.,.......... 2.0 Malic, O.IN........... ool 2.2 Alum, 0:1N....... s e 3.2
Sulfurie, N........... ... ... 0.3 Citrie, 0.IN .. ......oovin ... 2.2 Carbonic (saturated).... .. 3.8
Sulfurie, 0.1N................... 1.2 Formie, 0.IN.........oovuvn... 2.3 Hydrogen sulfide, 0.1N. . . 4.1
Sulfurie, 0.0IN................. 2.1 Lactio, OLIN.....oo et en.. .. 2.4 Arsenious (saturated)... . 5.0
Orthophosphoric, 0.IN... .. P 1.5 Acetic, N...................... 2.4 Hydrocyanic, 0.IN........ cee 801
Sulfurous, 0.IN........... / .. 1.5 Acetic, O.IN.................... 2.9 Borig, 0.1N........ [ PN 5.2
BASES )
Sodium hydroxide, N........... 14.0 Lime (saturated)............... 12.4 Magnesia (saturated)........... 10.5
Sodium hydroxide, 0.IN......... 13.0 . Trisodium phosphate, 0.1N...... 12.0  Sodium sesquicarbonate, 0.1M... 10.1
Sodium hydroxide, 0.0IN....... 12.0 ' Sodium carbonate, 0.IN........ 11.6 Ferrous hydroxide (saturated)... 6.5
Potassium hydroxide, N:..... L. 14.0 Ammonia, N, ................. 11.8 Cealeium carbonate (saturated).. 9.4
Potassium hydroxide, 0.1N...... 13.0  Ammonia, 0.IN................ 11.1 Borax, 0.IN...............c... 9.2
Potassium hydroxide, 0.01N..... 12.0 Ammonia, 0.0IN,.............. 10.8 Sodium bicarbonate, 0.1N......, 8.4
Sodinum metasilicate, 0.1N....... 12.6 Potassium eyanide, 0.I1N........ 11.0
BIOLOGIC MATERIALS : . . . :
Blood, plasma, human. ..., L. T7.8-7.5 Gastric contents, human. ... ~t6-3.0 Milk, human,.............. 6.6-7.6
Spinal fluid, human 7.83-7.5 Duodenal contents, human.., 4.8~8.2-. Bile, human.......... . cee.. 8.8-7.0
Blood, whole, dog..... . 6.9-7.2 Feces, human............... 4.6~8.4 N :
Salive, human.............. 6.5-7.5 Urine, human,............ . 4.8-8.4 %
Lt . k]
FOODS ‘
Apples..................... 2.9-8.8  Gooseberries................ 2.8-3.0 Potatoes................... 5.6-6.0
Apricots, .................. 3.6-4.0 Grapefruit................. 3.0-3.8 Pumpkin................... 4,85.2
ABDRIBZUE. . ..ovv i, 5.4~-5.8 Grapes........o.v.vuvin.. .. 3.5-4.5 _~Raspberries................ 3.2-3.6
Bananss. ,...........oooo. 4.5-4.7  Hominy (Iye) ... ... . U 6.8-8.0" Rhubarb........oeein 3.1-3.2
Beans..................... 5.0-6.0 Jams, fruit..,.............. 8.5~4.0 Balmon.................... 6.1-6.3
Beers...................... 4.0-5.0  Jellies, fruit................ 2.8-3.4 Sauerkraut................. 3.4-3.8
Beets...................... 4.9-5.5 Lemons.................... 2.2-2.4 TIED. . v 6.8-7.0
Blackberries................ 8.2-8.6 Limes...c......0.uiiiiin... 1.8~2.0  Soft drinks........ N 2.0-4.0
Bread, white............... 5.0-6.0 Maple syrup...covvieioon. .. 6.5-7.0 Spinaeh,.....% ... e 5.1-5.7
Butter..................... 6.1-6.4 Milk, cows................. 6.3-6.6 Squashiv............ e 5.0-5:4
Cabbage................... 5.2~5.4  OQlives..... e 3.6-3.8  Strawberries................ 3.0-8.5
Carroté.............ouuus. 4.9~5.3 Oranges..............c..... 3.0-4.0 Sweet potatoes.............. 5.3-5.8
Cheese............ccovvn.n. 4.8-6.4 VBEETS. . ..t e 6.1-6.6 Tomatoes. .. vvvrvruinn.n.. 4.0-4.4
Cherries. .................. 3.2-4.0 Peaches.................... 3.4-3.6 Tuna....cocvveviveennnnn., 5.9~6.1
ider........ e e 2.6-3.3 Pears......coiiiiiiiiinnn. 3.6-4.0 Turnips. .over e i 5.2-5.8
Corn.......... PR 6.0-6.5 Peas..........oooiiiiiiia, 5.8-6.4  Vinegal.........coiuinunnninn 2.4-3.4
Crackers................. .. 6.5-8.5 Pickles, dill....... . 3.2-3.6 Water, drinking....... 6.5-8.0
Dates.....ooviiinninn. 6.2-8.4 Pickles, sour................ 3.0-3.4 IDEB. vt ih e 2.8-3.8
Eges, fresh white............ 7.6-8.0 Pimento................... 4.6-5.2
Flour, wheat............... 5.5-8.5 UDDB. .o vene s ceronnnnn s 2.8-3.0



FORMULAS FOR CALCULATING TITRATION DATA, pH VS. ML. OF REAGENT

A B C D B
Intermediate Points

' Substance Titrated 10, 50, 99, etc., per Excess of Reagent
Vo ml. of solution Initial cent neutralized, Equivalence 1 volume reagent

Mo its molarity [H*]} or [OH ] Vi ml. of reagent of Point M; its molarity

) M, molarity added Vr total volume

. VoMy —~ ViM; P ViMay

. - o T e 2 - o Y1V

(1) Strong Acid.....ooiiininn s, [H*] = Mg (H+] Vo ¥V, v Ku [OH] Vi

o - _ VoMo — ViMy T o . ViMy

o (2’) Strongﬁgﬁse ........ S [OH-] = Mo [OH"] = TV VK [H*] = Vo

(3) Weak Acid (Ka = 107 t0 1075).. ... . [HY] = vGE: | [HY = Fs&:xlg]] K. [OH"] = -gl” c [OH-] = YiM:
(Value in column D

- to be added)

(4) Weak Base (K = 107 to 1075)....... OH] = V¥ | (08 = 22k, 4 = VEre [HY] = 1M

(Value in column D
to be added)
(3) Sult of o Very Weak Acid (e.5. KON).| [0H) = \gZo | (e = A, (HY = v{EcdIRs [E4 = WM
' (Correct for value
in column D)
(6) Selt of & Very Weak Base............| [+ = \5% | (0B = [[];fo]] Ks [OH] = [BasalKs | [OH] = 1M

T
(Add to [OH -] found
in column D)

CONVERSION FORMULAE FOR SOLUTIONS HAVING CONCENTRATIONS
EXPRESSED IN VARIOUS WAYS

A = Weight per
B
E

cent of golute

= Molecular weight of solvent .
= Molecular weight of solute
F = Grams of solute per liter of solution

= Molality

G
M = Molarity
N
R

= Mole fraction
= Density of solution grams per cc

Concentration of Coneentration of sol'ute——GIVEN;
solute—
SOUGHT A N G M ¥
A _ 100N X E 100G X E MXE F
N XE+ (1 —-N)B 1000 +- G X E 10R 10R
A
N E - B XG B XM BXF
_A_ + 100 — A B X G -+ 1000 M(B —E) + 1000R | F(B — E) + 1000R XE
E B
Q 1000A 1000N . 1000M 1000F
! E(160 — A) B-NXB 1000R ~ (M X B) E(1000R — F)
M 1I0R X A 1000R X N 1000R X G . E
E N XE + (1 -—N)B 1000 +BE X G E
1000R X N X E | I000R XG XE . .
F AR IR XETa - N5 | 1000 4G XE M xE
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ACID BASE INDICATORS

Approxi-
Indicator mate Color- Preparation
change
pH range
Methyl Violet 0.0-1.86 |yeltobl 0.01-0.059% in water
Crystal Violet 0.0-1.8 |yeltobl 0.02% in water
Ethyl Violet 0.0-2.4 |yeltobl 0.1 g in 50 ml of MeOH +
50 ml of water
Malachite Green 0.2-1.8 |yel tobl grn | water
Methyl Green 0.2-1.8 |yeltohbl 0.1% in water
2-(p-dimethylaminophenylazo)pyridine 0.2-1.8 |yeltobl 0.1% in EtOH
‘ 4.4-5.6 | red to yel
o0-Cresolsulfonephthalein (Cresol Red) 0.4-1.8 |yeltored . |0.1 gin 26.2 ml 0.0IN
' 7.0-8.8 |yel tored NaOH + 223.8 ml water
Quinaldine Red 1.0-2.2 |col tored 1% in EtOH
p-(p-dimethylaminophenylazo)-benzoic
acid, Na-salt (Paramethyl Red) 1.0-3.0 |red to yel EtOH
m-({p-anilnophenylazo)benzene sulfonic .
acid, Na-salt (Metanil Yellow) 2-2.4 |red to yel 0.01% in water
4-Phenylazodiphenylamine 1.2-2.6 |red to yel 0.01 gin 1 ml 1IN HCl 4 50 ml
EtOH -+ 49 ml water
Thymolsulfonephthalein (Thymol Blue) 1.2-2.8 |red to yel 0.1 gin 21.5 ml
8.0-9.6 |yel to bl 0.01N NaOH - 229.5 ml water
m-~Cresolsulfonephthalein (Metacresol 1.2-2.8 |red to yel 0.1 gin 26.2 ml
Purple) 7.4-9.0 |yel topurp |0.01N NaOH + 223.8 ml water
~ p-{p-anilinophenylazo)benzenesulfonic k
acid, Na-salt (Orange IV) 1.4-2.8 |red toyel - |0.01% in water
4-0-Tolylazo-o-toluidine 1.4-2.8 |orto yel water
Erythrosine, disodium salt 2.2-3.6 |or to red 0.1% in water
Benzopurpurine 48 2.2-4.2 | vttored 0.19% in water
N,N-dimethyl-p- (m-tolylazo)aniline 2.6-4.8 |red to yel 0.19% in water
4,4'-Bix(2-amino-1-naphthylazo)2,2’/-stil- 3.0-4.0 |pwp tored |0.1 gin 5.9 ml 0.05N
benedisulfonic acid NaOH + 94.1 m] water "
Tetrabromophenolphthaleinethyl ester,
K-salt 3.0-4.2 |veltobl 0.1% in EtOH
3',8",5',5" -tetrabromophenol-~ 3.0-4.6 |yeltobl 0.1 gin 14.9 ml 0.0IN
sulfonephthalein (Bromophenol Blue) NaOH -+ 235.1 ml water
2,4-Dinitrophenol 2.8-4.0 |col to yel saturated water solution
N,N-Dimethyl-p-phenylazoaniline 2.8-4.4 |red to yel 0.1 gin 90 ml in EtOH - 10 ml
(p-Dimethylaminoazobenzene) water
Congo Red 3.0-5.0 |blue tored |0.19% in water \
Methyl Orange-Xylene Cyanole solution 3.2-4.2 |purp to grn | ready solution
- Methyl Orange 3.2-4.4 |red to yel 0.01% in water
Ethyl Orange 3.4-4.8 |redtoyel 0.05-0.2% in water or aqueous
EtOH '
4-(4-Dimethylamino-1-naphth¥ylazo)-
3-methoxybenzenesulfonic acid 3.5-4.8 | vt to yel 0.1% in 609% EtOH
3’,8",5/,5"~Tetrabromo-m-cresol- 3.8-5.4 |yeltoblue |0.1gin 14.3 m! 0.01N
sulfonephthalein (Bromocresol Green) NaOH + 235.7 ml water
Resazurin y 3.8-6.4 jortovt water
4-Phenylazo-1-naphthylamine ’ 4.0-5.6 |redto yel 0.1% in EtOH
Ethyl Red 4.0-5.8 |col tored 0.1 g in 50 ml MeOH -+ 50 ml
. water
2-(p-Dimethylaminophenylazo)-pyridine 0.2-1.8 !yel tored 0.1% in EtOH
4.4-5.6 | red to yel
4-(p-ethoxyphenylazo)-m-phenylene-
diamine monohydrochloride 4.4-5.8 {or to yel 0.1% in water
Lacmoid 4.4-6.2 |red to bl 0.29% in EtOH
Alizarin Red 8 4.6-6.0 | yel tored dilute solution in water
Methyl Red 4.8-6.0 |red to yel 0.02 g in 60 ml EtOH + 40 ml
’ water
D-150 @




ACID BASE INDICATORS (Continued)

D-151

Approxi-
Indicator mate | Color- Preparation
change T
pH range
Propyl Red 4.8~6.6 |red to yel EtOH
8,5 D1bromo—o—cresolsulfone-phthalem 5.2-6.8 iyeltopurp ]0.1gin 18.5 m] 0.0IN '
(Bromocresol Purple) NaOH + 231.5 ml water
3',3""-Dichlorophenolsulfonephthalein 5.2-6.8 | yel to red 01gin23.6ml0.0IN"
(Chlorophenol Red) ' NaOH 4+ 226.4 ml water
p-Nitrophenol 5.4-6.6 |col to yel 0.1% in water ‘
Alizarin 5.6-7.2  |yel to red 0.1% in MeOH
‘ 11.0-12.4 |red to purp
2-(2,4-Dinitrophenylazo)-1-naphthol-3,
6-disulfonic acid, di-Na salt 6.0-7.0 |yel to bl 0.1% in water
3',3”-Dibromothymolsulfonephthalein 6.0-7.6 |yel to bl 0.1 gin 16 ml 0.01N
(Bromothymol Blue) NaOH -+ 234 ml water
6,8-Dinitro-2,4- (1 H)quinazolinedione 6.4-8.0 |col to yel 25 gin 115 ml M NaOH =+ 50
(m-Dinitrobenzoylene urea) ' ml boiling water
' 0.292 g of NaCl in 100 ml Water
Brilliant Yellow ; 6.6-7.8 |vel to or 1% in water ‘
Phenolsulfonephthalein (Phenol Red) 6.6-8.0 |yel to red 0.1 gin 28.2 ml 0.0IN
' NaOH + 221.8 ml water'
Neutral Red 6.8-8.0 |red to amb |0.01 g in 50 m! EtOH -+ 50 m!
water N
m-Nitrophenol 6.8-8.6 |col to yel 0.39% in water
. 0-Cresolsulfonephthalein (Cresol Red) 0.0-1.0 |red to yel 0.1 gin 26.2 m] 0.0IN
7.0-8.8 |.yel to red NaOH + 223.8 ml Water
Cureumin 7.4~-8.6 | yel tored EtOH ’
' 10.2-11.8 |-
m-Cresolsulfonephthalein (Metacresol 1.2-2.8 |red to yel 0.1 gin 26.2 ml 0.0IN
Purple) 7.4-9.0 | yel to purp |NaOH + 223.8 ml water
4.,4’—Bis({&—am‘iﬁo—l—naphthylazo) 8.0-9.0 |bltored 0.1 gin 5.9 ml 0.05N -
2,2stilbene disulfenic acid NaOH 4 94.1 ml water
Thymolsulfonephthalein (Thymol Blue) 1.2-2.8 |red to yel 0.1 gin 21.5 ml 0.0IN
' R 8.0-9.6 NaOH + 228.5 ml water.
o~Cresolphthalein 8.2-9.8 |col to red 0.04% in EtOH
p-Naphtholbenzene 8.2-10.0 |or to bl 1% in dil. alkali
Phenolphthalein 8.2-10.0 |col to pink |0.05 g in 50 ml EtOH + 50 ml
: water
Ethyl-bis(2,4-dimethylphenyl)acetate - 8.4-9.6 |col tohl saturated solution in 509, ace-
‘ i , tone alcohol
Thymolphthalein 9.4-10.6 |col to bl 0.04 g in 50 ml EtOH + 50 ml
water
5-(p- Nltrophenylazo)sahcyhc acid, Na-salt 10.1-12.0 | yel to red 0.01% in water
(Alizarin Yellow R)
p-(2, 4—Dlhydroxyphenylazo)benzene- 11.4-12.6 | yel to or 0.1% in water
sulfonic acid, Na-salt )
5,5’-Indigodisulfonic acid, di-Na-salt 11.4~13.0 | bl to yel water
2,4,6-Trinitrotoluene 11.5-13.0 | col to or 0.1-0.5% in EtOH
1,3,5-Trinitrobenzene 12.0-14.0 | col to or 0.1-0.5% in EtOH
Clayton Yellow ' 1 12.2-18.2 |yel to amb | 0.19 in water

e e AR



The solubility product

SOLUBILITY PRODUCT

(or ion preduet constant) is the pro

duct of the concentrations of the ions in the saturated solution of g

difficultly soluble salt, The concentrations are expressed as moles per liter of solution. The number of cations (or anions) resulting
from the dissociation of one molecule of the salt, appearsin ¢
the concentration of the cation (or anion).

If two solutions, each containing one of the ions of & difficultly soluble salt, are mixed, no precipitation takes place unless the
han the solubility produect.
on the ratio of solubilities of the two salts is the ratio of the solubility

product of the ion concentrations in

the mixture is greater ¢
In a solution containing two salts which yield & common i

he formuls for calculations of the solubility product as the exponent of

B-220

products.
Solubility product at Solubility product at
Substance temperature noted Substance temperature noted

Aluminum hydroxide.....,....... 4 X 1071 (15°) Leadiodide..................... 7.47 X 1079 (15°)
Aluminum hydrexide............. 1.1 X 10715 (18°%) Lead iodide...................... 1.39 X 1078 (25°%)
Aluminum bydroxide. ...... e 3.7 X 1071 (25°) Lead oxalate..................... 2,74 X 101 (18°%)
Barium earbonate,............... 7 X 107 (16°) Lead sulfate. .................... 1.08 X 10~ (18°)
Barium carbonate.............. .. 8.1 X 107 (25°) Lead sulfide.................. ... 3.4 X 10-% (18°%)
Barium chromate............. ... 1.6 X 10-10 (18°) Lithium carbonate............... L7 X 10~% (25°)
Barium chromate............. ... 2.4 X 10710 (28°) Magnesium ammonium phosphate. .| 2.5 X 10713 (25°)
Barium fluoride..,............. ... 1.8 X 10-6 (9.5°) Magnesium carbonate............ 2.6 X 1075 (12°)
Barium fluoride............... ... 1.7 X 10-% (18°) Meagnesium fluoride.............. 7.1 X 10™9 (18°)
Barium flueride.............. ... . 1.73 X 107 (25.8°) Magnesium fluoride. . ............ 6.4 X 109 (27°)
Barium iodate, Ba(107). .2H:0. . .. 8.4 X 10711 (10%) Magnesium hydroxide............ 1.2 X 1071 (18°)
Barium iodate, Ba(10s). .2H,0. .. o1 6.5 X 1070 (25°) Magnesium oxalate............... 8.57 X 1075 (18°)

* Barium oxalate, BaC0u38H:0. .. .| 1.62 X 10~ (18°) Manganese hydroxide...... ...... 4 X 1071 (18°)
Barium oxalate, BaC:0,.2H:0 . .. .. 1.2 X 10-7 (18°) Manganese sulfide............. R 1.4 X 1071 (18%)
Barium oxalate, BaCeOu 4 H:0.....| 2.18 X 1077 (18°) Mercuric sulfide.................. 4 X 10"® to
Barium sulfate.................. . 0.87 X 10— (18°) 2 X 1074 (18°)
Barium sulfate....... e 1,08 X 1010 (25°) Mercurous bromide. ... .. .. e 1.3 X 1072 (25°)
Barium sulfate................ ... 1.98 X 10710 (50°) Mercurous chloride.,............. 2 X 10718 (25%)
Cadmium oxalate CdCr0.3H:0. . . .1 153 X 10-% (18%) Mercurous iodide. . ............... 1.2 X 10728 (25°)
Cadmium sulfide. .. ..., P, 3.6 X 1072 (18°) Nickel sulfide.................... 1.4 X 1072 (18%)
Calcium earbonsate {calcite)....... 0.89 X 10-% (15%) Potassium acid tartrate [K+] 3.8 X 107+ (18%)
Calcium carbonate (caleite). . ... .. 0.87 X 1078 (25°) [HCH,0s™) .

Celeium fluoride. . ............. .. 3.4 X 1071 (18%) Silver bromate................... 3.87 X 1075 (20°)
Calcium fluoride. . ............... 3.95 X 101t (26°) Silver bromate................... 5.77 X 10-5 (25°)
Celeium iodate, Ca(IOs). 6H:O. . . . 22.2 X 1078 (10°) Silver bromide................... 4.1 X 10712 (18°)
Calcium iodate, Ca(I0s)2.6H:0. . ... 64.4 X 1078 (18°) Silver bromide................... 7.7 X 10713 (25°)
Caleium oxalate, CaCeO40H:0. .. . .. 1.78 X 109 (18°) Silver carbonate.................. 6.15 X 10712 (25°)
Calcium oxalate, CaChO0H,0. ... .. 2.87 X 1079 (25°) Silver chloride................... 0.21 X 10-10 (4,7°)
Calcium sulfate. ., . . ., 2.45 X 10-5(25°C) Silver chloride. .................. 0.37 X 1010 (9,7°)
Caleium tartrate, CaCiHi06.2H.0. .l 0.77 X 10~ {(18%) Bilverchloride................... 1.56 X 10~ (25°)
Cobaltsulfide.................... 3 X 10-% (18°) Silver chloride................... 13.2 X 10710 (50°)
Cupriciodate................,... 1.4 X 1077 (25°) Silver chloride................... 215 X 10710 (100°)
Cupric oxalate.......... P 2.87 X 1078 (25°) Silver chromate..........,....... 1.2 X 10712 (14.8°)
Cupric sulfide................. . 8.5 X 104 (18°) Silver chromate.................. 8 X 10712 (25°)
Cuprous bromide................. 4.15 X 10-8 (18~20°) Silver cyanide [Ag*[Ag(CN)=2)....| 2.2-X 1012 (20°)
Cuprous chloride................. 1.02 X 10-¢ (18-20°) Silver dichromate.....,........... 2 X 1077 (25°%)
Cuprous jodide................... 5.06 X 1072 (18-20°) Silver hydroxide,................ 1.52 X 1078 (20°)
Cuprous sulfide. ................. 2 X 10~ (16-18°) Silverjodate..................... 0.92 X 108 (9.4°)
Cuprous thiocyanate.............. 1.6 X 1011 (18°) Silveriodide..................... 0.32 X 10~16 (13%)
Ferrie hydroxide. ................ L1 X 1073 (18°) Silverijodide..................... 1,5 X 10718 (25°)
Ferrous hydroxide.............. .. 1.64 X 10714 (18°) Silversulfide..................... 1.6 X 1074 {18°%)
Ferrous oxalate. ................. 2.1 X 1077 (25°) Silver thiocyanate.,............., 0.49 X 10~12 (18°%)
Ferrous sulfide................... 3.7 X 101 (18°%) Silver thiocyanate................ 1.16 X 10712 (25°)
Lead carbonate. ................. 3.3 X 10714 (18°) Strontium carbonate.............. L6 X 10-% (25°)
Lead chromate................... L77 X 10714 (18%) Strontium fluoride.......,........ 2.8 X 107 (18°)
Lead fluoride. ................... 2.7 X 1078 (9°) Strontium oxalate................ 5.61 X 1078 (18%)
Lead flvoride.................... 3.2 X 1078 (18°) Strontium sulfate................ 2.77 X 1077 (2.9°)
Lead fluoride.................... 8.7 X 1078 (26.6°) Strontium sulfate. ............... 3.81 X 1077 (17.4%)
Lead jodate................... .. 8.3 X 1071 (9,2%) Zine hydroxide................... 1.8 X 10-1 (18-20°)
Lead iodate. . . e 1.2 X 10718 (18°%) Zinc oxalate, ZnCs00.2H:0. ... .. .. 1.35 X 1079 (18°%)
Lead iodate..................... 2.6-X 101 (25.8°%) Zincsulfide...................... 1.2 10-2 (18°)




ELECTROCHEMICAL SERIES

Reaction
Agt +e” —Ag
Ag*? 487~ Ag“(«ifHClOd
AgAc +e” ~— Ag + AcT
AgBr + ¢~ — Ag + Br~
AgBrO; + e~ « Ag + BrOy
AgCO.;-&-Ze — Ag + C,0;?
AgCl + e~ — Ag + CI”
AgCN +e” « Ag + CN7™
Ag,CO; + 2e™ + 2Ag+CO;?
Ag,CrO, + 26~ — 2Ag + CrO;*?
Ag.,Fe(CN)(, + 4e” — 4Ag + Fe(CN)6
Agl +e” — Ag +1°
AglO; + e” — Ag + 107 .
Ag;MoO, + 22~ — 2Ag + MoO;?
AgNO, + e~ — Ag + NO;
Ag,0 + H;O 4+ 2~ 2Ag+ 20H"
Ag,0s + H,0 + 2¢” — 2Ag0 + 20H"
2A0 + H,0 + 2¢” ~ Ag,0 + 20H~
AgOCN +e” —Ag + OCN™ '~ 7
© Ag,S + 2 — 2Ag + 872
Ag.S + 2H* + 2™ — 2Ag + H,S
AgSCN +¢” «— Ag + SCN™
Ag,Se0; + 2e — 2Ag + ScO3
Ag,SO, + 2e” — 2Ag + SO;?
Ags(WO,) + 2e™ — 2Ag + WO
Al*Y + 3¢~ — AL (0.1f NaOH)
H,AIO; + H,0 + 3¢™ — Al + 40H~
“As + 3H?* + 3¢~ — AsH;
As,0; + 6HY + 6e” — 2As + 3H,0
HAsO, + 3H* + 3¢” — As + 2H,0
AsO; + 2H,0 + 37 — As + 4OH‘
H,Aso., + 2H* + 2" — HAsO; + 2H ,OUfHCDH
AsO;® + 2H,0 + 2e” — AsO; -+ 4OH“
AsOD? + 2H,0 +2e* — AsO; + 4OH (lfNaOH)
Au® +e” —Au
‘A*t?® 4 2" — Aut?
Au*? 4+ 3e” — Au
AuBry +e” = Au + 2Br~
AuBry + 3¢” — Au + 4Br~
AuCly + 3e” ~ Au + 4C1~
Auw(OH); + 3H* + 3e” — Au + 3H,0
H,BO; + 5H,0 + 8¢~ — BH/J +80H
H,BO; + H,0 + 3~ — B +40H~
H,BO; + 3H* + 3~ —B +3H20
Ba*? 4 2¢” — Ba '
Ba*? + 2e” ~ Ba(Hpg)
Ba(OH), - 8H,0 + 2e~ — Ba + ZOH + 8H,0
Be*? 4 2e” ~ Be

Be,O5% + 3H,0 +4e” —2Be + 60H~
B{CD; + 3e~— Bi + 4Ci~

Bi,O5 + 3H,0 +6e” — 2Bi + 60H "

Bi,O, + 4H* + 2¢” — 2Bi0O* + 2H,0

BiO* + 2H* + 3¢~ — Bi + H,0

BiOC! + 2H* + 3¢ « Bi + ClI™ + H,;0
BIiOOH + H,0 +3e” — Bi + 3OH“"
Br,{aq) + 2¢” ~ 2Br~ .

Br,(1) + 2¢~ «~ 2Br~ -
HBrO + H* +e” — 1/2Br; + H,0

HBrO + H* +2e‘~Br + H,0

2HBrO + 2H' +2e” — Br(l) + 2H,0
BrO~ + H,0 + 2¢~ — Br~ + 20H"(1f NaOH)
BrOy + 6H* + Se” « 1/2Br; + 3H,0

BrO; + 6H* + 6e~ — Br~ + 3H,0

BrO; + 3H,0 + 6e” — Br~ i+ 60H "
C(,H402 + 2HY +2e— (J(,H,,(OH)2

Ca* +¢” —Ca .. :

Ca*® 4 2e” — Ga
Calomel Electrode, Molal KCl'
*Calomel Electrode, N KCl
*Calomel Electrode 0.1 N KCl
*Calomel Electrode, Sat’'d. KCl
*Calomel Electrode, Sat’d Nall
Ca(OI—I)2 4+ 2e” - Ca + 20H~

Cd* 420" = Cd -
Cd*? + 2¢~ — Cd(He) T
CA(OH), + 27— Cd(He) + 20H" "

CdSO,, 8/3H,0 + 2~ Cd(Hg) + CdSO4(satd aq)

Ce*? 4+ 3e"~ Ce

Table I

Alphabetical listing
Compiled by J. F. Hunsberger
Values listed are Standard Reducuon Potentials

_ Potential,
volts

0.7996
1:987
0.64
0.0713
0.680
0.4776
0.2223
-0.02
0.4769
0.4463
0.1943
~0.1519
©0.3551
0.49
0.59
0.342
0.74
- 0.599
0.41
~0,7051
—0.0366
0.0895
0.3629
© 0,653
0,466
~1.706
-2.35
054
0.234
0.2475
~0.68
0.58
~0.7
~0.08
1.68
1.29
1.42
0.963
0.858
0.994
1.45
~1.24
2.5
~0.73
~2.90
~1.570
~2.97
1,70
(—1.83)
~2.28
0.168
~0:46,
1,597
0.32
101583
2046
1.087
1.065
1.59
1.33
1.6
0.70
1.52
1.44
0.61
0.6992
~3.02
~2.76
0.2800
0.2807
0.3337
0.2415
0.2360
~3.02

~0.,4026
~0.3521
~0,761
(-0.81)
10,4346
22,335

Reaction

Ce*? + 3¢~ — Ce(Hg)
Ce** + e~ = Ce?

Ce** +e” ~ Ce”(O,Sf H,80,
CeOH*® + H* +e¢~ ~ Ce*?® + H;0
Cly(g) + 2~ — 2C1°

HCIO + H* w4 e™ — 1/2CL. #:H,0
HCIO + H* + 2¢"— CI™ + H,0
ClO~ + HZO + 2" Cl™ + 2OH'
ClO; + ¢~ = ClOF

ClO, + H* + ¢~ — HCIO,

HCIO, + 2H* + 2¢~ ~ HCIO + H;0
HCIO, + 3H* + 3e” « 1/2Cl; + 2H O
HCIO, + 3H* +4e” = CI7 '+ 2H,0
ClO; + H,0 + 2~ —CIO™ + ZOH'
ClO; + 2H,0 +4e”— CI™ + 40H "
ClO,(aq). + e~ — ClO7F )

ClO; + 2H* + e~ — ClO; + H,0
ClO; + 3H* + 2 —~HCIO, + H,0

ClO; + 6H' + Se” ~ iCl, + 3H,0
ClO;5 + 6H* + 6e” = Cl~ + IH,0
ClO; + H,0 + 2¢™ = ClO; + 20H"-
ClO; + 3H,0 + 6e~ — Cl™ + 60H
ClO; + 2H* + 2" — ClO; + H,O
ClO; + 8H™* + 7e” — ICl; + 4H,;0
ClO; + 8H* + 8e- —Cl1™ 4 4H,0 ‘
Clo; + H,0 +2¢~ —~ ClO; + 20H"
(CN), + 2H* +2¢~ — 2HCN
JHCNO + 2H™* + 2e — (CN), +2H,0
(CNS), + 2¢~ ~ 2CNS~

Co*? + 2~ — Co )

Co*? + ¢~ ~ Co**3f HNO,)

CO, + 2H* + 2¢” — HCOOH -

2C0, + ZH* + 2¢” —H,C 0,,
Co(NH;)¢® +e” CO(NH

CCJ(OH)2 + Ze — Co + ZOH‘

Co(OH); + ¢~ — Co(OH), + OH~

Cr*? 4+ 2¢e—~Cr

Cr** 4 e” —Cr*?

Cr*® 4 3¢~ = Cr

Cr*¢ + 3¢~ — Cr*3(2f H,50,)

Cr*® + 3e” — Cr**(1f NaOH)

Cr107 + 14H* 4 6~ —2Cr*? 4+ TH,0
CrO; + 2H,0 + 3¢~ Cr + 40H~
HCrO4 + TH* + 3¢~ — Cr*® + 4H,0
CrO;? + 4H,0 + 3¢™ — Cr(OH); + SOH~
Cr(OH); + 3e ~ Cr + 30H"~
Cs* +e”—Cs

Cu* + e~ Cu

Cu*? + 2CN™ + e” — Cu(CN)7
Cu*? + e~ Cu* ’

Cu*? + 2" —Cu
Cu*? + 2e — Cu(Hg)
Culy +e7— Cu + 210 7
Cu,0 + H,0 # 2~ — 2Cu x 20H "
Cu(0OH), + 2¢~ — Cu + 20H"
2Cu(OH)1 + 2e”~ Cu,0 + 20H" + H (o}
D* +e” — 172D,
2D* 4+ 2" D,
Eu*® + e~ — Bu™?
1/2F; +e” — F~
12F, + H* + e~ ~ HF
F, + 2"~ 2F~
TF,0 4+ 2H* +4e” ~ H,0 + 2F7
Fe*? 4 2e~ ~ Fe
Fe*? 4 3¢~ — Fe
Fe*? 4 e~ — Fe*?
Fe*? 4 e~ = Fe*?(If HCY
Fet? 4+ e~ — Fe**(1f HCIO,)
Fe*? + ¢~ «— Fe**(1f H,PO,)
Fe*? 4+ e — Fe*¥0.5{ H,S04)
Fe(CNjq? + e~ Fe(CN)¢*(0.01f NaOH)
Fc(CNh, 3 4 g7~ Fe(CN){ (1] H,;80,)
FeO7? + 8H* + 3e” — Fe™® 4 4H,0+
Fe(OH); + o~ — Fe(OH); - OH*
Fe (phenanthrolme) + e~ — Fe(p
Fe (phenamhrolmc)
Ga.“‘3 + 3¢~ ~Ga
H,Ga0O; + H,0 + 3™~ Ga + 40H "~
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g2
+ €7 = Fe(ph)$ %2f H,804)

Potential, -
volts
~1.4373
1.4430
(161
1.4587
1.7134
1.3583
1.63
1.49

o 090
115
1.27
1.64
1.63
1,56
-0.5%
0.76
0.954
1,15
1.21

- (1.23)
1.47
1.45
0.35
0.62
1.19
134
‘1.37
0,17
0.37
0.33
0.77

-0.28

1.842
—0.2
049
o1
~0.73

0.20.17

-—0.557

—~0.41
-0.74
.10

~0.12

1.33

95
2

O

1
1
-0,
..»1 :
~2.523
0.522
112
0.158
(0.167)
| 0.3402
0.343
0.00
-0.361

0224

~0:0%
~0.0034
-0.044

S =043

2.85
3,03
2.87
2.0
~0.409
—0.036
0,770
0,770
0,747
0438
0679
0.46.
0,69
19"
~0.56.




ELECTROCHEMICAL SERIES—TABLE I (Continned)

Reaction
GeO, + 2H* + 2¢” — GeO + H,0
H,GeO, + 4H* + 4e™ — Ge + 3H,0
2H*Y + 2¢” ~ H,
1/2H, 4+ e~ —H"
2H,0 + 2"~ H,; + 20H"
H,0, + 2H"* + 2e” — 2H,0
HfO** + 2H* + 4e” — Hf + H,0
HfO, + 4H"* + 4¢~ «— Hf + 2H,0
HIO(OH); + H,0 + 4" — Hf + 4OH "
Hg*? + 2~ — Hg
2Hg™*? 4 2¢” — Hg?
1/2Hg;? + e~ — Hg
Hgr? + 2e” —2Hg )
Heg,(AcO), + 2e~ — 2Hg + 2AcO~
Hg,Br, + 2¢~ —2Hg + 2Br~
Hg,Cl, + 2~ — 2Hg + 2C1~
Hg,Cl, + 2e — 2Hg + 2C17(0.1f NaOH}

Hg,HPO, + H* + 2e™— 2Hg + H,PO;
Hg,l, + 2e” ~ 2Hg + 217

Hg,0 + H,0 + 2e” — 2Hg + 20H "~
HgO + H,0 + 2¢” ~— Hg + 20H"
Hg,S0, + 2e” — 2Hg + SO;?

HO, + H* + ¢~ ~ H,0,

I, + 2e7— 217

Iy + 2e” — 317

In*? + e~ In*!

In*? + e~ In*?

n** 4 2e” = In*!

In*? 4 3¢~ = In

HLI00 + 27 —~ 105 + JOH-
HJ0, + HY + 2~ — 107 + 3H,0
HIO + H* +¢” = 1721, + H,0
HIO + H* + 2~ — 15 + H,0
10" + H,O + 2~ « 1" + 20H"
105 + 6H* + 5e” = 121, + 3H,0
105 + 6H* + 6e” ~— 1~ + 3H,0
2107 + [2ZH® + 10e” I, + 6H,0
10, + 2H,0 +4e” — 10~ +40H"
107 + 3H,0 + 6e~ 1" + 60H "
IrClg? + e” = IrClg?

IrClys + 3¢~ — Ir + 6Cl1°

ir,O, + 3H;0 + 6~ — 2Ir + 60H "~
K* +e —~K

La*‘J + 3e” — La
La(OH), + 3e — La + 3JOH"
Li* +e” ~ Li

Mg*?* + 2e” — Mg -

Mg(OH}, + 2¢” — Mg + 20H"

Mn*? 4 2e” — Mn .

Mn*? +e” « Mn"*?

MnO, + 4H* + 2¢” — Mn*? + 2H,0
MnO; + e~ — Mn0O;?

MnO; + 4H* + 3¢~ — MnO, + 2H,0
MnO, + 8H" + 5~ — Mn"¢ + 4H,0
MnO; + 2H,0 + 3e” ~ MnO; + 40H"
MnO; ' + 2H,0 + 3e” — MnO, + 40H"
Mn(OH); = Mn + 20H~

Mn(OH); + e” — Mn(OH), + OH~
H,MoO0, + 6H* + 6e” — Mo + 4H,0
N; + 2H,0 + 4H"* + 2¢” ~ 2NH,0OH*
IN, + 2H* + 2e” — 2HN,

NHS + 3H* + 2~ —2NH{

N;O + 2H* + 2" — N, + H,0
H,N,0, + 2H' + 2¢” —= N, + 2H,0
N,0, + 2&~ — 2NO;

N,O, + 2H* + 2e” — 2HNO,

N,O, + 4H* + 4e” — 2NO + 2H,0
Na* + e~ ~Na

Nb, O, + 10H" + 10e” = 2Nb + 5H, 0

Nb*% + 2e — Nb*¥2fHC)

Nd*? + 3¢~ — Nd .
INH,OH* + H* + 2¢” — N;H] + 2H,0
Ni*? 4+ 2¢” — Ni

Ni(OH), + 2e~ —~ Ni + 20H"

NiO, + 4H* + 2¢~~ Ni*? + 2H,0 .
NiQ, + 2H,0 + 2¢” — Ni(OH), + 20H"
INO + 2e” — N,072 . .
2NO + 2H* +2¢”— N;0 + H,;0

INO 4 H,0 + 2¢~— N,0 + 20H"
HNO, + H* + ¢~ —NO + H,0
2HNO, + 4H* +4e~ ~ H,N,;0, + 2H,0
2HNO, + 4H* 47— N,0 + 3H,0

Potential,
volts
-0.12
~0.13
0,0000
-2.23
-0.8277
1,776
—1.68
-1.57
~2,60
0.851
0.905
0.7986
0.7961
0.5113
0.1396
0.2682
0.3419
(0.268)
0.639
~0.0405
“0.123
0.0984
0.6158
1.5
0.535
0.5338
~0.40
—0.4%
~0.40
-0.338
~0.76
~1.7
1.45
0.99
0.49
1.195
1.085
1.19
0.56
0.26
-1.02
0.77
0.1
—~2.924
(~2.923)
~2.37
-2.76
~3.045
(~3.02)
—~2.375
—~2.67.
~1.029
1.51
1.208
0.564
+1.679
1.491
0.588
0.58
- 1.47
—0.40
0.0
-1.87
-3.1
1.27
1.77
2.65
0.88
1.07
1.03.
C-2.7109
~0.62
0.344
—2.246
1.42
-0.23
~0.66
71,93
0.49
6.10
1.59
0.76
0.99
0.80
1.27
(1.29)
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Reaction
NO; + H,O0 + e~ —NO + 20H"
2NOj; 4+ 2H,0 + de~ — N,0;? + 40H "
INO; + 3H;0 + 4e~ ~— N,0 + 60H"
NO; + 3H* + 2e” - HNO,; + H,0
NO; + 4H* + 3e” — NO + 2H,0

2NO; + 4H*' + 227 — N,O, + 2H,0

NOj; + H,0 + 2~ — NOj; + 20H"
INO; + 2H,0 + 2e~ ~ N,0, + 40H"
Np*?® + 3~ —Np

Np** 4+ e~ «— Np*3(IfHCIO,)

Np*® + e~ — Np**(1fHCIO,)

Np*® + e~ ~ Np**(1fHCIO,)

1/20, + 2H*(10""M) + 2¢~ — H,0
O, + 2H* + 2¢” — H,0,

O, + 4H* +4e~ ~ 2H,0

O, + H,0 + 2¢~ = HO; + OH"
0O, + 2H,0 + 2¢~ — H,;0, + 20H"
O; + 2H,0 + 4e”~ — 40H"

O; + 2H* + 2~ — 0, + H,0

O, 4+ H,0 +2¢~ — O, + 20H"
Oy + 2H" + 2¢”~— H,0

OH +e¢” —OH"

HOj; + H,O + 2¢~ —30H" .
OsO, + 8H* + 8e~ — Os + 4H,0
P+ 3H* + Je” — PH, (g

P + 3H,0 + 3¢~ — PH,(g) + 30H"
Pb*? 4 2¢” — Pb

Pb*? 4+ 2¢” ~— Pb{Hg)

PbBr, + 2e~ ~— Pb(Hg) + 2Br-

PbCl, + 2e~ — Pb(Hg) + 2CI~

PbF, + 2¢~ — Pb(Hg) + 2F™ .
PbHPO, + H* + 2¢~ ~ Pb(Hg) + HPO;
Pbl, + 2¢~ — Pb(Hg) + 21~ i

PbO + H,0 + 2e~ — Pb + 20H"

PbO, + 4H* + 2¢”~ — Pb*? + 2H,0 .
HPBO; + H,0 + 2¢~ «~Pb + 30H"
PbO, + H,;O + 2e~ «~ PbO + 20H"

PbO, + SO;? + 4H*® + 2¢~ — PbSO, + 2H,0

PbSO, + 2e” — Pb + SO;?
PbSO, + 2~ — Pb(Hg) + 50;?
Pd*? 4 2¢e- — Pd

Pd*? 4+ 2¢” ~ PA(IfHCH

Pd*? + 2¢” — Pd4f HCIO)
PdCI{? + 2e” — Pd + 4C1-
PACIs? + 2e” ~ PdCIJ? + 2CH
Pd(OH), + 2~ — Pd + 20H "
H,PO; +e¢~ — P + 20H" )
H,PO, + H* + e~ P + 2H,0
H;PO; + 2H* + 2¢~ — H,;PO, + H,0

H,PO; + 3H* + 3¢~ — P + 3H,0
HPO;? + 2H,0 + 2e” = H,PO; + 30H"
HPO;?* + 2H,0 + 3e~ ~ P + 50H"
H,PO, + 2H* + 2¢~ ~ H,;PO; + H,0
PO/ ? + 2H,0 + 2¢” — HPO;? + 30H"
Pt*? + 2e” —~ Pt : .
PtCl? + 2e” — Pt + 4C1-

PtCly? + 2™ ~— PICLJ? + 2C1-

PH{OH); + 2¢” ~ Pt + 20H"

Pu* + e~ Pu*3IfHCIO

Pu*s 4+ e™ «— Pu*%0.5{ HCl)

Pu*t 4+ e~ — Pu*S(IfHCIO,)

Pu*® + 2e” — Pu**(IfHCl)
Quinhydrone Elec. H*,a = 1

Rb* + e~ —Rb -

Re*? + 3¢~ — Re

ReO; + 4H* + 3e” — ReO, + 2H,0
ReQ; + 4H* + 4¢~ — Re + 2H,0 .
ReQ; + 2H* + e~ — ReOy, + 2H,0
ReO; + 4H,0 + 7e~ — Re + 80H "
ReO; + 8H™* + 7¢~ —Re + 4H,0.
Rh** 4+ e~ — Rh*?

RR(Ch¢® + 3e” — Rh + 6C1-

Ru*? 4 e” — Ru*¥0.1fHCIO,)

Ru*? + e” « Ru**(1-6fHCl)

Ru*¢ + ¢” — Ru*¥0.1fHCIO,}

Ru** + e~ — Ru*¥2fHChH

_RuO,; + 4H"* + 4e~ — Ru + 2H,0

RuQ; + ¢~ — RuQ,?

RuO4y + ¢~ — RuO/

S 42" 8§72

S +2H* + 27 — H,8,4

S + H,0 + 2" —HS™ + OH"

Potential,
volts
-0.46
-~0.18
0.15
0.94
0.96
0.8}
0.01
—0.85
-9
0.155
- 0.739
1.137
0.815
0.682
1.229
-0.076
-0.146
0.401.
2.07
1.24
2.42
1.4
0.87
0.85
—0.04
-0.87
~0.1263
(~0.126)
~0.1205
-~0.275
-0.262
-0.3444
~0.2448
-0.358
-0.576
1.46
—-0.54
0.28
1.685
—0.356
—0.3505
0.83
0.623
0.987
0.623
1.29
0.1
-1.82
-0.51
~0.50
{ —~0.59)
—0.49
- 1.65
- 171
-0.276
(~0.2)
-1.05

)

0.73
0.74
0.16
0.982
1.099
0.9184
1.052
0.6995
-2.925
(-2.99)
03~
0.51
0.26
0.768
~0.81
0.367
1.43
0.44.
—0.11
~0.084
0.49
0.858
-0.38
0.59
1.00
~0.508
0.141
~0.478




& ¥
ELECTROCHEMICAL SERIES—TABLE I (Continuned)
Potential, T . Potential,
Reaction - volts Reaction volts
‘8,06 + 4H* 4 2e” — 2H,S0 - 0.6 TeO; + 8BH* + e~ « Te + 4H,0 0.472
$,05% + 2e” — 280, . 2.0 HTeO4,, + 2H* + 2~ — TeO,,,, + 4H,0 1.02
: (2.05) Th** 4+ 4e~ — Th : : ~-1.90
8,06 + 27 — 28,052 -0.09 ThO, + 4H* +4¢” — Th + 2H,0 ‘ : ~1.80
0.10 4e” — 4 - —~2.64
Sb + 3H* + 3~ — HySb o Tieat e 467 T+ 4OH , . e
Sb** + 2e” ~ Sb**3.5fHC) : 0.75 Ti*? 4+ e~ — Ti*? - . -20
8b,0; + 6H* + 6e~ — 28b + 3H,0 0.1445 TiO, + 4H* + 4e” — Ti + 2H,0 ] —0.86
(0.152) THOH)** + HY + ¢~ — Ti*? 4+ H,0 0.06
8b,0; + 4H* + 4e” — §b,0; + 2H,0 0.69 Ti* + e~ Tl : : T ~0.3363
8b,054 + 6HY + 42~ — 28b0O* + 3H,0 o 064 TI* + e~ — Ti(Hg) ) ~0.3338
SbO™ + 2H* + 3¢~ ~ Sb + 2H,0 AT0212 T 4 e” —TI*2 . . -0.37
SbO; + 2H,0 + 3e™ ~ Sb + 40H " -0.66 TI*? 4 2 — TI*! 1.247
SbO; + H,0 + 2~ ~ SbO; + 20H" ~0.59 T1*® + 2e” — TI*Y(IfHCYH 0.783
Sc*? 4 3¢~ ~ S¢ -2.08 TIBr + e~ — Ti(Hg) + Br- ’ i ~0.606
Se + 2e” —Se~? -0.78 TICl + e~ — TI(Hg) + C1~- ~0.555
Se + 2H* + 2e” — H,Se(aq) . -0.36 T +e” — THHg) + 1~ " ~0.768
H,Se0; + 4H* + 4e~ ~ Se + 3H,0 ) 0.74 © TLO; + 3H,0 + 4e~ — 2TI* + 60H - 0.02
Se0;? + 3H,0 + 4e” — Se + 60OH ™ -0.35 TIOH + e — Tl + OH" ~0.3445
8e0. % + 4H™ + 2e™ = H,Se0; + H,0 115 THOH); + 2¢” — TIOH + 20H- . -0.05
8e0;? + H;0 + 2e™ — SeO7?* + 20H" 0.03 TSSO, + 2¢” ~ Ti{Hg) + SO;? : -0.4360
SiFg? + 4e” — Si + 6F~ - -1.2 U*? 43¢~ —U ~1.8
Si0; + 4H"* + 4e” — Si + 2H,0 . ~0.84 U** v e —U*? —0.61
§i0;? + 3H,0 +4e” — Si + 60H" s —1.73 U** + e — UNIfHCIO,) -0.631
Sn*? 4+ 2" —§ ~0.1364 U*s ~ = U*%1fHCI 1.02
S:"‘ I 22‘ — Sg” 0.15 e i g‘ — U”ﬁlf‘HCl)O,,) 0.063
Sn** 4 27 — Sh”(o.lfHCI) : 0.070 UOS +4H* + e~ — U** 4 2H,0 0.62
Sn** + 2¢~ — Sn*(IfHCH 0.139 U032 4+ e” — UOS 0.062
HSnO; + H,0 + 2~ «— Sn + 304" -0.79 VOS2 + 4H* + 2e” — U** + 2H,0 0.334
Sn(OH)s? + 2~ — HSnO; + 30H~ + H,0 ~0.96 UOS2 + 4H* + 6e” — U + 2H,0 ' -0.82
2H,80, + H* + 2¢~ ~ HS,0; + 2H,0 : ~0.08 V¥ 426" =V -1.2
H,80; + 4H"* + 4e~ — 8§ + 3H,0 0.45 V* o4 e” e V*2 ’ ~0.255
28057 + 2H,0 + 2¢~ — 8,07% + 40H" . —-1.12 V* 4+ e” — V*™IfNaOH) ) ~0.74
28057 + 3H,0 + 4e™ ~— 8,07 + 60H "~ —0.58 VO*# + 2H* + ¢~ —V* 4 HO - ) 0.337
SO/? + 4H™* + 2¢~ —H,S0; + H,0 0.20 VO + 2H* +e” ~ VO*? + H,0 - 1.00
280;% + 4H* + 2™ — 8,0 + H,0 -0.2 V(OH){ + 2H”* +e” « VO*? 4+ 3H,0 : 1.00
SO 2 + H,0 + 26~ — 8Os + 20H" -0.92 V(OH)! +4H* + Se™ — V + 4H,0 ©-0.25
S F 5 D a4 Wou 4 1 4o w0 Zoms
r*? 4 2e” — Sr(Hg) . -1 : +4HY + 4e” — W 4 2H, . —-0.
Sr(OH),-8H,0 + 2™ — Sr + 20H " -+ 8H,0 —2.99 WO; + 6H" + 6e” — W + 3H,0 o —0.09
Ta,05 + I0H* + 10e” — 2Ta + SH,0O =071 2WO; + 2H* + 26~ — W,0; + H,0 : -0.03
TeOg + 4H* + 3e” — TcOyq + 2H,0 0.738 Y7*2 43" =Y : -2.37
Te + 2™ «~ Te™? -0.92 Zn*? 4 2¢” — Zn —~0.7628
Te + ZH* + 2e~ — H,Te(Ag) = —0.69 Zn*? 4 2e” «— Zn(Hg) ~0.7628
(~0.72y Zn0O;? +2H,0 + 26~ — Zn + 40H " ~1.216
Te*™ + 4e” — Te(2.5FHCI) 0.63 ZnCS)Ov7HzO++ 2e” ~—~ZZn(H§;{+OSO;2(Sat‘d ZnS0,) —-(I).Z‘3393
TeO, + 4H, + 4e™ — Te + 2H,0 0.593 ZrO, + 4H* + 4e— Zr + 2H, ~1.
TeO3? + 3H,0 + 4e~ — Te + 60H " o -0.02 ZrO(OH),; + H,0 + 4e™ — Zr + 40H"~ ~2.32
ELECTROCHEMICAL SERIES
Table I

. Compiled by J. F. Hunsberger
Values listed are Standard Reduction Potentials

This table is divided into two parts. The first part lists reduction reactions which are positive with respect to the potential of the Standard Hydrogen Electrode.
In this first part of Table [1 the reduction reactions are written in increasing order of the positive potential, beginning with 0.00 and ending with +3.03 volts.
The second part of this Table'II lists reduction reactions  having reduction potentials more negative than that of the Standard Hydrogen Electrode. This
second part of the table lists reactions in their order of increasing negative potential, beginning with 0.00 and ending with —3.1 volts,

PART 1
: Potential, Potential,

Reaction volts ) Reaction volts
ZH* + 2¢e” — H, : 0.0000 Pd{OH}, + 2¢~ — Pd + 20H"- ' 0.1
Culy +e” v Cu + 21~ . . 0.00 Co(NH3)¢? + e~ — Co(NH,)¢2 0.1
H,MoO, + 6H" + 6¢™ — Mo + 4H,0 0.0 Hg,0 + H,0 + 26~ — 2Hg + 20H- Co 0.123
NO; + H,0 + 2¢~ = NO; + 20H"- _. 0.01 Sn** 4+ 2e” ~ Sn*AIfHC)H 0.139
TLO; + 3H,0 + 4e~ « 2T1* + 60H - 002 Hg,Br, + 2e” « 2Hg + 2Br~ ) 0.1396
Se0;? + H,0 + 2e~ ~ 8e¢0;? + 204" 0.03 S + 2HT 4+ 2e” = H,Suq - _ © 0.141
TH{OH)** + H* +e” —~Ti** + H,0 0.06 Sb,0; + 6H* + 6e” «— 2Sb + 3H,0 - - o 0.1445
U024+ e” — UOS 2 0.062 N A : (0.152)
U™ 4+ e~ — UTS(IFHCIO ) 0.063 ZNO; + 3H,0 + 4e” — N,0 + 60H" Qs
Sn*4 4 26~ — Sn*0.1fHCH ; ' 0.070 ReO; + 8H™ + 7~ — Re + 4H,0 oS
AgBr +e” -~ Ag + Br- . 0.0713 Sn** + 2" « Sn*? v C05
AgSCN +e” +~ Ag +.8CN- ' 0.0895 . Np*™ + e~ — Np*3(IfHCIO,) . ) 0155
8,08 = + 287 «» 28,052 : . 0.09 Cu*? + e —Cu* U 0,158

. . (0.10) - . ©:167)
HgO + H,0 + 2e~ « Hg % 20H"~ ' - ’ 0.0984 BiOCl + 2H"* + 3¢ —Bi + Cl~ + H,0 0.1583
INO + 2~ — N,O; % 0.10 Pt(OH), + 2e~ ~ Pt + 20H " ' © 036
Ir;03 + 3H,0 # 6e~ — 2Ir + 60H o 0.1 Bi(Cl);y + 3e” « Bi + 4Cl~ 0.168
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ELECTROCHEMICAL SERIES—TABLE II (Continued)

: Reaction
ClO; + Hy0 + 2e™ w CIO; + 20H-
AgFe(CN)s + 4e™ — 4Ag + Fe(CN)¢
SOL? +4H* 4+ 26~ = H,80; + H,0
Co(OH); + ¢~ — Co(OH), + OH-

SbO* + 2H* 4 36~ Sb + 2H,0
ApCl + e~ — Ag + CI™

*Calomel Electrode, Sat'd NaCl

A3,0; + 6H* + 68~ «— 245 + 3H,0
*Calomel Electrode, Sat'd. KCl

HAsO, + 3H* 4 3e~ — As + 2H,0
107 +3H,0 + 66~ — 1~ + 60H- }
ReO, + 4H* + 46~ — Re + 2H,0
Hg,ClL + 2e™— 2Hg + 201

Calomel Electrode, Molal XCl

PbO; + H,0 + 2¢™ « PbO + 204 -
*Calomel Electrode, N K.Cl

Re*® 4+ 3¢~ — Re

BiO* + 2H* + 3¢~ ~ Bi + H,0
2HCNO + 2H* + 22 (CN), + 2H,0
*Calomel Electrode 0.1 NKC} .
UOJS? + 4H™* 4 26~ — U™t 4 2H,0
VO*2 L 2H* 4 e” —V*3 4 H,O
Cu*? 4 2¢” — Ca '

Hg,Cl, + 2e~ — 2Hg + 2C17(0.1f{NaOH)

Ag,0 + H,O + 2e- ~ 2Ag + 20H"
- Nb** 4 2e — Nb*3Q2fHCl

Cu*? 4 2e ~ Cu(Hg)

ClO3 + H,0 + 26~ « CIO; + 20H-

AglO, + e~ ~Ag + 10,

Ag.Se0; + 2e — 2Ag + SeO;*

ReO; +8H"* + 7e™ ~ Re + 4H,0

(CN); +2H"* + 2e~ — 2HCN

O, + 2H,0 + 4e~ — 40H"

AgOCN + e~ « Ag + OCN~

Fe*? 4 e~ Fe*(1fH,PO,)

Rh(CDs? + 3¢™ — Rh + 6Cl-

Ag,CrO, + 2™ — 2Ag + Cro;?

H,80; + 4H* + 4e~ — S + 3H,0

Fe(CN){® + &~ w Fe(CN){“(0.0lfNaOH)

Ag(WO,) + 2e™ — 2Ag + WO 2

TeO; + 8H™ + 7~ — Te + 4H,0

Ag;CO; + 2¢™ — 2Ag + CO;?

AgCi0, + 2e” — Ag + C,0,?

Ag,MoO, + 26 v 2Ap + Mo, 2

10™ + H,0 + 2~ — I~ + 20H~ .

NiO; + 2H,0 + 2e” — Ni(OH), + 20H -

Ru** + e~ — Ru**0.1fHCIO,)

ReOf + 4H* + 3™ — ReO, + 2H,0

Hgy(AcO), + 26~ «— 2Hg + 2Ac0O-

Cu* + e~ Cu

I7 + 2~ — 31"

I, +2" — 21"

1057 +2H,0 + 46”10~ + 40H~

MnO; + e~ «— MnO,?

MnO; ! + 2H,0 + 3¢™ — MnO, + 40H "

H;AsO, + 2H™ + 26~ — HAsO, + 2H,0(1fHCY

MnO; + 2H,0 + 3e” MnO, + 40H"
AgNO, +e” « Ag + NOJ .

ClO; + H,0 + 2¢~~ ClO~ + 20H-
RuQ; + e~ — RuO;?

TeO, + 4H, + 4e™ — Te + 2H,0

2Ag0 + HyO + 2e™ — Ag,0 + 20H"
8;0¢6% + 4H*Y 4+ 2¢~ — 2H,S0,

BrO; + 3H,0 + 6e~ = Br- + 60H "~
Hg,S0, + 2¢~ «— 2Hg + SO 2

ClO5 + 3H,0 + 6e~ — Cl~ + 60H-
U0 +4H* +e™ — U™ 4 2H,0

Pd*? + 2~ — PA(IfHCY

PaCL? + 2~ «— Pd + 4C1-

Te** + 4~ — Te(2.5fHCY

Hg,HPO, + H* + 2¢~ — 2Hg + H,PO,
AgAc + 6" Ag + AcT

5b,05 + 6H* + de~ — 2SbO* + 3H,0
Ag,SO, + 267 ~ 2Ag + SO;2

Fe*? 4 e Fe*2(0.5f H,50,)

AgBrO; + e” w Ag + BrO;

O, +2H* + 2¢~ — H,0,

Fe(CN);® + e~ — Fe(CN)¢ 4(1fH,S0,)
Sb,05 + 4H* + 4e~ — $b,0; + 2H,0
CeHiO; + 2ZHY + 2e CsH (OH),
Quinhydrone Elec. H*,a = 1

BrO~ + H,0 + 2¢~ ~ Br- + 20H ~(1f NaOH)

H3I06% + 28~ 105 + 30H

Potential,
volts
0.17
0.1943
0.20
0.2

.17
0.212
0.2223
0.2360
0.234
0.2415
0.2475
0.26
0.26
0.2682
0.2800
0.28
0.2807
0.3~
0.32
0.33
0.3337
0.334
0.337
0.3402
0.3419

(0.268)
0.342
0.344
0.345
0.35
0.3551
0.3629
0.367
0.37
0.401
0.41
0.438
0.44
0.4463
0.45
0.46
0.466
0.472
0.4769
0.4776
0.49
0.49
0.49
0.49
0.51
0.5113
0.522
0.5338
0.535
0.56
0.564
0.58
0.58
0.588
0.59
0.59
0.5%
0.593
0.599
0.6
0.61
0.6158
0.62
0.62
0.623
0.623
0.63
0.639
0.64 .
0.64
0.653
0.679
0.680
0.682
0.69
0.69
0.6992
0.6995
0.70

~0.70

D-158

Reaction
PtCII? + 2e — Pt + 4C1-
TcOZ +4H* + 3¢~ TcO,, + 2H,0
Np*% 4+ ¢™ — Np**(IfHCIO,)

A 05 + HyO 4 267 2A80 + 20H"

H,SeO; +4H* + e ~ Se + 3H.0
PtCle2 + 2e™ ~ PtCI;? + 201~

Fe™ 4 e — Fe**(IfHCIO,)

Sb*5"4 2e~ — Sb*3(3.5F HCY)

ClO; + 2H,0 +4¢~ ~ Cl- + 40H-
NiO; + 2H;0 + 2e~ Ni(OH), + 20H~
2NO + H,0 + 2~ — N,0 + 20H-
ReOf +2H* +e7— ReO;q + 2H,0
(CNS), + 2¢~ — 2CNS™ .

Fe*® 4 e~ — Fet?

Fe*3 4+ e~ — Fe*3}(IfHCY)

IrClg® 4 3e™ — Ir + 6C1-

TI? 4+ 2e™ — TI*IFHCY

Hg}? + 2¢” — 2Hg

1/2Hg? + e~ — Hg

Ag* +e” — Ag

2HNO, + 4H* + 4~ — H,;N,0, + 2H,0
2NO7 +4H* + 2e™ — N,0, + 24,0
1720, + 2H*(107"M) + 2¢~ - H,0
Pd*? 4+ 2e” — Pd .

OsO, + 8H™* 4+ 8¢~ — Os + 4H,0
Hg*? + 2¢e” —Hg

AuBry + 3¢~ ~ Au 4+ 4Br-

Ru** 4 e~ — Ru*32fHC)

TiO,; + 4H* + 4e™ — Ti + 2H,0

HO; + H,0 + 2¢~ — 30H-

N;O, + 2¢~ — 2NO; )

ClIO™ + H,0 + 26~ = Cl™ +20H"
2Hg*? 4 2e” ~— Hpjf?

Pu*é 4 e~ — Pu*s(IfHCIO,)

NO7 + 3H* + 2e” — HNO, + H.0
ClOs(ag) + e~ — ClOs :
NO; + 4H* + 3e™ «NO + 2H,0
AuBry +e”~— Au + 2Br-

Pu*® 4 e~ Pu*3(IfHCIO,)

Pd*? 4+ 2e” — PA(4fHCIO,)

HIO + H* + 2~ —1~ + H,0

HNO; + H* + ¢”~ NO + H,0
AuCly + 3e™ — Au + 4Ct-

RuO, + €~ « RuO,;

VO +2H" + e™ —~VO*+2 4 H,0
V(OH)} + 2H* 4 e~ — VO*2 £ 3H,0
HeTeOgy + 2ZH* + 27 TeOy + 4H,0
IrClg? 4+ 6™ — IrClg?

U*S 4 e™ — Ut(IfHCY

N;O, + 4H* + 4~ — 2NO + 2H,0
Pu*® 4 2e~ « Pu**(IfHCl

Fe(phenanthroline)$? + e~ w Fe(ph);" (2f H,80,)

Bryy, + 2e” —2Br-

N;O, + 2H* + 2e™ 2HNGO,

107 + 6H* + 6e~ ~1" 4+ 3H,0
Briug + 26~ —2Br- -

Pu*s 4 e” Py +40.5FHCL)

Cr*¢ + 3g~ — Cr+3(2f{H,80,)

Cu*? + 2CN™ + &7 v Cu(CN);

Np*é 4 g™ Np **(1fHCIO,)
Fe(phenanthroline)d® + ¢~ w— Fe(ph); 2
SeQ % + 4H* + 2e~ H,8¢0; + H,0 -
ClO; +e” —ClO5

ClOs + 2H* +e” — ClO, + H,0
ClO; + 2H* 4+ 2e” ClO; + H,0
2107 4 12H™* + 10e” — 1, + 6H,0
HCrOf + 7H* + 3¢~ — Cr*? + 4H,0
105 + 6H* + Se~ — 1/21, + 3H,0
Pt*? 4 2e~ — py

MnO; + 4H* + 2e~ — Mn*? 4 2H,0
CIO; + 3H*Y + 2e —~HCIO, + H,0

O; + 4H"* + 4e~ ~ 2H,0

05 + Hy0 + 26~ — 0O, + 20H"

TI*® 4+ 2e™ — TI¥!

ClO;, + H* + e~ — HCIO,

ZHNO, + 4H* + 4= — N,O + 3H,0

NHS + 3H* + 2e- —2NHF

Au*? 4 2e” s Ant!

PACls? + 2e™ «— PAC? + 2C1-

HBrO + H* 4+ 2¢e~ —~Br~ + H,0
Cr,07% + 14H* + 6™ w— 2Cr*3 + TH,0
ClOf + 8H* + 76~ — 1/2Cl, + 4H,0
Clgy + 26~ —2C1-

CIOf + 8H* + 8¢~ — Cl™ + 4H,0

@

Potential,

volts
0.73
0.738
0.739
0.74
0.74
0.74
0.747
0.75
0.76
0.76
0.76
0.768
0.77
0.770
0.770
0.77
0.783
0.7961
0.7986
0.7996
0.80
0.81
0.815
0.83
0.85
0.85]
0.858
0.858
0.86
0.87
0.88
0.90
0.905
0.9184
0.94
0.954
0.96
0.963
0.982
0.987
0.99
0.99
0.994
1.00
1.00 !
1.00
1.02 .
1.02
1.02
1.03
1.052
1.056
1.065
1.07
1.085
1.087 ‘
1.099
1.10
1.12
1.137
1.14
1.15
1.15
1.15
1.19
1.19
1.195
1.195
~1.2
1.208
1.21
(1.23)
1.229
1.24
" 1.247
1.27
1.27
(1.29)
1.27
~1.29
1.29
1.33
1.33
1.34
1.3583
1.37
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ELECTROCHEMICAL SERIES—TABLE' I (Continued)

Reaction
OH +e” —0OH"
Au*? 4+ 3e” — Ay .
ZNH;OH® + H* + 2¢” — N,H, + 2H,0
Rh** + ¢~ —~ Rh*3 )
BrOy + 6H* + 6~ — Br~ + 3H,0
Ce** 4+ g™ w Ce*?

Au(OH); + 3H* + 3e” — Au + 3H,0
ClO5 + 6H* + 6™~ CI™ + 3H,0
HIO + H* +e™ — 1/21, + H,0

Ce* 4 7em " Ce*3(0.5(H,80,)

PbO, + 4H* + 2¢~ — Pb*? 4+ 2H,0
CIO; + 6H* + 5¢~ « 1/2Cl, + 3H,0
HCIO + H* + 2¢” = CI” + H,0
MnQ; + 8H* + Se” — Mn*? + 4H,0
HO, + H* +¢” — H,0,

Mn*? +e” — Mp*?

BrO; + 6H* + 5¢” «— 1/2Br, + 3H,0
HCIO; + 3H* + 4~ C1” + 2H,0
Bi;O, + 4H* + 2¢” ~2BiO* + 2H,0
HBrO + H* + e~ — 1/2Br, + H,0
2NO + 2H* + 26 « N,0 + H,0
ZHBrO + 2H* + 2e™ « Bry,, + 2H,0

Reaction
2H* + 2"~ H,
DY +e” ~1/2D,
AgCN + e~ —~Ag + CN"-
TeOs? + 3H,0 + 4e~ — Te + 60H"
2WO; + 2H* + 2~ «— W,0, + H,0
Fe*3 4 3¢~ « Fe
Ag,S + 2H* + 2e” — 2Ag + H,S
P 4+ 3H* + 3e” — PH,(g)
W0, + 2H* + 2~ — 2WO, + H,0
Hg,I, + 2~ <« 2Hg + 21~
2D* 4+ 2"~ D,
TUOH), + 2¢~~ TIOH + 20H -
O, + H,0 + 2~ — HO; + OH"

AsO? + 2H,0 + 2™ — AsO; + 40H ~(1f NaOH)

2H,80; + H* + 2¢~ — HS,0; + 2H,0
Ru*? 4 ¢~ v Ru**(1-6f HCL)

2Cu(OH), + 26~ — Cu,0 + 20H" + H,0
WO; + 6H* + 6e” ~— W + 3H,0

Ru*? + e~ — Ru*¥0.1fHCIO,)

Cr*® + 3¢~ — Cr*¥1f NaOH)

CrO? + 4H,0 + 3¢~ — Cr(OH); + SOH "~
GeO, + 2H* + 2e” — GeO + H,0

WO, + 4H* + 4e~ — W + 2H,0

Pb*% 4+ 2¢~ — Pb(Hpg)

Pb*? + 2~ «—Pb

H,GeO; + 4H* + 4e~ — Ge + 3H,0
Sn*? 4+ 2e” — Sn

O, + 2H,0 + 2¢” « H,0, —~20H"

Agl +e” —Ag +1°

INO; + 2H,0 + 4e™ — N,0;% + 40H "
CO; + 2H* + 2¢~ — HCOOH

2807% 4+ 4H* + 2¢” — 8,07 + 2H,0
Cu(OH), + 2¢~ ~ Cu + 20H"

Ni*? + 2e~ « Ni

PoHPO, + H* + 2e~ — Pb(Hg) + HPO:
V(OH)! + 4H* + 5S¢~ — V + 4H,0
v+3 + e~ ,_._v-rz

PbCl, + 2e~ — Pb(Hg} + 2C1-

PbBr, + 2¢” — Pb(Hg) + Br~

H PO, + ZH"* + 2¢™ — H;PO; + H,0

Co*? 4+ 2e~ — Co

TI* + e~ — Ti(Hg)

TIY + e~ Tl

In*? 4+ 3¢~ — In

PbF, + 2e” — Pb(Hg) + 2F~

TIOH + e~ ~ Tl + OH "

Se0;? + 3H,0 + de” ~— Se + 60H "~
PbSO, + 2¢” — Pb(Hg) + SO;*?
Cd*? 4 2e” ~ Cd(Hg)

PbSO, + 2¢~ ~ Pb + SO;?

Pbl;, + 2e~ « Pb(Hg) + 21

Se + 2H* + 2" — H,;Se(aq)

Cu,0 + H,0 + 26~ «~ 2Cu + 20H"
Tl‘i’} + e—_‘ T1+2

Potential,

volts
1.4
1.42
1.42
1.43

2%k

T e e e et e e e
oo

~3

Srlbinbininir b h b Ba
PRV AN

Potential,
voits

0.0000
~0.0034
-0.02
-0.02
-0.03
~0.036
~0.0366
—0.04
—0.04
~0.0405
~0.044
—0.05
~0.076 .
-0.08
~0.08
~0.084
~0.09
~0.09
~0.11
—0.12
~0.12
-0.12
-0.12
~0.1205
~0.1263

(0.126)
-0.13
-0.1364
—0.146
~0.1519
~0.18
-0.2
~0.2
~0.224
-0.23
~0.2448
~0.25
~0.255
-0.262
-0.275
-0.276

(~0.2)

S -0.28
-0.3338
—0.3363
~0.338
~0,3444
~0.3445
-0.35
-0.3505
-0.3521
~0.356
—0.358
-0.36
—0.361
-0.37

PART 2
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B Reaction
HCIO, + 3H* + 3e~ — 1/2Cl, + 2H,0
HCIO + H* + e~ ~ 1/2C1, + H,0
HCIO, + 2H* + 22~ — HCIO + H,0 ~
MnO; +4H* + 3¢ — MnO, + 2H,0
At 4e” = An
PbO, + 8SO;? + 4H™ + 2e” — PbSO, + 2H,0
HJO + H* + 2e~ ~ 107 + 3H,0
CeOH** + H* + e~ « Ce*® + H,0
N;O + 2H* + 2e” « N, + H,0
H,;0; + 2H* + 2¢~ ~ 2H,0
Co*3 4 e” = Co *2(3fHNO,),

FeO,? + 8H* + 3¢~ «— Fe*? 4 4H,0
NiO, + 4H* + 2e~ — Ni*? 4 2H,0
Agt? 4 e” - Ag*i(4fHCIO,)

8,042 + 2¢- — 2807

O; +2H" + 2~ — 0, + H,0

F,0 + 2H* + 4e” — H,0 + 2F"
O + 2H* + 22~ ~ H,0

H;N,0, + 2H" -+ 2¢” — N, + 2H,0
1/2F, +e”— F~ '

F, + 2¢~ — 2F~

1/2F; + H* + e~ — HF

Reaction
In*? + ¢~ —~In*!
In** 4+ 2¢e” = In*t o
Mn(OH); + ¢~ «— Mn(OH), + OH"
Cd*? +2e” —Cd | L
Fe*? + 2e~ «~ Fe
Cr*® 4 g™« (Cr*2
Eu*? + e~ —Eu*?
CdSO, - 8/3H,0 + 2e~ — Cd(Hg) + CdSQ, (sat’d aq)
T80, + 2¢™ — TI(Hg) + SO;?
Bi,O; + 3H,0 + 66~ — 2Bi + 60H -
BiOOH + H,0 + 3¢~ «— Bi + 30H"-
NO; + H,0 + e™ — NO + 20H-
S +H,0 +2"—HS" + OH"
HyPO; + 3H* + 3e” — P + 3H,0
In*3 4 e” —Ip*?
2CO,; + 2H* + 2™ — H,C,0,
H,PO; + 2H* + 2e~ « H,PO, + H,0

S + 2" —§"2

H;PO;, + H* + ¢~ —~ P + 2H,0

Sb + 3H* + 3e” — H,Sb

As + 3H™ + 3e” — AsH;,

HPbO; + H,O + 2~ — Pb + 30H"
TIC! + e~ — TWHg) + Cl-

Cr*? 4+ 2e = Cr

Ga*? 4+ 3e” ~Ga

Fe(OH); + ¢~ — Fe(OH), + OH"~
PbO + H,O + 2¢~ «Pb + 20H"
25052 + 3H,0 + de” — §,0;2 + 60H "
SbO; + H,0 + 2e” —SbO; + 20H "
TIBr + e~ « Tl(Hg) + Br-

U+4 4+ e” -—‘U+3

Cb,0; + 1I0H* + 10e~ — 2Cb + 5H,0
U** 4+ e~ — U™ fHCLO,)

Ni(OH); + 26~ — Ni + 204"

SbO; + 2H,0 + 3e~ «— Sb + 40H"
AsO; + 2H,0 + 3e~ — As + 40H"
*Te + 2H™ + 2e” — H,Te(Ag)

Ag,S + 2 —2Ag + 877

Ta,0;5 + 10H* + 10e” — 2Ta + 5H,0
AsO;? + 2H,0 + 2e” — AsO; + 40H "
Co(OH), + 2¢~ = Co + 20H"

H;BO, + 3H* 4+ 3¢~ — B + 3H,0
Cr*? 4+ 3¢~ Cr

V* 4 e —V*(If NaOH)

Cd(OH), + 2~ — Cd(Hg) +20H"

Zn*? 4+ 2¢e” —Zn

Zn*? + 2e” =~ Zn(Hg) "«

TH +e” ~ TW(Hg) + 1~

Se +2¢” —~S8e~?

HSnO; + H,0 + 2" — Sn + 30H"-

ZnS0, - TH,0 + 2e~. — Zn(Hg) + SOJ2 (Sat’d ZnS0O,)
RuO,; + 4H* + 4e~ — Ru + 2H,0

ReO; + 4H,0 + 7e~ — Re + 80K~

Potential,
volts
1.63 .
1.63%
1.64
1.679
1.68 .

Potential,
volts

—0.40
~0:40
—0.40
—0.4026
—-0.409
~0.41
~0.43
~0.4346
~0.4360
~0.46
~0.46
~0.46
~0,478
~0.49
~0.49
-0.49
-0.50
(~0.59)
~0.508
~(.51
-0.5¢
-0.54
-0.54
—0.555
~0.557
—0.560
~0.56
-0.576
-0.58
-0.59
~0.606
-0.61
© 0,62
~0.631
~0.66
~0.66
-0.68
-0.65 -
(~0.72)
—0.7051
~0.71
~0.71
~0.73
~0.73
-0.74
~0.74
-0.761
(-0.81)
-0.7628
-0.7628
—-0.769
-0.78
-0.79
-0.7993
-0.8
~0.81



ELECTROCHEMICAL SERIES—TABLE II (Continued)

Potential,
Reaction volts
UGS? + 4H* + 6e~ — U + 2H,0 -0.82
2H,0 + 2¢” « H, + 20H- ~0.8277
5i0; + 4H* +de” — Si +2H,0 . ~0.84
2NOy + 2H,0 + 2e” — N,0, + 40H - -0.85
TiO; + 4H"* + de” — Ti + 2H,0 ~0.86
P+ 3H,0 + 3¢~ — PHy(g) + 30H - ~0.87
SO7% + H,0 + 2™ — SO2+ 20H - -0.92
Te + 28" — Te~? ~0.92
Sn(OH)g? + 2e™ «— HSnO; + 3I0H "~ + H,0 ~0.96
Mn*? + 2e” - Mh -1.029
PO/? 4+ 2H,0 + 27 — HPO;? 4 30H- ~1.05
280; ¢ + 2H,0 + 28" = 8,0;? + 40H" ~1.12
CrO; + 2H,0 + 3¢™ — Cr + 40H - -1.2
SiFy? + 4e” « §i + 6F - -1.2
V*2 4 2e” -V -1.2
Zn0,"* +2H,0+2e" = Zn +40H" ~1.216
H,GaOy + H,0 + 3¢~ — Ga + 40H " ~-1.22
H,BO; + 5H,0 + 8¢™ «— BH; + 80H - —1.24 -
Cr(OH}; + 3e™ — Cr + 30H" ~1.3
ZrO; + 4H” +4e” ~ Zr + 2H,0 —1.43
Ce*? 4 3e™ ~ Ce(Hg) —1.4373
Mn(OH), « Mn + 20H " - 1.47
Ba*? 4 2e- -+ Ba(Hg} -1.570
HfO, + 4H* + 4™ — Hf + 2H,0 ~1.57
Ti*? + 2™ = Ti ~1.63
HPO;? + 2H,0 + 2~ — H,PO; + 30H- ~1.65
HfO*? 4 2H* + 4~ ~ Hf + H,0 —1.68
Be*? 4 2e” — Be ~1.70
(—1.85)
Al*? 4 3e” s ANO.1f NaOH) —1.706
HPO;? + 2H,0 + 3¢” — P + 5OH~ - 1.71
Si0;? + 3H,0 + 4e” ~ Si + 60H " —-1.73
Sr*? 4 2¢” ~— Sr(Hg) -1.793
ThO, + 4H* + 4e~ — Th + 2H,0 ~1.80
U*? 4+ 3e” — U -1.8
H,PO; +e" =P 4+ 20H" ~1.82

.D-160

Potential,
Reaction volts
Ny + 2H,0 + 4H " 4 2~ — INH,0H ~1.87
Th** 4 4e~ =~ Th -1.90
Np*? 4+ 3e- — Np -1.9
Ti*3 4 e” e Tit? -2.0
Sc*? + 3e” ~ 8¢ ~2.08
I/2H, + e~ —H" -2.23
Nd** + 3e” — Nd —2.246
Be,07 2 + 3H,0 4+ de” — 2Be + 60H - ~2.28
ZrO(OH); + H,0 +4e™ — Zr + 40H- C =232
Ce*? 4+ 3¢~ ~ Ce ~2.335
H,AIO; + H,0 + 3e” — Al + 404 - -2.35
Y* +3% " —Y -2.37
La*? + 3¢~ La ~2.37
Mg** 4+ 2" — Mg ~2.375
H,BO; + H,0 + 3¢~ —B + 40H - -2.5
HfO(OH), + H,0 + 4e~ — Hf + 40H - -2.60
ThO, + 2H,0 + 4e" — Th + 40H - ~2.64
Mg(OH), + 2e” — Mg + 20H " -2.67
Na* +e” — Na ~-2.7109
(~2.712)
Ca*? + 2" —Ca ~-2.76
La(OH); + 3e — La + 30H" -~2.76
Sr*? 4 2e” = Sr ~2.89
Ba*? + 2=« Ba ~2.90
Cs* +e” —~Cs -2.923
K* 4+ e =K -2.924
(—2.923)
Rb* + e~ —Rb ~2.925
{~2.99;
Ba(OH}), - 8H,0 + 2¢~ — Ba + 20H" + 8H,0 -2.97
Sr(OH), - 8H,0 + 2e” ~ Sr + 20H- + 8H,0 -2.99
Ca(OH), + 2™ — Ca + 20H - ~3.02
Ca* + e~ — Ca ~3.02
Li* + e —Li ~3.045
(~3.02)
3N, +2H* + 28”7~ 2HN, ~3.1




Ligando Catién log Ky log K, log K log Ky log Ks log K;
CHyCOO™  Ag* 0,4 -0,2
Cg2+ 1.3 1,0 0,1 -0,4
Cu?* 2,2 1,1
Hg?* log KKy = 8,4
Pb2* 2,7 1,5
NH;, Ag* 3,3 3,8
cd? 2,6 2,1 1.4 09 -03 -7
Co?* 2,1 1,6 1,0 0,8 02 06
Cu?* 43 3,7 3,0 23 -0,5
Ni# 2.8 2,2 1,7 1,2 0,8 0,0
Zn2* 2,4 2,4 2,5 2,1
Br- Ag® AgBr(s) + Brm === Ag Bry log Kgp = —4,7
AgBry + Br™ === AgBr} log Ky = 0,7
Hg** 9,0 8,3 1,4 1,3
Pp2t 1,2
cr Agt ABCIB) + CI" === AgCl3 log Kgy = — 4,7
AgCly +CIM === AgCl? log K¢y = 0,0
Bi** 2,4 2,0 14 0,4 0.5
cd¥ 1,5 0,4 0.4
Cu* Cu*+2C7 == CuCly log KKy =4,9
Fe?* 0,4 0,0
Fe3* 1,5 0,6 -1,0
Hg?* 6,7 6,5 0,9 1,0
Pp2* 1,6 Pb*+3CI === PbCl;  log KjKy Ky = 1,7
- Sn?t 11 0,6 0,0 ‘
CN- Agt Agh+2CNT === Ag(CN); log KKy =21,1
cg? 55 5,1 4,6 3,6

A-11

oz,




A-12

APENDICE 5.Constantes parciales de formacisn

Ligando Catién log K log K, log Ky log K, log ks log&
Hg?* 18,0 16,7 3,8 3,0
Ni%* Ni%* + 4 ON™ == Ni(CN); log K (K, K3K, = 31
EDTA VerTabla 13-1
F AP 6,1 5,0 3.8 27 1,6 0.5
Fe* 5,3 4,0 2,8 ’
OH- AP+ 8,9 Al(OH)(s) + OH™ === AKOH); log Ky = 1,0
Ca** 23
Cu?* 6,5
FeZ* 39
Fe?+ 11,1 10,7
Hg™* 10,3
Ni2t 4,6 o
Pp2* 6,2 Pb(OH)y(s) + OH™ === Pb(OH); logKp =13~
Zn?* 4,4 Zn(OH)y(s) + 20H™ === Zn(OH )3~ log Ky =09
I Cd?* 2.4 1,6 1,0 1.1
Cu* Cul(s) +I7 == Cul; log Ky =-3,1
Hg** 12,9 11,0 3,8 23
Pp2* 13 Pbly(s) +I” === Pbl3 log Kz = —4,7
Pbly + 17 === ppI}- . log Ky =-338
Q07 AP+ log KKy = 13 38
Fe3* 9,4 6,8 4,0
Mg+ 34 1,0
Mn?* 3,9 1,9
24 2., 5 2- -
P™ Pb™ 42 C, 0,7 === Ph(C,04)? log K1Kp = 6,5
SO7  ap+ 32 1,9
Cd** 23
Cu?* 2,4
Fe** 3,0 1,0
SCN™  Agt ABSCN(s) + SCN™ === Ag(SCN); log K =72
ca’t 1.0 0,7 0,6 1,0
Co** 2,3 0,7 -0,7 0,0
Cu?* CuSCN(s) + SCN™ === Cu(SCN); log Ky =—3,4
Fe3* 21 1,3
Hg? log KKy = 17,3 2,7 1.8
Ni%* 12 05 02

De L. Meites, Handbook of Analytical Chemistry,
rizacién.

p. 1-39, New York: McGraw-Hill, 1963. Con auto-




