PERMITTIVITY AND VISCOSITY OF LIQUIDS
The table gives the static relative permittivity €,, 1.e., the relative permittrvity measured in static fields or at low frequencies where no relaxation
effectsoccur.
The static permittivity refers to nominal atmospheric pressure as long as the corresponding temperature is below the normal boiling point.
(Otherwise, at temperatures above the normal boiling point, the pressure is understood to be the saturated vapor pressure of the substance considered.

Viscosity values correspondto a nominal pressure of | atmosphere.

T=298,2K
Mol Form. MName g Viscosity in mPa s
Br, Bromine 11454 1.944
H.O Water TE.11 0,530
CCly Tetrachloromethane 22379 0.908
CHN Hydrogen cyanide 114.9 0153
CHLCl, Dichloromethane LRE] 0.413
CHal lodomethans £.97 0450
CH,ND Forrnamide 1110 3343
U5, Carbon disulfide 26320 0.352
CH;CI0 Acetyl chloride 15.8 0.358
o HaN Acctonitrile 1664 0.359
C7HyCl; 1,2-Dichlorosthane 10.42 0.779
C;H,0; Acetic acid £.20 L0546
C;H:0 Ethanal 253 1074
C;H 08 Dimethyl sulfoxide 47.24 1.987
CiH:0, Ethylene glycol 41.4 16.1
CaHN Acrylonitrile 310 -
CHO, Ethylenc carbonate L -
C3H:CIO Epichlorobydrin ek 1.073
C;H:Br Bromosthans Q.01 0374
C3H:O Acetone 21.01 0,308
C3H;NO N N-Dimethylformamids 3823 0,794
C3HyD 1-Propanal 0.E 1945
CaHg04 Glyceral 46.53 Q14
C,HO Furan 288 0.351
"y HeM Pvrrolz 8,00 1.225
CyHy O Tetrahydrofuran 7.52 0,458
CyHy 5 Ethyl acetate 60814 0.423
CyHy 0, L4-Dioxanz 22189 L17T7
CyHpd I-Butanol 17.84 2 544
CyH, 0 Diethyl ether 4.2666 0224
CeHy Furfural 421 L5&T
C.H.MN Pyridine 13.260 0879
C:Hyg l-Pentene 2011 1.195
CH N Piperidine 4.33 1.573
CeH;;00 I-Pentanol 15.13 3819
CeFy Hexafluorobenzens 2029 2 T80
C:H:Br Bromobenzene 345 1.074
CH:Cl Chlorobenzens 56895 0,753
CeHMNO; Mitrobenzens 156 1.6a3
C.H, Benzene 22825 e
C:HM Aniline 7.06 3847
CH,, Hexane 1.EEGS 0,300
C;Hy Toluene 2379 0.560
C.HO Anisolz 4.20 1054
C,H,O m-Cresol 12.44 12.9
CoH;MN Benzylamine 518 1.624
C;Hyy I-Heptenz 2.092 0.340
CH, Heptane 1920w (L3687
CgH, Styrene 24737 .695
CeHyp Ethylbenzene —— 24462 0.&31
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PERMITTIVITY (DIELECTRIC CONSTANT) OF WATER AS A
FUNCTION OF TEMPERATURE AND PRESSURE

The following table summarizes the relative permittivity (static dielectric constant) of liquid water and steam over a wide range of temperature and
pressure, Values are given from slightly above the freezing point to 1000 K and at pressures from normal atmospheric to 1000 MPa (about 10000 atm),
The values are generated from an equationthat correlates the bestexperimental measurements from a large number of sources, Thecorrelating equation
and full details of the formulation may be found in Reference 1.

Temperatures are given on the ITS-90 scale, Liguid-vapor boundaries are indicated by horizontal lines,

Pressure in MPa

K 0.1 1 2 5 10 20 50 100 200 500 L1000

275 87.16 87.20 87.24 87.36 87.57 87.97 89,16 Qr0s 94,55 103.7

280 85.19 8523 8527 8539 85.59 8598 87.14 8508 92,38 101.3

285 8327 83,30 8334 8346 83,65 84,04 85,17 86,96 90,27 9891

290 8139 8142 8146 81.57 81,76 82,14 83,24 84,99 88,22 96,64

295 7055 79.58 7062 7973 79.92 80,29 8137 83,08 86,24 94,44

300 1175 T7.78 7782 77.93 78,11 TEAR 79.54 8122 84,31 9231

305 7599 76,02 76,06 76,17 76,35 76,71 T35 79,40 8243 90,25 101.3
310 74,27 74,30 7433 74,44 74,62 7498 76,01 77.63 8061 88,26 99.06
315 72,58 72,61 72,65 72,76 7293 7328 74,30 7590 78,84 86,34 96,87
320 7093 7097 71,00 71,11 T128 71,63 72,64 74,22 77,11 84 48 94,76
340 64,70 64,73 64,77 64,87 65,04 6538 66,36 67,89 T0.65 T7.58 87.07
360 5000 59.03 5907 59.17 59.34 5068 60.65 62,15 64,83 T145 80,36
380 1.006 53,23 53,86 5397 54,14 5448 5545 56,94 59.57 6595 T4.43
400 1,005 49,06 49,10 49.21 49,39 4973 50,71 5220 54,80 61,00 69,12
420 1,005 44,70 44,74 44 85 45,04 4539 46,39 4790 5048 56,53 64,35
440 1,004 40,70 40,74 40 85 41,05 41,42 42,45 4398 46,55 5248 60,03
4a0 1.004 1.041 37.04 37117 3137 3776 38,84 40,40 42,99 48,81 56,11
480 1,004 1,038 3361 33,75 3397 34,39 35,53 37.14 39.75 4547 52,55
500 1.003 1.034 1.074 30,55 30.79 3125 3247 34,15 36,79 42,44 49,30
550 1,003 1,028 1.059 L177 23,53 24,18 2573 27.67 3046 3599 4238
&00 1.002 1.024 1.049 1.137 1.365 17.50 19.90 2229 2534 30,82 36,82
650 1.002 1.020 1.041 1.112 1.267 2,066 14,50 17.72 21,12 26,62 3231
TO00 1.002 L0173 1.036 1.095 1.214 1.603 8,963 13,75 17.60 23,17 28,60
T30 1,002 1015 1,031 1,082 1.179 1.452 4,424 10,34 14,65 2030 2551
800 1,001 1013 1.027 1.071 1.154 1.365 2,844 7,562 12,17 1788 2291
830 1,001 1012 1.024 1.063 1.134 1.307 2,269 5571 10,10 1583 20,70
Q00 1.001 1.011 1.022 1.056 1118 1.265 1.975 4,284 8416 14,08 18,80
Q50 1.001 1.010 1.020 1.050 1.105 1.232 1,793 3477 7.066 12,57 17.15
1000 1.001 1.009 1018 1.046 1.095 1.206 1.668 2956 6,003 11.27 15,72
1050 1,001 1,008 1016 1.041 1086 1.184 1.576 2,601 5172 10,14 14,45
1100 1,001 1,007 1015 1,038 1078 1.167 1.505 2,347 4,523 9.160 1334
1150 1,001 1.007 1.014 1.035 1.072 1.151 1.449 2,158 4,012 8,309 1235
1200 1.001 1.006 1.013 1.032 1.066 1.139 1.403 2011 3.606 7.569 11.47
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DISSOCIATION CONSTANTS

The data in this table are presented as values of p&,, defined as the negative logarithm of the acid dissociation constant &,

In the case of hases, the entry in the table is for the conjugate acid, e.g., ammanium ion for ammania.
All values refer to dilute aqueous solutions at zero ionic strength at the temperature indicated. The table is arranged alphabetically by compound

namse.

Muol. Form,

CH, 0,
CH3ND,
CH.N
C,HCL0,
CHO,

CHAI,
C;HO;
C;HN
CaHMNO
C:H-N
CHN
CLHNO,
CHO,
CyHJ0,
C3HO,

CaH:

CiHD,
CaHD,
CHN

CLHN;

CyH N0,

C-1 H-1':J-1

C,H40,

Name

Mame

Ammonia
Amsenic acid

Arsenious acid
Barium{Il) ion
Bariz acid

Caleium{Il) ion
Carbonic acid

Chlorous acid
Hydrazoic acid
Hydrocyanic acid
Hydrofluoric acid
Hydrogen peroxide
Hydrogen sulfide

Hypobromous azcid
Hypochlorous acid
Hypoindous acid
Phosphoric acid

Sulfuric acid
Sulfurous acid
Thiocyanic acid
Water

Formic acid
Mitromethane

Methylami

ne

Trichloroacetic acid
Chealic acid

Chloroacetic acid
Acetic acid
Ethylenzimine

Acetamide

Ethylamine
Dimethylamine

Cyanoacet

ic acid

Acrylic acid

Pyruvic ac

id

Malonic acid

Propanoic acid

3 Hydroxypropanoic acid

CGilyeerol
Propylami
Pyrimidine

Barbitunc

ne

acid

Maleic acid

Fumaric acid

Step

-

-

[

INORGANIC ACIDS AND BASES

Formula

MH;

H,As(),

HAs(),

Ba—l
H, B0,

Ca*?2
H; 0,

HCIO,
HN,
HCN
HF
Hy(h
H.5

HBr()
HCIO
HIO
H3PU,

H,50,
H1504
HSCN
Ha0)

Step

Ll bt

b

—

1oC
25 925
25 226
25 6.76
25 11.79
25 9.29
25 13.4
0 927
20 =14
25 12.6
25 £.35
25 10,33
25 194
25 46
25 9.21
25 120
25 11.62
25 705
25 19
25 .55
25 7.40
25 10.5
25 216
25 7.21
25 12.32
25 1.9
28 155
25 1.&
25 13.995

ORGANIC ACIDS AND BASES

#C pk,
3 175
3 10.21
3 10,66
0 0,66
3 135
L 1]
s 287
23 4,736
3 04
3 15.1
3 10,65
3 10.73
s 247
3 433
L 239
s 285
3 570
23 487
3 451

L 14.15
23 10,54
0 1.23
s 4.01
3 192
3 623

3 EXie)

3 418

Muol. Form,
CyHAy

CHO,
C,HDe
CLHO,
CHN
CHNOD
CaHylle
CeHll
C-HLCI0,
C-H LI,
CoHL10,
CLHA-
CiHL),

CoHA,

CHN
CyHLO,

CyHO
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Name
Succinic acid

Malic acid

DL-Tartaric acid

Butanoic acid
Pyridine

2-Arminophenol

L-Aﬂc-rhiclm

Citric acid

id

2-Chlorobenzoic acid
3-Chlorobenzoic acid
4-Chlorobenzoic acid
Benzoic acid

P,

ZHydroxybenzoic acid

3 Hydroxybenzoic acid

Benzylamine
Terephthalic acid

Octanoic acid

Step

[ R

[ -

-

Pt = P

i
25
25
15
25
15
15
15
25

3

25

25

25
3
3
3

3

15

3
3
3

3

ph,
411
564
340
511
303
437
483
513
478
9497
4.4
11.7
313
4.76
.40
2490
354
4.00
4.2
298
13.6
4.08
9.92
9.34
EX
434

4.59



ELECTRICAL CONDUCTIVITY OF WATER

This table gives the electrical conductivity of highly purified water over a range of temperature and pressure. The first column of conductivity data
refers to water at its own vapor pressure. Equations for calculating the conductivity at any temperature and pressure may be found in the reference.

Conductivity in LW8cm at the indicated pressure

v Sat. vapor S0 MPa 1ot MPa 200 MPa A0 MPa GO MPa
0 0.0115 0.0130 00189 0.0275 0.4 58 0.0667
25 0.0550 0.0686 0.0E36 0.117 0194 0.291
100 0.765 0.942 1.13 1.53 245 151
200 19 4.08 .12 T.65 13.1 19.5
00 241 4.87 T.80 14.1 2589 46.5
400 .17 491 14.3 12 7.3
600 0.134 4.65 38 837

IONIC CONDUCTIVITY AND DIFFUSION AT INFINITE DILUTION
This table gives the molar {equivalent) conductivity & for common ions at infinite dilution. All values refer to agueous solutions at 25°C,

A o A o
lon 14 m? 8 mol-* 10 em? st lon 14 m? % mol-* 10 em? st
Inorganic Cations Urganic Cations
Dipropylammonium™ ol 0802
Ag’ 619 1% Diodeeylammonium™ 2318 0,634
I3AP &l 0.341 Dodecyltrimethylammonium™ 116 0.602
1/2Ba* 63.6 0.847 Ethanalammanium™ 422 1,124
Cs™ .2 2.056 Ethylarmmaonium~ 47.2 1.257
Gl o 33.6 0.714 Ethyltrimethylammonium” 40.5 1.078
l2Fe 34 0.719 Hexadecyltrimethylammon ium™ 209 0.557
1) 68 0.604 Mizth ylarmmen fum® 587 1.563
Heo +42.63 2311 Pentylammonium™ 17 0,988
l/IHg® L 0915 Piperidinium* 172 0.1
K= 7348 1.957 Propylammaonium™ 408 1086
3La* 637 0.619 Pyrilammonium™ 243 0.647
Li IR66 1029 Tetracthylammon ium™ 126 {.E6E
1/2 Mg~ 5310 0. 706 Tetramethylammomium ™ 449 L.196
MH,~ 735 1.957 Triethylsulfonium™ 16.1 0.961
MNaHe™ 59 1.571 Trimethylammomium™ 47.23 1.258
Na~ S0.08 ) Organie Anions
F_tb . ?_T'E Z.#{lTE Agetate- 40.9 —
_ﬁ_l:f o ?:? ?:;; 1/2Azelate®- 4.6 0541
: : Benzoate- 124 .EA3
Inorganic Anions Bromoacatats 197 1,044
Br TR 2080 Bromobenzoate- E1i} 0799
Bry 43 1.145 Butyrater ERSY -
Bri)- 557 1453 . ] _
N -5 2077 L.hliirc-xcjt-atv: 9.8 1.060
12005 603 01 l ICitrate 70.2 0623
oF ~5.11 2032 Crotonate” 132 [IN.3.2
Ol 53 1385 Cyanoacectate 414 1156
Cloy 4.6 L7370 Dodecylsulfate- 24 0.639
cloy f7.1 | T Fil:urmatc' . 54.6 1.454
1/3{Co(CN) ™ 959 0.ETE l.-.zl:_umaratc:' 618 0823
1200, 5 L132 1/ 20 lutarate- 526 0,700
E 554 | 475 Hydrogenooalate 40.2 1070
| . [sowvalerate- 27 0.E71
L4[Fe{CN ™ 110.4 0.735
L/3[Fe{CN )™ 100.9 D596 Laciale 388 1033
HE- a5 1731 1/2Malate’ SEE 0. 7R3
I- ThE 2045 Methylsul fate 458 1.299
[0 4.5 LLOTE Picrate- 30.37 0B
Iy 545 1.451 Fivalate ile B4
Mn(; 61.3 1.632 Propionate- LR 0.953
M- - 1902 Propylsulfate- 7.1 (L.9ER
O 1ok 5371 Salicylate 0.959
SN &6 758 1/25 u;:cinatcl' 5EE . 783
112804 72 0.959 p-Sultonate o2 o.7En
¢ g 1/2Tartarate*- 396 0,794
H2S0. s0.0 063 Trichloroacetate- 13 0.932
1/2Wiy2- 69 0919
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CTPYKTYPA KPHCTAJUIMYECKHX TEN®

B rpade «CHHroHufl» OPUHATH CheRyiouMe ob6osvadenus: [—kyOuueckas, Il--TeTparouanbuas,
1t — rekcaroHasbuas, Illa— tpuroHannnas, IV — pombuyeckas, V — moHoxanHHas, VI-—TpUKJIHHHAG.
THIN CTPYKTYpH HEOPraHUYecKMX coenMHeHHii (TpeThsl rpada) ykasan no Strukturberichit.
[pocTpaHcTBeHHbie TPYNNLI (YeTBeptas rpacda) NaHL B MEXAYHaponHoM o0003HaueHuH. Byxsw M
uugpbl B NPHHATON NOCNENOBATEABHOCTH ONPEREASIOT TPAHCAAUMOMHY'O PELIETKY M TOT MHHHMYM
3]1eMEeHTOB CHMMETpPHH, KOTOPHIH NOJHOCTHLIO BHIPAXKAeT AAHHYI0 NPOCTPAHCTBEHHYO rpynny. Pasmepnt
°

ocell saemeHTapHOd dueliku (DAtad rpada) NPUBEREHH, KAK NpPaBMAO, B anrcTpemax (1 A=10"8 cM).
3uayeHud, BHpaXkenhbie B kX, OTMeueHbl 3Be370ukol. COOTHOLIEHHE MEXAY STHMH eNHHHUAMH Bbipa-
waercs CIeVIOLMM 06pa3om:

1 kX=1,00202 & =1,00202- 10~8 ¢

B mnocsenuedi rpade Ttabaunpt ykasaHo 4uciao (OPMYJLHBIX BECOB B 3/MeMEHTApHOH svelike.
B cnyuae cTaTHCTHYECKMX CTPYKTYP OOllee yHCJO PasAHYHBIX ATOMOB, PUXOMSALIEECH HA 9JeMEHTAPHYIO
queiiky, 06o3naueno 6yksol A.

Byxsu a, 8, y v mudpst 1, 11, 111, IV, cTonmue psanoM ¢ ¢opMysoit, 0603Hauaor MORHHKAUMIO
BelLeCcTBa.

Yneao
n - MapameTpsbl tbop-
$opmyna C';:;& ch?;;‘ypbl cgg::;g:: dueiiku a, b, ¢ B X M)?fb‘
rpynna u yra a, B, y ngcfa
AgGt . ..... ... 1| Nacl® | Fm3m |5556 | 4
.
AgF ..o 1l Naat | Fm3m 463 | 4
AgBr . ........| 1| NaCl" | Fm3m |5776 | 4
CsBr .. .......| I ] "CsCl | Pmdm |4296 [ 1
CsCl(25°C) . . . . . .| 11 7'CsCt 7| Pm3m laio [T
CF..........| 1| NaCl | Fm3m |6,020 | 4
Csd ... 5 [ CsCl | Pm3m |4,5667 | 1
KBr.......... | 1] NaCl | Fm3m |6599 | 4
KCl. . . .. .. ... | 1] NaCt" | Fridm |62910 =~ ° | 4
KF cevw . U] NGl | Fm3m |534 | 4
KI ..........1 1] NaCl | Fm3m |7,066 | 4
LiBr . . 1| Nact | Fm3m |s501 T | 4
LiCl. . ....... | 1| NaCl | Fm3m |513988 | 4
LiF . i 1| NaCt | Fm3m 140279 | 4
LiJ .. ... . [ 1] NaCl | Fm3m |6,012 | 4
NaBr ... .... .- 1 | NaCl | Fm3m 597299 | 4
NaF . .........1 1 | NaCl | Fm3m |563874* R P
NaCl (kamennasn coms) .| 1 | NaCl' | Fm3m |563874* R S
NaJ . .. .. .-} 1| Nal | Fm3m |6475 | 4
The Born ExponemT, n 1s:
Ion type n
He, Li* 5
Ne, Na*, F- 7
Ar, K*, Cut, Cl- 9
Kr, Rb*, Ag*, Br- 10
Xe, Cs*, Aut, Im 12

The Madelung constant M T
1.74756
—//—
—//—
1.76267
—//—
1.74756
1.76267
1.74756
—//—
—//—
—//—
—//—
—//—
—//—
—//—
—//—
—//—
—//—
—//—

For a crystal with a mixed-ion type, an average of the values of # in this table is to be used (6 for LiF, for

example).

" CnpaBounuk xumuka T. 1. ITox pen. Huxonscxoro I, 1966 T.
" CRC Handbook of Chemistry and Physics, 84th Edition, 2003-2004.



Tonic radii are a useful tool for predicting and visualizing crystal structures. This table lists a set of ionic radii R, in A units for the most common
coordination numbers CN of positive and negative ions. The values are based on experimental crystal structure determinations, supplemented by
empirical relationships, andtheoretical calculations. The notation sqafter the coordination number indicates a square configuration, while py indicates

pyramidal.

The advice of Howard T. Evans and Marvin J. Weber in preparing this table is appreciated.

IONIC RADII IN CRYSTALS

1. Shannon, R. D., Acta Crystallogr. A32, 751, 1976.
2. Jia, Y.Q., J. Solid State Chem. 95,184, 1991.
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036
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0.54
0.66
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042
051
0.60
0.90
1.02
1.08

R/A

072
0.84
0.89



ELECTROCHEMICAL SERIES

There are three tables for this electrochemical series. Each table lists standard reduction potentials, E° values, at 298.15 K (25°C), and at a pressure

of 101.325kPa (1 atm).

Reaction
Agh+e — Ag
AgBr+e — Ag+Bi1-
AgCl+e — Ag+Cl-

AgCN +e — Ag+CN-
AgF+e¢ — Ag+F-
Agl+e — Ag+I™
Al +3e — Al

Aut+e — Au
AuBry+t3e = Au+4Br

AuCly+3e — Au+4Cl
Bi¥*+3e — Bi
Bry(aqg) +2e — 2Br

Bry(l)+2e = 2B1-

BrO;-+6H +6e — Br +3 H,0
BrO,+6H"+5e — 1/2Br,+3H,0
Calomel electrode, 1 molal KC1

Calomel electrode. 1 molar KC1 (NCE)
Calomel electrode. 0.1 molar KCI
Calomel electrode, saturated KC1 (SCE)
Calomel electrode, saturated NaCl (SSCE)
Cd¥*+2e — Cd

Cd(OH), > +2e — Cd+40H-
Ce3*+3e — Ce

Chig)+2e — 2CI

ClOs=+6H +5e — 1/2ClL+3 H,O
ClO;-+6H +6e — CI-+3H,0
Co*+2e — Co

Co¥+e — Co?*
[Co(NH3)s"+e — [Co(NH3)s]*
Co(OH); +e — Co(OH), + OH-
Cr¥+2e — Cr

Crim+e = Cr?*

Cri*+3e = Cr
Cr"EDTA” + e <> Cr'EDTA”
Cu+2e — Cu

Cu*+2CN +e — [Cu(CN),]-
Cu(OH), +2¢ — Cu+2OH-
F,+2H +2e — 2HF

F,+2e — 2F

Fel*+2e — TFe

Fe3*+3e — Fe

Fe¥ +e — Fe*

[Fe(CN)g]>-+e¢ — [Fe(CN)s]*+
2H"+2e — H,

H,+2e — 2H-

2H,0+2e — H,+2O0H"
H,0,+2H" +2e — 2H,0
Hg™+2e — Hg

2Hg> +2e — Hg™
Hg, " +2e — 2Hg

Hg,Cl, +2e — 2Hg+2Cl-
L+2e — 2F

Im+2e — 31
2107+ 12H +10e — I, +6H,0
I0-+6H +6e — [-+3H,0

10-+2H,0+4¢ — 10-+40H-
In**+3e — In

¥ +3e — I

[[rCl4]* +e — [IrClg*

[ICl >~ +3e = Ir+6Cl-

Alphabetical Listing

E°IV
0.7996
0.07133
0.22233

—0.017
0.779
—0.15224
-1.662
1.692
0.854
1.002
0.308
1.0873
1.066
1.423
1.482
0.2800
0.2801
0.3337
0.2412
0.2360
—0.4030
—0.658
2336
1.35827
1.47
1.451
-0.28
1.92
0.108
0.17
—0.913
—0.407
—0.744
-0.953
0.3419
1.103
—0.222
3.053
2.866
—0.447
—0.037
0.771
0.358
0.00000
223
—0.8277
1.776
0.851
0.920
0.7973
0.26808
0.5355
0.536
1.195
1.085
0.15
—0.3382
1.156
0.8665
0.77

Reaction
K'+e —= K
La>*+3e — La
MnZ +2e — Mn
Mn3* + 3e — Mn2"
MnO, +4H +2e — Mn?>" +2H,0
MnO+2H,0+3e — MnO,+4 OH-
MnO; +8HY+5e — Mn® +4 H,0
MnO2 +2H,0+2e — MnO, + 4 OH-

Ni*+2e — Ni

0,+2H"+2e = H,0,

0,+4H +4e — 2H,0
0,+H,0+2e — HO;+OH-
0,+2H0+2e — H,0,+2OH~
0,+2H,0+4¢ — 4OH-
O(g)+2H +2e — H,0

OH+e = OH-

Pb>*+2e — Pb

PbCl, +2e — Pb+2Cl
PbO+H,O+2e¢ — Pb+20H"
PbO,+4 H"+2e — Pb¥+2H,0
PbSO,+2e — Pb+S02

Pd?*+2e — Pd

[PACL,)*+2e — Pd+4CI
[PACl]* +2e — [PACL]*+2Cl-
Pt +2e — Pt

[PICL.)> +2e — Pt+4Cl-
[PtCL]+2e — [PtCl]-+2Cl-
Rb"+e — Rb

[RhClg]*-+3e — Rh+6Cl-
S+2e — S

S+2H +2e — H,S5(aq)
S+H,0+2e — SH™ +OH-
284+2e = S,

S04 +4H +2e — 2H,S80;
$,0g7 +2e — 2804
S,0-+2H " +2e — 2HSO,~

S,04-+2e — 28,0
2H,80;+ H +2e — HS,0, +2H,0
H,SO;+4H +4e — S+3H,0

280,-+2H,0+2¢ — S,0,+4 OH-
2807 +3H,0+4e — S0, +60H
SO +4H +2e — H,50,+H,0
280 +4H"+2e — 8,04 +H,0
SOF+H,0+2e — SO-+20H
Sn*+2e — Sn

Sn*+2e — Sn?

Sr'+e — Sr

TeO+8H +7e — Tc+4H,0
TeO,+8H"+7e — Te+4H,0
Tid*+e — Ti2*

TI(OH); +2e — TIOH+2 OH-
U3_+3E — U

U0, +4H"+6e — U+2H,0

V¥ il2e — V

Vi te — V¥

VO,  +2H +e — VO™ +H0
WO;+6H +6e — W+3H0
Zn**+2e — Zn

Zn(OH),>+2e — Zn+4O0H-
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E°V
2931
—2.379
~1.185
1.5415
1.224
0.595
1.507
0.60
~0.257
0.695
1.229
—0.076
—0.146
0.401
2421
2.02
~0.1262
~0.2675
-0.580
1.455
~0.3588
0.951
0.591
1.288
1.18
0.755
0.68
—2.08
0.431
—0.47627
0.142
—0478
—0.42836
0.564
2.010
2.123
0.08
~0.056
0.449
-1.12
~0.571
0.172
022
~0.93
~0.1375
0.151
—4.10
0.472
0.472
0.9
~0.05
~1.708
—1.444
~1.175
~0.255
0.991
~0.090
—0.7618
~1.199



SOLUBILITY PRODUCT CONSTANTS

The solubility product constant K 1s a useful parameter for calculating the aqueous solubility of sparingly soluble compounds under various
conditions. It may be determined by direct measurement or calculated from the standard Gibbs energies of formation A;G° of the species involved at
their standard states. K., = [MTT" [A7]" 1s the equilibrium constant for the reaction

M, A, (s) — mM*(aq) + nA-(aq).

where M, A 1s the slightly soluble substance and M~ and A- are the 1ons produced in solution by the dissociation of M, A |

Formula K, Formula K, Formula K,
AIPO, 9.84.10°21 PbCO, 7.40-10°1% AgyCy04 5.40-1012
Ba(BrOs), 2.43-10* PbCl, 1.70-10 AgPO, §.89-107
BaCO, 2.58.109 PbF, 33108 Ag,SOy 1.20:103
BaCrO, 1.17-1010 Pb(OH), 1.43-10-20 Ag,80; 1.50-10'1
BaF, 1.84-107 Pb(I05), 3.69-10-13 AgSCN 1.03-10°12
Ba(OH),-8H,0 2.55-10 Pbl, 9.8-107 S13(AsO,), 4.29-10°1°
Ba(l0;), 4.01-10° PbSeO, 1.37-107 S1rCO;5 5.60-10-10
Ba(103),-H,0 1.67-10° PbSO, 2.53-10°8 SiF, 433.10%
BaMoO, 3.54-10% Li,CO4 8.15-10* Sr(105), 1.14-107
Ba(NO,), 464103 LiF 1.84-10° S1(103)yH,0 3.77-107
Base0, 3.40-10°8 Li;PO, 2.37-1011 S1(10;),-6H,0 4.55-107
BaS0, 1.08-10-10 MgCO; 6.82-10°° SrSO, 3.44-107
Baso, 5 0.10-10 MgCO,-3H,0 2.38-10° TIBrO, 1.10-10*
Be(OH), 6.02.102 MgCO,-5H,0 3.79-10°6 TIBr 3.71-10°
BiASO; 4.43.10-10 MgF, 5.16-101 TICI 1.86:104

_ " Mg(OH), 3.61-1012 TLCro, 8.67-10°13
Bily 7.71-10° MgC,0,2H,0 4.83-109 TIIO,4 3.12:10°
(:dngSOﬂz 2-2‘]0'?; Mgs(POy), 1.04-102¢ TO 5.54-10°8
CdC03 1.0-10- \ h‘IIlCOS 2.24.10°11 TISCN 1.57-104
EngéH 3-‘2“‘]‘325 Mn(10,), 437107  TIOH), 16810+
. d(l o )2 5108 MuC,0,2H,0 1.70-107  Sn(OH), 54510

4105, - Hg,Br, 6.40-10  Y,(COs); 1.03-10°31
CdC,0,3H,0 1.42-10°8 . - 21
Cdy(PO,) 2.53.10-% Hg,CO;4 3.6-10°17 YF, 86210
caco, Genos  HeCh 14310%  Y(OH), 1001022
CaF, 345101 Hg,F, 3.10-10¢  Y(10s)s 1.12:1010
Ca((z)H)a 5.0210° Hgl, 5.2:10% Zn3(AsOy), 28102
(‘a(IO;); 6.47.10°6 Hg,C504 1.75-10°13 ZnCO, 1.46-10°10

: : y . .10n-11
Ca(105),-6H,0 7.10-107 Hg,S0, 6.5:107 ZnCO5H,0 5.42 10_2
CaMoO, 1.46:10° Hg,(SCN), 32.10%  ZnF, 3.0410
CaC,0,H,0 232109 HeBr, 621020  Zn(0M), 10t
Cas(POy), 20710%  Hal, 29102 Zn(005); 20 L0
CaSO, 49310 Nd,(CO;y); 1.08103  Z0C,042H,0 L3107
Cas0,2H,0 3.14-10° NiCO; 142107 ZnSe 36107
CaS040.5H,0 3.1107 Ni(OH), 5481016  ZnSeOyH,0 15910
CsClo, 3.95.10° Ni(I0;), 4.71-10°5
Cslo, 5.16-106 Niy(POy), 47410
Cos(AsOy), 6.80-10"% PA(SCN), 4.39:1023

. B 5 2 Sulfides
Co(OH), 5921015 K,PICl, 7.48-10°
Co(105),-2H,0 1.21 -]0'2> KClo, 1.05-102 ]
Co3(POy)y 2.05-10°%° KIO, 371104 cds 1.2 - 102

. 109 3
CuBr 6.27-10 ; Pr(OH), 339102 CuS 39 .10 %
Cucl 1.72-10° Ra(105), 116107 FeS 38.10-%
CuCN 3.47.10°20 RaSO, 3.66:101  pphs 36.10"%
Cul 1.27-1012 : . 5 : =

) RbClO, 3.00-10 MnS —15
CuSCN 1.77-10°13 ™ 1,4-107 2

‘ s ScF 5.81-10 HoS —5a
Cus(AsOy), 7.9510 ™ g 3-10

, ! Sc(OH), 2.22:10 _
Cu(10;), 1,0 6.94-10°8 5 Ag,S |57 -107%
CuCO 4.43.10-10 AgCH,COO 1.94-10 >

o ' Ag;AsO 1.03.1022  SnS 1-10
Cus(PO,) 1.40-10°%7 834504 . -

“U3(PO4)s . AeBrO 538.10°5 ZnS 69 .107%
Eu(OH); 9.38.1027 gbrts 2.0 ' <o
Ga(OH), 7.28.1036 AgBr 535100
FeCO; 3.13.1011 Ag,CO; 8.46-10°12
FEFQ 236]0'6 AgC] ].77‘]0'10
Fe(OH), 4.87-10°17 Ag,Cr0, 1.12:1012
Fe(OH); 2.79.10-3% AgCN 5.97-10%7
FeP0O,2H,0 9.91.10°16 AglO; 3.17-10°8
La(I0;); 7.50-1012 Agl 8.52:10°17
PbBr, 6.60-10°
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PHYSICAL CONSTANTS OF SOME METALS

cAs Mol. Physical Density
Formula Reg No. Weight Form mp/°C hp/°C g cm3
Al 7429-90-5  26.982  sil-wh mehl cub cry £60.32 2519 2.170
Sh 7440-36-0  121.760  sik meh hex £30.63 1587 6.68
As 7440-38-2 74.922  gray meh| rhomb 817 b (3.70 MPa) 603 sp 5.75
Ba 7440-39-3  137.327  sil-yelmehl cub 727 1897 362
Be 7440-41-7 9.012  hex 1287 2417 1.85
Bi 7440-69-9  208.980 gray-wh sof tmehl 271.40 1564 9.79
Br, 7726-95-6  159.808 red Ig -1.2 58.8 3.1028
Cd 7440-43-9 112411 sib-wh medl 31.07 767 8.69
Ca 7440-70-2 40.078  sik-wh medl 842 1484 1.54
Ce 7440-45-1 140116 sib medf cub or hex 798 3443 6.770
Cs 7440-46-2 132905  sik-wh medl 285 671 1.03
Cr 7440-47-3 51996  ble-wh mes] cub 1907 2671 715
Co 7440-48-4 58.933  gray mehl hex or cub 1495 2927 8.86
Cu 7440-50-8 63.546  red meh| cub 1084.62 2562 8.96
Eu 7440-53-1  151.964  sof tsiV medf cub 822 1529 5.24
Fr 7440-73-5 223 shortlved akal medl 27
Gd 7440-54-2  157.25 ik meb] hex 1313 3273 7.90
Ga 7440-55-3 69.723  sil lg or gray orh cry 29771 p 2204 5.01
Ge 7440-56-4 72.61  gray-wh cub cry 938.25 2833 5.3234
Au 7440-57-5  196.967  sof tyelmedl 1064.18 2856 193
Hf 7440-58-6  1768.49  gray meh| hex 2233 4603 13.3
In 7440-74-6  114.818  sof twh medl 156.60 2072 7.3
Fe 7439-89-6 55.845  sib-wh or gray met 1538 2861 7.687
La 7439-91-0  138.906  sib meh| hex 918 3464 6.15
Pb 7439-92-1 207.2  sof tsib-gray meh] cub 327.46 1749 113
Li 7439-93-2 6.941  sof tsib-wh medl 180.50 1342 0.534
Mg 7439-95-4 24.305  sib-wh meél 650 1090 1.74
Mn 7439-96-5  54.938  hard gray meél 1246 2061 7.3
Ha 7439-97-6 20059  heavy sit Ig -38.837 b 356.73 13.5336
Mo 7439-98-7 95.94  gray-bk meh| cub 2623 4639 10.2
Ni 7440-02-0  58.893  wh medl cub 1455 2913 8.90
Nb 7440-03-1 92,906  gray meh] cub 2477 4744 857
Os 7440-04-2  190.23  ble-wh mehl hex 3033 5012 2259
Pd 7440-05-3  106.42  sik-wh medl cub 1554.9 2963 12.0
Pt 7440-06-4  195.08  sil-gray meff cub 1768.4 3825 215
K 7440-09-7  39.098  sof tsil-wh meh| cub 63.5 759 0.89
Re 7440-15-5  186.207  sik-gray medl 3186 5596 208
Rb 7440-17-7  85.468  sof tsib met| cub 38.30 688 153
Se 7782-49-2 76.96  gray meklc cry; hex 220.5 685 481
Ag 7440-22-4  107.868  sib mehl cub 961.78 2162 105
Na 7440-23-5 22,990  sof tsit mef cub 97.80 883 0.97
Sr 7440-24-6 87.62  sib-wh mehl cub 777 1382 264
Tc 7440-26-8 98 hex cry 2157 4265 11
Tl 7440-28-0  204.383  sof thlie-wh medl 304 1473 118
Sn 7440-31-5  118.710 cubcry tans b wh Sn 13.2 2602 5.769
Ti 7440-32-6  47.867  gray mehl hex 1668 3287 4506
W 7440-33-7  183.84  gray-wh meal cub 3422 5555 193
U 7440-61-1  238.029  sik-wh orh cry 1135 N3 19.1
v 7440-62-2 50.942  gray-wh mes| cub 1910 3407 6.0
In 7440-66-6 65.39  ble-wh med hex 419.53 907 714
Ir T440-67-7  91.224  gray-wh mehl hex 1855 4409 6.52
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KouCTaHTLl HECTORKOCTH KOMIJIEKCHBIX COEIHHEHHMH

B naTolt vpade naeTcdy noOCNEnOBATENbHAN KOHCTAHTA HECTOMKOCTH k, npenctapasioman coGoi
KOHCTAHTY PABHOBECHS peakuMH Tuna (3) uian (4).

—_— 3
MA, €= MA,_ +A @

MA, = MA, ,+ArT L “

B cenbmoit rpage npeacTaBnent 3HaueHns OOIIel KOHCTAHTH HecToikocTH K, ABASIOENCS KOH-
CTanTON pasBrOBecus peakunu (1).

B Tex cayyasx, xoria n==1, sHaueHNs nocJiefoBaTeJbHOM H OOIleil KOHCTAHT HECTOHMKOCTH C€O-
BINAJACT.

MA, T2 M+nA 0]
Tewmne-|
Komnnekc pae'gégg: ”3:?:” Meron k l pk K pK
CuNHZ*+ 30 | 0550 . 7.10.-107°| 4,15[7,10-107° | 415
Cu(NH 2" | 30 | 0550 . 316-107%| 350]224-107°% | 7,65
Cu(NHg)2* | 30 | 05—5,0 . 1,29-107%| 289 289-107"| 1054
Cu(NHg2* | 30 | 05—50 . 740.107%| 213| 2,14- 107" 12,67
Cu (NHg)2* A . 30 [—05 | 642-107"] 12,2
! -
CuNH} N 66 -107"| 618] 66 -1077 | 6,18
i .
Cu(NHg | .. |....|..... 204-107°| 4,69 1,35-107""| 10,87
NiNHZ* 30 |05—50: . 162-107° | 279 1,62-107° | 2,79
Ni (NHg2+ | 30 | 0550 . 575-107° | 224]931-107° | 503
Ni (NHg);* | 30 | 05-50 . 1,86-107% | 1,73] 1,73-107" | 6,76
Ni (NHg)2* | 30 | 05—50 . 645-107% | 1,19| 1,12-107° | 795
Ni (NHg)2* | 30 | 0550 . 0.178 075| 200-107° | 870
Ni (NHg)2* | 30 | 0,5—5,0 N 0,934 003| 1,86-107° | 873
ZnNHZ* 30 | 05—5,0 . 426.107° | 237(426-107° | 237
Zn(NH 2" | 30 | 05—50 . 363-107° | 244| 1,54-107° | 48}
Zn(NHy2* | 30 | 05—5,0 . 316-107° | 250| 487-107% | 7,31
Zn(NHg)?* | 30 | 05—5,0 . 7,00-107° | 25| 346-107"°] 9,46
11 -
FeOH* 25 0 noren, | 1,3-107°| 39 | 1,3-107* | 39
pacy.
111 -
FeOH?+ 25 0 cnextp., | 1,55-107'2] 11,81 | 1,55-107*%} 11,81
pacu.
25 | 01 norentt. | 7,9-107"%] 11,10 | 7.9-107*% 11,10
25 | 30 . 1,12-107"] 10,95 | 1,12-107""| 10,95
11
Fe(OH)] | 25 | 01 . 1,82-107" | 10,74 | 2,04-107**| 21,60
Zn(OH)?~ | 25 | mepe- pacts. e oo ] 38107 1544
MeHHas 3
Ag(S:09);” lkomu.| o o o 0| motenm | ..... .. .]25-107"[1360
BaS,0; 25 | -0 pacte. |47 -107° | 23347 -107° | 2,33
CaS,04 25 0 . 1,04-107% | 1,98] 1,04.-107% | 1,98
CdCN* 95 3,0 . 29-107° | 554 29.107° | 554
Cd (CN), 95 3,0 . 87-107° | 506 25-107" |1060
cacNy; | 2 30 . 20-107° | 470/ 50.107"° | 1530
Cd(CNY~ | 25 3.0 . 28-107" | 355 1,41-107"| 18,85
|
Cu(CN); | 25 0 . B A I TS (i 57
I - -
Cu(CNy~ | 25 0 cmextp. | 26-107° | 4,50 26.107%° | 28,59
I
Cu(CNp~ | 25 | 0 . 2-107* 170 5-107*" |30,30
Il
Fe (CN){~ 25 | . ...  tepmommn. | ... .. |, . .| 1-107% |24
111
Fe(CNy~ | 25 | .. .. . O I IR X5 (i K|
H
Hg (CN)2™ | 25 [005—0,20] motemu. |.....|...|l4.-107% |44

CnpaBounuk xumuka T. 3. [log pea. Hukonbsckoro I1.B. 1966 1.



3HaueHus paBHOBecHOro noreHuuania (Ep), koadduirenra nepeHoca (o) 415 BOCCTaHOBICHUS
3+

Bi*" B pactBopax (HC10,+NaClO,), kosddurmentsr quddysun Dgiiry 1 u3Mepsiemble

KOHCTaHTBI CKOPOCTH MEPEHOCA HIIEKTPOHA.

C(HCIO4 + aH20 Ep, B oL 106 DBi(IH), 104 ks,
NaClOy), OTH. HAaC.K.D. em? ¢! emc!
MOJIB/TI

1 0.965 0.084 0.29 5.92 2.17
2 0.927 0.074 0.28 5.00 1.97
3 0.885 0.081 0.24 5.10 2.25
4 0.832 0.089 0.33 5.00 3.87
5 0.774 0.094 0.54 3.97 24.20
6 0.704 0.102 0.67 3.50 56.70
7 0.628 0.109 0.82 3.00 70.60
8 0.543 0.138 0.72 1.60 60.60

I'ereporeHHble KOHCTAHTBI CKOPOCTH U KOA((OUITMEHTHI IEpeHOca ISl peaKIiil BOCCTaHOBIICHHS
HEKOTOPBIX COCMHEHUH HA PTYTHOM DJIEKTPOJIE

peareHT/TpoIyKT Ko PUIMeHT | reTeporeHHas
HGpCHOC& KOHCTAHTa
CKOPOCTH, cmec’!
Fe(CN)q  /Fe(CN)e" 0.5 0.1
RhCls>/Rh 0.4 9.41-10°®
TcO4/Tc 0.3 6.14-10°
PtClg> /PtCL* 0.5 0.12
IrClg> /It 0.3 7.26:10°
BrOs;/Br 0.5 0.15
PdCL/Pd 0.5 1.38:107
AuBrs/Au 0.4 3.2:107
CrEDTA/Cr"EDTA™ 0.5 0.45

Toxu oOMeHa y1s1 BOAOPOJHON U KUCIOPOIHOM peakiuit

AEKTPOJ AJIEKTPOJIUT | BOJOPOIHAS KHCJIOPO THAS
peakius, Alem® peakius, Alem®
IUIaTUHA 1-3M 4108
NaOH
HUKEJTb 0.007-0.08 | 7.7-107
M NaOH
HUKEJb 1-3M 3,5:107
NaOH




