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NOH-annornbHble B3anMOOeNnCcTBUS

C.AppeHuyc, 1887 .
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OHeprmsa KpucTannnyeckom peLLeTku

Moaenb bopHa (1920 r.)
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OHeprua conbBartauun (M. bopH, 1920)
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IOH-MOHHbIE B3aMOOENCTBUS

» Bce Buabl B3anumoaencTeBum mexay Yactuuamm cBoAATCA K OTKITOHEHUIO SKCNepUMEHTanbHO HangeHHbIX
aKTUBHOCTEN OT COOTBETCTBYOLLMNX KOHLIEHTPaLWUM

" Henb3sd nsmMepuTtb KOIPPUUNEHT aKTUBHOCTU OTAENBHOIO MoHa — KOSAPUUNEHT aKTUBHOCTU COSU
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KoadpdpunuymeHTbl akTUBHOCTHU

Pa3Hble WwKanbl

MonsipHocTb (C) MonsanbHOCTb (M) MonbHble aonu (N)
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L 1 4 =1,587 | ¥27 =2,280 |3/256 =3,031|3/108 =2,551

o CTaHaapTHOEe COCTOSIHME: TMMOTETUYECKNIA PacTBOP, B KOTOPOM aKTUBHOCTU BCEX
MOHOB PaBHbl €AMHULE N OAHOBPEMEHHO OTCYTCTBYET MOH-MOHHOE B3aMMOAEeNCTBUE
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VloHHaa aTMmocdepa
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DISTANCE IN K™! UNITS

Thickness of lonic Atmosphere (nm) at Various Concentrations and for

Various Types of Salts
Concent_l.'?tion Type of Salt
(moldm 7) 1:1 1:2 2:2 1:3
107* 30.4 17.6 15.2 12.4
1072 9.6 5.55 4.81 3.93
1072 3,04 1.76 1.52 1.24
107! 0.96 0.55 0.48 0.39



VloHHaa aTMmocdepa

ONEKTPOSINT NOMHOCTLI ANCCOLMMPOBaH
PacTBopuTenb — KOHTUHYYM &
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[TpnonumxeHna Teopumn [lebasa-XoKkKkens
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AP dDEKTNBHLIE paanycChbl

TABLE 1
PARAMETER 10%a; As ESTIMATED BY VARIOUS METHODS
Effective Hydra-
diam. of Bonino Ionic tion no. Rounded
unhy- formula mobilities and eff. values
Ion dratedion (eq.2) (eq.3) (eq.4) radius (Table II)
Lit 0.8 6.2 4.7 5.6 5.3 6
K+ 1.6 2.8 2.5 2.9 3.9 3 orpadunueckme
Rb* 1.8  2.45 2.4 2.8 2.5 kpuctannorpacp !
Cs+ 2.1 2 .35 2 35 2.8 2 5 CTOKCOBbI, SMINNPHUY4ECKHE U T.4.
TaBLE IIT . D"*-’&-‘—;q_é H s i
Mean ionic activity coefficient 0.2 B To— % ,
Ionic Guzgen- Lewis- "7 a
concn. Table Approx. heim Randall \*
Electrolyte r Exptl, 11 formula formula tables 204 \ N
HI 0.01  0.927 0.928 0.927 0.927 0.95 = N TS
.02 .902 906 .90 .90 .92 = \ QL\
.04 870  .875  .865  .865 .80 1 0.6 X Ctrate™ S (coo)T
1 822 .83 .8 .81 .86 POFENN sor A | %
2 787 .79 76 .78 815 0.8 N !
HCI 01 928 928 027 927 L85
.02 905 . 906 .00 .90 .92
; ggé gg gé gé 3?5 | Sq1.1a.re root o.f ilonic stren'gth. \/ﬁ..
Fig. 1.—Individual activity coefficients of ions: drawn
lines represent calculated values, with rounded a1 — fig-
Jacob Kielland, J. Am. Chem. Soc., 1937, 59 (9), pp 1675-1678 ures given in Table I. 12



Handbook of Chemistry and Physics

E- B
H R standard .\ MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION OF CONCENTRATION
@ Thermodynamic
Properties of The mean activity coefficient y of an electrolyte XY}, is defined as

Chemical Substances

I:I Thermodynamic
Properties as a
Function of
Temperature

1{a+h)
r=(v2v%)
where y, and y_ are activity coefficients of the individual ions (which cannot be directly measured). This table gives the mean activity coefficients of
about 100 electrolytes in aqueous solution as a function of concentration, expressed in molality terms. All values refer to a temperature of 25°C.
[ Thermadynamic Substances are arranged in alphabetical order by formula.
Properties of Agueous

Systems REFERENCES
I;I Heat of Combustion
[ Electrical Conductivity 1. Hamer,W.I., and Wu, Y. C., J. Phys. Chem. Ref. Dara, 1, 1047, 1972.
2. Staples, B. R., J. Phys. Chem. Ref. Data, 6, 385, 1977; 10, 767, 1981; 10, 779, 1981.

of Water

EI Molar Conductivity of
Aqueous HF, HCI, HBr,

3. Goldberg, R N. et al., J. Phys. Chem. Ref. Data, 7, 263, 1978; 8, 923, 1979; 8, 1005, 1979; 10, 1, 1981; 10, 671, 1981.

and H Mean Activity Coefficient at 25°C
EI Equivalent
EIO"‘?UCI;WW_ of m/mol kg'! AgNO; BaBr, BaCl, Bal, CaBr, CaCl, Cal,
ectrolytes in
HLETLE ST Ty 0.001 0.964 0.881 0.887 0.890 0.890 0.888 0.890
[ lonic Conductivity and 0.002 0.950 0.850 0.849 0.853 0.853 0.851 0.853
0L Lt s 0.005 0.924 0.785 0.782 0.792 0.791 0.787 0.791
DOyTTEs 0.010 0.896 0.727 0.721 0.737 0.735 0.727 0.736
[ Activity Coefficients of 0.020 0.859 0.661 0.653 0.678 0.674 0.664 0.677
Acids, Bases, and Salts 0.050 0.794 0.573 0.559 0.600 0.594 0.577 0.600
[ Mean Activity 0.100 0.732 0.517 0.492 0.551 0.540 0.517 0.552
Coefficients of 0.200 0.656 0.463 0.436 0.520 0.502 0.469 0.524
R 0.500 0.536 0.435 0.391 0.536 0.500 0.444 0.554
I °l'im 1.000 0.430 0.470 0.393 0.664 0.604 0.495 0.729
Eoncentra 2.000 0.316 0.654 1.242 1.125 0.784
R Er1‘[|*1a|_||::3.l of Dilution 5.000 0.181 18.7 5.907
e 10.000 0.108 43.1
I:I Enthalpy of Solution 15.000 0.085

of Electrolytes
|:| Chemical Kinetic Data
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loHHaa accouunauunsd

Contact ion pair
(CIP)

Sovlent-separated ion pairs

og’e

(SIP)

6g®

Sovlent-shared (SIP)  Sovlent-separated (251P)

Na**S,04* Cs**S,0,%

1060
—
P “. ? "
- ,'
AL,
(@) (B) QKCI’ZQPUMeHmaJZbHCl}l OuUacHOCMuKa - usmepernue
ConbeaTHo-pasgeneHHas napa ConbeaTHo-HepasAeneHHas napa 3]1@K77’lp07’lp0600HOcmu
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loHHaa accouunauunsd

H.Bbeppym (1926 r.)

BepoaTHOCTb HanTu cocefa (f) Ha NoBePXHOCTU cpepbl paguyca r

P(r)=4mr’c, exp{—

2
1 zze

kT 471:8807') : i

P.M. ®yocc (1958 r.)

© _ 4000w N,

o
AN

2
Zl.Zjeo

2
B Zl.Zjeo r < (i —
8nee kT obpasyeTca noHHas napa

CXp| —
p( dnee kTr. (1+Br.. \J )j

[MputaxeHne

HeaneKTpocTaTnyeckomn

npupoabl

AN

[TonpaBka Ha NOHHYIO cuUny
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JlomaluHee 3agaHue - 2

lpynna 1 lpynna 2 lpynna 3 lpynna 4 lpynna 5

m/mol kg! AgNO, m/mol kg1 CsBr m/mol kg? K,S0, m/mol kg MgBr, m/mol kg NH,CIO,
0.001 0.964 0.001 0.965 0.001 0.885 0.001 0.889 0.001 0.964
0.002 0.950 0.002 0.951 0.002 0.844 0.002 0.852 0.002 0.950
0.005 0.924 0.005 0.025 0.005 0.772 0.005% 0.790 0.005 0.924
0.010 0.896 0.010 0.898 0.010 0.704 0.010 0.733 0.010 0.895
0.020 0.859 0.020 0.864 0.020 0.625 0.020 0.672 0.020 0.859
0.050 0.794 0.050  0.806 0.050 0511 0.050 0.593 0.050 0.794
0199 0752 0100 0752 0.100  0.424 0.100 0.543 0.100 0.734
o e 0200  0.601 0200  0.343 0.200 0.512 0.200 0.663
0.500 0.536 : : : -
1,000 0.430 0.500  0.605 0.500  0.251 0.500 0.540 0.500 0.560
2.000 0.316 1.000 0.540 1.000 0.715 1.000 0.479
5.000 0.181 2.000  0.485 2.000 1.590 2:000 0.399

10.000 0.108 5.000 0.454 5.000 36.1

15.000 0.085 10.000

MpuBeaeHbl KO3PPULMEHTbI AKTUBHOCTM B BOAHbIX PAaCcTBOPAX COJMEN.
Onpeaennte napameTp BToporo npubnmxkerHus teopumn ebas-Xiokkens.

MpoaHann3npymTe BeANYMHbI NapameTpa «a» C Y4eTOM CO/ibBaTaLMM MOHOB.
(nony4uswueca epaguKku nubo npucelaatime Ha noymy, aubo npuHocume ¢ coboli Ha HOymb6yKax,
umobbl MoXcHO bbis10 MTocmMompems)
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CnpaBoO4HbIE MaTepuanbl

MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION OF CONCENTRATION

The mean activity coefficient v of an electrolyte XY, is defined as

J'_'I‘- [ \la+8)
.l v=ri)
{ ﬂ: where - and y_ are activity coefficients of the mdividual 1ons (which cannot be directly measured). This table gives the mean activity coefficients of
_'u — about 100 electrolytes in agueous solution as a function of concentration, expressed in molality terms. All values refer to a temperature of 25°C.
e r Substances are arranged in alphabetical order by formula.
REFERENCES

. Hamer W.J]., and Wu, Y. C_,J Phys. Chem. Ref’ Data, 1, 1047, 1972,

. Staples, B.R_, J Phys. Chem. Ref- Daia, 6, 385, 1977; 10, 767, 1981; 10, 779, 1981.
CH E M I STRY . Goldberg, B. N. et al, J. Phys. Chem. Ref. Data, 7. 263, 1978; 8, 923, 1979; 8, 1005, 1979; 10, 1, 1981; 10, 671, 1981.
Mean Activity Coefficient at 25°C

W bt

anil mmolkgl  AgNO,  BaBr, BaCl, Bal, CaBr, CaCl, Cal,
0.001 0.964 0.881 0.887 0.890 0.890 0.888 0.890
0.002 0.950 0.850 0.849 0.853 0.853 0.851 0.853
0.005 0.924 0.785 0.782 0.792 0.791 0.787 0.791
0.010 0.896 0.727 0.721 0.737 0.735 0.727 0.736
0.020 0.859 0.661 0.653 0.678 0.674 0.664 0.677
0.050 0.794 0.573 0.550 0.600 0.504 0577 0.600
0.100 0.732 0.517 0.492 0.551 0.540 0517 0.552
T T 0.200 0.656 0.463 0.436 0.520 0.502 0.469 0.524
john R Rumbl 0.500 0.536 0.435 0391 0.536 0.500 0.444 0.554
Ediardn-Chicl 1.000 0.430 0.470 0.393 0.664 0.604 0.495 0.729
2.000 0316 0.654 1242 1125 0.784
5.000 0.181 187 5.907
10.000 0.108 431
15.000 0.085
mimol kgl Cd(NOy), Cd(NOy), CoBr; CoCly Col, Co(NOy), CsBr
0.001 0.881 0.888 0.890 0.889 0.887 0.888 0.965
0.002 0.837 0.851 0.854 0.852 0.849 0.850 0.951
0.005 0.759 0.787 0.794 0.789 0.783 0.786 0.925
0.010 0.681 0.728 0.740 0.732 0.72 0.728 0.898
4 0.020 0.589 0.664 0.681 0.670 0.661 0.663 0.864
. 0.050 0.451 0.576 0.605 0.586 0.582 0.576 0.806
2018-2019 0.100 0344 0.515 0.556 0.528 0.540 0.516 0.752
0200 0247 0.465 0523 0.483 0.527 0.469 0.691
0.500 0.148 0.428 0.538 0.465 0.59 0.446 0.605
1.000 0.098 0437 0.685 0.532 0.845 0.492 0.540
2.000 0.069 0517 1421 0.864 2287 0.722 0.485

5.000 0.054 139 553 31338 0454 1 7
10.000 106
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