PacTBOpbI 3NeKTpONUTOB



NOH-annornbHble B3anMOOeNnCcTBUS

C.AppeHuyc, 1887 .
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= TennoBon apdeKT HenTpanmnsauum = VIOHbI He B3aNMOAENCTBYIOT

= KNCNOTHO-OCHOBHOM KaTanums npyT C APYroM

MA=M"+ A" (1—a)c+vac=c[l+a(lv—-1)]
Kucrota: HA <> H* + A” 3akoH pa3BeaeHus a’c
K =
OcHoBaHue: MOH < M* + OH- B. OctBanbpa (1388 r.) 1—a
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OHeprma Kpuctaninyeckom peLleTku
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Moaenb bopHa (1920 r.)
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+e_'AH1 —e‘. AH Makc BopH
AI_I5 Na{raa] + Cl(r‘as) 0 ?-«-0 F
AH AH AG&\gaCl = 762 k][I»/MOJIb
I\;a(TB) + 1/2 512(]‘&3)
) 1 A - KOHCTaHTa
Z1Z7€ MapgenyHra
AGp = NJA——(1—=
AGN*C! = 757 k[l /mMoub 41egTy n A =1.7476 (NaCl)

n = 7.5 (NaCl)



OHeprua conbBartauun (M. bopH, 1920)

OHepruns nepeHoca MoHa U3 Bakyyma B pacTBOpuUTErb
" VIOH — 3apsiXXeHHbIN wWwap r; pa3psaa B BaKyymMme
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AHNCl 5kem) =- 768 ki /mony AHNACl (Bopr) =- 1121 k/ix/mMonb

YpaBHeHue bopHa-bbeppyma
Cmocob pacuera AH , kIl>x /Mo
AH = AG — Td(dAG) LiCl | Nacl | Ka1 | Rl | csc
T
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PeanbHas n xumu4yeckasi aHeprmsa conbBaTaLnm
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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

M, A, S v,M?* +v_A?"

a a a_
s = ug + RTIn (—3) Hy = pul + RTIn <—§> u_ = ul + RTIn (-)
aS

a; al
0_. ,0 0 _
Us = Vg +V U= Us =V Uy TV U
= CpepaHsist aKTUBHOCTb: s = pd + RTIn(a}*a¥-) = u? + RTIna,
a; = "/a, v=v_ +v_



KoadpdpunuymeHTbl akTUBHOCTHU

Pa3Hble wWwKanbl

MonsipHocTb (C) MonsanbHOCTb (M) MonbHble aonu (N)
a;(c) = fic a;(m) =y;m a;(N) = fNN;
l i l L l L l
— JV,,V %
a,(m) =y,vym ::: as(m) = LYyym L= Ve
= vV, V_
a_(m)=y_v_m ay(m) =Ly,m +
Tum ;:; 1-2 3-1 4-1 3-2
DJIEKTPOJINATA 3_3 2—1 1-3 1-4 2—3
L 1 34 =1,587 | 427 =2,280 [3/256 =3,031|3/108 =2,551

o CTaHAapTHOE COCTOAHME: TMMOTETUYECKUIA PACcTBOP, B KOTOPOM aKTUBHOCTU BCEX
MOHOB PaBHbl AUHULE U OJHOBPEMEHHO OTCYTCTBYET MOH-MOHHOE B3aUMOENCTBME

m
J_F(N) =y4+(1+ 0.001lvMym) f+ = v+ e
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KoadpdpunuymeHTbl akTUBHOCTHU
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CENTRAL ION

/
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MoHHaga aTtmocdepa

THIS CHARGE (-Z 8y GIVES THE
E EFFECT AS THE IONIC
CLouD

NEGATIVELY~CHARGED
IONIG GLOUD
WITH CHARGE —Z;j 8¢

(b) \

CENTRAL ION (+2 &)

d
)

CHARGE ENCLOSED
IN A dr=THICK
SPHERICAL SMELL

dq IS MAXIMUM AT l’:K"

(17K)
DISTANGE IN ™! UNITS

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

Concentration Type of Salt

(mol dm ™) 1-1 ) =
107 304 15.2 12.4
107 9.6 4.81 393
1072 3.04 1.52 .24
10”" 0.96 0.48 0.19



VloHHaa aTMmocdepa

ONEKTPOSINT NOMHOCTLI ANCCOLMMPOBaH
PacTBopuTenb — KOHTUHYYM &
TonbKO aneKkTpocTaTtudeckne B3anmMmoaencTemng

NOHbI — MmaT. TOYKN
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" lI3MeHeHne 3Heprmm NoHa 3a CYET MOHHOM aTMocdepbl:
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[TpnonumxeHunsa Teopumn [lebasa-XoKKkens

2,2

zfelK
1) MoHbI — MmaTepuranbHble TOYKHU RT lnfl-N = N,AU = —N, Lt 0 1.825 - 106
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Ig ¥ = —Zizh\/j; Ig fY = —|Z+Z_|hﬁ; ¢ < 0.01 Mmosb/ a1 (‘)1

. KCnepuMeHm
2) KoHeuHbIl pa3smep MOHOB

|Z+Z_]hﬁ _ |z+z_]hﬁ
THke  1+aBy]

¢ <0.1 monp/n

lgfi =— 34c

(MOHb/gl)l/ 2

_ 5.03- 101
VeT

3) lononHUTeNbHbI SMNUPUYECKNiA NnapameTp

[M~1 - (n/monp)t/2- K1/2]

lgfN =——"—"-+CJ; ¢c<1+2mMoap/n
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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 cTannoroadbuyeckme
Rb* 1.8 245 2.4 2.8 2.5 kpuctannorpacp :
Cg+ 2.1 2.35 2.35 2.8 2.5 CTOKCOBbI, SMIMNPUYECKHE U T.4.
TasLE IIT . ““"-'A‘-‘-an_é H's )
Mean ionic activity coefficient 0.2 gr;""":"""-—-—-a--_“'c'
Tonic Guegen- Lewis- "7 o
concn. Table Approx., heim Randall \*
Electrolyte r Exptl. 11 formula formula tables 04 \
Y n .
HI 0.01  0.927 0.928 0.927 0.927 0.85 ” N
.02 .902 .906 .90 .90 .92 —~ \ A\\
04 870  .875  .865 .865  .803 1 0.6 X Crtrate™ %5;;.___‘._,- [COOIT
1 822 .83 81 .81 .86 POSENN sos- A | %
2 787 .79 .76 .78 815 0.8 N *
HCI .01 028 .928 027 027 N
.02 905 . 906 .90 .90 .82
; gg; gg gé gé 3?5 | Sq1'1a-re root of i.onic stren'gth. \/;1..
Fig. 1.—Individual activity coefficients of ions: drawn
lines represent calculated values, with rounded a; — fig-
Jacob Kielland, J. Am. Chem. Soc., 1937, 59 (9), pp 1675-1678 ures given in Table I. 12
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The mean activity coefficient 7y of an electrolyte XY} is defined as

T:(T:TE)U(MI:]

REFERENCES

Hamer,W. J., and Wu, Y. C., J. Phys. Chem. Ref. Data, 1, 1047, 1972.

Staples, B. R., J. Phys. Chem. Ref. Data, 6, 385, 1977; 10, 767, 1981; 10, 779, 1981.
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.

m/mol kg1

0.001
0.002
0.005
0.010
0.020
0.050
0.100
0.200
0.500
1.000
2.000
5.000
10.000
15.000

AgNO;

0.964
0.950
0.924
0.896
0.859
0.794
0.732
0.656
0.536
0.430
0.316
0.181
0.108
0.085

BaBr,

0.881
0.850
0.785
0.727
0.661
0.573
0.517
0.463
0.435
0.470
0.654

BaC12

0.887
0.849
0.782
0.721
0.653
0.559
0.492
0.436
0.391
0.393

Bﬂlz

0.890
0.853
0.792
0.737
0.678
0.600
0.551
0.520
0.536
0.664
1.242

CaBr,

0.890
0.853
0.791
0.735
0.674
0.594
0.540
0.502
0.500
0.604
1.125
18.7

Mean Activity Coefficient at 25°C

CaCl,

0.888
0.851
0.787
0.727
0.664
0.577
0.517
0.465
0.444
0.495
0.784
5.907
431

MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS A FUNCTION OF CONCENTRATION

where v, 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.
Substanees are arranged in alphabetical order by formula.

Cal,

0.890
0.853
0.791
0.736
0.677
0.600
0.552
0.524
0.554
0.729
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loHHaa accouunauunsd

Contact ion pair
(CIP)

Sovlent-separated ion pairs

og®

(SIP)

0g®

Sovlent-shared (SIF)  Sovlent-separated (251F)

Na**S,04* Cs*™8,04%

1K) pan
—
P.‘. ? "
. . - ,'
N3OS,
(@) (B) 3KcnepuMeHmaJlea;l OuUacHOCMuKa - usmepernue
ConbeaTHo-pasgeneHHas napa ConbeaTHo-HepasAeneHHas napa 3ﬂ€Kﬂ’lp07’lp06OOH0cmu

14



loHHaa accouunauunsd

H.Bbeppym (1926 r.)

BepoaTHoCTb HanTK cocefa (f) Ha NOBEPXHOCTU cpepbl paguyca r

. 1 zz e’ zz.e C—
P(r)=4TCI”20jeXp — L |:> vo.o=-— 0 F< Trin
kT 4mee,r 8nee kT obpasyeTcs MoHHaa napa
P.M. ®yocc (1958 r.)
3 2
Kacc _ 4000nrminNA exp| — Zizje()
3 dnee kTr . (1+ Br . JJI)
Mputsxenne [NonpaBka Ha MOHHYIO cuny
HEJ3JIEKTPOCTATUYECKON
npupoabl
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JlomaluHee 3agaHue - 2

lpynna 1 lpynna 2 lpynna 3 lpynna 4 lpynna 5
m/mol kg! H,S0, m/mol kg1 Na;SOy m/mol kg1 Nal m/mol kgl  HNO; m/molkg! KNO,
0.001 0.804 0.001 0.836 0.001 0.965 0.001 0.965 0.001 0.964
0.002 0.740 0.002 0.846 0.002 0.952 0.002 0.952 0.002 0.950
0.005 0.634 0.005 0.777 0.005 0.928 0.005 0.929 0.005 0.924
oy | 0.010 0.712 0.010 0.904 0.010 0.905 0.010 0.896
0.010 0542 0.020 0.637 0.020 0.874 0.020 0.875 0.020 0.860
0.020 0445 0.050 0.529 0.050 0.827 0.050 0.829 0.050 0.797
0.050 0.323 0.100 0.446 0.100 0.789 0.100 0.792 0.100 0.735
0.100 0.251 0.200 0.366 0.200 0.753 0.200 0.756 0.200 0.662
0.200 0.195 0.500 0268 0.500 0.722 0.500 0.725 0.500 0.546
0.500 0.146 1.000 0.204 1.000 0.734 1.000 0.730 1.000 0.444
1.000 0.125 2.000 0.155 2 000 0.873 2 000 0.738
2.000 0.119 5.000 5.000 1.402 5.000 1.063
5.000 0.197 10.000 10.000 4011 10.000 1.644
10.000 0.527 15.000 15.000 15.000 2212
15.000 1.077 20.000 20.000 20.000 2.607
20.000 1.701

MpuBeaeHbl KO3PPULUNEHTbI AKTUBHOCTU B BOAHbIX PAaCTBOPAX CONEN.
Onpeaenute napameTp BToporo npubnmxkerHus teopumn ebas-Xiokkens.

[MpoaHanu3npymnTe BeAMUYMHbI NApameTpa «a» € y4eTOM CONbBaTaLUN MOHOB.
(mony4uswueca epaguku ¢ noacHeHUAMU nubo npucsinatime Ha noymy, nubo npuHocume c coboli Ha
Hoymb6yKax, umobbl MOX#HO bbla10 MocMompems) 1 6



CnpaBoO4HbIE MaTepuanbl

MEAN ACTIVITY COEFFICIENTS OF ELECTROLYTES AS AFTUNCTION OF CONCENTRATION

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

e (2 p\LilasB)
e v=[vi2)
{ ﬁ: where - and y_are activity coefficients of the mdividual 1ons (which cannot be directly measured). This table gives the mean activity coefficients of
_'. — 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 - Substances are arranged in alphabetical order by formula.
REFERENCES

. Hamer W.]. 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

L bt

anidl 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 0.559 0.600 0.504 0577 0.600
0.100 0.732 0.517 0.492 0.551 0.540 0517 0.552
T T 0200 0.656 0.463 0436 0.520 0.502 0.469 0524
john R, Rumbl 0.500 0.536 0.435 0391 0.536 0.500 0.444 0.554
Ediiardn-Chiel 1.000 0.430 0.470 0.393 0.664 0.604 0.495 0.729
2.000 0316 0.654 1242 1.125 0.784
5.000 0.181 187 5.907
10.000 0.108 431
15.000 0.085
mimol kgl CAdINOy), CAd(NOy), CoBr, CoCly Col, Co(NO3), 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 0.523 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 0.437 0.685 0.532 0.845 0.492 0.540
2000 0.069 0517 1421 0.864 2287 0722 0.485

5.000 0.054 139 553 3338 0454 1 7
10.000 196
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