Theoretical part
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Subject: “Thermodynamics of ion and electron transport”
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» CocraBbTe 3 NMpeaoKeHUs, YIOTPEOIIsis CIIOBAPHBIC CIIOBA.
Examples: We cannot measure the activity coefficients of cations and anions separately.
A theory that accounts for their values in very dilute solutions was developed by Peter Debye and Erich

Hiickel in 1923.

Mean activity coefficient for a salt MX

Mean activity coefficient for a salt MpXq

Debye—Hiickel limiting law:

General expression for the ionic strength:

Overall Gibbs energy of transfer of an ion across a biological membrane:

Main laws, equations and definitions
» I[lpounTaiiTe U 3aNMIINTE PYCCKHE aHAIOTH (BOCTIONB3YHTECh KOHCIIEKTaMU JIEKIUi, Y4eOHUKOM,
UHTEPHETOM).




Practical part and home work
» Pemure 3anauy

LA brief illustration j

The sulfate ion, SOF, is an important source of sulfur used in the synthesis of
the amino acids cysteine and methionine in plants and bacteria. To estimate
the mean activity coethcient for the ions in 0.0010 m Na,SO,(aq) at 25°C, we
begin by evaluating the ionic strength of the solution from eqn 5.5:

I=2{(+1)* % (2x0.0010) + (-2)* % (0.0010)} = 0.0030

Then we use the Debye-Hiickel limiting law (eqn 5.4), with A = 0.509, to cal-
culate log y,:

log 7, =—0.509 % | (+1)(=2) | X (0.0030)"2 = -2 % 0.509 x (0.0030)"?

(This expression evaluates to —0.056.) On taking the antilogarithm of log v
(by using x = 10"°¢*), we conclude that y, = 0.88.

LSeIf-test 5.2 ) Estimate the mean activity coefficient of NaCl in a solution
thatis 0.020 m NaCl(aq) and 0.035 m Ca(NO;),(aq).

Answer: 0.661



