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Encouragement for Chemical Thermodynamics V

Yoshihiko HIGUCHI*

Synopsis: The reactivity of the materials depends on the concentration in the solution because

interactions exist between the materials. Therefore, effective concentration, that is, activity is used

instead of concentration or mole fraction. In general, the relationship between the activity and the mole

fraction is examined with time-consuming and elaborate experiments. Gibbs-Duhem equation enables

the conversion of the activity of one material into that of the other material using integral operation.

The time and effort of the experiments could be saved using the equation. In the present report, the

procedures for applying the equation are introduced from the fundamental equations to the calculation

of the examples.
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G=G_1'n1+6_2'n2"’+6i'ni"‘ (3)

dG = Gl'dnl+G_2'dn2"‘+G_i'dni"‘
+ d51n1+d52n2+d0_lnl (4)
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d51 =R-T-loge(a;) =R T -loge(y, - Ny) €©))
dG, = R-T-loge(az) =R T -loge(y, - No) (10)
N, - dlog.(a;) + N, - dlog.(a,) =0 (11)

N; - dloge(y1 - Np) + Ny - dloge (v, - N)

Ny - dloge(y1) + N, - dloge(y2)
+N1 " dloge(Nl) + Nz ' dloge(Nz) =0 (12)
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= Nl : dloge(Nl) + N2 : dloge(Nz) = 0 (15)

N; - dloge(y1) + N, - dloge(y,) =0 (16)
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Table 1 Relation between mole fraction and
activity of Zn in Cu-Zn binary system(1373K).

Nzq
0.000
0.050
0.110
0.310
0.520
0.730
0.820
0.900

Y zn
0.100
0.100
0.145
0.319
0.558
0.836
0.915
0.967

1

azn
0.000
0.005
0.016
0.099
0.290
0.610
0.750
0.870
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Fig.1 Relationship between activity and mole
fraction (Cu-Zn system at 1373K).
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Fig.2 Relationship between Nzn/Ncu and
—loge(y zn) (Cu-Zn system at 1373K).
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—R T -log.(y;) = a* N,* (20)
—R-T-dlog.(y;) = 2a- N, - dN, (21)
—R T dloge(y;) = !+ dloge(y:)

Ny
= —N— 2a'N2 sz = _Nl 2a- (_le)
2
=2a-N,-dN, = a-d(N,?) (22)
—R T -log.(y,) = a- N;* (23)

3.0

Cu--Zn alloy at 1373K
O 7/Zn . Ycu

0.0 —
0.2 04 0.6 0.8
N¢2 or Ng2

Fig.3 Relationship between activity coefficient
and mole fraction (Cu-Zn system at 1373K).
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—loge(y1) = a- Nz2 +b 'Nz3 (23)

—dlog.(y,) = (2a- N, + 3b- N,*)dN, (24)

Ny
_dloge(yz) =5 dloge(y1)

-(2a- N, +3b- N,?)dN,
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=N, -{2a+3b-(1—N,)}-dN,
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—log.(y,) = <a + §b> “N;2=b-N;? (26)
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AGM =R T -log.(a;)
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AHM =R -T -log.(y;) (31)
ASM = —R -log.(X;) (32)
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Fig.4 Phase diagram of Ag-Si binary system.
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Fig.5 Relation between ¥s; and Ns;

in Ag-Si binary system at 1693K.
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Fig.6 Relation between —loge(ysi and Nsi/ Nag
in Ag-Si binary system at 1693K.
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Fig.7 Relation between ¥si and Ns;
in Ag-Si binary system at 1693K.



