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The EMF Measurements of Microscale Cells Using a 12-Well Plate

HARADA, Shigeharu

For a better understanding of the ionization tendency or ionization series of

metals, the electrical motive force (EMF) measurements of such cells as

M(s) | M(NO3), (1 M) || AgNO3 (1 M) | Ag(s)?
(M ; Ag (n=1), Cu, Pb, Zn (n = 2))

are useful. The micro (small) scale experiments were carried out in some detail by
use of a 12-well plate (see Fig. 1) as a basic study of the teaching materials. The
EMF's of the Ag — Ag, Pb — Ag, and Cu — Ag cells were slightly time-dependent and
stable within 1 mV (Figs. 3, 4, and 5). The EMF of the cell containing Zn, however,
showed a noticeable time-dependence (Fig. 7) and the surface state of Zn electrode
changed. Quick measurements with 1 mV order are therefore preferred in student
experiments.

The stable EMF of the Ag — Ag cell led us to introduce the concentration cell into
an experimental theme for students. The time dependence of EMF of the following
cells was ascertained to be slight (Figs. 10 and 11) as expected.

Ag(s) | AgNOs (L) || AgNOs (R) | Ag(s)
Ag(s) | AgNO;3 (L) in 1 M KNOs || AgNOs (R) in 1 M KNO3 | Ag(s) *
The observed EMFs of the upper cells were in good agreement with the theoretical
ones calculated on the basis of the single ion activity coefficients of Ag* (Table 3).
The observed EMFs of the lower cells also showed a good agreement with the
theoretical ones (Table 4). The latter EMF measurement is one of the most
suitable subjects in electrochemistry experiments for undergraduate students.
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1 The half cells were connected with a 1 M KNOs agar-gel-bridge.
2 The EMF of the cells including 10> M AgNOs varied with time.
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Fig. 1. An Example of the Cell Using 2 Wells (Concentration Cell of Ag|AgNO3)
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Fig. 2. The Cells, M(s) | M(NO3)n (1 M) || AgNO3 (1 M) | Ag(s), Using 5 Wells

M = Cu, Pb, Zn (n = 2), and Al (n = 3)

Table 1.  EMF(E) of the Cells, M(s) | M(NO3)n (1 M) || AgNOs (1 M) | Ag(s)

M Cu Pb 7Zn Al
E/V10.42110.996 | 1.215 | 1.228
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Fig. 3. EMF of Ag(s) |JAgNO; (1 M) || AgNOs (1 M) | Ag(s)
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Cu(s) | Cu(NO3), (1 M) || AgNOs (1 M) | Ag(s) DELTE I DORRIFE(L % Fig. 4 [T 7,

Fig. 4. EMF of Cu(s) | Cu(NO3); (1 M) || AgNO3 (1 M) | Ag(s)
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Pb(s) | Pb(NO3) (1 M) || AgNOs (1 M) | Ag(s) 5 & T Pb(s) | Pb(NO3)2 (1 M) || Cu(NOs).
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Fig. 5. EMF of Pb(s) | Pb(NOs), (1 M) || Fig. 6. EMF of Pb(s) | Pb(NO3) (1 M) ||
AgNO;s (1 M) | Ag(s) Cu(NG3), (1 M) | Cu(s)
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Fig. 7. EMF of Zn(s) | Zn(NOs), (1 M) || Fig. 8. EMF of Zn(s) | Zn(NOs)2 (1 M) ||
AgNO;s (1 M) [ Ag(s) Cu(NOs)2 (1 M) | Cu(s)
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Fig. 9. EMF of Zn(s) | Zn(NOs3), (1 M) ||  Table 2. EMF of Pairs of Half Cells Examined.
Pb(NO3)2 (1 M) | Pb(s)
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310
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Fig. 10. EMF of Ag(s) | AgNOs (L) || AgNOs (R) | Ag(s)

Fig. 10a Ag'(0.1M)-Ag"(1M) Fig. 10b Ag (0.01M)-Ag (1M)
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Fig. 10c Ag'(0.01M)-Ag"(0.1M) Fig. 10d Ag’(0.001M)-Ag"(0.01M)
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Table 3. Comparison Between Experimental and Theoretical EMFs of
Ag(s) | AgNOs (L) || AgNOs (R) [ Ag(s)

L/M R/M Eobsd./mV Eaca|cd,/mV AEmV E°w|cd./mV AE/mV
0.1 1 45.4 49.9 4.5 58.8 13.4
0.01 1 99.0 103.9 4.9 117.5 18.5
0.01 0.1 52.7 54.0 1.3 58.8 6.1
0.001 0.01 55.2 56.9 1.7 58.8 3.6

FPaics. and ESca. Were calculated on the basis of activity and concentration of Ag’,
respectively.
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log f; =

Table 4. Molar Concentration ¢ of AGNO;3 and Single lon Activity Coefficient f; of Ag”

c/M 1 0.1 0.01 0.001
fi 0.527 0.746 0.898 0.965
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Fig. 11.

EMF of Ag(s) | AgNO3 (L) in 1 M KNOs || AgNO3 (R) in 1 M KNO3s| Ag(s)

Fig. 11a. Ag'(1.00x107° M) - Ag"(1.00x 1072 M)

Fig. 11b. Ag'(1.00X 107™* M) - Ag*(1.00 x 1072 M)
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Fig. 11e. Ag'(1.00% 107 M) - Ag"(1.00 X 107° M)
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Table 4. Comparison Between Experimental and Theoretical EMFs of
Ag(s) |AgNOs (L) in 1 M KNOs || AgNO3 (R) in 1 M KNOs | Ag(s)

Figure L/M R/IM Eopsa/MV  Ecaca/mV  AEIMV
11a 1073 1072 59.0 58.1 - 0.9
11b 107 1072 116.8 116.2 ~-0.6
11c 107° 1072 170.3 174.3 4.0
11d 107° 1073 111.7 116.2 4.5
11e 107 1073 57.6 58.1 0.5
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