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348. Substituted Benzidines and Related Compounds as Reagents in
Analytical Chemistry. Part VIL* 3 :3'-Dimethylnaphthidine as
Indicator in the Tutration of Zinc with Ferrocyanide.

By R. BELCHER, A. J. NuttEN, and W. I. STEPHEN.

The properties of 3: 3’-dimethylnaphthidine (4 : 4’-diamino-3 : 3’-di-
methyl-1: 1’-dinaphthyl) as an indicator in the titration of zinc with ferro-
cyanide have been investigated. It is more sensitive than naphthidine and
the end-point can be detected readily even when 0-001M-solutions are used for
the titration.

It has recently been shown (Belcher and Nutten, j., 1951, 547) that naphthidine can be used
as an indicator when zinc is determined by titration with potassium ferrocyanide. Since it
seemed probable that m-substituted naphthidines would behave likewise, the indicator properties
of 3: 3’-dimethylnaphthidine (for preparation, see Fries and Lohmann, Ber., 1921, 54, 2922)
have been investigated. The colour change at the end-point when 0-001M-solutions were used
was equivalent in intensity to that obtained with naphthidine when 0-0lM-solutions were
used; hence it appears to be ten times as sensitive. Moreover, 3 : 3’-dimethylnaphthidine
appears to be more stable in solution than both naphthidine and o-dianisidine, for the end-point
colours obtained with the last two indicators fade after a few hours, whereas that with 3 : 8’-di-
methylnaphthidine only shows signs of fading after a few days.

When the zinc and ferrocyanide solutions were diluted to less than 0-01M., it was found
necessary to dilute the other requisite reagents (sulphuric acid, ammonium sulphate, and
potassium ferricyanide) in order to maintain the same relationships between the zinc and the
ferrocyanide.

Titration results are included in the tables. The end-point is sharp to within one drop. No
indicator correction is necessary.

Titrations using 0-05M-zinc solutions.

0-025M- Back Total 0-06m- 0-025M- Back Total 0-05Mm-
0-05M-Zn K,Fe(CN), titrn.: Zn consumed 0-05M-Zn K Fe(CN), titrn.: %0 consumed
taken added  0-05M-Zn (ml.): taken added ~ 0-05M-Zn (ml.):
(ml.). (ml.). (ml.). Found. Calc. (ml.). (ml.). (ml.). Found. Calc.
25 10 498 2998  30-00 15 25 374 1874 18-75
25 40 5-00 30-00 30-00 10 15 1-24 11-24 11-25
20 30 2-52 22-52  22-50 10 15 1-25 1125 11-25
20 30 2.49 22.49  22-50 5 7-50 0-60 560 563
15 25 3-7 1872 1875 5 7-50 0-63 563 563
Titrations using 0-005M-zinc solutions.
0-005M-  0-0025M-  Back  lotal 0-006m- 0-005M-  0-0025M- Back  Total 0-005M-
Zn  K,Fe(CN), titrn.: Zn consumed Zn  K[Fe(CN), titrn.; Zn consumed
taken added ~ 0-005M-Zn (ml.): taken added ~ 0-006M-Zn (ml.) :
{ml.). (ml.). (ml.). Found. Calc. (ml.). (ml.). (ml.). Found. Calc.
20 30 2.54 22.54 2250 10 15 1-30 11-30  11-25
20 30 2:52 22:52 2250 10 15 1-23 1123 11-25
15 25 3-69 1869 18-75 5 10 2-40 740 7-50
15 25 3-67 1867 1875 5 10 248 748 750
Titrations using 0-001M-zinc solutions.
0-00lM-  0-0005M-  Back  Lotal 0-001m- 0-001M-  0-0005M- Back  Total 0-001m-
Zn  K,Fe(CN), titrn.: Z£n consumed Zn  K,JFe(CN), titrn.: Zn Co‘is“fned
taken added  0-001M-Zn (ml.) taken added ~ 0-001mM-Zn (ml.):
(ml.). (ml.). (ml.). Found. Calc. (ml.). (ml.). (ml.). Found. Calc.
15 25 368 1868 1875 10 15 1-28 11-28 11-25
15 25 3-70 1870 1875 5 10 2.47 747 750
10 15 1-26 11-26 11-25 5 10 2:45 745  17-50
EXPERIMENTAL.

Solutions requived.— Potassium ferrocyanide solution : 0-025, 0-0025, and 0-0006M. The 0-025M-
solution was prepared by dissolving 10-551 g. of potassium ferrocyanide trihydrate and about 0-2 g. of
sodium carbonate in water and diluting to one litre. The trihydrate was obtained by recrystallising
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pure potassium ferrocyanide and drying it to constant weight over a saturated solution of sodium chloride
and sucrose. The weaker solutions were prepared from the stock 0-025m-solution by appropriate
dilution.

Potassium ferricyanide solution : 1, 0-2, and 0-1%. Pure potassium ferricyanide was dissolved in
water and kept in a dark bottle. The solution was prepared fresh daily.

Zinc sulphate solution : 0-05, 0-003, and 0-00lm. The 0-05M-solution was prepared by dissolving
3-269 g. of pure zinc in a slight excess of dilute sulphuric acid and diluting to one litre with water. The
weaker solutions were prepared by appropriate dilution of the stock 0-05M-solution. The concentration
of this solution was checked by determining the zinc as the 8-hydroxyquinoline complex.

Indicator solution. 1 G. of 3:3’-dimethylnaphthidine was dissolved with warming in 100 ml. of
glacial acetic acid.

Procedure.—Titrations using 0-05M-zinc solutions. The test solution containing zinc was treated
with sufficient 2n-sulphuric acid to make its concentration about IN. in a volume of 50 ml., and
109, ammonium sulphate solution was added to give a total concentration of 1 g. in 50 ml. Four drops
of 19, potassium ferricyanide and two drops of indicator were added to this volume. A 10—209%,
excess of potassium ferrocyanide was run in rapidly with vigorous stirring. After a minute the solution
became greyish-green and the excess of ferrocyanide was titrated with standard zinc solution to a change
to purple-red.

Titrations using 0-006M-zinc solutions. The procedure described above was repeated except that the
final concentration of sulphuric acid in 50 ml. was reduced to 0-2N., and that of ammonium sulphate to
0-4%,. Four drops of 0-2%, potassium ferricyanide solution and two drops of the indicator were added,
and the titration carried out as above.

Titrations using 0-001M-zinc solutions. In this case the final concentration of sulphuric acid in 50 ml.
was 0-1N., and that of ammonium sulphate was 0-29%,. Four drops of 0-19, potassium ferricyanide and
two drops of the indicator were added.
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