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Table 5. The determination of chloride in hydroxylammonium
chloride
Trial Talken Taken AgNO3 Found Average and
number NHZOH'HCI KC1 AgNO3 standard
o 0. ml. N deviation
1 0.3490  L46.43 0.1008
2 0.34%10 45,37 0.1008 0.1009
3 0.3569 47,22 0.101k ¢ = 0.00023
4 0.3615 48.18 0.1007 or
5 0.3420 45,15 0.1007 2.3 p.p.t.
6 0.3528 46.88 0.1009
Found
NHQOH'HCl
%
7 0.3177 45,40 100.2 100,19
0.3303 46.97 99.7 ¢ = 0.30
9 0.3201 45.81 100. k4 or
10 0.3480 49,80 100.3 3.0 p.p.t.

equal intensity at 286.5 and 293 my., and a much stronger

maximum just out of the range of the spectrophotometer on the

short wavelength side.

The basic form of the phenol, the

potassium salt, also had two maxima, one at 246 my. and the

other at 312 mu., the former being the most intense. A third

maximum was present at about 200 my., but its exaet position

was in doubt, because of its location near the limit of the

spectrophotometer.
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Curves 1 and 3 in Figure 13 were obtained on nearly
saturated solutions of 2,4,6-trichlorophenol. Light absorption
of the basic form began at 350 mu., while the acid form
started to absorb at 340 mu. The useful region for absorption
studies using 2,4,6-trichlorophencl as a buffer was thus found
to be above 350 mu., but extending all the way through the
visible region of the spectrum.

The presence of hydroxylammonium chloride, as a 1 per
cent solution, had no effect on the ultraviolet absorption
spectra of 2,4,6-trichlorophenol and its sodium salt, except
where the light absorption by the amine occurred below 240
mu. This absorption was very slight, but indicated that
hydroxylammonium chloride-hydroxylamine buffers can be used
only above 240 mu. The presence of potassium chloride in
0.1000 M concentration had no effect upon the spectra of
hydroxylamine, hydroxylammonium chloride, 2,4,6-trichlorophenol
and the scdium salt of the latter.

When absolute ethanol was used as the solvent, spectra
similar to the ones reported in Figure 13 were obtained for
the halogenated phenol. However, all of the maxima were
shifted slightly to longer wavelengths and were more intense,
when compared to those of aqueous solutions. For 2,4,6-
trichlorophenol, maxima occurred at 290 and 297 mx., with
nearly equal molar absorptivities of 2.7 x 103. The maximum

at 297 my., was less intense than the one at 290 mu« by less
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than 1 part per hundred. The three maxima In the spectrum

of the potassium salt of 2,4,6-trichlorophenocl occurred at
319, 249 and 222 mu. The latter two peaks were very intense.
The molar absorptivity at 319 mu. was found to be 5.4 x 10°.
As was to be expected, the solvent had some effect upon the
absorption spectra, but the similarity of the spectra has
shown similar species to be present in the two solvents, water
and ethyl alcohol.

The sclution used to measure the extent of the stability
of basic aqueous solutions of 2,4,6-trichlorophenol contained
0.0722 g. of the free phenol per liter, and an excess of
potassium hydroxide. The spectrum of the solution was run
5 times over a 7 week period, the duration of the study. The
shape of the spectrum did not change during this time. The
molar absorptivity at the absorption maximum at 312 mx«. was
constant at 4.78 x 103, within the limits of the accuracy of
reading the absorbance values. The potassium salt of 2,4,6-
trichlorophenol was thus seen to be stable in basic aqueous
solutions for at least 7 weeks.

The composition of the solutions used to determine the
extent to which aqueous solutions of 2,#,6-trichlor0phenol and
its potassium salt obeyed Beer's Law are reported in Table 6.
When the solutions were prepared, various portions of the
stock solution of 2,4,6-trichlorophenol, 0.2158 g./liter, were

placed in separate 50 ml. volumetric flasks. To the flasks
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Table 6. Composition of the solutions used to determine
Beer's Law data for 2,%,6-trichlorophenol

Free phenol Potassium salt

Solution Stock HC1 Solution Stock
number solution ml. number solution

ml. ml.

1 48.00 2.00 11 2L.00

2 45,00 2.00 12 21.50

3 40.00 2.00 13 - 18.00

L 35.00 2.00 14 15.50

5 30.00 2.00 15 13.00

6 25.00 1.00 16 10.50

7 20.00 1.00 17 . 8.00

8 15.C0 1.00 18 6.00

9 10.00 1.00 19 4,00

10 5.00 1.00 20 2.C0

indicated, 0.09702 N hydrochloric acid was added and then all
of the flasks were diluted to volume with 0.1000 M potassium
chloride. The absorption spectra of the solutions were then
determined against a 0.1000 M potassium chloride solution as
a blank.

Beer's Law plots prepared from the spectra of the solu-
tions described in Table 6, were obtained as shown in Figure
14. At this concentration range, both 2,4,6-trichlorophenol
and its potassium salt were found to obey'Beer's Law at the

i absorption maxima of their spectra, 246, 287, 293 and 312
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mu. At the concentration used, 2,4,6-trichlorophenol absorbed
almost no light at 312 m«., and hence no attempt was made to
make a plot at that wavelength. Also, because of the large
slope of the spectrum of 2,4,6-trichlorophenocl at 246 m.,

the data for the phenol were‘scattered, but left little doubt
but that it obeyed Beer's Law. At 293 mu«., -the Beer's Law
plot for the free phenol was found to be almost identical with
the one at 287 mu. The slope was slightly less, yielding

¢ = 2170. All of the ¢ values given were calculated from
the slopes of the corresponding 1ines:

Careful examination of the spectra in Figure 13 indicated
that the light absorption of both 2,4,6-trichlorophenol and
its potassium salt was nearly identical in the region of 294
mwv. This was verified from the presentation in Figure 1k.

The molar absorptivities at 293 m.. were very similar, 2170
and 2038, respectively, and indicated that this absorption
maximum was unsuitable for the studies to follow.

Data, further describing the solutions and their
properties used to determine the pK  of 2,4,6-trichlorophenol,
were obtained for the studies at 312, 286.5 and 246 my. as
shown in Tables 7, 8 and 9, respectively. In addition to
0.1000 M potassium chloride, the blanks contained only the
buffer solution.

Not all of the solutions deseribed, however, yielded
data that could be used. Solution 10 gave definite evidence
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Table 7. Data for the determination at 312 m«. of the pKa
of 2,4,6-trichlorophenol

Solu- 0.0971 0,100 H,0 A at pH pH pH
gig? gi?Cl gi§0H m1. 312 Due Trial 1 Trial 2 Trial
ber
1 5.00 0.005 2.38 2.38 2.38
2 2.00 0.005 2.63 2.65
3 1.00 0.008 3.28 3.23 3.30
L 1.50 0.011 3.56 3.54 3.54
5 2.00  0.038  4.16 417  4.18
6 2.50 0.262 5.10 5.08 5.09
7 3.00 0.580 5.52 5.52 5.54
8 3.50 0.985 5.90 5.90 5.91
9 4,00 1.423 6.21 6.21 6.22
10 6.00 1.00 2.350 7.57 7.51 7.57
11 8.00 3.00 2.345 10.8L 10.85 10.84
12 Blank
13 3.25 0.837 5.75 5. 74 5.7k
1k 3.75 1.235 6.07 6.07 6.07
15 L.25 1.655 6.42 642 6.42
16 4,50 1.865 6.64 6.63 6.63
17 4.75 2.075  6.97 6.94 6.94
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Table 8., Data for the determination at 286.5 mu. of the oK,
of 2,4,6-trichlorophenol

Solu- 0.0971 0.100 H,0 A at pH pH pH
tion N HC1 N KOH 286.5 mw Trial 1 Trial 2 Trial

num- ml. ml,

ber

18 5.00 2.297 2.43 2.43 2.43
19 2.00 2.295 2.73 2.73 2.73
20 1.00 2.285 3.58 3.58 3.59
21 1.50 2.265 4.33 k.33 4.30°
22 2.00 2.175 5.17 5.18 5.15
23 2.25 2.080 5.51 5,54 5.50
2k 2.50 2.025 5.58 5.6k 5.63
25 2.75 1.950 5.70 5.72 5.73
26 3.00 1.892 5.87 5.87 5.87
27 3.25 1.800 6.02 6.02 6.03
28 3.50 1.730 6.13 6.14 6.1%
29 3.75 1.655 6.27 6.28 6.28
30 4.00 1.582 6.40 6.41 6.41
31 4.50 1.430 6.80 6.82 6.83
32 6.00 1.00 1.315 10. 6k 10,6k 10.65
33 8.00 3.00 1.320 11.20 11.22 11.23

3k Blank
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Table 9. Data for the determination at 246 m.. of the K,
of 2,4,6-trichlorophenol
Solu- 0.0971 0.100 H,0 A at pH pH pH
;ig? Nﬁf?l Nm%?H ml. 246 m», Trial 1 Trial 2 Trial
ber
35 5.00 0.010 2.42 2,40 2.37
36 2.00 0.025 2.79 2.77 2.73
37 1.50 0.458 5.47 547 5.45
38 2.00 0.790 5.82 5.80 5.80
39 2.25 0.895 5.89 5.89 5.88
Lo 2.50 0.972 5.97 5.96 5.95
41 2.70 1.012 5.98 5.98 5.98
L2 3.05 1.225 6.17 6.14 6.17
43 3.25 1.335 6.24 6.24 6.2k
Ll 3.50 1.455 6.37 6.37 6.37
L5 3.75 1.575 6.48 6.48 6.48
L6 4.00 1.695 6.61 6.61 6.61
47 4.50 1.940 6.90 6.89 6.89
L8 6.00 1.00 2.265 10.66 10.60 10.68
49 8,00 3.00 2.320 11.22 11.20 11.27
50 Blank
51 2.00 2.00 2,160 11.02 11.10
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of the decomposition of hydroxylamine in a basic solution as
indicated by its unexpectedly low pH. Solution 48, as well

as solution 49, yielded evidence that pointed in the same
direction, an unexpectedly high absorption of ultraviolet
light of short wavelength. In fact a maximum did not occur

at the expected position, 246 m«, but occurred at a slightly
shorter wavelength. Although the decomposition was not great
enough to effect the pH, the products of the decomposition
absorbed light strongly in the region of the study. The
spectrum of solution 51, which was prepared without the buffer,
was of the expected shape and intensity. The random variation
of pH values between the 3 trials run on each solution, in-
dicated the necessity of careful cleansing practices while
measuring the pH values of a series of solutions. The value
recorded for trial 3 was a corrected one if the calibration

of the pH meter was found to be incorrect. When the data were
graphed to determine the numerical value of pKa of 2,4,6-
trichlorophenol, only the trial 3 pH values were used.

The spectra of the solutions deseribed above varied with
pH, as shown for the 3 wavelengths followed, 312, 286.5 and
246 mw, in Figures 15, 16, and 17, respectively. The complete
data are shown plotted in the small insert in each graph,
while only the most important region is shown on a large
scale. Well defined linear regions were found to exist within

the pH range of 5.0 to 7.0 as is shown in each of the figures.
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Thus, the pH values at which equal concentrations of 2,4,6-
trichlorophenol and its potassium salt were present were
readily determined by the intersection of two straight lines.
The points of intersection were calculated through the use
of similar triangles, to relieve some of the human error in
observing the polnts of intersection of non-perpendicular
lines.

At 312, 286.5 and 246 m«., values of 6.019, 6.016 and
6.044, respectively, were obtained for the pK_ of 2,4 ,6-
trichlorophenol at 25.0° and an ionic strength of O.lOOO.

An average value of 6.026, with a standard deviation of 0.015,
was calculated. Using the average value, the numerical value
of the constant was then found to be 9.42 x 10'7, which fell
within the range of values, 1.1 x 1077 to 3.2 x 10'6, reported
in the literature (32, 40, 48, 54, 55). The standard devia-
tion indicated that there was about 3 per cent error in the
experimental value of the ionization constant found in this
work. Ity of course, must be noted that some of the literature
values were reported for conditions of temperature and ionie
strength different from 25.0° and 0.100, but none of the
differences were great enough to explain the differences in
values.

The important data obtained in the study conecerning the
extent to which 2-nitroso-l-naphthol-k-sulfonic acid and its

disodium salt obeyed Beer's Law are predominantly reported
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in Table 10. When the solutions were prepared, various por-
tions of the stock solution of 2-nitroso-l-naphthol-k-sulfonic
acid, 0.1703 g. of the tetrahydrate per liter, were transferred
to 50 ml. volumetrie flasks. After 0.1209 N sodium hydroxide
(average of 6 values with standard deviation of 1.4 parts

per thousand) was added to the flasks indicated, all of the
solutions were diluted to volume with deionized water. The
absorption spectra of the solutions were measured against a
deionized water blank.

Not all of the data obtained is reported in Table 10.
The data for the other absorption maxima, and the other wave-
length used in the experiments to follow, are reported
graphically in Figure 18. Beer's Law was obeyed at all wave-
lengths. The & values reported in Figure 18, as well as
those mentioned earlier in Table 3, were calculated from the
slopes of the lines.

An absorption minimum at 362 m«. was one wavelength
chosen for the following experiments, in preference to 347
m,., since the broad band in the spectrum of 2-nitroso-1-
naphthol-k-sulfonic acid extended from 347 m.. to a point
above 362 L (see Figures 9 and 10). Also, 347 m« was at
the lower wavelength 1limit for use of 2,4,6-trichlorophenol
as a buffer in spectrophotometriec work. The absorption
maximum at 430 my. was the only other useful wavelength and

it was also used to determine the pKa2 of 2-nitroso-l-naphthol-
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Table 10, Data used to determine the extent to which 2-
nitroso-l-naphthol-4-sulfonic acid obeyed
Beer's Law

Solu-~ Stock 0.1209 A at A at A at A at A at
tion solu- N NaOH 261 232 271 292 322

gg?- ﬁﬁ;i?n ml. mu. Mo Muse me. mx.
1 45.00  3.00
2 40.00  3.00

3 35.00 3.00 3.250
L 30.00  3.00 2.795
5 25.00 - 3.00 2.925 3.390 2.320
6 20.00  3.00 3.38  2.340 2.700 1.860
7 15.00  3.00 2,550 1.755 2.035 1.400
8 10.00  3.00 1.685 1.160 1.345 0.925
9 5.00  3.00 0.845 0.580 0.675 0.463
10 3.00  3.00 0.493 0.340 0.398 0.275

11 1.00  3.00 0.160 0.110 0.130 0.090

12 1.00 0.258

13 3.00 0.810

14 5.00 1.360

15 10.00 2,74

16 15.00

17 20.00

18 25.00

19 30.00

20 35.00

40.00

N
[
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Table 10. (Continued)

Solution number Stock solution ml.
22 45,00
23 50.00

4-sulfonic acid.

Data, further describing the solutions and their prop-
erties used to determine the pKa, of 2-nitroso-l-naphthol-b-
sulfonic acid, were obtained for the studies at 362 and 430
mys as shown in Tables 11 and 12, respectively. The blanks
contained only 0.1000 M potassium chloride. Solution 15
contained the buffer, but no nitroso compound.

Not all of the solutions described, however, yielded data
that could be used. Solutions 1 through 5 developed pre-
cipitates of the halogenated phenol. Solutions 17 through 20
were therefore prepared containing none of the buffer. Solu-
“tion 21 also developed a small amount of precipitate, but it
was decanted from the solid and used anyway.

The spectra of the solutions varied with pH, as shown
in Figures 19 and 20 for the 2 wavelengths followed, 362 and
430 me , respectivély. The complete data are shown plotted
in the small insert in each graph, while only the most
important region is shown on a large scale. Well defined

linear regions were found to exist within the pH range of 5.5
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Data for the determination at 362 m« of the

of 2-nitroso-l-naphthol-k-sulfonic acid

PKag

tion N L NEI N ¥oR 2210 365" Prisl Thial Thlal
22?- ml. ml. ml. T Mg 2 3

1 7.45 4,00 Precipitate formed

2 5.45 2.00 Precipitate formed

3 3.00 Precipitate formed

L 2.60 Precipitate formed

5 2.20 Precipitate formed

6 1.80 2.058 5.89 5.90 5.89
7 1.40 1.988 6.03 6.04 6.05
8 1.00 1.930 6.20 6.22 6.20
9 0.60 1.865 6.37 6.39 6.37
10 0.20 1.790 6.54 6.56 6.55
11 0.20 1.705 6.78 6.79 6.78
12 0.50 1.640 7.00 7.00 7.00
13 2.00 1.50 1.530 10.79  10.78 10.76
1k 5.00 0.50 1.530 11.k2 11.43 11.43
15 0.000

16 Blank

17 5.00 2.285 2.4%0 2.40 2.38
18 2.00 2.287 2.73 2.72 2.72
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Table 12. Data for the determination at 430 m«. of the pKa
of 2-nitroso-l-naphthol-4-sulfonic acid

Solu- 0.0971 0.1000 0.100 H,0 A at pH pH pH
tlon NHI1 NH1 NEKOH 7 1430 Trial Trial Trial
gg?- ml. ml, ml. Mae 1 2 3
19 5.00 0.489 2.39 2.39 2.39
20 2.00 0.195 2.74 2.73 2.73
21 2.20 0.996 5.82 5.83 5.81
22 1.80 1.165 5.99 6.01 5.98
23 1.40 1.335 6.1 6.1 6.1k
2Y 1.00 1.515 6.33  6.34  6.33
25 0.60 1.720 6.52 6.53 6.52
26 0.20 1.933 6.83 6.83 6.80
27 0.20 0.20 2.175 7.30 7.30 7.30
28 0.50 2.317 9.27 9.19 9.21
29 2.00 1.50 2.335 11.01 10.99 11.01
30 5.00 4.50 2,335 11.46 11.48 11.L9
31 Blank |

to 7.0 as shown in the figures. Thus, the pH values at which
equal concentrations of the 2-nitroso-l-naphthol-k-sulfonate
anion and its potassium salt were present were readily deter-
mined by the intersection of straight lines. As before, the
points of intersectlon were calculated by using similar tri-
angles.

At 362 and %30um . values of 6.254 and 6.222, respective-
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1y, were obtained for the pKa, of 2-nitroso-l-naphthol-L-
sulfonic acid. An average value of 6.238 was caleculated for
the pKa2, which yielded Ka, = 5.78 x 10'7. When the average
deviation of 0.016 for the pKa, was considered to be in-
-dicative of the uncertainty in the measurement, an uncertain%&
3.6 per cent was calculated for Ka,. Thus Ka, = (5.78 % 0.21)
X 10’7, at 25.00° in a solution with an ionic strength of
0.100. The value for Ka, reported by the Russians (56, 57)

of 8.2 x 10'7 is of the same order. DNothing can be said con-

cerning the latter value, except that it was reported.

D. The Reaction with Cobalt(II)

1. Method of approach

In as much as the reaction between cobalt(II) and 2-ni-
troso-1l-naphthol-k-sulfonic acid has already been studied
(61) with respect to addition of reagents, optimum conditions
of pH and interfering ions, now thét pure reageﬁt has been
prepared, the stoichiometry of the reaction can be determined.

Job's method of continuous variations (39, 60), the
desirable method for reactions with large formation constants,
was used to determine the stoichiometry. The formation
constant of the complex had to be large, since only a slight
excess of reagent is necessary to cause the complex to obey
Beer's Law. The studies were done at a constant ionic

strength of 0.100 and at 25.0°,
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2. Reagents

Most of the reagents used have been described in earlier
sections.

The sodium perchlorate used Qas reagent grade (G.
Fréderick Smith Chemical Company) and contained 13.22 per cent
moisture as determined by loss on drying. The apparent
molecular weight was therefore 1hl.1.

A 0.1000 M solution of sodium perchlorate was prepared
by dissolving the solid, 28.2272 g., in delonized water and
diluting the resulting solution to a volume of 2 liters with
more deionized water.

Portions of 2-nitroso-l-naphthol-4-sulfonic acid tetra-
hydrate, 0.3253 g., and sodium perchlorate, 14,1111 g., were
dissolved in deionized water. The resulting solution was
dilufed to a volume of 1 liter with deionized water and was
then 0.001000 M in 2-nitroso-l-naphthol-k-sulfonic acid and
0.1000 M in sodium perchlorate.

The anhydrous cobalt(II) sulfate used was iron and
nickel free. Its preparation was previously deseribed (24).

A standard cobalt(II) sulfate solution was prepared by
dissolving portions of the anhydrous solid, 0.1550 g., and
sodiumlperchlorate, 14.1120 g., in deionized water. The
resulting solution was diluted to a volume of 1 liter with
more deionized water and was then 0.1000 M in sodium per-

chlorate and 0.001000 M in cobalt(II) sulfate.
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A phosphate buffer solution was prepared by dissolving
dried disodium hydrogen phosphate, 7.0998 g., in deionized
water and then adding enough 0.0971 N hydrochloric acid to
adjust the pH to 8.0. The solution was diluted to a volume
of 1 liter and was 0.0500 M in disodium hydrogen phosphate.

3. Eguipment

All of the equipment used has been previously described

in earlier sections.

., Pro;edg;e

The choice of pH for the continuous variations study was
very critical. If the study was made at pH 7.0, the pH used
by Wise and Brandt (61), an appreciable amount of the naphthol
hydrogen would remain unionized. On the other hand, if the
pH of the solutions used was too high cobalt hydroxide would
precipitate. A pH high enough to ionize completely the second
acid hydrogen of 2-nitroso-l-naphthol-k-sulfonic acid and yet
not high enough to precipitate cobalt hydroxide was desirable.

Although the cobalt complex was found to be stable by
Wise and Brandt in the presence of an excess of reagent between
pH 6 and pH 10, its stability with respect to pH was not known
in the presence of excess cobalt. The effeect of pH upon the
formation of the complex in the presence of excess cobalt was

first determined.
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A series of solutions was prepared by transferring 10.00
ml. portions of 0.001000 M cobalt(II) sulfate (in 0.1000 M
sodium perchlorate) and 10.00 ml. portions of 0.001000 M .
2-nitroso-l-naphthol-k-sulfonic acid (in 0.1000 M sodium
perchlorate) into each of several beakers. Each solution was
diluted to about 70 ml. with 0.1000 M sodium perchlorate and
then using the pH meter the pH was adjusted to a desired vaiue
with 0.0971 N hydrochloric acid or 0.1209 N sodium hydroxide
(average of 6 values with a standard deviation of 1.4 parts
per thousand). The solution was transferred to a 100 ml.
volumetric flask, diluted to volume with 0.1000 M sodium
perchlorate, made homogeneous, and its spectrum determined.
The pH of each was redetermined. The highest pH at which
cobalt hydroxide did not precipitate was chosen for the con-
tinuous variations study.

For the continuous variations study, another series of
solutions was prepared by transferring into each of several
beakers measured portions of both 0.001000 M cobalt(II)
sulfate (in 0.1000 M sodium perchlorate) and 0.001000 M
2-nitroso-l-naphthol-k-sulfonic acid (in 0.1000 M sodium per-
chlorate). A volume, 10.00 ml., of the 0.0500 M disodium
hydrogen phosphate buffer was added to each. Enough 0.1000
M sodium perchlorate was added to bring the volumes to about
70 ml. each. Using the pH meter, the pH was adjusted to
8.0 + 0.05 with 0.1209 N sodium hydroxide (same as above).
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Each solution was then transferred to a 100 ml. volumetrilec
flask, diluted to volume with 0.1000 M sodium perchlorate,
made homogeneous, and placed in the constant temperature bath
at 25.0°, The visible spectrum of every solution was deter-
mined as previously deseribed for the other studies at
constant temperature. The pH was then determined again on
several of the solutions.

The ultraviolet spectrum of one of the solutions con-
taining an excess of cobalt(II) sulfate over 2-nitroso-l-
naphthol-kt-sulfonic acid was determined in order to evaluate

the spectrum of the cobalt complex.
5. Results

The effect of pH upon the formation of the complex in the
presence of excess cobalt(II) was readily determined. Part
of the data 1s summarized in Table 13. Spectral data at other
wévelengths varied in identical manners and were not ineluded.
From the data in Table 13 it was apparent that the complex
formed at a pH 5.1 or above. Solutions number 40, 41 and 42
gavg evidence that precipitation of cobalt hydroxide occurred
between pH 8.1 and 8.7 and that it was very appreeiable above
pH 8.7. A pH 8.0 was chosen for the continuous variations
study to follow. At pH 8.00, the naphthol hydrogen of 2-
nitroso-l-naphthol-k-sulfonic acid was calculated to be 98.3

per cent ionized.
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Table 13. The data used to determine the effect of pH upon
the formation of the cobalt complex in the
presence of excess cobalt

Solution pH pH after A at A at

number gffgifon gugn%ﬁg 500 mu. 370 mu.

32 3.1 4,0 0.010 0,430
33 3.2 3.9 0.339 0.917
3k 3.6 k.2 0.384 0.990
35 4.3 5.1 0.423 1.055
36 5.0 5.4 0.423 1.055
37 5.7 6.0 0,423 1.055
38 7.1 6.5 0.423 1.059
39 8.8 73 0.423 . 1.055%
40 10,k 9.9 0.450 1.070
41 8.6 8.1 0.423 1.060
h2v 9.15 8.7 0. 440 1.075

Table 13 also yielded other information of importance.

The solutions were not stable with respect to pH between the

time preceding dilution to volume until after the spectra were

read. Obviously, in order to have meaningful results in a

continuous variations study, the pH would have to be controlled.

Since orthophosphate does not interfere with the formation of

the complex (61), a 0.00500 M phosphate buffer was used.

Part of the data obtained during the continuous variations

study is given in Table 1k.

In order that a wavelength was
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Table 14, Data related to the continuous variations study
of the reaction of cobalt(II) with 2-nitroso-
l-naphthol-k-sulfonic acid

Solu- 0.001 M 0.001 M A at Aat Aat Aat A at
tion reagent Co(II) 365 490 525 565 600
num- ml. ml., My  Mue mue Do m v
ber
43 40,00 0.00 1.210 0.845 0.057 0.037 0.020
Ly 36.00 4,00 2.015 1.005 0.550 0.390 0.143

45 32.00 8.00 2.775 1.175 1.020 0.720 0.265

46 28.00 12.00 2.880 1.150 1.120 0.780 0.280
47 24,00 16.00 2.470 0.995 0.965 0.680 0.255

48 20,00 20.00 2.070 0.835 0.810 0.575 0.213
49 16.00 24.00 1.670 0.673 0.650 0.465 0.170
50 12.00 28.00 1.290 0.520 0.505 0.362 0.137
51 8.00 32.00 0.885 0.360 0.345 0.252 0.097
52 L,00 36.00 0.500 0.200 0.185 0.140 0.060
53 0.00 40.00 . Precipitate formed

54 39.00 1.00 1.420 0.890 0.185 0.128 0.052
55 38.00 2.00 1.610 0.930 0.310l 0.220 0,090
56 37.00 3.00 1.820 0.975 0.432 0.305 0.120
57 0.00 40.00 0.060 0.020 0.015 0.012 0.015
58 0.00 0.00 Blank Blank Blank Blank Blank

chosen for the preparation of a Job's Plot, it had to give
maximum change in absorbance from one solution to the next
and 1t also had to be in such a position that the slope of

the spectral curve at the point was near zero. Data for
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other wavelengths were not considered.
Figure 21 contains the Job's Plots prepared from the data
reported in Table 1%, In the preparation of the plots the

‘Treaction

cot? + n B2 P — CoBi'Qn (5)

was considered, where R'2 was used as a symbol for the
completely neutralized 2-nitroso-l-naphthol-k-sulfonic acid.
Thus the fraction, x, of 2-nitroso-l-naphthol-k-sulfonic acid

=9

in the system was related to n by the relationship

n = —= (6)

at the particular x where the absorbance difference, AA, was
a maximum. The curves in Figure 21 indicated that x = 0.75
and n = 3,

Equation 5 thus became

co*? + 3 R —> cor]" (7)

for which the formation constant was written:
[CoRgu]
K, = - .
o (o] (r™2]3

Using the method so beautifully described by Diehl and

(8)

Lindstrom (25), K, was evaluated from the Job's Plots shown
in Figure 21. The fraction of the complex dissociated, d, was
determined. Then
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[co™] =ac, (9)
[R2] =3 [c0*®]=34ac, , (10)
and [CoR3*] = 1 - a) ¢ (11)

where Cl was the maximum concentration of the complex that
could exist in the solution for which x = 0.75, if the reac-
tion as shown by Equation 7 was quantitative.

Combining Equations 8, 9, 10 and 11, yielded

Kp = ——§—|+————27 z -C:% (12)
which could be used to evaluate Kf if 4 was known.

The fraction of the complex dissociated, d, was determined
from the Job's Plots shown in Figure 21. Each of the linear
portions of a plot was extended until the extensions inter-
sected. This pair of intersecting lines represented the plot
that would have been obtained if the reaction shown by Equa-
tion 7 was quantitative. The value of d was determined by
dividing the distance between the point of intersection of
the two lines and the experimentally determined maximum by
the distance between the point of intersection of the two
lines and the x axis. Values of 4 of 0.081, 0.075, 0.08%,
0.101 and 0.09% were obtained at 365, 490, 525, 565 and 600
m ., respectively. The avefage value obtained for 4 was 0.087
with a standard deviation of 0.010%. In nine out of ten times
the true average 4 would thus fall within 0.087 + 0.011.
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Using d = 0.087 + 0.011, the log K, was found to be 14.77 %
0.21 at 25.0° and an ionic strength of 0.1000. The value
obtained was of the same order as that obtained for the
copper(II) and nickel(II) complexes (56, 57).

| The spectrum of the cobalt(II) complex of 2-nitroso-
l-naphthol-4-sulfonic acid was determined on solution number
51 and is reported in Figure 22. Sharp maxima occurred at
246, 306 and 368 mu. A broad maximum occurred between 490
and 525 mu., with a shoulder at 565 m#. Another maximum was
indicated just below 210 mu., beyond the lower limit of the

spectrophotometer.,
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IV. SUMMARY AND CONCLUSIONS

2-Nitroso-l-naphthol-k-sulfonic acid was prepared by the
method of Witt and Kaufmann (62). A great deal of difficulty
arose in the purification of the material, particularly with
respect to removal of a red colored species. A new method
of preparation was devised that changed the method of Witt and
Kaufmann in two ways. The starting material, 1-naphthol-l-
sulfonic acid, was purified by recrystallizing its p-tolyl-
ammonium salt from dilute hydrochloric acid followed by re-
moval of the amine by extraction of a basic, aqueous solution
of the salt with diethyl ether. ' The second change oceurred
during purification of the product. In addition to re-
crystallization from hydrochloric acid solution, recrystal-
lization from anhydrous 1l:1 acetone-benzene was utilized.
During the latter recrystallizations, moisture from the at-
mosphere was absorbed by the solution to precipitate the pure
solid as a hydrate. The product was the same from either
method of recrystallization, and was in a very pure form.

The work of Witt and Kaufmann (62) indicated that the
alr dried 2-nitroso-l-naphthol-E:sulfonic acid lost 3 1/2
molecules of water of hydration upon drying at 115°. Elemental
analysis of the residue led them to believe the air dried
acid was the 3 1/2 hydrate. The loss of moisture correspond-
ing to 3 1/2 molecules of water, when dried at 115°, was con-

firmed, but further heating at the same temperature indicated
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decomposition and further loss in weight. The neutralization
equivalent and elemental analysis of the air dried material
indiecated that it was actually a tetrahydrate. This was
verified by preparing the anhydrous solid by drying the air
dried material for several months, at room temperature, over
anhydrous magnesium perchlorate. The infréred and visible-
ultraviolet absorption spectra of 2-nitroso-l-naphthol-k-
sulfonic acid were used to further characterize it.

The second ionization constant of 2-nitroso-l-naphthol-
L-sulfonic acid was determined at 25.0° and at an ionie
strength of 0.1000. A spectrophotometric measurement was
used to follow the ionization. Difficulty arose in finding
a sultable monobasic acid or monoacidic base to use in a
buffer system. Hydroxylamine, the only one available that
would buffer in the correct pH range, was discarded because
of the possibility of its reaction with the quinone-oxime
tautomer of the sulfonic acid. 2,4%,6-Trichlorophenol was
considered as a possibility, investigated thoroughly, and was
then used along with one of its alkali metal salts, in the
buffer system. The pKa, of 2-nitroso-l-naphthol-k-sulfonie
acid was found to be 6.2% at 25.0° and at an ionic strength
of 0.1000.

The 2,4,6-trichlorophenol was purified by sublimation and
its purity determined. Its spectra indicated that it did not
absorb light above 350 m“4, and could therefore be used above
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that wavelength as a buffer in spectrophotometriec work. The
optimum pH for its use as a buffer, its pK , was determined
spectrophotometrically at 25.0° and at an ionie strength of
0.1000 using hydroxylamine and its hydrochloridé salt as the
buffer. The pKa was found to be 6.03 at 25.0°., 2,4,6-Tri-
chlorophenol was found to be useful In a buffer system above
pH 5.8.

A method was not available for rapidly determining 2,4%,6-
trichlorophenol either in the presence of its alkali salts
or inert impurities. An acid-base indicator was prepared
that could be utilized in titrations of the phenol with
standard base. The indicator, 3,3-bis-(k~hydroxy-2,3-xylyl)-
phthalide, with a sharp colorless to blue color change, vas
utilized for rapid, accurate titrations of 2,4,6-trichloro-
phenol.

The reaction between cobalt(II) and 2-nitroso-l-naphthol-
L-sulfonic acid was examined through the method of continuous
variations. The complex formed was characterized 1n part by
its absorption spectrum. It was found to contain 3 organic
ligands per cobalt atom. The formation constant, Kf, of the
reaction between cobalt(II) and the completely ionized
2-nitroso-l-naphthol-t-sulfonic aeid was evaluated. The log
Ke was found to be 14.77 + 0.21 at 25.0° and an ionie strength
of 0.100.
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