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FOREWORD

Sodium S5-nitro-6-chlorotoluene~3-sulfonate appears to be the
best organic reagent, with one possible exception, for the quantitative
determination of potassium ion., The sodium salt is about 32 times as
soluble ag the potassium salt., The absolute solubility of the potassium
salt, however, is too great to permit ordinary gquantitative precipitation.

The purpose of this investigation is to study the effect on solu~
bility exerted by the various groups on the benzene ring in the compound
mentioned. The method involves varying the nature of the groups present

and comparing solubilities of the salts.



HISTORICAL

Most of the organiec compounds which have been proposed as analyti-
cal reagents for potassium may be classified as nitrophenols or aromatic
sulfonic acids. Among nitrophenols recommended have been o-nitrophenol
(63), 2, 4-dinitrophenol (63), 2, 6-dinitrophenol (63), 2, 4, 6-tri-
nitrophenol (picric acid) (5, 11, 13, 45, 54, 55, 59, 64, 77), 2, 4,
6-trinitro-m-cresol (63), 2, 4, 6-trinitroresorcinol (styphnic acid)
(63), and 2, 4, 6, 2', 4!, 6'-hexsnitrodiphenylemine (dipicrylemine)
(50, 56, 69, 83), which closely resembles & nitrated phenol. Classified
as sulfonic acids are l-naphthalene sulfonic acid (63), l-amino-2~
naphthol-6-sulfonic acid (4, 45), 2, 4-dinitronaphthol-7-sulfonic acid,
also called flavianic acid (18a), 2-nitro-4-chlorobenzene sulfenic acid
(2%e), and 2-chloro-3-nitrotoluene-5-sulfonic acid (20, 21, 27, %0,
40, 41, 79). Closely related are "Dreft," "Gardinol," and other salts
of alkyl sulfuric acids (29, 60, 81). Reagents which cannot be listed
as either nitrophenols or sulfonic acids include picrolﬂnio acid (78),
S-nitrobarbituric acid (dilituric acid) (25a), and tartaric acid
(2, 5, 6, 7, 10, 12, 14, 15, 16, 17, 18, 19, 22,.52, 37, 38, 39, 44, 45,
46, 47, 48, 51, 57, 58, 62, 65, 66, 67, 72, 73, 78, 80, 84, 85). Al-
though 2, 4-dinitronaphthol-7-sulfonic aecid and 5—nitrobarﬁituric acid
give promise of becoming quantitative reagents for potagsium only the
following have been used for that purpose: Tartasric acid, picric acid,

dipicrylamine, and 2-chloro-3-nitrotoluene-5-sulfonic acid.



Of these three organic reagents tartaric acid gives the least
accurate results. Probably the best procedure for its use is thnat of
Clerke and Davidson (18), in which the potessium is precipitated as
potassium bitartrate by the addition of tertaric acid and sodium bi-
tartrate., The potassium bitartrate is filtered out, washed with dilute
alcohol, dissolved in hot water and titrated with stendard sodium hydroxide
solution, Since a rough approximation of the percentage of potassium can
thus be made in a short time (one half hour), the method is popular where
accuracy is not essential.

According to the procedure used by Caley (13), potessium is pre-
cipitated from water by a saturated solution of pieric acid in 95 per
cent alcohol. The potessium picrate is filtered out, washed with
ether to remove picric acid, and dissolved in a large volume of water.

The yellow solution is compared in a colorimeter to & standard solution of
potassium picrate containing about the same concentration of potassium.
This procedure was found to give good results within only a narrow range
of concentrationsy too much potassium mekes it difficult to match the
deepened color, and 'I:.oo little is not completely preecipitated.

Winkel and Maas (83) have recently outlined a method whereby potassium
is quentitatively precipitated and determined by use of magnesium dipicry-
lamine. The method is said to give results reproducible to 0.5% of the
potassium present, and to be applicable in the presence of moderszte
amounts of sodium, magnesium, o.r emmonium ions.

The English chemist Davies (20) first prepared 2-chloro-3-nitrotoluene-
B=sulfonic é.cid‘ and noted the slight solubility of its potassium salt.

The details of its use in determining potassium were worked out by

Davies and Davies (21). It hes been used by Wiggins and Wood (79)



for determining potassium in oil well brines colorimetrically by
estimating the nitro groups in the precipitated salt by reducing them,
diazotizing and coupling with R salt. Leangham (40) and Schempf (66a)
have tried to effect the micro-determination of potassium by dissolving
the precipitated salt in concentrated alkali and estimating the depth of
color produced (by the nitro group) by comparison with standards. The
method is not, however, very satisfactory, owing to the solubility of the
potassium salt (30). BEfforts have been made (41) to decrecase this
solubility by using various non-agueous golvents, a8 is done in potassium
analysis by the perchlerate and the chloroplatinate methodsy but the results
are not promising.



EXPERIMENTAL

The experimental work on this problem mey be divided into three

1. S8ynthesis of sodium and potassium salts, in pairs.
2. Analysis of the salts for alkali metsl, to determine their
degree of purity.
3. Determination of the solubilities of the salts.
Synthesis
For the preperation of salts there was used the method of Davies
(20), more or less modified, by Schultz and Lucas (68) and by the suthors.

For Davies' reagent, godium 2-chloro-:
following steps are required:

5‘“’ - [nj'm’ -—> [cjc‘q’ — ém’ —>
S0gH S0g%a 80,01
NO < 2 sgep WO /Gl\pﬂ, —> N0y /61 3
W ety Y @)
5001 SOgH S0zNa

Ia the sulfonation of o-toluidine
HHp HHp
I/ﬁcﬂa + HpS04 —> Ocn, + Ha0
o
S0H

750 g. of the amine were stirred and heated with 2250 g, of cone, sulfuric
acid for 9 hours &t about 160%%, and then poured into a large volume of
cold water. It was impossible to filter out the crude osroduct from the
wash water until the mixture had been boiled end then chilled, After
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#411 temperatures are recorded in degrees Centigrade



this product has been boiled with charcoal and recrystallized from water,
it weighed 900 g. (82% theoretical--the highest to be reported for this
step).

Several small portions (50 g. each) of this Z-aminotoluene-5-sulfonic
ecid were converted into sodium 2-chlorotoluene-5-culfonate by reactions

represented as

NHg C1
Oaliaitd J O R
u

N L W
SO0gH SOgNa

At this stage we were unable even to approach the yield (98%) of 2-chloro-
toluene~-5-sulfonic acid claimed by Schultz and Lucas although we tried
both the Sandmeyer and the Gattermann method, Since the free acid is
very soluble in water and since a mol of sodium ions was present, the
precipitated erystals which Schultz and Lucas obtained must actually
have been the sodium salt, not the free acid.

The sodium salt was heated with excess phosphorus pentachloride or

oxychloride (both were tried) for several hours,

c1 c1
4l/wcﬂa + PCly —> 4 Ocﬁs + NaCl + NagPO,
N

50501 _

S0gNa
the mixture poured into ice water, and the sulfonyl chloride recrystallized
by extracting with ligroin in a Soxhlet apparatus and then cooling; melting
point 59-61°. The literature gives 60-65° (86), 64-8° (20), 65° (68),
and 64° (23).
We also tried to shorten the time of preparatiom of the sulfonyl
chloride and to improve the yileld by sterting with o-chlorotoluene. This

modifieation is discussed as the first step in preparing salts of 2-chloro-



toluene-5-sulfonic acid.

The nitration and hydrolysis of the sulfonyl chloride were performed
according to the published directions of Davies. 2-chlorotoluene-5-sulfonyl
chloride wag gradually added to & mixture of two volumes of concentrated
sulfuric acid end one volume of fuming nitric acid. The reesction mixture

was stirred well and held for about 90 minutes between 25° and 35° in

temperature.
1 C1
Cs 4+ mno, HaSOg4y WO /jcﬂs + H
™~
50401 80,C1

The mixture was then poured into ice water and the nitrated compound
filtered out, dried, and recrystallized from ligroin. fhe pure 2-chloro-
3-nitrotoluene-5-sulfonyl chloride was then hydrolyzed by refluxing with

90% alcohol for three hours, after which it was concentrated and repeatedly
evaporated with fresh water to expel hydrogen chloride. This method of
hydrélysis avoids any denger of removing the ring halogen, and also prevents
contamination of the salts with alkali halide.

c1 1
Nozl/jms + Hg0 GCgHsOH "‘Uq/HQHa + HCL
e N

80,01 S0,0H
The acid was then separated into portions which were neutralized with
sodium hydroxide and potassium hydroxide to form the respective salts.
These were purified by several recrystallizations, the sodium salt from
50-90% aleohol, the potassium salt from water, Since the yield of purified
salts was rather small, we also recrystallized and used Eagtmen's sodium
2-chloro-3-nitrotoluene~5-sulfonate (No. 3405), made by the above method,

for some of our work.,



2-Bromo-3-nitrotoluene-5-sulfonic acid. This compound was prepared

by a method analogous to that of Davies. 187 g. (1 mol) of 2-aminotoluene-
b~sulfonic acid was suspended in 100 g. of concentrated sulfuric aecid,
150 g. of sodium bromide dihydrate, &nd about 50 cc. of water. The

amine wes diazotized with 83 g. of sodium n&trit.e in the ususl way,
1l

Kig N
~N ¥ i
S03

S05H
and then treated with copper powder (ca 80g.) freshly prepared from
copper sulfate and zineé. (A preliminary run had indicated that the

Gattermann catelyst is better then the Sandmeyer for this step.)

N
ff Br
O"H + NeBr -O4, (:f”s + N,
S0z S0,Na
After the persistent foam was gone (this required standing overnight,
followed by werming) the solution wes filtered and concentrested to obtain
godium 2-bromotoluene-5-sulfonate. The salt, badly contaminated with

copper salts and sodium sulfate, was air and oven-dried and treated with
PClg es usual.

Br Br
/ .
4 k Iﬁﬁa + PCly —> 4 Om’ + NagP0, + NaCl
P
S0gNa 80,C1

The 2-bromotoluene-5-sulfonyl chloride, when well purified by recrystelliza-

tion from ligroin, weighed 66 g. and melted at 56-57°% Wynne (88) gives

81°.

65 g. of this sulfonyl chloride were slowly added to a mixture of

80 cc. of concentrated sulfuric acid and 40 cc. fuming nitric aeid which



was stirred constantly for two hours at temperatures between 25° and 35°

Br Br
(T oo s o e

S0,C1 S505C1
The 2-bromo-3-nitrotoluene-~5-gulfonyl chloride was isolated as usual and
recrystellized, first from ligroin, then from ether. Yield 36 g.
M. P. 64-84.5°.
The nitreted sulfonyl chloride was refluxed with 50 cc, of 90%

alcohol for three hours

Br Br
Noﬁ/\‘Cﬂa + Hyo CafisOH No,,(/\fzﬂa 5 HO

s '

50,01 S0,0H

and the 2-bromo-3-nitrotoluene-~5-sulfonic acid purified by repeated
evaporationg with distilled water., The salts obtained by neutralization
were recrystallized, the potassium salt from water and the sodium salt
by Soxhlet extraction and crystallization using 90% alcohol.

It should be mentioned that Hubner and Miller (35) long ago carried
out a nitration of barium 2-bromotoluene-5-sulfonate. The reaction did
not proceed normally, however, for the salts formed were all very soluble,
the potassium more so than the sodium,

2-Iodo-Z-nitrotoluene~5-gulfonic acid. This compound could not be

secured because of the repeated failure of the nitration of 2-iodotoluene-
S5-gulfonyl chloride, but the synthesis up to that point will be deseribed.
One mol of 2-aminotoluene-5-sulfonic acid was diaszotized as usual,
stirred for 15 or 20 minutes to remove excess nitrous acid, and then
treated with a saturated solution of one mol of potassium iodide in

water, Slight darkening and immediate evolution of gas began.



: §
2
H
')533'?1{91102*3:504*'“—’03+N‘HSO“+N3+H20
b

SO,H S0.K
After two hours the mixture was stirred and heated until all separated
solid dissolved; on cooling, potassium 2—1odotolﬁene-5-sulfonate readily
erystallized out. A further quantity was obtained by concentrating the
mother liquor. Total yield, 247 g.; this is 74 per cent of theoretical
yield. This acid was also obtained, as its sodium salt, by preparing
o-iodotoluene by the Gattermenn reaction and sulfonating the product.
53 g. of o-toluidine thus produced 59 g. of o-iodotoluene,
of boiling point 203-208°%; this when sulfonated with 10% fuming sulfuric
acid yielded 67 g. of sodium 2-iodotoluene-5-sulfonate,

The oven-dried salts were found to liberate iodine when treated
with phosphorus pentachloride, to give oily decomposition products when
acted upon by chlorosulfonic acid, and to fail to react with bolling
thionyl chloride (B. P. 75° ). . OConsequently phosphorus oxychloride

was used to form the sulfonyl chloride.

4
5’)\f"3 + POCly; —» ’-’1/\1"33 + KgPO,
N Nt
S0K 80,C1

247 g. of this potassium salt were refluxed with 225 g. of phosphorus
oxychloride for three hours in an oil bath. After exeess oxychloride
had been recovered by distillation the residue was worked up as usual.
The 2-iodotoluene-5-sulfonyl chloride, when recrystallized from ether,
amounted to 157 g. of best quality, M. P, 63.5-64,5°, and 15 g. of second
quality.

Practically all of this sulfonyl chloride wasg used up in futile

attempts to effect its nitration by Davies? method. If the temperature

10



was held low, no reaction occurred; if it was raised a few degrees, the
reaction mixture ylelded no insoluble material at all whem poured into
water. On two occasions only, small amounts of a product, melting
after recrystallization at 172° or 178-82°, were obtained. Nitration
in acetic acid solution alse failed., The attempt was finally abandoned
when solubility results indicated that sodium 2-iodo-3-nitrotoluene-5-
sulfonate would probably not be superior to the bromine derivative as
a potassium precipiteant.

2~Chloro-68-nitroanisole~4~gulfonic acid. This acid was the product
of an attempt to obtain 2-chloro-3-nitrosnisole-5-sulfonic acid,

50 g. of o-anisidine wes stirred with 150 g. of 15% fuming sulfuric
acid at 150° for an hour, and then poured into ice water. The crude
product obtained by filtration was too unsoluble to be recrystallized
from water; therefore, it was dissolved in alkali and reprecipitated
by acid. Yield 56 g. A sgimilar run sterting with 150 g. of o-anisidine
produced 170 g. of sulfonic acid. The reaction was eventually found to

have taken the course

OCH, CH,
Iﬁm: + HyS80, —» lémﬂ + Hg0
" =

SO05H
This was proved by removal of the amino group and identification
of the resulting anisole sulfonic acid. 20 g. of the acid was diazotized
in ethyl alcohol, treated with a little copper powder, and boiled
several hours.
OCH4 0CH4

NH
]/:l 2 4 NeNO, + CoHg0H 12504 '/) + Np + CH,CHO + 2H,0
9 ~
S05H S03Na



Upon concentration, the solution deposited a sodium salt which was con-
verted to the sulfonyl chloride by using pheosphorus pentachloride
(thionyl chloride gave very poor resul*s), The sulfonyl chloride, by
treatment with ammonium hydroxide, ylelded an amide which after re-
erystellization from alcohol, melted at 115°. Since p-enisole sulfon-
emide melte at 112-116° (26, 70) wheress m-anisole sulfonamide melts
at 128° (71) the original eminosulfonic acid must have hed the formula
assigned above. This confirms a German patent claim (1) as to the
product of sulfonating o-snisidine under other conditions.

We chose to complete the procedure of Davies to permit a comparison
of the salts with the others synthesized. By the usual method of

diazotization and Gattermeamn introduction of chlerine,

CHy 0CH,
K\f“" + NeNO, + HGL -2 Cfl + N + 200

S
80,H S0 Na

treatment with thionyl chloride or phosphorus pentachloride,

OCH, oy
41:\’“ % POYy e Cl 4 NeCl + NagPO,
~
50,01

S0zNa
and recrystallization from ligroin, we obtained from 68 g. of the
amino acid 32 g. of pure 2-chloroenisole-4-sulfonyl chloride, melting
at 77°. This 32 g. lot, stirred with 20 g, of fuming nitric acid and
40 g. of concentrated sulfuric scid at 45-50° for 90 minutes, gave 20 g.
(after recrystallization from ligroin) of 2-chloro-8-nitroenisole—d-

sulfonyl chloride, melting at 44°.
0CH,

OCH,
Giliaindn @il

50,01 50,01

12



This was hydrolyzed and converted into pure potassium and sodium salts
ag usual by the method of Davies.

2-Chloro-3-nitrotoluene-5-argonic acid. 320 g. of o-toluidine

were arsonated by heating with 345 g. of syrupy arsenic acid according

to the procedure recommended for arsonilic aecid (43).

NH NH,
,?3 + HaAsO, —> Oﬂil + Hg0
™

AsO(OH),
186 g. (41 %, based on arsenic acid) of 2-aminotoluene~5-arsonic acid
were obtained. By means of the Sandmeyer reaction 52 g. of this acid

were converted to 2-chlorotoluene-5-arsonic acid (14 g.),

NHg 1
Oﬂa + 2HC1 + NaNO, .Ul‘a_cl-; ]/G\F" + NaCl + 2H0 + N,
S
AsO(OH), AsO(OH),

and thence by nitration in hot fuming nitric acid to 2-chloro-3-nitro-

toluene-5-arsonic acid (15 g.).

Cl ClL

- wcaS + HNO; ——a 102 /\‘fﬂi‘ + Hg0
I\/ L/

AsO(0H) , AsO(OH) 4

Since qualitetive tests showed that this dibasic acid gives very soluble
sodium and potassium selts, no further work was done on purifying these
salts or proving their structure.

2-nitrochlorobenzene-4-sulfonic acid. 150 g. of chlorobenzene

(Eastman No. 70) were sulfonated by stirring with 470 g. of 15 %
fuming sulfuric acid until the reaction mixture was homogeneous. When

this was poured into water and sodium chloride added, 316 g. of sodium

13
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p-chlorobenzene sulfonate separated.
1 Cl
L/ + Hy804 + NaCl —> O + Hg0 + HCL
S0gNa
158 g. of this salt were convertod to the sulfonyl chloride as usual;

1 c1
4 (\|+ PCly —> 4 O+ NaCl + NasP0,
~

S0gNa 80,01
after recrystallization from ligroin and ether the p-chlorobenzene
sulfonyl chloride melted at 52-3°, (Literature gives 53° (28), 53.3°
(49), 50.5-51.5° (53). By the procedure of Devies, this chloride was

nitrated (M. P. 3%9°'; literature gives 40-41 (25))

I:j b B0y wed [“02 + HyO
80,61 50,01

and converted into sodium-and potassium -2-nitrochlorobenzene~4-
sulfonates, An attempt to nitrate sodium p-chlorcbenzene sulfonate
_ directly produced & mixture which could not be separated into its

components,

2-Nitrobromobenzene-4-sulfonic acid. 259 g. of crude sodium p-
bromobenzene sulfonate (student preparation) and 170 g. of phosphorus

oxychloride were mixed and heated together.

Br Br
3 /\\' + POCly —> 3 C\l + NagPO,
k-/ P

The crude p-bromobenzene sulfonyl ehloride obtained by pouring the

reaction mixture into water was recrystallized from ligroin; melting



¥ |

point then was 74-74.5%; literature gives 74.5 (49) and 75-6 (9, 23).
100 g. of this sulfonyl chloride gave 70 g. of 2-nitrobromobenzene-4-
sulfonyl chloride, melting after recrystallization st 57° (Goslich (28)

gives 56-7°), by the nitration procedure of Davies.

'Iir\ Br
i l + HNOg ——> '/\|H02 + Hp0
L e

80,01 50401
The selts were gecured as usuel by hydrolysis and neutrelization of the
sulfonic acid with alkali, The potaesium salt has been made before,
from the product obtained by nitrating barium p~bromobenzene sulfonate
(28).

2-Hitroiodobenzene-4-sulfonic acid. Like 2-iodo-Z-nitrotoluene

-5-gulfonic acid, this acid was never obtained-—and for the same reason.
Eestmen's iodobenzene (No. 152 ) wes converted to p-iodobenzene sulfonyl
chloride by either (&) sulfonating with fuming sulfuric acid and treating
the sodium sulfonate with chlorosgulfonic acid (31) or (h) treating
iodobenzene itself with chlorosulfonic acid. The former produced the
purer product of M. P, 80-81° after recrystallization; the literature
gives values from 81.5° to 87° (42, 49, 53, 82, 87). However, Davies'
nitration method failed to give any 2-nitroiodobenzene-4-sulfonyl chloride
from elther gample.

2-X-toluene-5~-sulfonic acids, where X = F, Cl, Br or I. These four

acids were obtained by Davies' method from the sulfonyl chlorides, which
were in turn prepared in various weys.

2-chlorotoluene-5~-sulfonyl chloride was synthesized by three different
procedures. One of these hes already been described on page 6: that which

employed 2-aminotoluene-S5-sulfonic acid as & sterting material. In snother,



144 g. of o-chlorotoluene, b. p. 154-6°, was stirred with 315 g. of 75

fuming sulfuric acid until it dissolved.
C1 C1
S 4+ HS0, + N CHa
L\\ 2504 aCl —> l + Hp0 + HC1
v > g
S0,la

The sodium salt (170 g.) was isolated and treated with phosphorus penta—
chloride as usual to obtain 105 g. of erude 2-chlorotoluene-5-sulfonyl
chloride, melting at 58~60°. Recrystallization from ligroin yielded 54
g. of pure product, m. p. 59-61°. The third alternative method involved
sulfonation with chlorosulfonic aeid to eliminate one step. 74 g. of o-
chlorotoluene was dropped into 225 g. of stirred chlorosulfonic acid

without cooling, the addition requiring about two hours,

c1 c1
o .
k\fh+-wwui_q.(\f%+-%m4+am
— ~
S05C1

The reaction mixture was cautiously poured into water and the crude
sulfonyl chloride extracted with ligroin. After this solvent had been
digtilled off the chloride was fractionated through a 16 inch Vigreaux
column at 1 mm, pressure: B, P. 109-116° yield 92 g. This was then
recrystaellized from a mixture of ligroin and ethyl ether. Another
similar run in which the chlorosulfonic acid wes dropped into the o-
chlorotoluene was more disagreeable to carry out and did not give so
good a yield.

2-bromotoluene-5-sulfonyl chloride was obtained es described on
page 8, and also by sulfonating o-bromotoluene. 100 g. of redistilled
o-bromotoluene, B. P. 1'?6—8°, wae dropped intc 200 g. of stirred chloro-

sulfonic acid within 1 hour, the temperasture remaining below 50°.

16
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Br
’/ \ICHa + 201805 -a@ﬁﬂa + HpS0, + HCL

N
S0,C1

The 2-bromotoluene-5- sulfonyl chloride was isolated by the method used for
the chloro derivative; it wes distilled at 4 mm. pressure and recrystallized
from ether: M. P. 54-55°.
2-iodotoluene-5-sulfonyl chloride was prepared as outlined on page 10.
2-fluorotoluene-5-sulfonyl chloride was secured by sulfonating o-
fluorotoluene with chlorosulfonic acid. 60 g. of o-fluorotoluene,
prepared from o~toluidine vie the diagzonium fluoborate (24), B. P. 112-3°,

was dropped into 200 g. of stirred chlorosulfonic aecid during 2 hours.

F F
= ~
7 NHa + 20180, —> | \\fﬂa + HpS0, + HCL
e e g
S0,C1

The sulfonyl chloride, on extraction and distillation at 1 mm., was
separated into two fractions, of boiling ranges 99-109° and 101-103°.
Since these could not be crystallized by cooling, they were hydrolyzed
separately according to Davies! method. When the solubilities of the
salts from the two fractions later proved to be the same, we concluded

that the fraections contained only one compound.



Analysis
To prove the purity of each salt obteined, it wes analyzed for

alkali metel by the sulfate method (8, 61, 74). The customary procedure
involving simple evaporation with concentrated sulfuric acid in open
crucibles could not be used for the nitrated salts because the initial
decomposition was so violent as to cause losses of material., A preliminary
digestion overnight with ammonium sulfide, intended to reduce the nitro
group, did not help much. It was finally found that & modified Kjeldahl
digestion would destroy organic matter safely.

Two or more samples of the ovem-dried salt (about 0.2 g. each) were
placed in 30 cc, Florence flasks, each of which contained 1-2 cc, of
concentrated sulfuric acid. The mixtures were heated at about 200°
until they became clear. <This ususlly required 8-10 hours, but the time
could be decreased by occasionally adding a drop of concentrated nitric
acid, to aid in oxidizing the carbon. The clear cooled solutions were
quantitatively transferred to weighed crucibles by rinsing with water,
then cautiously evaporated dry and ignited to constant weight at a dull
red heat.

This procedure failed when applied to salts containing fluorine,
because the hydrofluoric acid atteked the glass reaction vessels and
caused high results. In those cases, fortunately, the decomposition in

platinum erucibles could be carried out without losses.



Determination of Solubility

The glass-stoppered bottles used in these determinations were first
cleaned and tested for tightness; on some it was necessary to regrind
the stoppers. Sclutions of each of the salts studied were made up in
these bottles, only enough distilled water being used to dissolve part of
the solid. The stoppers were wired in and the bottles rotated end over
end on a rack at about 35° for several hours. Then they were placed in
a water thermostat at 30° ¥0.5° and further rotated until equilibrium
wag reached in the solutions. By repeated sampling on each run we found
that 24 hours were sufficient to guarantee saturated solutions,

The sampling was done by binding & tiny filter on the tip of a
5 cc. pipette, withdrawing a portion of solution through this filter,
removing the filter, and delivering the solution into a weighed dish.
The solution was then weighed and evaporated to dryness, and the residual
salt dried to constant weight in an oven at 120°. A blank determination

gave too small a residue to be weighed.
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Results

Analyses and Solubilities of Salte

Solubility Mean Soly. Seoly. Na Salt

Salt ¢ metal % metal g/100 g. mols/100g. Soly. K Salt
calc, found  water _water

(o S
1/ SOgNe 8.41 8.49, 8,54 20.4, 20.2% 0739
CH

35
NO,,— .
¢ \ 80,k 15.50 13.68, 13.75 0.61, 0.61° ,00211
CH
NOp, —
Br/ \SONa 7.25 7.25, 7.24 17.2, 17.7  .0549
CH
54
NO,—
CH
NO
c SOsNa 8.86 8.89, 8.87 19.2, 19.8,  .0748
10
NO -"'\ o
ci! )s0X 14.22 15.96, 14.15 2.04, 2.07° .00744
NOg—
Br<—>803Na 7.57 7.4, 7.65 41.1, 40.9  .135
. 18
13@3035 12,19 12.16, 12.24 2.3 2.42% .00747
033@3& 7.94 7.87, 8.08 9.24, 9.54  .0325
NO
2.7

¢
caaoz }o,x 12.79 12.79, 12.84 3.62, 3.61  .0118
NO, :

Devies and Davies (21) gave the value 20.0 fog 30°
Davies and Davies (21) gave the value 0.57 for 30°
Ullmaenn and Kuhn (78) gave the value 1.83 for 20°
Goslich (28) gave the value 1,008 for 8.75°
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Solubility  Mean Soly. Soly. Na Salt
Salt % metal % metal g/100 g. mols/100g. Soly. K Salt
celc,  found water water
CHy 7\
oNa 10.85 11,00 27.5, 27.3  .129
1.6
C
X 17.14 17.07 18.4, 18.2  .0811
CEA T\ .
c S0aNa 10.06° 10.05, 10.24 8.07, 8.16 .0355
0.84
CHg—
cﬁiw_;>soax 15.98° 16.18, 16.21 10.2, 10.4  .0422
GH
Bf\h_‘>éosﬂa 8.45° 8.36, 8.52 6.92, 7.045 .0256
0.67
CH
Bii:::>soax 13.55° 13.38, 13.60 10.9 0377
CHg—
oNa 7.19  7.20, 7.29 4.99, 4.99 .0156
| 0.78
P
Eth__>B°3K 11.63 11.75, 11.8% 6.73, 6.81 ,0201

e It has been reported (34,86) that these selts exist as hydrates, the
potassium selt containing one-half molecule of water and the sodium
salt either one-half or one molecule of water per molecule of salt.
This water is said to be expelled by drying at 140°-190°, Since our
analyses showed no water present, the dehydration must occur upon

drying even at 1109

f Hubner and coworkers (36) reported that these salts also exist as
hemihydrates, As before, we must conclude that the water is completely

driven off at 110°.

g Hubner, Retschy, Muller, and Post (36) gave the value 5.3 for 14°,
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Discussion of Results

Reagents for potassium are almost invariably judged by their ability
to separate potassium from sodium, It is obvious, therefore, that essential
characteristics of a good precipitent for potessium are (1) minimum
solubility of the potassium salt (for quentitstive work) and (2) maximum
value of the ratio: Solubility of sodium salt/solubility of potessium
salt,

Our results show thet z-brﬁmo-s-nitrotaluene-ns— sulfonic acid is
slightly better than the chlorine derivative in the first respect, and
slightly poorer in the second, This does not agree with the findings of
O'Leary and Papish (52), who reported that the bromine compound is rela-
tively insensitive to potassium, but gave no details of preparation or

- testing procedure,

The results are too few to permit much generalization, but it seens
clear that the presence of the nitro group and the methyl group simul-
taneously is desirable. Of the two the nitro group is far more important,
however, since without it solubilities of potassium salts increased tenfold
and ratios dropped to less than 1. This might have been predicted from
the almost universal presence of the nitro or the nitrite group in
potassium precipitants. Yet, curiously enough, 2,6-dinitrochlorobenzene-
4~sulfonic acid gives a potassium salt more than twice as soluble as the
salt of the mononitro derivative, 2-nitrochlorobenzene-4-pulfonic acid (75).

The amisole derivative is rort.hlless ag a potassium reagent—and of
course there is no structural reason why it should be valuasble. The
abgolute solubilities of the salts ceontaining difi‘erent halogens and the
golubility ratios (except in the case of iodine) both decrease with in-

creasing atomic weight of the halogen. It may be pointed out that if



2-fluorotoluene-5-gulfonic acid maintaing the same relative ranking in
ratio after nitration, it should surpass anything yet tried. This

poesibility remeins to be tested, as does the effect of omitting the

halogen altogether.
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SUMMARY

Some preliminary work is reported on improving 2-chloro-3-nitro-
toluene-5-gulfonic acid as a precipitant for potassium by changing the
nature of the groups present. A geries of sodium and potassium salts
has been prepsred, some containing halogens other than chlorine, some no
methyl group, and some no nitro groupj nearly all are new compounds.
£11 were synthesized by & more or less modified method of Davies, improved
by Schultz and Lucas. Each salt wes enalyzed for metal to verify its
purity and then evaluated by measuring its solubility in water at 30°.

Results indicate that 2-bromo-3-nitrotoluene-5-sulfonic acid is about
equal in value to the chlorine compound. It is suggested that the
effectiveness of the reagents depends on the presence of at least the

nitro and the methyl groups simultaneously.
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