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. The deterioration of solutions of the reagent dithizone {r,5-diphenyl-3-
gercaptoformazan; (1), HsDz) is a matter of some consequence in analytical practice
it has commonly been attributed to oxidation. Deliberate attempts to oxidise
fhizone with amyl nitrite led BAMBERGER ¢f al.* to isolate a reddish orange compound
hich hie formulated as the thiocarbodiazone (II). The same compound can be ob-
Bined with a variety of oxidising agents (e.g. hydrogen peroxide, iodine, manganese
‘fioxide, potassium permanganate) and one of us? has shown the product to be identical
ith that isolated by OGILVIE aAND CORWIN® by oxidising dithizone with alkaline
acyanoferrate (III), and formulated by him as the sydnone (111). Another isomeric
ddation product of dithizone is the purple compound first reported by OGILVIE AND
swind and investigated in greater detail by MARNOTA. It appears from its chemical
actions and X-ray crystallography?® to possess the unexpected structure (IV).

1f the oxidation of dithizone is carried out by treating its solution in chloroform
th 2 weakly alkaline solution of hydrogen peroxide, the sydnone (III) is the main
uet. If, however, the oxidation is carried out with 30% hydrogen peroxide in a
strongly alkaline medium, the main product is a violet-purple compound CiaH1205N45
{hat is not identical with (IV) and which proves to be 1,5-diphenylformazan-3-
phonic acid (V). The presence of a sulphonic group is indicated by two strong ab-
wrption bands in the infrared spectra (KBr dise) at 13.28 and 13.50 ¢ indicative of an
£:80;H group®. The intense absorption band at 9.66 w is characteristic of an $=0
drefching vibration?. The new compound formed a characteristic derivative with
Yhenzylthinronium hydrochloride, wviz. the crystalline ted benzylthiuronium-1,5-
phenylformazan-3-sulphonate.
1,5-Diphenylformazan-3-sulphonic acid dissolves readily in most organic sol-
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vents to give solutions whose characteristics are shown in Table I. The differences in | ing the sulphonate i
colour are quite striking, and when the spectra are compared (Fig. 1), itis obvious that ; sulphonic acid absc
the two absorption bands in acetone (curve 2) correspond closely with the separate | (gm&x 18,780). By &
Jong-wave peaks in chloroform (curve 1) and ethanol (curve 3) and that the three atid of Concentrgtié
curves intersect at a comumon point (460 nm}. This resemblance to an isosbestic poin photometrically the
suggested thatan acid-base equilibrium might be involved. This was confirmed by th ;

spectra in chloroform saturated with hydrogen chloride {curve 4) and amimonia gas.

{curve 5) respectively. The acidic sotutions of the sulphonic acid are reddish-violet in

colour and absorb at Amax 523 M {emax 3-62° 104); whereas the basic solution contain:

TABLE I
ABSORPTION SPECERA OF X .5«mPu1mYLFORMMAN-},-SULm{omc ACID

{Molecuiar extinction cocificients in parentheses given as 10% &)

[ ——
Chloroform Acetone Ethanol ABSORPTION SPEC
MWMWMM—WWM TERMINATION OF PK
Amax 523 (31.17) 512 (18.52) —
(shoulder at 548 nm) {shoulder at 542 nm)

. Amin 448 (12.43)

H,

Amsz 410 (14.79) 423 (15-47)
Amtn 375 3-52) 350 (4.96)
Amax 280 (10.08)
(shoulder at 333 nm) (broad shoulder~ 300 am}
Amin 270 (9-35)
250 (14-30)

Awer 265 {E0.0I)
WMWW__MM
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Fig. 1. The absorption spectra of 3.0-1078 M solutions of 1, 5vdiphenylformazan—3«sulp§10n ‘
in chloroform (curve 1), acetone {curve 2}, ethanol {curve 3} chloroform saturated with 1
(curve 4), chloroform saturated with ammonia gas (curve 5)- . :

Fig. 2. The optical density of 1.850-107% M sotutions of I, 5~diphenyiforma.zan—g,«su%;)h
in perchloric acid at 540 nm minus the optical density at 440 nm. i '
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the sulphonate ion absorbs at Amax 425 nm {&max 2.34* 10%). In aqueous solution the
shonic acid absorbs at 540 nm (emax 28,540) and the sulphonate ion at 440 nm
¢ 18,780). By measurements (Table II) on a 1.850-10-% M solution in perchloric
i of concentrations ranging from 0.1 to 6 M, it was possible to determine spectro-
stometrically the position of equitibrium in the dissociation V = VI: :

. -HY N=NPh
10.505C = 0S0p—C = 080C
N N--NHPh +H+ N\N_NHPh +H* SN PR

=2

(V1)

b ABSORFEION SPECTRUM OF 1,5 -DIPHENYLFORMAZAN-3-SULPHONIC ACID IN PERCHLORIC ACID.
ERMINATION OF pA1

Hovalue Absorbancy (1-om cell} at
440 B 540 nin

0.347 0.265%

0.350 o.2830
0.323*
0.430%
©.X52
0.227
0.291
©.393
a.462
0.508
©.517
0.520
O.53F
¢.530

e isosbestic point at 475 nm is clearly defined and from the position of the point of
flection in the plot of the difference in absorbancy at 540 and 440 nm against the
gncentration of perchloric acid (Fig. 2}, the acid dissociation constant pK;i defined by

equation :

Ho=1log [B)/[BH*] + pKx

s calculated, as described by Davis AND GEISSMANS, as —0.92 & 0.1
When agueous solutions of 1, 5-diphenylformazan-3-sulphonic acid are made
ilkaline, the yellow colour changes to reddish violet as the equilibrium VI = VII is
laced to the right. The absorption spectra (Fig. 3} show a well defined isosbestic
pint at 472 nm and by plotting the difference between the optical densities at 520 and
nm against the pH the value pKs = 12.9 (4 = 1 M sodium nitrate} was derived by

e method previously useds.

Whereas the sydnone (III) is the main product when the oxidation of dithizone
is carried out in neutral or slightly alkaline solution, the proportion of the sydnone
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diminishes and that of the sulphonic acid (V) increases as the alkalinity is ralsec.l. I
would appear that kinetic factors favour the fomation of gV) from the anion derived
by loss of a proton from the acidic thiol group in {1) for which the valu.e pIK = 4.5 has
been reported®. Itisnoteworthy that conditions that favour th.e formaﬁtlon of ’fhe Rat;pie
isomer (LV) of the sydnone (111), viz. heating ander reflux with glacial acetic acid or:

oD
jol:]

0L
350 400 450 500 550
Wovetength, nm

Fig. 3. The absorption spectra of 1.85: 1r0~% M solutions of 1,5-diphenylformazan-3-sulphonic acid
in aqueous sodium hydroxide containing sodinm nitrate (u==1 M). Curves 1~¢ for pi 13.73, 13.03,
13.54, 13.42, 13.12, 12,73 12.12, 11,42, amd 7.73 respectively.

prolonged contact with concentrated solutions of mineral acids in aqueous dioxanh
are those in which the thiol function of (I} is suppressed and the dithizone reacts
predominantly in the tautomeric thione form Ph.N=N.CS.NH.NH.Ph or even as il
conjugate acid. .

EXPERIMENTAL

Preparation of 1, 5-diphenylformazan-3-sulphonic acid

Dithizone (B.D.H. laboratory grade) was first purified by taking up in isos
piestically distilled dilute ammonia solution, filtering and reprecipitation by hydrochlo;
ric acid. The purified dithizone (2.0 g} was dissolved in sodium hydroxide solution
(250 ml of 0.5 M) and treated dropwise with 30% hydrogen peroxide {40 ml; excess) in
a 500-ml flask fitted with a mechanical stirrer (20 min). Stirring was continued for a
further 40 min and the reaction mixture was filtered through a sintered glass funnel
The filtrate was cooled to 0° and acidified with the minimum amount of sulphuric acid
(10 M) when 1,5-diphenylformazan-3-sulphonic acid separated as a brownish-black
precipitate. It was taken up in the minimurn amount of 0.1 M sodium hydroxide an
after cooling to 0°, the sulphonic acid was reprecipitated with hydrochloric acid,
dried, and finally recrystallized from chloroform as very fine brown-biack needles
(m.p. 181° decomp.; yield, 56%). (Found: C, 51.10, 5£.15; H, 3.95, 3.85; N, 18.45
i8.25; S, 10.87, 10.45%. C1aH1aN40sS requires, C, 51.28; H, 3.97; N, 18.41; §
10.54%)- E
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reparation of thivronium derivative
When cold aqueous solutions of 1,5-diphenyliormazan-3-sulphonic acid (0.2 g)
nd S-benzylisothivronium chloride (0.2 g) were mixed, S-benzylthiuronium-I,5-
diphenylformazan-3-sulphonate separated in quantitative yield and formed ‘bright

iorange needles (m.p. 179°) on crystallization from 50% aqueous ethanol. (Found:

,53.58, 53.51; H, 4.80, 4.70%. Ca1Ha2NsO03S: requires C, 53.65; H, 4.71%).

Dete'rminqztion of pEK1 .
~ Aliquot portions (2 ml) of a stock solution of 2.3125- 10~ M sulphonic acid {V)

in defonised water were mixed in various proportions with a concentrated solution of

ralaR perchloric acid and made up to 25 mi. The optical density of each sample was
easured at 540 and 440 nm with a Unicam $.P. 500 spectrophotometer instrument
n matched silica cells. All measurements were controlled thermostatically at 25°. The
esuits are given in Table IT and shown graphically in Fig. 2.

. The absorption spectra of all the samples were recorded with a Unicam §.P.

?760 spectrophotometer. All the curves intersected at an isosbestic point at 475 nm.

| Determination of K

Aliquot portions (2 ml) of 2.3125- 10-4 M sulphonic acid (V) in deionised water’
were mixed with # ml of standard carbonate-free 2.5 M sodium hydroxide and (10 —x)

‘wl of 2.5 M sodium nitrate and made up to 25 ml. All solutions were made up in COs-
© free water and transferred by nitrogen pressure into vessels flushed with nitrogen.
“Spectra were recorded in cells thermostatted at 25° immediately after the solutions

TABLE IIT

THE ABSORPTION SPECTRA OF I,5-DIPHENYLFORMAZAN-3-SULPHONIC ACKD IN 50DIUM HYDROXIDE
arp=1.0 {NaNQg} aAND 25°

[Na(H] PH Absorbancy (2-cmeell} at

Q40w 520 1nm

7.725 0.688 0.238
8.725 o.6g0 0.240
9.725 0.687 0.245
10.725 0.687 0.250
I1.123 ©.687 0.260

11.424 0.678 0.270
11.725 0.067 0.300
12.123 0.638 0.333
12.424 0.015 0.410
¥2.725 0.580 0.520

12.90% 0.550 0.580
13.123 C.5E5 a.672
13.269 ©.487 0.727
13.424 0.471 o.780
13.538 0.458 o.803

13.001 0.448 0.818
13.628 0.443 0.820
13.654 0.440 a.842
¥3.703 0.440 o.845
13.725 ©.440 o.850
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had been made up. The v

ut 472 win (Fig 3), confirming the acid-base equilibriam VI = V1I. The optical densi-

Hos ok 440 nm {yetlow jon; V13 sl 2a nm (reddish-violet anion; VII} were measured

with i Uniennt 8,17 g00 speetraphiotoneter and are given in Table IT1.
In cnleulating the pit corresponding to caleulated [OH-), théwvalue Ky =

1884 1ot for 25° niud g = 1.0 WS used 1, The optical density at 520 nmn minus the

optical density at 440 i was plotted against pi to give a sigmoid curve (not repro-
duced, but resembling Fig. 2), from which the value pKa = 12.90 was calculated as

previously deseribed®,
SUMMARY

The oxidation of dithizone with hydrogen peroxide in strongly alkaline solu-
tions yields 1,4-diphenyliormazan-3-sulphonic acid as a violet compound which loses
a proton to give yellow solutions of the corresponding sulphonate ion and reddish-
violet solutions on removal of a second proton from an imino-group. The acid dissocia-
tion constants pKi = —o0.92 and pKy = 12.9 (¢t = x M NaNOs) were determined
spectrophotometrically.

RESUME

L'oxydation de la dithizone par le peroxyde d’hydrogene en sotutions forte-
ment alcalines conduit 2 la formation de 'acide 1,5-diphénylormazane-3-sulfonique
violet qui par perte d'un proton donne des solutions jaunes de 'ion sulfonate corres-
pondant et des solutions violet rouge par départ d’'un second proton du groupe
imino. Les constantes de dissociation acides pKi=—0.92 et pKy=12.9 (=1 M
NaNQs) ont été déterminées par spectrophotométrie. :

ZUSAMMENFASSUNG

Die Oxydation von Dithizon mit Wasserstoffperoxyd in stark alkalischer
Losung fihrt zu 1,5-Diphenylformazan-3-sulfonsiure. Diese violette Verbindung
fithrt bei Angabe eines Protons zu gelben Losungen des korrespondierenden Sulfonafs
und zu rotlich-violetten Losungen bei Angabe eines zweiten Protons von der Iminc-
Gruppe. Die Sauredissoziationskonstanten pKi=—0.92 und pKa=12.9 (#=1 M
NaNOs) wurden spektralphotometrisch bestimmt.
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