Heavy metal hyponilrites

By C. N. POLYDOROPOULOS and TH. YANNAKOPOULOS

The best pH range for the precipitation of insoluble hyponitrites of se-
veral heavy metals is found by comparison of titration curves. Mixtures of a
soluble metallic salt and hyponitrous acid are gradually neutralized with al-
kali and the course of the pH is followed. The hyponitrites of Ag, Cu, Pb, Cd,
Co (II), Zn, and Ni precipitate as neutral salts at pH 2-3, 3.5-4.5, 4.3 5,
5-6, 6-7, 6-7, and 6.5-7.5 respectively. Solutions of Al, Cr (1II), Fe (III),
Sn (IT) and Sn (IV) do not form hyponitrites under the same conditions ; hy-
droxides are precipitated instead. A brown FeN,QO, is probably formed atr+H
6.5 -7 but it is too unstable. Mercury forms HgN,0, and Hg,N,0, in extre-

mely acid media.

Formation of insoluble hyponitrites of seve-
ral heavy metals has been reported by a number
of investigators (1 - 12). However disagreements
concerning the composition of the precipitates
formed are not rare. As a rule these were ob-
tained by precipitating sodium hyponitrite with
a solution of a soluble salt of the metal studied,
or vice versa. The influence of the pH of the
solution during the precipitation has not been
considered*. Thus occasional coprecipitation of
insoluble metal hydroxide may have occured in
many cases and, consequently, substances descri-
bed as basic metal hyponitrites may have been
in fact mixtures of neutral salt and hydroxide.

An investigation of the ability of the ion
N,O,* to be a ligand in coérdination compounds
has started in this Laboratory (14), with silver
ion being tried as a center of codrdination. Ex-
tention of this investigation toother metals re-
quires a knowledge of the influence of the pH
as outlined above. This work was undertaken
with a view of establishing at what pH each
hyponitrite can be precipitated in a single phase
of definite composition,

The method employed is simple and conclu-
sive. A solution of a soluble salt of the metal
studied containing free hyponitrous acid was neu-
tralized slowly with NaOH and the pH of the
mixture was plotted against the amount of the
alkali added. The curve obtained was compared
with that of the titration of the same amount
of metallic salt under the same conditions (con-
centration etc.) but without hyponitrous acid
present.

Experimental

Sodium hyponitrite was prepared by reduction of
a NaNO, solution with sodium amalgam, the latter

* This is not surprising, since the most of the
work available has been done as early as before 1930.

being obtained electrolytically. The soluble hyponi-
trite was transformed to Ag,N,0, (by precipitation
with AgNO,) which was kept under water often re-
newed.

When pure Ag,N,0, was needed a part of the
stock substance was dissolved in dilute HNO, (about
o.1N), filtered, reprecipitated with alkali up to a pH
about 5 and washed thoroughly.

Hyponitrous acid was prepared by treating a so-
Jution of HCl of suitable concentration with excess
Ag,N,0, freshly purified but not dried. The filtrate
{solution of pure H,N,0,) was always used without un-
due delay.

The solutions of NaOH were prepared by dilution
of clear saturated NaOH, with all necessary precau-
tions to avoid contamination by CO,.

The pH of the solutions was measured with a
Cambridge Portable Type pH Meter provided with
glass and calomel electrodes. A series of salt bridges
ending with IN KNO, was interposed between the ca-
lomel electrode and the solution tested. The pH re-
sponse of the set, checked over the range of pH 1 to
13, was found to be quite satisfactory. The average de-
viation was 0.0035 per pH unit.

Results and Discussion.

Fig. 1 illustrates an example of comparison
of the two titration curves. Nickel hyponitrite
is a voluminous precipitate resembling the hy-
droxide of the same metal even in colour, This,
as well as the comparatively small difference,
between the pH of precipitation of the two sub-
stances, is perhaps the reason why formation of
nickel hyponitrite is not mentioned by previous
investigators. The othér hyponitrites referred to
in Fig. 3 differ from the corresponding hydro-
xides in colour or the appearance or both.

If the concentration of hyponitrous acid is
less than that of the metal, the formation of
MN,O, is followed by the subsequent precipita-
tion of M(OH),, as shown by Fig. 2. The hy-
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ponitrite content of the total precipitate (deter-
mined afterwards by dissolution in HNO, and
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Fig. 1. Titration of Ni(NO,)y (upper line} and of the
same Ssolution in presence of H,N,0, (lower line)
with alkali,

precipitation with AgNQO,) is equal to that indi-

cated by the arrow underneath the titration
curve.

No evidence of formation of basic salts was
obtained. The hyponitrites of the bivalent me-
tals included in Fig. 3 precipitate as MN,Q,, at
a narrow pH range lower than that of the cor-
responding hydroxide.

The points of measurements are not marked
in Fig. 3 because (a) they lie well on the curves
drawn, with only a few exceptions where the
deviations are still less than 0.1 pH unit, and

pH
1

Fig. 2. Separation of nickel hyponitrite on neutraliza-
tion of a mizture of hyponitrous acid and excess

Ni(OH)2
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(b) the curves can represent true equilibrium
states only with an approximation of a few ten-
ths of pH. The latter was inevitable because
waiting after each addition of reagent for the
equilibrium to be established too long, would ha-
ve resulted in serious decrease of the concentra-
tion of hyponitrous acid (by decomposition),
which was intended tobe nearly equal to thatof
the metal. Thus the titrations had to be comple-

PH -

Moles of NaOH per mole of M*+

Fig. 8. pH of precipitation of metal hyponitrites. For

A4g,N,0, the rapid rise of pH corresponds to
addition of 1 equiv. OH- per Ag+.

ted within about 30 minutes. The concentrations
were around 0.03M and the reagent 1.0 N NaOH.

Fig. 4 illustrates one example of not forma-
tion of insoluble hyponitrite. By raising the pH,
Al*'* precipitate as hydroxide irrespectively
of whether hyponitrous acid is present or not.
Neutralization of the latter occursat pH higher
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Fig. 4. Precipitation of Al/OH)s from Aly(SO,.)s (upper
line) and from a mixture of the same solution
and hyponitrous acid (lower line).
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than 4.5, after the precipitation of the metal as
hydroxide has been completed.
Similar behaviour show solutions of Cr (111),
Fe (III), Sn (II) and Sn (IV). Their precipita-
tion takes place at low pH, to be followed by a
subsequent neutralization of hyponitrous acid.
Ferrous hyponitrite. Bivalent iron (fresh so-
lution of FeSO,7TH,O or Fe SO, (NH,), SO, 6H,0)
in presence of hypenitrous acid forms a brown
precipitate at pH 6.5- 7. Under the same condi-
tions (but without hyponitrous acid) blue-green
Fe(OH), precipitates at a pH about 8. By the
shape of the titration curves (which closely re-
semble those of Fig. 1) the composition of the
brown substance is likely to be FeN,O,. A ve-
rification of this by analysis is unfortunately
impossible because the substance is too unstable.
As soon as it is formed it starts decomposing gas
bubbles being evolved. The decomposition can
not be stopped by making the solution highly
alkaline or by washing the precipitate.
Mercury. Mercuric hyponitrite has been pre-
pared in the past by mixing solutions of soluble
mercuric salts with a solution of Na,N,0,. The
precipitate formed was reported to be a basic
salt of the composition HgN,0,3Hg (OH), (4,5).
Probably it was a mixture, because when the al-
kaline Na,N,O, solution was mneutralized first
and then added to a mercuric nitrate solution
the normal salt HgN,O, was obtained (3).
However a more acid medium seems to be
preferable. If a 0.03 M solution of Hg(NO,), (a-
cidified by a little HNO, to prevent hydrolysis)
is slowly neutralized by NaOH, mercury starts
precipitating as soon as the pH is raised above
2.1, and the precipitation is almost complete at
pH 3. This constitutes a serious danger of copre-
cipitation of HgO or Hg(OH), or a basic nitra-
te together with the HgN,O,, if the latter is
precipitated from solutions not acid enough.
Indeed mercuric hyponitrite is now proved to
be insoluble enough at pH even below 2, to al-
low for a better method for its preparation in
pure condition.

When o.1 M Hg(NO;), (acidified) is mixed
with pure o.05 M H,N,O, a crystalline pale yel-
low powder precipitates immediately, although
the liberated HNO, lowers the pH down to 1.5.
If the amount of hyponitrous acid is by some
50°/, more than required, almost the whole of
mercury is precipitated. It makes no difference
which way the two solutions are mixed.

Similar is the case of mercurous hyponitrite.
It has been described (3) as a yellow precipitate
obtainable by dropping a solution of sodium hy-
ponitrite into mercurous nitrate. This reminds
one of the well known yellow basic mercurous
nitrate which is easily precipitated at pH 2-3,
particularly as mercurous hyponitrite of an o-
range colour can be obtained at lower pH, as

*Anpllios 1961

follows.

An acid solution of mercurous nitrate con-
taining o.5 mole of Hg,(NO,), and 0.5 mole of
HNO, per litre was used as stock solution. Five
ml of this diluted to 200 ml (pH=1.8)and neu-
tralized dropwise with NaOH do not form any
precipitate up to 1. s ml of 1.0 N alkali (pH==2.2).
Further addition of NaOH precipitates yellow ba-
sic mercurous nitrate. But if 5 ml of the same stock
mercurous solution are treated with 200 ml of
hyponitrous acid (about 0.04 molar) an orange
crystalline powder separates at once. Again so-
me 80°/, of Hg,** is precipitated and the HNO,
set free lowers the pH to 1.5. The same sub-
stance is formed if the mercurous solution is
dropped into the solution of hyponitrous acid.

Thus pale yellow mercuric and orange mer-
curous hyponitrites can be formed. in dilute ni-
tric acid solutions at a pH about 1.5 where hy-
drolysis of Hg*t or Hg,** to hydroxides or ba-
sic salts is excluded. Both substances can easily
be washed by decantation and dried even in the

ordinary atmosphere. They are decomposed by

NaOH, being converted to the orange mercuric
or the black mercurous oxides respectively. An
equivalent amount of Na,N,O, is then found in
the alkaline solution. A quantitative determina-
tion of the latter shows that the two substances
are neutral salts i e. Hg N,0, and Hg,N,O,.

Table I summarizes the results.

Table I. Optimum pH of precipitation of

hyponitrites.
Colour pH
I

NiN,O, | Light green 6.5—7.5
FeN,0, ? Brown (unstabie) 6.5—17
ZnN,0, White 6 —1
CoN,0, Light brown 6 —7
CdN,O, Yellowish white 5 —6
PbN,0, Yellow 4.5—H
CuN,0, Green 3.5—4.5
Ag,N,0, Bright yellow 2 —3
HgN,O0, Pale yeliow 1.5-2
Hg,N,0, Orange 1.5—-2
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NEPIAHVYIZ

‘Yaoriroddn Ghata fagéwy perdiior
*Ya0 K.N. HoAYAQPOTIOYAOY 0t ©.N. TIANNAKONOYAOY

*Avalnyreitar 1y wAdov ebvoikty meploxhy pH Six
THv karakpfpviow SuoBloAUTwy UroviTpudiv AA&-
Twv S1apdpov peTéAdwv el xabopdv kaTtéoTaotv.
AdAvpa &atos ToU Urd peAéTny petdAdov, Tepl-
Exov kal EAelBepov UmonrtpddBes 86U, Eoubetepol-
Tar Padumaioos 51° AxdAewss Urd Trapakoiovinow
10U pH. *H &mrtuyyavoudvn kaptmiAn ovyxplvera
u¢ Ty Tiis karaxpnuvioews Tol alrrol SiaAvuaros,
&N &veu UmrowiTpdBous &fkos (Zx. 1). Zynuom-
opds Paoikdy dA&Twv, ouxvéxis dvagepoptvwy Urd
ToAaiotépwov Epeuvntddy, el oUBeplav mepimToow
SiemioTdin. OUrws &wobeakvieranr &Ti ) &v Ypnoel
ué@oBos, fitor Tis kaTaxpnuvicews peTaAMkdy dA-
TV S1& SiaAUparos UmowTpdBous vortpiou (Aav
&AxaAikoU Adyw UBpoAUoews) &veu TrpooexTiKoU
Etyyou 10U pH, SuvaTtdv vk d8nyfio els piypara
&xabopioTou ouoTéoews. XapaxTnpioTikdy ToUTtou
wapdSearypa &rotedsl §) weplmwrwots TV dAGTwY
UBpapyUpou kal UpubpapyUpou. Mia wepimrwors
SiaSoyxfis kaTaxkpnuvicews oUdetépou UmonTpo-
Bous &Aaros xal &v ouveyelq UBpofeidiou gafveran
els T oyfipx 2. To oxfipa 3 xal 6 wiva§ 1 wapt-
youv Thy mepioyiiv pH, &vrds iis dmolas EkaoTov
Umonrtp®bes katakpnuvileTan ds oUBttepov dhas
(’Ex vot 'Egyactieiov Ovowoynueiag Mavexiotpiov "A-

Bnviov)

ENNIZTOAAI TIPOZ

To mvéviov dg ddoavee péoov
fikexvoogogiioene
“Ynd ANazTAZIOY A. XPEETOMANOY

Elvan yvowordv 8t fy fhextpogpdonots mowteividy,
ennddv | nal dpivotéwy Exi dumdnrixod ydorov Hmd
iymhotéoag tdoeig tdv 500 V, mooxaiei dia deopdv-
oewg ToU ydotov Eharrepatiny Ahextpogpdonow
xal dravdpdxwoy tob ydotov Evexa EEarpicewg tod
BypoT fikextoorioewe. [lpdg vov oxomdy tobtov wpoe-
td¥n Ond tob Michel td modrov, 1 Eufdrtnios Tob
3lov frextoopoontinod ovoriuarog Evidg rokovolriov
amogpevyopéyms olitw tijc dEatpioeme xal deppdvoemg
10V dimdnrixod ydotov.

‘H yomowponoinoig duwg tohovoriov, idimwg xara
tdg fhextoopopricer PWTEIVDY xal mErTdDV xad’
8g Aapfdverar ¢ guipionxdy dudhvpa fHhexvoopo-
ofoewg piypa mupdivne Tdavog xai dEwxov dEfoc,
Exer ddo perovextipata, mpdvov Stu petd wévee § EE
fiAentpoqoprioeig T0 Tohovéhiov moémer va ExmAvdi
&x tijg elg adrd Siadvdeions murdivyg xal dEixob dEEog
xat elta droorayd, xai- devregov St A Ty adrob
elvar Alav OymAd, oftwg Gote Evexa tdv dmwleidv
natd Ty wAvowv xai why dxdorakiv ) yonoiponoinois
alrot d¢v elvar ovpgogog.

ENISTOAAI IPOZ THN ZYNTAEIN . 73

E\eUlepov Tpoonifecov. Ataddperra Al Cr (I11), Fe
{III), Sn (II) xad Sn (IV) xavoxpnuvifovren dos
USQo&i&a, dvesbapTiTes Tiis Topousias ff py Uroni-
TphSous &Etos (Zx. 4). ThBavds oxnuanouds FeN,O,
pafveran &k Tiis kopmUANs dykoperpiioews. To ka-
oTavéypouy Spws ToUTo Inua Sicom&ran Tayfws
Umd EAvow &eploov, phy EmiTpémrov dvoAuTikiy éa-
ABevow Tiis ovoTdoews abtol.
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THN IYNTAZIN

Awd tov Aéyov adtov mgoomadfoapev va elompev
gv péoov Gdoavic Hhextpogogficens dewxviov RLRQAY
dyoydtnra xal dvodidhvrov el Hdatind Srakdparo
nvpudivng. Katdmy oyetixdv dvalyriceov nmpoexnQi-
vapev 1o mwvéviov O ExmAngotv Gmokitwg Tovg da
Ty fHhextoopbgnowv dmagaitiitovs Spove.

To towsamotaydiv mvéviov 10 Smolov Exenoijro-
novioapev mpobpyetan Ex Tob vegePivdedaiov tijg we-
owyiic Kaoodvdoag tig Xadadindic xai dewxvier tdg
&Eiic Quowag oradepds : Stadegds Pady. téo. 154*—
155° ¢1d. Bdo. 0.837gr.fem®, deixtny Sradd. 1.459 xai
€18, dyoypbmra elg 22° 1<1,6110%. Elvar dartixde
&8pavig nol &g &x tovrov 10 yonoromomdty muvé-
viov elvan gaxeprdv Gmotehodpevov Gmd loo uéon
Seroovpdov nai doLotegooTépov mveviov.

Avi Tiic yonowomorioews Toh mveviov EmeTUyapey
tov #Eaipetov diaywolopdv moWTEIVOV xal aenTiddv,
tiic Yeguoxgaciac xatd Tiv TAEXTQOPOENOLY TAQANE"
vovone pevaky 20° xai 22°.

T moovéonua tig Sk mveviov TAEXTQOPOQY|GEMS
Zynertan G’ Evog pév el to G Tolto Suadver oAy
dhydiegov Ty avprdiviy xai to doardv dEwdv dEV
nag’ §oov 1O Tohovbhiov xal g Ex tovtov div dmartel-
tou i Exmdvorg xai Gadotabis abrod peto mévee fAe-
xvopogiioers, dgp” Etéoov B¢ eig w0 ebovov adrod (4



