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STUDIES ON NESSLER'S REAGENT AND NESSLER'S PRECIPITATE
PART TI

I
PULIN BIHARI SARKAR axp NRIPENDRA NATH GHOSHE

Inorganic Chenustry Laboratory, Universitv Colleye of Science, Caleutta (India)

TFor the detection of ammonia, NeEssLER! first introduced a reagent, the preparation
of which has subsequently been modified by different workers? — the presence of
[Hgl )2 ions being varied from o.083 to o.rM and the concentration of caustic
alkalies from 0.3 to 3.1/. The existence of an intermediate compound has been
shown in our previous communication®.

The composition of the characteristic brown precipitate, formed when the Nessler's
reagent is treated with ammonia, has been described in the literature as NHg,I H,0
by some workers? and as NH,Hg,I, by others®. Inour present communication attempts
have been made to arrive at a definite conclusion regarding its composition from
potentiometric study, assuming that the formation of the precipitate takes place
in the following manner:

(Mgl + 2 OH- = [Hg (()};i)zj-2 a2l (1)
2{Hg (02)2}“-’ 4+ NH,; 72 NH,. Hgl, . .aq. 4+ (4-»)1" 4- nOH" (2)
Now if the initial molar concentration of [Hgl,]"2 ions used be A, then,
A — A, 4 4, 4- 24, {3)
where A, and ., are the ultimate concentrations of [Hgly "2 and |{Hg (Ul;i}zj‘z ions

respectively and A, the number of moles of NH,_,Hg,l,,aq. precipitated from a
litre of the Nessler’s solution, duc to addition of a known amount of ammonia, the
concentration of which is denoted by «. Throughout the scries of an experiment,
the concentration (B) of potassium hydroxide has been assumed to remain constant

as it was present in large excess. So the apparent equilibrium constant K’ from (1)
is given by,

K= )

where / is the concentration of total iodide ion liberated.
And from (r) and (2), we have,

1 =2A,+ (8n)A, (5)
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As NH,  Hgl,aqg. is practically insoluble and ammonia remaining unreacted iy
infinitelv small, it can be deduced from (2),

Ay . (6»)
I'rom (3). (4), (5) and (f) by solving, the expression for n is given by,
2{4d ~— 2a
NP |
H & - /2 17
4 v -,
l ¥\

EXPERIMENTAL

The values of 7, with or withont addition of iimmonia to the Nessler's reagent, were calenlivted
from the ohserved eom Lof the concentration cells contaning wodide-hvpolodite system, following
stimthin procedute and nsig the reagents of the same grade as deseribed i detad in our previous
commutication The concentiation of jodicde son in the reference coll was 0 027, It was abseryed
that whoen ciiustie alkahes of high concentration were present an the Nessler's reagent, there was
A deposition of yellow HgO at the liguid junction of the KO bridge durimg eom.f measurements,
Thas datficulty had been avorled by seplaomnmg IKCHain the bridge with KO the concentration
ol which was the same as that of the alkali present i the concentration eells, and the observed
¢ nubovidues were eorrected as usual, Tn each ease, knowing the value of 7 before ackding ammoma,
K7 was calealated from the relation () and from the corresponding value of 7, after adding
known amount of aimmonmia, 1 (7) was evaluated The results ave stated m ‘Table T, The amonnt

of amimomin was added i such a proportion as to precipitate 1609, of mercury untuadly prosent in
the salution,

TABLE |

CONCERNIRAION OF JODIDE JON IN T1HE REFERRIENCE CIELL @ 002
Conen, e n & foeorredded) e $olly Crnten. of
of [Hpl}? of alkals t sthont With amoensa Po—=tg ”
A @npntee et o

0.05 303 0 0140 o 0105 [SI3IERY 2 20 0.8
O f0 3603 0,015 0225 0 onN 1.00 1.0
0,20 303 0 0045 00283 O 0t 1 OO 1.2
008 202 0 030 O 0t55 0 00y .01 1o
IEY Log O OI75 0.0210 0 008 1.t 1
O 20 202 0 0230 [SNE 2 0010 3t 1.3
€003 1.00 0 0100 €301 30 OO0y 1.30 13
O 1 1.0 .01 50 € OLgo 0008 .00 1.5
0,20 oo 0.0220 0.0205 0.0t 0,70 1.8
005 0 19 0 0070 Q01035 0.,00.4 0 0O8 t S
010 040 0.01.20 ©0.0105 O ond 0,38 2.3
0 20 0.4 0,005 0,002,458 O 0ih O 08 19

From the experimental data, it has been observed that 2 is a function of both
A and I3 In order to find out any empirical relation between 2, A and B, a curve
(Fig. v) has been obtained by plotting 12 against the corresponding values of (pog —
2p i) and the following empirical relation has been derived,

3
-

i (log, | -~ 1) RE

Another set of experiments was carried out by adding the different amounts of
ammonia to the same solution of Nessler's reagent and the results are stated graphi-
callyin Fig. 2, by plotting # against logarithm of the percentage of mercury precipi-
tated as ammoniated product, It has been found that the value of 22 increases with
the increase in concentration of ammonia. The colour of the precipitate also deepens
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from brown to chovolate with the increase in iodine content and the chance of the
formation of a precipitate containing no iodine is very remote,

Hence it mav be concluded that the composition of the precipitate depends on
the concentrations of gl -2 and OHM- ions as well as on the amount of ammonia
added. The possible compositions are as stated below:

N Hy L HLO (O “{" sNHLI)  brown

{)-—. r
NHHg, 1, HLO (“ )__'iiz/Nl*igl) ceep brown

NI, (I “" NILD)  chocolate.

It may be of interest to recall the prt»portivs’ of Millon's Basc%:
HO-~Hyg

b Lo He
HO- Hg- NHOH or 07 1 NTLOH O,

Ordinary salt solutions -i- Millon’s Base -+- Salts of Millon’s Base (very difficulthv
soluble) -~ hydroxide of metal, e.g.

(i) Dilute K1 solution -i- Millon’s
filtrate being free from iodide ion.

(ii) CuSOy, or Felly solution shaken with Millon's Base gives rise to a filtrate free
from all salts.

Therefore the suggested overall reactions are:

Base = lTaodide of Millon’s base -i- KOILIL, the

1) 2{Hgl )™t -~ N1, - 3011~ == U/”’”:\m e 717 2HL0

< I! 1
2) 2[Hgly)™® + NHy + 20H- 2* H(; I};{j/; NHpl - 01« Hy0
3) 2[Hgl ] + NHy +4- OH- > gé)h H,I -+ 51 4+ H,0
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From the experimental data it may be observed that as the concentration of ammonia
or iodomercurate ion increases, alkali remaining constant, the precipitate tends
towards the formula NI Hg,L,; while when alkali concentration increases and the
other reactants arc constant, the formula of the precipitate approaches to NHg,l,
H,O.

As the Nessler's reagent is mainly used for the detection or estimation of traces
of ammonia, s0 it may be stated that the characteristic brown coloration or precipi-
tation is due to the formation of NHgD HL0.

SUMMARY

The composition of the precipitate formed when the Nessler's reagent s treated with ammonia,
s assumed as N Hug, Ly, ag. and has been studied potentiometrically from odide-hypoiodite-
system. It has been observed that the value of » depends on the concentiations of [Hel 2 and
011" ions as well as on the amount of ammonm added and it may vary fiom 1 to 3. The colour
of the precipitate decepens from brown to choceolate as the value of » increases

RESUME
Les auteurs attribuent an précipitd, formé lorsque le réactif de Nessler est traité par PFammona-
tue, In formule suivante Ny Hg laqg. La formation de ce composé a 686 étudiée potentiométri-
quement i partir du systéme jodure-hypoiodite On a constaté que la valeur de n dépend des
concentiations des sons [Hyly o2 ot O, ains que de la guantité d’ammonnque ajoutée; elle peut
varier e 1t & 3. La coloration du précipité fonce du brun au chocolat lorsque la valeur de »n croit,

ZUSAMMENFASSUNG

Dic Autoren geben dem Niederschlag, welcher sich taldet wenn man das Nesslersche Reagens
mit Ammoniak behandelt, folgende Formel: Nl Hg, Jeag. Die Bildung  dieser Verbindung
wiurde potentiometnsch vom System  Jodid-Hypojodit ausgehend untersucht, Man stelite fost,
dass der Wert n von den Konzentrationen der Ionen [Hgf7? und OIIY, sowie auch von der
Quantitiit des hinzugehigten Ammoniaks abhiingt; er kann zwischen 1 und 3 varueren. e
Farbe des Niederschlages vertieft sich mait wachsendem \Wert von »2 von braun zu schokoladebraun.
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