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ON 

/llercurous Nitnte. *' 

(Read December, 1895.) 

Pre/imznar], 

Having recently had occasIOn to prepare mercurous nitrate in 
quantity by the actIOn of dilute nItnc aCId III the cold on mercury, I 
was rather struck by the appearance of a yellow crystallme deposit. At 
first sIght It was taken to be a basIc 5alt, but the formatIOn of such a 
salt in a strongly aCId !>olutton was contrary to ordmary el'perience. 
A IJlehmma.ry test provt"d It, however, to be at once l\. mercurous salt 
as well as a 1lltnte The interestmg compound promised thus amply to 
repay an mvestigation. 

Hzs/oneal 

Lefort, Gerhardt and Marlgnac, especIally the last, have studIed 
and described in detail the actIOn of nitrIc acid on mercury under 
varying circumstance£,. We have to labour here under the serious dis­
advantage of not having access to the original memoirs of these French 
chemists. Fortunately, a. complet~ resume of Marignac's work is to be 
found in Fremy's Encyclopedic CI12mzqut. The information as regards 

* Reprinted from ~he Journal, ASIatic Society of Bengal. Vol. LXV, Part ti, 
'No.1, 18915. See also Zeit. Anorg. Chern. Bd XII. 18g6. 



[ 2 

mercurous mtrlte, ho~ever, is scarcely worth anythmg.'" Roscoe and 
SchorIemmer In their well.known treatiSe do not so much as mention 
1h IS compound, nor is there any reference to It to be found In the latest 
edition of Watt's Dlctzonar)' 0/ Chernzslr) 

Method 0/ Preparatzon 

Yellow mtric aCid, sp. gr 1410, is diluted with water m the pro­
portion of I to 3 in a flask or beaker. A large eXcess of mercury is a

' 
once poured mto the liquId The heat of solution of the aCId in 
water helps (0 start the reaction A gentle effervescence of gase~ at 
once tak~s place, and m the course of about an hour yellow nee~:nes 

resembling prIsmatic sulphur, begm to appear on the surface of mercury, 
After a few hours the liqUId together with the mercury is carefully 
decanted off, and the salt shaken out of the vessel over porous tiles to 
remove the adhering mother-liquor . 

For purposes of analysis, etc, It i~ preferable to collect the first 
day's or at most the second day's crops only, partly because mmute 
globules of mercury get entangled among the mass of the crystalline 
deposit, whIch It is tedious to get rid of, and partly because the com­
pOSItIOn of the salt varies on standinr In 'Lhe lIqUid. Thus It III tound 
that If the salt, mstead of being removed, is allowed to remain in co~ 
tact with the mercury and the mother liquor, it gradually disappears 
and in its place transparent, perfectly colourless, crystals are formed, 
which grow in size wIth tIme. These latter will be described under 
the name of ,. Marignac's salt/' which is a basic mercurous nitrate. 

Qualztative tests 

The new compound among others answers to the following tests .-
1. Dilute sulphuric acid slowly evolves nitrous fumes: more 

readily on heatmg. 

* T\!e words whlc\! have a direct bearing on tile present subjeot are quoted 
hore. "L'azot\te mercureux se forme ... en meme tei1'p~ que I'azotllte men:llrique 
d'apres Lefort, chaque fois que \'on attaque du mercure per de I'acide nitrique. 

D'autre part, Gerhardt n'admet pas I'existenoe de I'azotite mercureux et iI 
~sidke lea produtis obtenus comme de l'az$te -.ercuI'08odnen:l1,ique.' 

Tome 111. p. 240. 



r 3 ] 

2. On Wam1fDg with a large excess of water, glohules ,of mercury' 
separate out. In the cold the decomposition j~ only partial 

Thepeifectly clear mother-liquor, decanted off the mercury, gives 
the following reactions -

(aJ Boiled with an excess of pure caustic soda 'solution, it yields 
a black dense precipitate, the filtrate from whiCh, after acidilicalioa 
with dilute sulphuric acid, rapidly decolorizes potassIUm permaD~' 
solution and instantly sets free iodine from potassium Iodide. 

(b) Sodium chloride throws down a copious white precipitate; 

after removal of the calomel, the filtrate IS now divided into several 
portIOns; to one IS addf'd caustic soda, and a yellow precipitate is the 
result, another portion treaterl WIth potassium iodide gives an o!Qnge. 
precipitate; whdst a third portion on addition of hydrochloric and 
phosphorous aCids Yields a further quantity of mercurous chloride. 

It IS thus eVident that 111 the clear SolutIon we have both a mercu" 

rous and a mercuru salt ac; well as a nt/nte Urea does. not give the 
jamte~t opalescence to the hquld, showing the absence of mercuric 
nztrate 

QUANTITATIVE ANALYSIS 

A. Estzmalum 0/ Mercury 

In determIDll1g the composition of the salt, the amount of mercury 
IIJ It Will have the predominating VOIce, on account of ItS high atomic 
weight; the mtrogen playmg only a minor part. The estimation of 

this metal will therefore be described somew hat in detail. 
It has already been shewn that when the salt is heated with a 

large bulk of water, metallic mel'LUry separates out, leaving in 'Solution 
both an ous and an ic salt. The mercury thus liberated sometimeS 
co\lects'readily into a single globule; sometimes it remains as a grey 
powder, the whole of which it IS difficult to aggregate into globules. 
even after continued heating with hydrochloric acid. ~ot estimation, 
the mercury is now transferred'to a tared crucible and kept under a. 
desmcator. The mercury weighed m this form will be termed "free" 

mercury all along. 
The solution decant.ed off the mercury with the rinsings. of the 

vessel is considerably diluted with water and an excess of hydr.dChlOlic 
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and phosphorous d.Clds added to II. The mixture IS now allowed to 
stand overnight and the preCIpitate' of melcurous chh:mde weighed m 
the usual way \Vhen, however, It IS desued to e5umate the ous and 
the lc<salts separately, treatment with sodIUm chloride IS resorted to 
prevIOus to the additIOn of hydrochloric and phosphorous aCIds, ahd the < 

calomel then weighed in two instalments, Although thIS method yi'elds .. 
accurate results, It often proves a very tedIOus one, After removal of 
the calomel by HCl + HaPOa, and further dIlution of the filtrate With 
water, a small quantity of preCIpItate, varying from a few centl.to 
mIlligrams IS generally obtamed the succeedmg day, and so on, Pro­
bably it was the mtrous aCid necessarily present m the lIqUid which 
caused th.s kind of retardatIOn In the preCIpitatIon of calome!."" 

in a few cases the mercury III the IC salt was ebtlmlted as the 
sulphzde, But thIS method IS almost equally troublesome on account 
of the large quantIty of sulphur set free The pores of the filter-paper 
get choked up, and the filtratIOn, though carned on under reduced 

pressure WIth the aid of Bunsen's pump, proceeds very slowly More­
over the precipItate has to be dIgested WIth a strong solution of "odiUm 
GulphIte, thoroughly washed With hot water, dried and re-washed With 
carbon bIsulphIde, punfied by bemg kept ov~r mercury and rF-dIstilled, 
Unless the precipItate IS treated once more WIth carbon bI'mlphlde, the 
result IS apt to be too hIgh, There i5 thus not much to choose between 
these methods Both, however, gIve satisfactory results when conduct­
ed with care and patience 

PreparallO'l 1-08695 gram substance gave 0'274 gram," free" 
mercury = 315 per cent" free' mercury, 1'1895 gram, substance kept­

over H2 S04 in the deSSIcator , July 27th 139S' July 30th, wt.= 1 184 
gram,; after a month's sta} m the desslcator, the wt was constant= 

1'184 gram, I 184 gram substance gave ° 3485 gram, ' free" Hg,,= 
29'43 per cent" free" Hg , 0246 gram, Hg2Cb from the;; flitS salt in 
solution= 17 7 per cent. Hg, ; and ° 42 Z gram, Hg2CIJ from the Ie salt 
=30'27 per cent Hg 

PreparallOn 11.-1 2865 gram, substance ga.ve 0'3957 gram, "free" 

Hg.,=30'76 per cent" 0'25 gram Hg2Cl2 from the ous salt=16'S per 

• In the estimation of mercurous nitrate no such retardation occurs, 
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Hg ; and ° 4645 gram. Hg2Cl2 from the IC salt:;::30'69 per cent. 
Hg. 1224 gram. substance gave 0'3575 gram "free" Hg.,=29'2 per 
cent.; 0243 gram. Hg2Cl2 from the our portlon= 16'86 per cent. Hg.; 

and 0'437 gram Ht!2CJ2 from the IC portlOn=30 31 per cent. Hg. 
PreparatlrJ1l III -I 6.p glam. substance gave ° 5025 gram. "free" 

I1g.,= 3062 per cent ,0 348 gram. Hg2CI2 fro~ the ous salt= j 7'8 
per cent. Hg, and ° 5965 gram HgS from the lr salt= 3 ~ 33 peE 
cent. Hg. 

The results are presented here in a tabulated form for convemence 

of reference. 

"Free' Mercury Mercury Total 

Mercury In the in the per cent of 
Io.SaIt ous Salt Mercun 

--~~--

I. 3 1'5 

2 L29 43] 3°'27 17'7 7867 
\0 

30 76 3069 16'5 
VI 

3· 77 95 00 
'" .. 

4· C29' 2] 3°3 1 16'86 77'87 ~ 
ctI 
I!) 

e 
5 3062 3 1 33 I 17 8 79'75 

__ I ----------

The percentage of" free mercury" m analysIs (2) and (4) respectively 
comes out too low The cause of thIs has been already explained. 
Whenever the mercury separates out as fine grey powder It IS difficult 
to collect the whole of It mto globules, dunng the decantatIon of the 

liqUid a part of It IS camed off, and during the process of boIling 

with hydrochlonc aCId to mduce coagulatIOn, another portIon is lost by 
volatilIsatIOn As Fresemus hImself remarks ,. m general a little 

mercury is lost." In analyr.is (5) the percentage of mercury in the ic 
~lt IS a little too high, because thiS wag estimated as HgS (see ante 

p. 4). It would be safe to take 30'7 as the percentage of mercury 
both in the "free" state as well as III the Ie salt, and this number bas 
been actually taken In calculat ng the percentage in (2) and (4). 
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B. Estillia/z;m of Nllrogm. 

The salt \\a'l boded wIth water and after separa.tion of "tree" 

mercur), the clear liquId was made up to a definite vo!lume and gene­

rally 4 c c of It treated In the nrtrometer In the case of very drlute' 
Solutlon3 of all-alme nltntes anrl mtrates It IS g-enerally the custom to 
take a tl.lg\.r volume of the IlqUid. evaporate It to tlr} ness and then 

dls'lolve the residue In the minImum quantity say 2 c c.) of water. 

But unfortunately thIS could not be done In the present case, as thereby 

insoluble basIC salts were formed In dealmg wIth small quantities 

any experimental errors would no dOI,ht bt highly magmfied and thus 

tend to Vitiate the result, hut the method IS one which admits of 

ngorous eXlctltude, as was proved by blank expeTlments with dilute 

solutions of potassIUm nItrate * 
PreparatIOn IV (<I) Substance=0'2~54 gram, Volume of solution 

=65 c.c 
4 C.C. SOI.=l'SCC NO t=33°C; p=760mean (mean of 4 con cor-

dant estimations), WhenCe NO=1I'46 per cent, 

(b) Substance = 2 008 gram., Vol. of 501.=226 c,c. 

4 cc. Sol. =35 cc NO (mean ot 3 estimations); t=3'oC; p= 
760 m m Whence NO = 11'87 per cent. 

(e) Substance = 2'299 gram; Vol. of Sol. =234 c c. 

4 c,c Sol = 3'9 c c NO (mean of 4 estimations), t=32°C; p= 

760 m m When<..e NO = 11'93 per cent 

Ez'zaenee ar 10 Ihe salt bezng a nztrzte pure and simple, 

As the Crum-Frankland method does not enable us to discriminate 

between the nzlrale and the mtrtle, use was made of the well known 

reactIOn between urea and nitrous acid t 

• One who has made the eshmdtlOn of nltntes Rnd nttrlltes almost his lif •• 
long study teHtifies as regards the Crum.Frankland process, .• that in the absence 
of organic IJlatter and with proper manipulation in the shaking tube, the method 
19 one of great accuracy, and capable of determining extremely small quantitjes 
oE nitrates or nitrites" Warington-Chem. Soc Jour 1879, page 387. 

t For details of this process see "A gasometric metbod of detel'miillitg 
nitrous acid," by P. F. Frankland Chem S~, Jotlr LIlI, 364 
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It was foulld that the solution of the /Jus and i,c salt was only 

slowly and imperfectly acted upon by dilute sulphurIc aCid, it was 
therefore treated with pure caustic soda and warmed, In this way 
the nitrite was converted mto an alkaline salt 

Substance ~·o 7285 gram" Vol. of Sol = 100 c,c 

After absorption of CO2 by strong lye, 

4 c c, sol.=2'85 c,c, N {t=3ZoC, 
5 do =355 do 

10 do =7'10 do P=756 m m 

Whence NO = II 7 per cent 

As the urea also gives up the whole of Its mtrogen accOldmg to 
the equation ~lVen below, the expenmental error IS thus dlmlmshed by 
half, 

2 HN02+CON2H4=C02+ zN2 + 3H20 

Dunstan and Dymond's method of estlmatmg n1tnte~ was also 

apphed, but m thiS case It IS extremely difficult to prevent leakage of 
traces of aIT, The result III general was rather high, 

The mean of the several ebtlmatlons of mtnc OXide IS 11'74 

DISCUSSion 0/ the ReNdls and Theoretical Conszderatzons 

The results accord well with the formula 

Theory, Found, 

Hg = zoooo 78 43 78 55 

{NO= 3°X)0 11'77 Il'74 
0= 16'00 6'z7 

r/2H2O -- 9 00 3'53 

255'00 100'00 

• WhIle correcting the proofs I may A~ well mentIon here that the salt has 

the formula Hg,(NO,), Since the memo'· was presented to the Society, I have 

made repeAted analyses of it, the mercury being estimated as ~ulphide, as phos· 

phoroll. acid gives very low res\3lts in presence of nitrous aCId The percentage 

of "free" mercury has been found to be 31'41, that In the Ie salt, 31 41 and that 

.r- tbe 011$ salt, 17'8. total So'62, Theory for Hgz(NO.J2 requires 81'3 
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On dllutlOn wIth a sufficlentlv large quantIty of water, the salt 

moreover undergoes dIssocIation) thus' 

Hg2( N O2)2= Hg + Hg(N 0212 

The amount of mercury set free bemg equal to that contamed In 
the.le salt, quantttatlVe proof of which ha& been gIven above. The 

dlssoclatJon of mercurous mtrlte IS analogous to that of calomel * 
Hg2C12= Hg + HgCl2 

DlmmullOn of pressure m one case PJaymg the rule of dIlution in 
the other, nearly 22 per cent of the salt, hO\\ever, dIssolves as such, and 

dIlutIOn has no further effect m Increa~mg the proportion of dissocia­

tIOn ( VIde table, p 4\ 

The present compound throws additIOnal lIght on 'he actIOn of 
nitnc aCId on the copper-mercury group of metals. It is now admitted 

by chemIsts that" In theIr relatIOn to mtric "aCId metal., must be dIVIded 

into two c1a'lses" To the forhler belong those whIch produce 
ammoma and hydroxylamme from It, e g. Tin, ZInC, Cadmium. Iron 
AluminIUm, PotassIUm, &c, whIle the latter Include,> Copper, SIlver. 
Mercury and BIsmuth These seem to enter Into dIrect union wIth the­

mtrogen of the aCId, mstead of dlsplacmg 'ts hydrogen The fnrmatlOn 

of the mtr() compounds of the fatty series by V. Meyer's method lends 
additIonal support to thIs theory. This mtr()me comtltullOn of nitrous 

acid, as :plvers puts It, also explaIns the advantage of red or yellow 
nitric ~ In dIssolvIng metals of the silver-mercury class.t 

Ag H I N H \ Ag N02 Ag + O2 + 0 I N02= Ag N0
2 
+ HOH 

Indeed, the presence of mtrous acid seems to be szne qua non for 
the dissolutIon of metals lIke SIlver, mercury, &c .. as was first pomted 

out by RusselLt This chemist also showed that when silver dissolves 

• Hams and V Meyer'. recent experiments fully bear out the conclusion 
arrived at by Odllng year~ ago. See" Ueber den Molekularzustand des Kalornel 
damp["s" Benchte. 27 (1894) P 1482 

t Divers' Chern. Soc Journ for 1883 Trans, p 443. also lind Trans. for 
1885, p. 231. 

t .. On the action of Hydrogen on Silver Nitrate," Chern Soc Journ Trans 
[2J xii. 3. 
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m nitrIc aCid, "silver nt'tflfe is formed in quantity, partly in solution 
in the silver nitrite liquor, partly as crystals." The stability of silver' 

nitrite in pre'lence of strong nltnc aCid IS noteworthy, as ordinary 
nitrites are decomposed even by the weakest acids. The nitronic nature 
of silver mtrite affords a ready eX!JlanatlOn of this apparent anomaly. 

Acworth and Armstrong in their c1assKal researches found "that 
" the amount of gas [NO] obtained by decomposing silver nitrite by 
" mtnc aCid vanes accordmg to the strength of the acid, being greater 
, the ,(leaner the aczd" (the Itahcs are ours) .agam "no amount of 

heating WIll effect this 1 decompositIon] If the acid be concentrated."· 
Mercurous mtrlte seems to behave exactly like silver nitrite. 

The traces of nitrous acid, present m the yellow nitric acid, no. 
doubt, start the reactIOn, but how to account for the continued forma­
lion of mercurous mtrIte ~ For, this small quantity is soon used up 
accordtng to the equation given above There must be a parallel 
reactIOn gomg on to keep up the supply of nitrous acid. Acworth and 

Armstrong thus explain the actIOn of copper on nitric acid.t 

CU+2 HNO] = zH+Cu (N01)2 

zH+HNO I = HN02 +OH2 

Adoptmg thIs VIPW, the mercurous ml1 zle would continue to be 
formed for some time, and bemg msoluble In the menstruum, would be 
precIpitated, whilst mercurous nitrate would remain Ii. solution. The, 
strength of the acid also would go on dImInIshing, ttll a time aniveq 
when mercurous nitrIte is no longer stable tn thiS bqutd, the nitrous 
acid decomposmg accordmg to the tquatlon 

3 HNO~=2 NO+HN01 +OH2 

and l\langnac's salt begms to be formed. The transformation of the 
nitnte into mtrate is however very slow, the process extending over 

weeks. 

• On the Reduction of NitriC ACid, &c., Chern Soc. Journ I Vol Ll. (18n) 

po 54 et seq. 
t Whether NO is formed tlJrough the agency of nascent hydrogen, or by the 

direct action of the metal 011 nitric acid must be left at present an open question. 
Cf, Deville: De l'~tat naissant, C-pt Rend, 1870, LXX, 22, Sso 

2 
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. Dunng the !;I1itiat stages of the reaction tbe reverse change seem to 
take place; for, on the !Jurface ot the mercury i.Ol1lewhat brisk effer­
vesunce goes on, but proporllonaily very little wtne ~xide escapes. 
During Its upward a!Jcent most part of It IS absorbed, thus -

A strong proof In fa.vour of thiS view seems to be the fact that 
as soon as the superincumbent liquid is poured off, torrents of red 
fumes' appear on the surface of mercury, * 

The place of mercury In the periodiC System would naturally 
justify the expecta.tlon that it would Yield the analogue of silver mtrite 
and the present compound IS a realisation of it. 

AILhou8h the compounds of monatomic mercury resemble the 
Cbrt.pondmg ones of silver, there IS a sharp distinction between them 
SIlver never gives baSIC or hydrated salts, whilst the compounds of 
mercury with nitnc or mtrous acids seem to be almost invarIably ba~ic 

or hydrated or both. 
It has already been said that for purpose of analYSIS the first or 

I>econd day's crop should be collected ;..,after a longer time a granular 
mass of }ellow rhombIc tabular prisms (?) IS obtained. which Is 
rather richer in the percentage of mercury and at the same time much 
less stable. When thIS salt, after being dned on the porous tile, IS kept 
In the bottle, it constantly evolves nitrous fumes. 

Temperature also seems to have an Important bearing on the forma­
tion of the present ~alt. The ordmary temperature of the Laboratory 

• Veley also arrives at thiS cc;mcluslon. "If the conditions are such that 
.. these l11etals [Copper. Mercury and Bismuth] dlsqolve, It would appear that the 
.1 melRlIic nitrite I~ at first formed, together With nitric oxide. The former is de • 
.. com po.ed by the exc"s~ of OItriC aCid to hberate n,trollS Ilcid, whilst the latter 
I' reduces the nitriC aCid to form Il further quantity of nitrous acid." 
i .. Eventually the net result IS the product of two reverse chemical change • 
• , represented by the equatlons-

(I) :I NO+HNO.+H.O-3 RNO •. 
(21 3 HNO.=a NO+HNO.+H.O." 

Proc. Royal ScM:. (11190),48, page 451 
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In tht sununer season, 31° to 30·C., seems to be "My favourable for 
the gl'Qwt'b of the needles. 

The different mercurous nitrites and nitrates and 1nef(ttrlC mlrile as 
also an attempt to prepare nitro-ethane with the aid of the compotUld 
now descnbed, will form the subject of ,>ubl>equent commUnications. 



ON 

The COllstitution 0/ Mercuric Hypollltnlt, Nt/rtle 

and Nitrate. 

I.-Mercuric Hypollitrites II.-:-TnmerClirle Sul­

phate and its /lew 1I1odzjicatiollS II I -Tlzcoretlm/ 
Considera lions 

Preh11l17lar), 

EVIdence has already been adduced In favour of the ll.'/rNlil con­

stitution of mercurous n1tnte. * It has also been found that though it 

IS not pOSSIble to prepare mercunc nltnte In the solid state, a neutral 

solutlon of It is however easily obtamed as a product of tIn: dISSOCia­
tIOn of mercurous mtnte Such a solutIOn on treatment with ;t dIlute 

solutlon of sodIUm hypomtnte as prepared by Zorn and Dunstan and 

Dymock's method, which necessanly contains potasslUlll s/llphate was 
found to Yield mercuric hYPonltnte.t It was thought desirable to study 
the actIOn of thIS reag!nt on mercuric nitrate as well WIth a view to 

gam an inSIght into Its constitutIOn. The mvestlgation has led to 
results which seem to be of mterest 

1. 

(aj 

Mercunc Hypomtnles. 

A concentrated solution of mercuric nitrate is first got ready 
containing the mimmum amount of free nitric aCid essential to its 

'~""' .. 
• Journal Asiatic Society Vol. LXV, Pt. II, No. 1 p. 7: Zeit. anorg. 

Chern. (18g6), p. 372. 
t Journal Chem. So<:. LXXI, 348. 
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very eXIstence m a state of solutIon This object is galtled as follows :­
The stock solution of the nitrate more or less acid is carefullJ 
dIluted with water, tIll a flocculent white precipitate of basIc nitrate 
Just begins to separate out, and .,,,hlch remams ~u~pended In shreds· 

The iJqUld IS heated) to :bOllmg so a~ to coagulate the basIc salt, whIch 
IS removed by filtratIOn To the filtrate IS now <..autlOusly added a 

solutIon of &OdIUm hl ponllntc prepared as above, when i\ light 

gelatinous white precIpitate appears at the top of the liquid, which takes 
a long tIme to settle down Great care should be taken at thIs stage, 

for If too much of the ple.clpitant be added all at once, a yellow pow­
dery depOSit begms to appear It IS necessary to work with a very 
large bulk of the nItrate solutlon In Older to get this gelatinou~ sub­

stance m quantIty sufficIent for analysis It shnnks to a very small 
amount when It IS drIed over sulphurIC aCid In It~ general propertIes 

the subslance resembles the hypomtnte prevIously described 

Allab-szs 

The compound has the formula Hg (NO) 2 + 3 Hg 0 + 5 H 20 
Calc. Found 

Hg 
N. 

.. 801 7 
2 81 

Ii 
80'47 

The presence of water wag proved qualItatIvely by gently heatmg 
In a bulb tube The <;ubstance IS apt to be contammated more or less 

with the baSIC merCUrIC sulphate descnbed below 

(b) 

A solutIOn of merqllic chloride was treated wIth sodium hyponi­

trIte solutIOn exactl} as above. A gelatInous whIte preCIpItate was 
thus obtamed; when drIed, It had a yellowish whIte appearance. In' 
the present mstance zt IS 111llllatel Irtl whether a concentrated or dilute 

solutzon of the chlorull' H used J:hi. compound corresponds to the 

formula Hg (NO)2 + 3HgO + 3H20, m fact It IS the same salt as obtained 
from mercuric nitnte. 

Calc. 

'Hg. ... '83'16 
,N ........ 1;1'91 

Found, 

8z'90 

3'l3 
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II 

Trimercuru Sulphate and ,ts new Modijica~ions 
a 

The filtrate from the g!latin ")us precipitate [See prep. I (a)J is 
1 

dIluted ad hf7, when ,1 yellow Impalpable powder comes down almost 
Immedlateh', the amount of dilutIOn rlependm~ l'pon the strengdt of 
the filtrate From what has been already said It would, be evideot that 
when the mercuriC nitrate solutlon IS very largely diluted to begin with 
and the b,lSIC Oltrate preclplt'lte got nd of ~s before and then trea.ted 
wIth the precIpitant the yellow powder IS at once obtained without 

the gelatmous hYPonitrite 
II 

It has bepn 'pomted out above that In order to obtaI I the yellow 

powder the filtrate from the gelatmous substance has to be copiously 
diluted with water; now, If thl'> filtrate mstead of being diluted be 
allowed to stand overnight, a crystallme form of the yellow c'Jmpound 
Ie; obtained, which IS sometimes of a bright orange colour and some­
times orange, with a broWnish tint. The mother-liquo!" from 
thIS orange vanety of the baSIC sulphate when largely dIluted with 
water YIelds as before the yellow pow\1er One should practif>e on 
a small scale in order to acqUire the necessary experience for o11tain­
mg these modificatIons, 

"1 
When the dilute filtrate from the yellow powder (a) IS boiled. in 

a flask for sometime, It may be for an hour or two, and tnus -slowly 
concentrated, crystallme bright yellow scales, and sometimes a scaly 
powder, IS gradually deposited at the bottom 

The yellow powder (a), the formatIOn of whIch has been described 
above, is the well-known tnmercuTic sulphate ---minf'ral Turpeth, 
ThIS as well as Its /3 and 'Y modifications WIll form the subject of the 
next paper 

III 

TheoretICal Co1tszderattons, 

A solutloll of mercuric nitrite or chloride, however highly dtluJed 

tl may he, ~ alWl!Ys yields mercuric hyponitrlte, wben acted up~ by 
sodium hyponitrite solutIon m presence of potassium luipb~te; but a 
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soilltion of the nitrate under slDunr cOnditions gIves tt'l-l,tlerCI11'1c 

sulphate 
It appears that In mercunc- rntrlte as m mercurous nitrite, the 

nitrogen IS directly a.ttached to the tnetal, whereas In the nitrate as 
IS generaHy a{:cepted, It IS united to oxygen In the former there 
IS no tendency for the NO~ group to detach Iu.elf from the metal, 
but m the latter on dilution and In presence of the alkaline 
sulphate the ~pht takes place as mdlcated by the dotted line 

Hg -O--N02 The "odium h)ponltnte seems to take no direct 

part In the reaction unless the mercuric nitrate ~olutron be suffiCiently 
concentrated In one respect however thl! alkalrne h} ponttnte plays 

a conspIcuous parL, 10 that by ItS solvent actIon u!-'on the baSIC mercu­
nc sulphate It retards Immediate IHeClpltatlOn and thu~ favours the 
formatIon of ItS crystalline modificatIons 

The researches of Professor DIvers and of hIS pupIls Raga and 
Shlmldzu have thrown a flood of Itght on the constitution of SIlver 
nltflte anCl of mercuric sulphltes * The "non-oxyhc or hal old " 
character of these s4lts torm~ the' central conception In their Chemis. 
try Mercuflc nitrite also P,.l.~ a halold constitutIon It IS well­
kl1own--though suffiCient recognition of It has not generally been taken 
In the text books --that the halogen compounds of mercury are With 
difficulty acted upon by sulphunc aCid 1 he mtnte of weT' ury also 
resIsts the actIOn of the sulphate. fhls halold constitution of the 
nltrttes IS the ., Lentral conception" III the Chemistry of the compounds 
which form the subject of the present IllvestigatlOn t 

A few pertment re~rks mIght be made here as regards the 
constitutIOn of stiver allii mercury hypomtTltes Both these salts dis­
solve as suck In dilute mtnc aCid and are repreclpitated on the addi­
tion of an a.lkall. It has also been found that mercunc hyponitrite 

does not readily dIssolve In dilute mtnc aCId and is WIth still greater 

• Jour Chern Soc Truns. 1883, p 443; ,b,d 1885. p. 231 • dud 1886, P.533 
t Cf 'Bemerkenswerth fur alle Halogenverblndungen des QuecksUbers 

llit Ihre grosse Wlderbtdndsfl1hlgkelt gegen cone Schwefelsaure. Selbst in der 
Hltz:o:: wud durch dies\:: ddS Ha.logen nur langsam dusgetneben." Richter 
Lebrbucbder Anorg Chern. Ed ISgS, P 384. 
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difficulty soluble even in boilmg strong tl'tric acid On neutralizmg the 
solution wIth alkalies a voluminous flocculent precipitate of the h} pooi­

trite IS thrown down. The I:-ehaviour of hydrochIc~r1c aCId towards 
merCUrIC hypoIl1tnte is also mterestIng ThIs aCId In the dilute state 
and even In the cold readIly dIssolves the salt, whIch IS repreclpltated 

on neutralIzatIOn wIth an alkah. Thus, mercuric chloride IS not 
formed In solution. In other words the affinIty of mercury tor the 

radIcal of hyponltTOus aCId (whatever ;ts constItution mIght be) IS 
greater than that for the halogen All the well-known reactIOns of 

silver hyponltTlte as well as the several methods of formatIon of the 

hypomtrites seem to point to a "dIazo" constitutIOn of hypoIlltrous 

aCld-HO -N1-OH ; It IS however possible that in certam cases this 

aCId and It~ ~alts, e~peclally those of ~Iiver and mercury, eXIst In 

tautomenc modIfications Thus-

,-HO N +-1 (.\ . N H-

1-+ ~'OH- -+ H N : 0 

ThIS Imldlc constItutIon would have the metal dIrectly bound to 

nrtrogen The comparaill e stabIlIty of the mercury hyponltmes In 

the heat does not also seem to be In accoqi WIth their dlllzo structurp 

It ha~ been shewn above that the concentrated solutIOn of merCUrIC 

nItrate under favourable Londltlonb when treated with bodlum hytl0-

Illtnte and potas~lUm sulphate glve5 nse to mercuric hYPoIlltrrte "m 

preference to tnmercurrc ~ulphate In other word5, mercury exchanges 

Its place 111 the nitrate whIch IS an oxylIc salt, for that of the hyponi. 

trite In whIch It IS dIrectly attached to nItrogen It IS only when 

the nitrate solutIOn IS used m a dIlute form th~t other forces come, mto 

the field of action, and a baSIC sulphate IS the result. 

In a sub~equent commUIllcaUon entItled "the Int~ractlOn of the 

alkalme hyponitrltes WIth the salts of the ZInc· copper group," the 

author hopes to develop thIS theory further. 

• Ann,den Bd 292, Heft 3,357 Hantzsch Zur homene cler Verbindullgen 

N.O.H, 
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Trimercuric Sulphate and xts new Modifications. 

Hrs/oneal 

TrimercuTlc sulphate, the salt correspondmg to hexabaslC sul­
phuric ACid, S(OH)c, ha~ veen known smce the 16th century. "Das 

basische schwefelsaure Quecksilberoxyd kannte schon Basllius Valen­

tinus . Inder Paracelslschen Schule wurde dies Salz meist miner­
alischer Turbith order Turpeth gennant', (Kopp.. Geschichte IV, 
188). In the present century this compound has been described by 
several chemists from time to hme. Ka.ne gives to it the formula 
Hg S04·2HgO. and his analysIs bears It out. The present mvestiga­
tion would, however, go to show that this IS really a hydrated salt having 

the formula HgS04'zHgO ~H20 It IS probable that the percentage of 
water bejng so low as 1'22 has hitherto es:aped notlCI!. In fact the 

analyses of R. Phillips and of Braamcamp and Siq. 01. conform to 

the latter formula.* The orange and the bright yellow crystalline 
modifications I do not find descnbed anywhere, 

'The method of preparation of the a., 15 & 'Y modilkations of this 

salt has been described in the previous paper. The a and the t3 forms 
are both hydrated and have the same formula, namely that given 

above; whilst the really anhydrous salt can only be obtamed by the 

method of preparation given under 'Y. 

General Properltes. 

All these compounds dissolve in dIlute nItnc and hydrochloriC 
acids and more readily on warming; the solutIOn In the latt~ acid 
has a faintly opalescent appearance, due to the preSence of traces of 
calomel. When dried at 100·, the h} drated varieties a. and 13 do nOt 

lose water nor change ;n colour. When heated to a hIgher tempera­

turt' lh~ yellQw powder (tl) give!! up wate{ and assumes ;l.n Qrange to 

~ W_ Omelia" Hand Book I Vol VI, p. 29. 

3 
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brown coloration; but It reverts to the original colour on cooling. The 
orange and the orange-brown grano-cry~talline variety (IJ) loses water 
under similar conditions and falls to a yellow powder. When heated 
to about 4000 these basic sulphates behave m a remarkable way; it IS 

true that they begin to decompose long before thIs temperature is 
reached, but 'itt about this temperature they are converted into merCUrIC 
sulphate havmg given up the oXide of mercury as metallic mercury 
and oxygen; the mercunc sulphate ther fuses -to a brown bqUld and 
volatllises as mercurous SUlphate, oxygen and sulphur dIoXIde bemg 
at the same tIme hberated The decompositIon can be represented 

by thefollowmg equatIOn' 2rHgSO~ zHgO]= Hg2<)04+ 4Hg+ 302+S0, 

Ana(yszs. 

Method of analysIs _ The mercury was estimated as sulphide In 

the usual way The water In the yellow vanety (11) was determined by 
heating In a tube m a current of dry carbonic aCId gas. In the cooler 
parts of the tube near which the calcIUm chloride tube was attached 
there was interposed a layer of gold leaf, so as to arrest vapours of 
mercury which might otherwise enter mto the CaCl2 U-tube. Perraps, 
It would not be unnecessary to mention he:-e that the yellow powder ~as 
dried at 100·, then powdered agam, so as to break up the small lumps 
and again transferred to the steam chamber. When the weight of 
the substance was constant It was kept In a dessicator over sulphUrIc. 
aCid. The possibilIty of the presence of mechanically held or absorbed 
water was thus guarded against 

Calc. for 
HgSO •• HgO ~H.O 

Hg 8141 

so. '3'02 
H.O. ,2' 

ResulJ 0.1 Analysts. 

11 and fj 

Found. 
4 6 8 9 10 1I 12 

80 76 80 7' il .8 81 .6 80 72 80 55 8r .6 80 67 8, 13 80 85 8r 13 Br 47 
1348 

116 1 '5 

Theory for the anlydrous salt demands Hg=8z'4Z0 It may 
be added here that th~ analyses gIVen above are of different prepara-



tions, with the exception of 3 and 4 which belong to qne and the same 
po;eparatlon. It will be found that the percentage of mercury generally 
comes out too low. The reasen of this is that In these preparations 

minute portions of mercunc nItrate and the alkaline sulphate are invariably 
" earned down" during the precI}.lltatlOD, which cannot be got rid of 
even by repeated washmg In a few cases the mtrogen, and the 
alkaline sulphate contamed in the filtrate, were determined. Thus m 
9 the percentage of potassium sulphate amounted to 0'73 whilst in 10 

it rose so high as I 33. The nItrogen generally came up to 0'35 

to 0 75 per cent 
It IS well· known that wherever OXide of mercury IS prepared by 

treatmg merCUrIC mtrate With caustic alkali, It IS never chemi­
cally pure, the ImpUrIties being mercuric nttrate and alkali.* Ha~ck 

has descnbed the preparation of mercuric arsenate by double decomposi­
tion of merCUrIC nitrate and sodIUm arsenate. He found that the 
compound thus obtamed was always contammated With merCUrIC nJ.trate 
and sodIUm mtrate. The result of hiS analyses,t which IS given 
below, will explain a~ to why It IS that the mercury has generally 
come out too low and sulphunc aCid too hIgh in the estimatIOns given 
above. 

Calc. for Found 

r 

HgiAs04)2 I II III 

A~06 26'20 25'50 2437 26'10 

HgO 73,80 72 ,23 73 01 73,68 

Na20 073 o 19 

N20 S I 43 1.85 

100'00 99'89 99'4 2 99'78 

• Vide Encycl Cnimlqe (Fremy) T 3 cahler, 14 P 15<4-
t Annalen.Bd 392, 184 

"' IV 
26'00 

n60 

, 

99 60 



This IS the really anhydrous salt. When it was heated in a' d:¥ 
bulb tube not a trace of moisture was noticed m the cooler parts. 

Cale'. for 

HgS04'zHgO 

Hg '" 8Z.4% 
804... 13'19 

Analyns. 

The ActIOn of Heat on Trimercuric Sulphate 

Found 

as described above (see page I7) was studIed In the followmg way. 
The compound was placed m a porcelam boat and heated III a com­

bustIOn tube, 65 c. c. long, m a current of carboDic aCid gas As the de­
composition of the oXIde of mercury IS a case of dissociation, there IS a 

tend,ency for the components to re-combme in the cooler parts of the 
tube, This was prevented by the current of the m~rt gas whIch chased-­
away the oxygen mto the collectmg tube, filled with mercury and strong 
potash lye, the moment It was set free. (See Deville Compt Rend. 56, 
7z9) A Hoffmann's furnace was used and the progre~s of decom­
position could be watched from tIme to time. The behaVIOur Tpferred 
to above was noticed In every case of the mass of th~ substance fus. 

ing and swelhng up immediately before complete volatIlisatIOn. The 
white sublimate of mercurous sulphate was deposIted near the heated 
portIOn of thl;' tube and the" mirror" of mercury away from it. 

The decomposItIOn was quantitatively established as follows ,­
The white sublimate of mercurous sulphate together with the mirror 
of mercury was treated with dilute mtnc acid and shaken up. The 
contents were then transferred to a beaker; the liquid, holding in 
solutIon mercurous sulphate, was decanted off the metallic mercury. 
The latter wa.s warmed wIth hydrochloric acid to make the small 
globules coagulate mto a smgle one. The mercurous sulphate 801u-

, tion was treated with sodIum chloride and the calomel weIghed in the 
usual way The sulphuTic aCid in the filtrate was also estimated. 
If the salt decomposes according to the equation :-

2 [Hg So,2Hg~,! H20J = Hg2 SO.+4Hg+30,+S02 t H20. 



we should "expect that the "free ' mercury would a~ount to double 
the quantity obtamed from calomel and that the sulphuric acld _r~cijcal 
S04) a~ well as oxygen would amount to half of what is contained 
in the Qifginal salt. 

Result of A1lalysis, 

Calc Found 
, 

2 3 
Hg (meta1lic) 54'28 54'00 55'42 52,92 

Hg (in calomel) 27'14 25'90 25'80 !7'36 
S04 6 51 6'5 8 6'57 
0 6'5 1 6'44 6'50 6'60 ...... 
In (I) and (2), the wt of salt taken for analysis amo~nted tc! 

o'~Z26 gm and 0'332 gm, respectively; but m (3) the wt was 1'969 
gm, The filtrate from the calomel was tested with sulphuretted hydro­
gen, which Imparted only a brown coloration to the liqujd, but no 
weighable precipitate was obtamed, The result of analysis is not very 
satisfactory i but the method itself does not admit of a high degree 
of accuracy, 

As a check upon the method of estimation of oxygen, pure Oldde 
of mercury was analysed The result is given below:-

Theory 
Hg, 
o .. , 

100'00 

Found 

92 '34 

7'36 

It was thought de~lrable to prepare tnmercunc sulphate by the 
ordmary method, namely by the action of sodIUm sulphate on a hot 

solution of mercuric mtrate The lemon yellow powder thus obtained 
was washed and dried with the care descnbed above (see p, 7), 
The result of analYSIS IS given below, The water was kmdly estimated 
by direct method by Mr, C. Bhaduri B, A., Demonstrator, Chemical 
Laboratory, With scrupUlOUS care and rigorous exactitude. 
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Calc, for Found 

Hg S04'2HgO'!H2O 1 2 3 
Hg 81'41 81'47 8[ 64 81'36 

S04 13'02 13'78 

H2O 1'22 1'2 I 

As was'10 be expected a much purer product wa<; obtained in 

thIs case The analyses recorded above are of three cl.Ifferent prepara­

tIOns 

NOTE ON THE DECOMPOSITION Or MERCURIC 

SULPHATE UNDER HEAT -when tnmercunc sulphate is gradual­
ly heated It undergoes decomposItIon as pomkrl out above When 
the brown liquid, before It IS LOmpletely volatIlJsed, I'> allowed to cool 

down qUickly, a whIte, porou~. vItreous ma<;s ot merCUrIC mlph~ is 
obtamed, \Vilen thIs compound ',> h(,J.ted It gradually decomposes, 
then fuses and I~ completely volatIllsed, th!' products bemg metallIc 
mercury. mercurOUS sulphate, oxygen and sulphur dIoxIde The· 
descrIption in Roscoe and Schorlemmer 5 stJ.ndard work IS thu, fully 

borne out by my own expenments No sublimate of mercuric sulphate 

IS however obtamed, as stated by Mohr, (Gmehn Vol. VI p, 29,/ In 

.one case 0 33 t gm, HgS04 yielded 6 mgs'\t of HgS in the filtrate trom 
calomel when the solutIOn of the sublImate of mercurous suphate 
was treated wIth sodium chlonde It IS however possible that when 
the mercurous sulphate was warmed with dIlute nitric acid to get 
It mto solution, a small portIon of It underwent oxidatIon, 

The deCOMpOSItIon goes on m two dIrectIons, 

Thus 2 Hg S01 = Hg2 S04 + 802 + O2 (I) 

Hg SO. = Hg + S02 + O2 (3) 

By far the larger proportIon of the salt decompose~ according 
to equatIon (I), a small portion only, sometimes less than one-fifth 
of the total quantIty, breaks up accordmg to (2) ,... 

rrt€f .. 'l'~, .n1~~lr1j 
NatlOl.W1 LlliUcy. k.viuta. 


