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xv. Clu/1Mical JJ4amination qftke Oxides qfManga1ll!St. By
EDwARD. TURN!:R, M.D.FoR-S. Bd. Prqfessor ofCkt!mistry
in tke University qfLondbn, and Felluw of tke Royal College
ofPhysicians ofEdinlmrg/t•

. [e-clndea from po 30.]

PART n.
On: tile ComptM.bitm~t"6 Ores qfMa"lf/lflm' tlaeribetl btJ Mr.

Haidinger.
Metlwrl qfAndt!Jsis.-pURE fragments of the ores were

. carefully selected, reduced to fine
powder in a mortar of agate, and washed with distilled water.
Some of tbe oreS yielded nothing to the action of water; bllt
from, some of them, especially from those of Ihlefcld, minute
quantities of the muriate and sulphate of lime, and sometimes
of soda, were separated by the action of water. It is the ac­
cidental- presence of the muria.tes which gives rise to the dis­
en~gementof chlorine when sulphuric acid is added to some
of the nstive oxides of manganese, 'and which induced Mr•.
Macmallin to regard chloric acid as a constituent of these ores.
For the correction ofthis error we are indebted to Mr. Richard
Phillips", with ~hoseobservation my own experiments cor­
respond ;-none of the native oxides yield a trace of £hlorwe
on the addition of sulphuric acid, provided the muriates have
been previously removed by washing.

The'ores, before being submitted to analysis, were dried at
2120 F., by which means they were brought to the same degree
of dryness which they possessed before being washed. The
water naturally contained in them was ascertained in every
instance by heating a known quantity of the ore to redness,
and collecting the water in a tube filled with fragments of the
chloride of calcium.

The quantity of oxygen waS in most cases ascertained both
by bringing the ore to the state of red oxide by exposure to a
white heat, and by converting it into the protoxide by means
of heat and hydrogen 0'85. When performed with the pre­
cautions stated in the grst part of this communication, either
of these methods may be relied on with confidence; but the
first is more convenient in general practice, because it requires
less time and a more simple apparatus. The latter is some­
times very troublesome, owing to the difficulty with which some
of the ores of manganese, the native pero~de for example, are

.. Phi!. Mag. and Annals, va!' i. p. 313.
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red8ced by bydrbglm to t1te state of pne protoxide. .I have
is 00 iDstanc:e estimated the quntity of oxygen by means of
tlm ~eutoxide, the formation of this compound being in my
opiDion. tea uncertain to admit of any &Dalytic process being
founded Dpo3 it. .
, h I searching fer the presence of ff>reign matte1s I have em­

ployed tau foll&wing processes.' The water wbich was expelled .
from the ores by heat, was examiDed with test paper, but was
always fOund qai1ie free ftorn allailine or acid reaction. The
absenre of carbonates' was ascel1Ained by the entire want of
effervescent:e OR the' addition ef dilute nitrie acid. Strong sul­
ptmric: acid did tm CIUI88'tbe e'\1Qbdion of chlorine or any acid'
fll8eS., .

o.lliilolviaw the.ot'.u in muriallio acid. and evaporating the
solution 11» perk... dryJIeu, the J'e8idue, with the exception of
a little siliceous matter,and red oxide~of M8IIganese' pt"GlCeeding I

fJlODlI slighI ~itioIr of. tile dUoride, was always corn­
p}etelYl"edissolwld by water.. This cil"eumstance daMltstrates'
the ab&enee oipbosphotie snd awsenie acids, which, if ~esellt,
W'OuId haft.been left as> the insolublCf pa.phate 01" arseniate·
of manganese. By well known methode I satisfied myselfof
the absence of S'Ulpltwieaci~ alUJRin~ aad magnesia. In se­
veral of the ores the o:m1aw. o£ lUDIIKlDia derected a trace of
lime. It is renlPrklib1e tllat every 'llpeli:ies, witb one exception,
contains baryt& In most of them, indeed, it is present only
as 8I;l impurity; bat in two of the ores, the uncleavable m(lIl­
gmtese-Ol"e O't black hematite, and the manganese oxide noir
Omytiflte of Haiiy, it is an essential in~edie1ltof the mixture.
10 tho~ spCC!-es in wltich ~s earth- eXl~ as a;t imp~ty, it is'
ndt 'UI1lted Wlth the liulplturrc or carbonIC acid:; bnt IS most'
probably combined with the peroxide of manganese.

From fh~ freq~ywith which iron Ilas been founel a~orn­
panying the- ol"elt of tnnnganese; I was led to expect its pra­
S'ence, aTtd employed the ferroeyauate of potash and hydrosnl-'
pIm!'~tofammonia lIS re-agents for its deteetidD. The muriatic'
solution ef the diff'ereftt species yielded a'white precipitate with
the ferrocy.anate gfMta8~ anft Ute ooaracteristic flesh-coloured
sulphuret of manganese with ,the 'hydrosulphuret of ammonia.
It hence follows tha. all the-f)l'e! 91lbmitted to analysis, even the
uncleavable manganese-ore, which has been placed among the
ores of iron, are perfectly free from iron, as well as from cop­
per, lead, and simi'lar meriJ.1lic substanC'es•

.Analysis '!f Manganite or the Prismatoidal Mangsnese-ore.
-This ore, even when selected with the grea~t care, yieldS!
to distilled water uares of the muriaks and sulphates of lime l'
and soda. It dissolves without residae iD muriatic acid, and
, NewSel'ies. Vol. 4. No. 20. Artg.1828. 0 is
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is free from siliceous earth, lime,' bliryta,: and .every other im­
purity•. It is the pur.est native oxide ofman~esewhich has
fallen under my notice-Its powder has a uwform brown tint,
and I .have.been unable. to observe. in it. any. tendency to pass
into the peroxide by absorbing oxygen from .the air. After
ex.posure .to .the air for six months, during' which it was fre­
quently moistened with distilled water, it underwent no change
of weight. Cold sulphuric acid acts very feebly on this oxide.
M, Gmelin· of Heidelberg states that it is not dissolved at all
by this acid in the cold, and I was at first. of the same opinion:
but by employing a considerable quantity· of the oxide,and
agitating. the mixture frequently,. the.acid does. acquire a red
tint in the course of two or three days. In this respect.man­
ganite agrees with the peroxide; but differs from -all. the other
species, which communicate a· red _colour to cold sulphuric
acid with much greater facility.
· When manganite is heated to redness it gives out 10'IO-per

cent of water; and the total loss from exposure to a white heat
is 13'15 per cent. Deducting from the last number the amount
of water,. 3-05 remain as the .los8:in oxygen. . The result of
this. analysis is therefore,

. Red oxide••••••••••••••••••• 86-85
Oxygen. ... ... ... ... ......•.. S-OS
·Water .....•.....••.••••..•.• 10-10

100'00
· According to this analysis, manganite contains an oxide of
manganese, 89'9 parts ofwhich yield 3'05 of oxygen, on being
converted into the red oxide, An equal quantity of pure deut­
oxide, in undergoing a similar change, should lose. 2'997·,of
oxygen.
· Exposed to a strong red heat and a current of hydrogen

gas, 100 parts of manganite lost 19'09 parts in one experi­
ment, and 19'07 in another, The mean is 19'08, and .sub­
tracting 10'10 as water, 8'98 remain as oxygen. According
10 this analysis the manganite is composed of

Protoxide. ...............•.. 60-92
Oxygen .........•....•...•.. 8-98
Water., 10-10

100'00
'Now as 80'92: 8'98 : : g6 : 3'995.

- • I regret that I have been unable to obtain a sight of that volume of
the ZeiUc/1I1jt der MineralOf{ie, which contains· M, Gmelin's paper on· the
compositi?n ofthe Mides of'manganese. My knowledge of· his labours-is
1IOIely denved from 1\1:. LeOJlhar.d's HandJJuch der Or!lktognorie, .

.From



, f?I tke Ozides f?I Mti1Jganese. ' 99

From the result of both analyses it is apparent that man­
ganite, in relation to manganese and oxygen, is a deutoxide.

, Also as 89'90: 10'10:: 40: 4·494.
The fourth number is so near 4·5, half an equivaleht of water,'
thatwe.may safely regard 'manganite as a -compound of 80'
parts or two equivalents of the deutoxide of manganese, and
9 parts or one equivalent of water.

The material for the preceding analysis was taken from a
very fine crystallized specimen from Ihlefeld. The result of
Gmelin's analysis of the same variety is as follows :-Red oxide
87·1, oxygen ~N, water 9·5. The water is here certainly un­
derrated•.

The grey oxide from'Undenaes in West Gothland, analysed
by Arfwedson, is a similar compound.

Analysis f?I tke Brackyiypous'Manganese-ore or Braunite.-
- The colour of this ore, both in mass and in powder, is nearly

black.· With sulphuric acid it yields no distinct odour of
chlQrine. It dissolves in muriatic acid, leaving a trace of si­
liceous matter. The solution gives a precipitate of sulphate
of baryta with sulphuric acid, but does not contain any other
impurIty. Of all the native oxides this is the most easily re­
duced to the state of protoxide by the action of hydrogen gas.
The material for analysis .formed part of a ,specimen trom
Elgersburg.

As a mean of two -closely corresponding experiments, 1his
oxide contains 0'949 per cent of water.

To ascertain the quantity of oxygen, 16·684 grains were
exposed for 'half an hour to the action of hydrogen gas at a
red heat. The residue weighed 14'837 grains, and had the
light green tint of the protoxide. The total loss was 1'797
grains, or 10·80 per cent; and subtracting 0'949 'for water,
there remains 9·851 per cent as the loss in oxygen.

The baryta was precipitated bl sulphuric acid from a solu:'
tion in muriatic acid of 42·09 grams of the mineral. The pre­
cipitate after being heated to redness amounted to 1'44 grains,
equivalentto·0·951 ora ~rain or 2'26 per cent of pure baryta.
According to this analYSiS, 100 parts of the ore contain

Protoxide ; 86'94
Oxygen 9'851
Water.. 0'949 '
Baryta. 2'260
Silica... . .. a trace. .

100'000,·
Now 86'94: 9·851 : : 36: 4'079; and as the presence;of.w$­

ter and baryta, _from the small quantity of these substances, .
_ 02 must
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must be 'r~8l'ded ra~her as Bccidentli 'than ~eDC¥U w -the
m~ture, it follows that braunite is an anhydrous ~xide o£
manganese. I apprehend the baryta must ~ iD C()~ination

with 4elltoxide of lllao,gaJ1.ese; sin~ were it~ with~...
Qxide, the loss in oxygen would exceed the quautity~e
s~~d•• ' "
, I am not acquainted wit)l any analysis of this tniuerel by.r cbemi,sts•

..4.naltIsis qftlzePyram.idal Manganese-ore orHa~aMite~
Ha1WJllUUlite, before being washed, yields a f~t~ of
chlorine by the action of sulphuric acid. Wh~ hea~ ~o
redness it gives off 0'435 per cent of water; and a~ ,a white
heat the loss is only 0'66 per cent, indicati,og 0'215 of pxygen.
When dissolved in muriatic acid, a small quantity of silica ill
left, amoWlting to 0'837 per cent; and on adding sul~ric

,.cid tp the solutjpn, a little s~phate of baryta subsides, iudi.l,
c~ting 0'111 per cent of the ~re ~rth. HausJD$mlite is~
cordi,ngly r~olved by this analysis into

Red oxide, ••• , ••••• ,. 98'.098
Oxygen , ••••• ,. 0'215
Water .••..•• , , . . • . • • 0'485
Baryta, •••••• ,...... 0'111
Silica ••• ',' •••••• , • • •• 0'987_

100'000
This oxide is manifestly an anhydrous red oxide of~

nese. The small quantity of pxygen lost at a white hefl.t is
probably owing to the admixture of a little deutoxide or ,per;,
oxide, combined with the baryta. ,

From some prelimiqary experiments on hausmannite, Mo
Gmelin of Heidelberg· inferred that it is a pretty pure red
'oxide, an inference which entirely agrees with the result of
.t.he preceding analysis. This is the only chemical examination
.0£ hausmannite by othef chemists, which I have met with.
The material for my analysis was part of a ~en frOQl
'Ihlefeld, for which I am indebted to the kindness of Profe$$01'
Stromeyer.

Analysis qf Pyrolusite, or tke' Prismatic Manganese-are.­
The following analysis was made with a campact columnar
variety from Elgersburg, which has a specific gravity of 4'94,
and the individuals of which have a parallel direction. With
sulphuric acid it does not yield a trace of chlorine; and
the only impurities which I could discover in it are silica and
baryta, the former ablounting to 0'518, and the latter to 0'582

,percem.
• Leonhard's Harul6ucA tkr 01l91d~,

The
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Th~ quantity af water was ~etenmitwd as uaual byl'Dl!iDS ,0(
dae ehlw:icie JJf calcium, and ~OUDted to 1'12 per ~t.

,On exposiug 28-1'4.6 .gcaios of this oxide to a white hea4
the Joss 'FOYed to be ,8'064 grains ~r 12'90 per .cent. Sub­
tracting 1'12 for water, there remain 11'78 as t8e loss or
ox.y~..l;.....J . of ",1._ I'Aoeo&--.s-Y, 100 parts jUJC pp-o usue were resolred into

Red oxide.... '. • • • • • •• 8401>55 '
Oxygen. • • • • • • • • • • • •• 11'78
Water............... }'12
~~ta............... 0'552
Sili~••.••.'.......... 0'.518

100'000
Now, omitting' the water, barytl!, ~d "ilica as acCtideQfal im-­
purities, #le r.ePlaining 97'835 parts lose U '78 parts, or 19'04­
per ~~ ofQxygep in being cpnverted iJ;J.to the red o~de. OJJ
the supposi.~ tlult pyr()lu~ is QOPlposed of QIle equivalen~

of~~Q~ and tw.o equivalepts ofmcy~ it sho,uld l~ iQ
pas~ At~ the stat~ of r.ed oxide e~tly 1~'~22 per ,c~t of
oxygeu, a qJl$lltity which c~respondll closely with ~ l'esuU
pf'aJ;l~Y~' It is thef_e ~D. a,nbydrOll6~roxideQf ~lUl.

~.

I hQ-ve analy~ 'Qother colt.JmlW" variety of pyrQ),usite,
~~~ density of 4'8~9, IUld of which the individuals ra.,.
~ frOPl a co~on ~pb:'e. ,1 brought it witll mefr~ G~.
~~y, J~ ~ijevedi.qo~ from Ihl~eld, 1\$. the ticket indi.­
cated; but Mr. Haidinger, after carefully insj>ectingseveral
W'f ()&binel$ in Gcrmaol' h,es been uqab1e to discov~ any
sinular specimen which IS known to have been fomul in tha.t
place. Its loqaijty therefore ~s, d9~p.tful. '

This variety is l~ss ppr~ tp-an the foregoing. Before being
washed, it yields chlorine l?J). th~ a4diti9n of sulphuric acid;
and after the ~uri4Lt~ ,hav~, ~eIJ. r~J).1o:v~ by distilled water,
the neutral solutio~ in, PJlP:il1-tJ<f .api4 giv~ t1;,.ces of lime with
oxalate of potash. It contains silica and baryta nearly in the
same proportion as the first variety.
Th~ fpijowing is ,the r~ult of JPy analysis; .'

'Red oxide 86'61 '7
Qxygen 11'599
Water............... 1'566
Silica . . . . . . . . . . . • . . .. 0·553
Baryta ; . . . . .. 0-660
LilDe ....•.••....... a trace.

Subtracting



69'795
7'864

16'365
0'260 '
6'216

Red oxide" •••• ,." .,
Oxygen ••..•••...••.•
Baryta •••••.....• 11 ••

Silica .
Water .
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Subtracting 2'784 as, impurities, ;there remain 97'214 parts,
which lose ll'599, or ll'981 per ,cent, of oxygen ,in being,
converted into the red oxide. It is therefore an anhydrous
per.oxide," most probably containing an admixture of some
other oxide.

Analysis f?I Psilomelane, or tke Uncleavable Manganese-ore.
- This1nineral when reduced to powder has a brownish-black
colour, With sulphuric acid it ,does not emit any odour of
chlorine. It dissolves completely in muriatic acid, excepting
a small quantity of silica which amounts to 0'26 per cent; and
the only substances which I could detect in the solution are
baryta and the oxide ofmanganese. Though this ore has been
placed by mineralogists among the oxides of iron, under the
names of Black Hematite and Black Iron-ore, pure fragments
of it do not contain a trace of that metal,

When heated to redness psilomelane gives out. 6~16 per
cent of water, The diminution in weight occasioned by ex­
posure to a white heat is IS'58 per cent; and on subtracting
6'216 for water, there remains 7'864 as the loss in oxygen,

To ascertain the quantity of baryta 80'028 grains of the mi­
neral were dissolved in muriatic acid, and the baryta precipi­
tated by means of 'the sulphate of soda, a considerable excess
of muriatic acid being allowed to remain in the, liquid, to pre­
vent' any manganese" from adhering to the precipitate. The
sulphate of baryta, after exposure to a red heat, amounted to
7'484 grains, equivalent, according to the atomic numbers of
Dr.-Thomson,· to: 4'914 grains, or 16'865 per cent of pure
baryta. ' '

According to this analysis, 100 parts of psilomelanehave
yielded of

100'000
The precise atomic constitution'ofpsilomelane is not made

apparent by this analysis; and, indeed, the result is of such a
nature as to leave no doubt of this mineral containing more
than one oxide of manganese. For it follows, from the quan­
tity of oxygen expelled by heat, that a considerable part of
the manganese must be in the form of peroxide; but it is
equally clear that the whole of it cannot be in that state, be­
cause 69'795 parts of red oxide require 9'627 instead of 7'864
parts of oxygen· to constitute the peroxide, On perceiving

this
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this de6ciencyof oxygen, I at first suspected that the harYta
might preventthe usua1 quantity ofoxygen from being expelled
from the peroxide by heat. Accordingly I ascertained the
quantity of pure red oxide by the way ofprecipitation ; but its
amount corresponded closely with the number already. stated.
psilomelane must therefore, I conceive, be a mixed mineral.
I was at first disposed to regard it as. & compound of baryta
and peroxide of manganese, accidentally containing an ad­
mixture of some other oxide in a lower s~e of oxidation; but
the fact noticed by Mr. Haidinger of psilomelane being.fre­
quendy and intimately associated with. pyrolusite in the mi­
neral kingdom, appears to justify the inference, that· the un­
cleavable manganese-ore consists essentially of some com­
pound, in proportions not yet ascertained, of baryta aDd the
deutoxide of manganese, and that pyrolusite is the accidental
ingredient. The propriety 'of this' view is further shown by
an analysis of the following ore from Romaneche, a mineral
which is analogous to psilomelane in the rroportion of its in­
fll'C(lients, and in which an admixture 0 pyrolusite may be
detected by the eye. .

Analysis of the Manganese oxide noir Barytiferefrom Ra­
manecke.-The observations of Mr. Haidinger leave no doubt
of this ore being a mixed mineral; and according to my ana­
lysis it is very analogous to psilomelane. The specific gravity
ofsome of the purest fragments which I could select, is 4'865;
and the density of psilomelane, according to Mr. Haiding~r,

is 4'145. The colour of both minerals is similar.
The black oxide of Romaneche yields a very faint odour of

chlorine with sulphuric acid. When heated to redness it gives
out 4'18 per cent of water. At a white heat it loses 11'89 per
cent; and after subtracting 4'18 for water, there remain 7'26
as the loss in oxygen.

In order. to ascertain the quantity of baryta, 82·.I8 grains
were dissolved in muriatic acid; and after separating. a small
portion of silica, which amounted to 0'958 per ceI).t, I preci­
pitated the baryta by means of the sulphate ofsoda. The, in­
soluble sulphate, after exposure to a red heat, weighed 8'118
grains, equivalent to 5'363 grains, or. 16'69 per cent of pure
baryta. J00 parts of the oxide are accordingly resolved, into
. Red oxide •• ".... • • •. 70'967

Oxygen. • • • • • • • • •. •• 7'260
Baryta ••••••.••••••• 16'690
Silica ••••••.••••••• 0'958

, Water. '. . . . ... . . . . . .. 4-180

·100'000
This'
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Thill niiaeril was auaIyBed toDle- yelil'l ago by VO(}'leh.
~ Dolomieu; bot tbe nmnbel'll whiCh they11&9'& meMiOMd"
owing to the insufliciem mode of analysis employed lit that·
~e, ~e not entitled to any eonfidenee.-(JOW1lI1l~ 1t1iwtS'
i.L 778.)

XVI. Ge1reral SolutiOn oftlze Problem: to represent tlze Parts
Of it gmm Sutfate on another given Swrj'ace, so "hat t1ze
imtillest Parts Q{tlteRepresentatilm sluJl be similar to tke cor­
reiponding Parts 0/'tlte Suifac,e represeJCted. B!I C. F. GAuss.
~ to tke Priu Q!iestion proposed by tke 1UJJIal Society
tifScimces at Copertluzgen·. ' , .

Ab IriltiastenHtur atl majerL

THE a~Ol" of this paper believes that he must consider
the I'epeated selec1iOft bytbe Royal Society of the'question

which forms the subjects of. it, as a proof of the impoI1mlee
which the Royal Society attaches to it; and has thereby been
induced to submit a solution found by him some con$idel'~

able time since, as the lateness 'Of the time at whieh he \'VaS in­
Wrmed of the prize question would otherwise have prevented
him from 8e~ an answer. He~ that the latter ei.....
cumstanee has obliged him to limit his inquiry to the essen­
tial part only, besides,hinting some obvious applitatiORs to
the projectiou of JIl8pS and the higher branehes of geodeties..
Had it not been for the near approaeh of tile tenn fixed lJ1
the Socie'r., he would haTe iO~~ed up several i~es,. and
have detailed numerOllS applieaoom of the subject tD geo-o
detical operationlJ; an whieb he. must 00" reserve 1lo' himself
for anothel' m~nt aDd another plare. .

December 1822.

1. The nature ofa curve surface is determined by an equa­
tion between the coordinates. belo~ng t~ every point of the
same x,y, z. In consequence of tlllS equation, every one of
these three variable quantiti~s may be cousidere~ as a function
01 the two others. It is still more general to mtroduce tWQ
IlCW vm-iable quantities e, 14 and to represent each of the quan.
titiesl :e,!I, z as a function of t and 14 by which at least generally
speaking, detenninate values of t mrd u always belong to every
determinate point of the slIrfaee, -and 'Vice vers&.

2. Let X, Y, Z, T, U have'the same signification for a se­
cond surface, which x,!j; z, t; u· had in reference to the first.

s. To repr~ent the former sllI'fuce 'On the second means to

• From Prof. Sc1nzQ!cher's .4.ltronomilclle .4.lJlIandluncen, No. 3.
establish




