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‘Part 1.

(1) Introduction,

Wlth all the well-known fact that throughout the World there are more "

than twenty kmds of. qu1c1\31lve1-bea11ng minerals already discovered, it seems'ﬁ ,

that only few of them deserve full scientific serutiny or mining on the industrial.

. scale. As shown in many researches so 'far made, nothing other than cinnabar- -

associated with motacmnabaute or natlve quicksilver or with both, no matter”
whether it may be of primary origin or as placer, have ever been found out:
éspecially in our country. It also” appems not neglegible that, as can be antici--
pated from the writer’s preliminary e‘q‘euments or as was once suggested by -

. Allen together with other authors, mercaric sulphldes may not always be deposit-: .

ed merely as cinnabar or motacmnabarlte but havo rather numerous modlﬁca- '
tions yet to be determined. : ‘ :

“On the other hand, even grantmg that the quicksilver mlnelals are. founed‘-
as the final products. pre01p1tated at the ‘latest stage ‘'of magmatic differentiation,
it is st111 now a moot point whether or not the - p1ev10us ‘concepts relating to”

- their genesis or’ ‘to the" process of mmerahzatlon may be: justified intact. For.in-" '

" stance, to what extent is it true that mercuric sulphides in questlon are dissolved
“in alkaline hydrothermal solution specifically contammg alkali sulph1de and, as
a result, precipitate as sulphide miinerals or rarely as native qu1oLsﬂver? If
such a limitation as to the chemical property of mineralyzing solutlon and a -
view other than such a dualistic theorem as is altributable either to the alka-
line or to the acidic state be established, can it be reasonably interpreted. that
certain minerals’ such as pyrophyllite, sericite, alunite and so forth believed to .
be rather secondarily produced in the acidic media are, as if from a single kind.
of solution, . frequently accompanied with quicksilver minerals considered to be
precipitated in alkaline state? Basing merely on a simple view so far stated, it.
is considerably difficult to construe these parag,enetlc relations with any other. -
kinds of minerals having chemically antagonistic character.

Morcover, most of quicksilver deposits seem to have connection w1th certam
geologic structures, especmlly those in the southwestern part of Japan. Their
appearances surely point to a presumption that there m‘ay be a geologic relation
between these deposites and tectonites being exposed. near some:sheared zones.
This' deduction, though it may hold good also in other kinds of ore deposits

such as those of stibnite and others, appears most probable in the vicinity either

of the Median Dislocation Line revealing a ‘conspicuous contrast - between each:
distribution of geology demarcated or of ‘any other- tectonic lines. : Considering
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the property of low temperature hydrothermal solut10n believed to have brought
the quicksilver compenents, .any other kinds of fissures of far smaller “scale also
must be taken up for inspection.

It also ig still now a pending question to solve the problem as to the connec-
tion of ore genesis with igneous activity and, accordingly, the stage of formation,
gince, in sgpile of plentiful works so far made public, each case has been discus-
sed dispersedly and, therofore, only the local explanations with more or less
prejudical observations lacking in universality have hitherto been given.

In the light of these considerations, the writer now wishes to report only
the outline of his works which still leave so much yet to be clarified and are far
from completion as it scems that, in so doing, a step can be taken toward .tho
conclusion. o, however, regrots that most parts of his geological investigations,

“which w1ll bo -published in another paper in the near future, rnust Lave' been

onuttod owmg ‘to cconomic circumstances.

Emphasis must here be mado as to tho fact.that the writer llll;:ht ‘have, but

for a helpful advice from Dr. Prof. J. Takubo, been disposed to give up his
onterpriso because of a heavy blow he had suffered from the gricvous accident at

Hiroshima City on August 6, 1945 and knows no words with which to oxpress

fully his gratitude for the kindness and help afforded by the professor. At the same

time, the writer has to extend his thanks also to Prof. A.Harumoto and Dr. Prof.

J. Makiyama, from whose guidances he had benefitted to no small degree and to

H. Miyake, by whose truthful assistance Part 1of these investigations was completed.

(C) Paragenesis of low temperature hydrothermal minerals,

It is belioved that some of the conditions suitable for the deposition of quick-
silver minerals are to be clarified by mdans of pursuing the mutual relations
among certain paragenetic minerals of low temperature hydrothemal property.
Inasmuch as tho reality, however, is that any quicksilver minerals other than
cinnabar, metacinnabarite and native mercury have, notwithstanding numerous
'descuptlons ever published, nover been discovered in our country, reference must.
natmally bo limited to the paragenctic relations of these three to any others.

As are recognizable in many deposits, quicksilver ores are used to be accom-
_panied with certain ore minerals and gangues though their assemblago is not
always invariable but ‘different.in each series of minoralization: process: oven in
the same.deposit and have cortain genctic relation to the formation of “Kuromo-
" no” and of “Réseki,” In somo cases, it also happens that a sort of ore-carr ying
xmuoxalyzer precipitates the ores in question on one hand and alters the host
rock to pyrophyllite or kaoline on the other.  Formation of tho latter may not
pertain to such a category as has been deposited from the mineralyzing solution

2



STUDIES ON- QUICKSILVER DEPOSITS

but rather be ascrlbable to the seconda,ry effects’ of hydrothermal alterat10n<"‘> .
through the very ‘solution. SRR S . T
"The crystalllzatlon sequence of some mmemls and their parageneuc xelatlons
have been shown only in each case. ~ More noticeable is that a helpful sugges--.
tion for presuming the mineralization process or then-controlling conditions .-
should be attainable from the inspection of an-ideal diagram drawn by the com-
- bination of the results appeared in each precedmg dlagram It is figured as in the,
following : : : :

Pyrite .-- -/-_
Stibnite

Marcasite -
i ’Metasnbmtc " —
' (,mn:lb'xr " ) : _..__..__ ..... .
“"Rédlfrar ' ‘
Metacinnabarite
Quartz L eeeeaaead :
Clmlcedoﬁy S —_—————
Calcite , i L e - :

) Among the minerals concerned, orplment is often foun,d mmgled Wlth rea,lgar;
" produced somewhat earlier than the former, though difficult to be compared with, -
others because of its rarer occurrence. Calcite is considered to have been deposited’
" later than gypsum as- well as alunite rather in different series of the process. As:
regards fluorite, there is an only caﬂe showing ils deposition at a stage aImost‘
‘similar to-that of calcite. In thxs dmgram, there are soms pairs of dm]orphm,
minerals believed to have been pmduced in antagonistic conditions. "According-
to Stokes and others ¢*®), pyrite is stable in alkaline state at ca. 150°~200°C. and
marcasite, on the contrary, in acidic medium at a temperatuxe lower tha,n for’ the

~ former. . Droyer ¢*7) also permits the similar relation in that cinnabar is produci-.

ble in alkaline solution at a temperature above 120°~150°C. and transformable to °
metacinnabarite with decrease of alkalinity and temperature.  Far more import=

ant may bo that there scems to be mno need to persist exclusively in his view

because Moltzau and Kolthoff ¢!3 also suggest that alkalinity is not a condition
necessary for the formation of the reddish modification of mercuric sulphide.
Although few of authors still seem to permit their genesm through sublimation,
" the writer ordinarily reaches the belief that mercuric sulphldes have béen derlved
“from low temperature hydrothermal solution since.most of other ‘paragenetic mi-
‘nerals believed to have been formed in the similar state must be unstable at a
temperature so high that the mercuric sulphide may sublime and such a extremely
particular case where only mercuric sulphides recondense themselves mdepeudently,
on any ‘other minerals can hardly be expected.  The data given by Doelter, (28>

3 .
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indicate that stibnite is dissolved into alkaline solution and may alter to mota-
stibnite with acid but regain its original state when heated at 200°C. With regard
to arsenic sulphides, it is chemically presumable that a modification probably
identified to bo orpiment can be precipitated only in strongly acidic state. Meta-
“cinnabarite of. such a large size as is macroscopically recognizable is acarcely
appeared but there is'an example in Hinotani gallery of Nya Mine in Mie Pre-
fecture where comparatively well-crystallized specimens are found associated with
cinnabar and realgar in a single vein as if they:wore certainly derived from’
quite a singular mineralyzor. Tt seems necessary to refer to native quicksilver
occasionally accompanied with cinnabar and in tlmes occuring alone free from
other ore minerals even in unaltered country rock. As is ascertainable in liparito’
at Tsuyama Basin, a hypothesis of its gonesis deduced from the reaction of car-
bonate-including hot water may bo given.  Emmons " who proposes such a
vertical zoning ag includes cinnabar in the second zone and stibnite in tho third,
considering that the latter is produced in a deeper part or at a higher temper-
ature than for the former. Some investigators ¢*> experimentally prove that the
formation of native quicksilver can bo due to thoe reduction of “ic” mercury to
the metallic state by bituminous or carbonaceous matters. Droyer, however,
regards the periodical repetition of both dilution and 1econcéntmtlon of hydro-
thermal solution as a sole 1equ1s1te to deposition of native mercury in the extleme-
-ly -complicated system on one hand and approves also to some extent such
o result of oxporiment, achieved by Broderick ¢*, that the native mercury is set
freo through the reaction of mercuric chloride solution with hydrogen sulphide or
organic matters and with- stibnito on the other. It seems uncertain that the
reaction of stibnite results in the deposition of native mercury. For the present,
no means other than distillation can industrially be adopted as the most cfficient
procedure to attain the metallic: mereury. Novertheless, it scems impossiblo to
expect a high tomporatmo from ore-bringing hydrothermal solution for the reason
“of paragenesis of ‘other low temperature minerals or from éeriain experimental -
data; while the vaporizing temperature of mercuric sulphide is estimated - at
580° C. and the vapor pressure of mesallic mercury is considered to be 0:28 mm - at
100° C. and 100 mm oven at 260° C. ¢!,  Another important significance may he
comprised in the fact that drops of native mercur y are found impregnated, as if
they were squeezed out from the country rock of tender property, in unaltered
slate, for example, in the case of Yuki Mine, where no traces of any other
paragenetic minerals aro discovered. Whoreas the theory as to the hypofiltration
of hydrothermal solution may again hold .good in this cace, -it is still a pending
questlon whether or not an ordinary reduoing actlon must in all respects be neees-
sary fo originate the native quicksilver. ,
From chemical point of view, it seems that, in cach pair-of minerals such as

S
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pyute and marcasne, stibnite"and. metashbmte, and -cinnabai: arsd. metacmnabaute;'
the preceding. modlﬁcatmn ‘are considered to. have: been produced in alkaline state.'
and the subsequent. varicties, on the countrary, in acidi¢ media at a- tempera.ture
lower than for thé former, though the relation-to the state of solution is not
congruous-only in the case of antimony sulphides since stibnite is believed ‘soluble
even in alkaline solution. . More noticeable fact revealed in the diagram is that -
"one pair intersects with another and, in other ‘words, a preceding- modification
in a pair of minerals is often partly co-cxistent with ‘a subsequent variety in
another pair; for instance, cinnabar is paragenized with marcasite in spite : of
their antagonistic chemical property, especmlly without any ev1dences affected ‘by.
'secondary agencies. " Then, there is a sort of contradlctormess between the. reality.
, cof their paragenesis and the chemical data denying it. This - may readlly be - a
i .¢larified, if a impudent presumption that all kinds of mineral other than pymte‘
might have been produced simply in ac1d1c state is permltted S
In relation to the co-existence of some’ minerals primarily formed, cons1der-
" ation on the host rock affected. by hydrothermal solution also may -be a clue fo
. clarifying the essential property of the very solution. Most parts of the alteration
~of country rock surely mean the genesis of minerals secondarily derived- from the -
reaction between the rock concerned and the- mineralyzing solution and, - hence;
-must be included in the subJect pertammg to the paragenems of mmera,l in, a,
broader sense. . : : ‘ S : , .
‘With reference to the varlatlon of chemlcal or mmeral constltueuts, several
kinds of hydrothermal effects ey, <3‘) such as silicification’ or- chalcedomzatmn,
Jkaolinization, muscovitization or semcltlzatlon, pyrophyllitization, *chloritization, -
epldotlzatlon, albitization, propylitization, umlltlzatlon,alumtlzatlon, carbonatiza-
- tion, analcitization and so on are mentionable. Certain bleaching effects spread
over compmatlvely wide area seem salient especmlly in the case of the - host rock
impregnated with qulcksﬂver or antimony ores. - In spite of ‘the fruitful inves-
tigations as to petrogenesm, descriptions are by chance destitute of any allusion to
these effects, or, if any, only refer to the fact just as it'is. This point may 111
times rather simply be interpreted in that the effect.is considered to have caused
only a marginal facies around the intrusivé mass or to be due merely to a snnple
kaolinization or its like. ~ The relation betwéen the ore-carrying solution and

' .+ the loucocratization of country rock has.never been-studied. in full detalls

. Although it is still questionable whether or:1ot -~ the- bleaching* effect (2007 (20 is :
always related to so-called kaolinization and what kind of agency may- cause the -
very effect, the comparison of their chemical constituents seems to reveal that a

sort of metasomatic action showing, for instance, both the increase in the amount
of wates and the decrease in the amount of alkali and silica components may
ordinarily result in kaolinization, sericitization and pyrophyllitization, etc., while

5.
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Baur <2V has proposed his view in a dry system concerning threo components
of K,0, AL, and 8i0:;. An examplo is appeared in the gypsum doposit of
"~ Wanibuchi Mine whero the whole mass of ore body partly kaolinized and l‘artly
pyrophyllitized is enclosed by some layers of pyrophyllite and this ev1dont1y sug-
gests that low temporature hydrothermal solution precipitates the ores ‘on one
'hand and.altors the host 10(,1\ by means of 1ts metasomatic effect on thé other.
It must also be noticed that this large. quuntlty of gjypsum 1mpxegnated in t]\o
‘whole mass and injected by some later veins of gypsum can never be e‘cpected
but for the action of sulphuric acid-including mineralyzing solutlon This is
the case where the bleaching cffect is extremely. conspicuous and the similar
phenomena are recognizable also in almost all deposits of quicksilver or antimony
ores. : " '
Further discussion should be alluded to the relation between the genesis of.
quicksilver ores and pyrophyllitization. The late Dr. Kimizuka ¢ associates
the pylophyllltlmtlon appemed in “Roseki” deposit of Mitsuishi Mine merely
with the extraction of silicic acid mainly from the xenolithic shale by pneumato-
lytic action of fluorine and domonstlatcs it with his. Ia.bomtoxy data; or with tho
oceurrence of fluorite veins in liparite in Tsuyama Basin. It is 1eally dangerous
to confine the action of fluorine to be pneumatolytic and to hold fast simply to
analytical result of silica component. -.There is also a -unreasonable plea in
that an evidence has been obtained at Tsuyama Basin far away from Mitsuishi
Mine. - Fluorine can occasionally be held included even in water in certain well
and, fluorite, too, is considered to be produced also in low temperature hydrotherm-
al deposit.  According to the writer’s field observation, any fluorite veins aro
discovered nowhere in Tsuyama Basin, while, on the contrary, tho cavity-filling or
breccia-like crystal of fluorite are found accompanied with considerable amount
of calcite in tho agglomerate-like or breeciated liparite. - Analogizing from the
. occurrence of qulc]\sﬂvel ores in phylophyllltlzed liparite of Wake Mine, near
Mitsuishi, it is surcly accountablo to assume that “Rascki” deposit in the surround-
ingg of Mitsuishi, Yoshinaga and Wake districts are to be derived from:low tem-
perature hydrothermal solution. In view of these considerations, the deposition
of .stibnite in pyrophyllitized liparite in Koéne-mura and the formation of alunite
veins in the very extrusive or alunitization of wall rock along some fissures appear-
ed in Fujino-mura are also worthwhile to mention. The assemblage of these mi-
" nerals in the same zono of pyrophyllite doposits can be the most helpful material
with which to oppose the carlier theory of pneumatolysis and, at the same time, -
secems to be of due significance in dotermining the essential property of then-
ascending mineralyzer.  Tho formation of gypsum in Wanibuchi Mine and' of
alunite in these pyrophyllite doposits shows that certain amount of sulphuric
acid have been contained in low temperature hydrothermal solution at least at a

6



STUDIES ON -QUICKSILVER DETOSITS

“certain sta(re It consequently follows that the éssence of pylophyllltlzatlon or
kaolinization seems to be-redounded to the. act1on of this acid and its effect can .
be’ chelmcally conﬁrmed by comparing the amounts of silicic acid water, alumma.'
and alkali components with their original quantities included in the rock concerned '
" Silicification commonly believed to be a sort of hydrotherrnal altelatlon ma,y_j
sometimes play a role in the bleaching effect on the country rock but ‘rather
seems to 81gnlfy snnply the re-precipitation of silicic a01d extracted by and in--
cluded in hydrothermal solution since this component can be d1ssolved in alkalme}
medium and be ro- preclpltatcd ‘with increase of acidity and anhydratlon ‘The

similar process may be expected in the case of silicification, whereby the pores of - - -

‘ ‘the country rock are filled or cemented, thus partly resulting in leucocratization

of the very rock. Despne of this presumption, the 1ea11ty is that this agency . .

1s often ascertainable specifically in the case of quicksilver or antimony depomts
but is not regarded as a characteristic of this kind of deposit. ‘
As regards chloritization, it seéms also doubtful to regard its effect as is
ascribed merely to the action of alkaline solution. Because, as almost complete, '
extraction of alkali and iron components as well as .more or less subtmctlon of
lime, magnesia, alumina and silica components frém the chemical constltuents of
mafic minerals included ‘mainly in Jigneous rock may result in chlorltlzamon, there_
seems no need of caring for ‘whether the action may be alkaline or acidic if these
results should thereby be brought A proof ‘for this view is surely revealed also E
in the fact that any other effects believed to be related to the acidity of the solu-
tion concerned are frequently observable associated with this chloritization. There
" are many cases where qulcksﬂver ores are deposited in kaohmzed or rarely pyro-
phylllt1zed country rock contammg chlorltlzed ferxo—rnagne31a11 minerals.

(D) Chemical property of mineralyzing solutlon. . S

It is indeed a well-known fact that there are famous deposns be11eved to have-
been precipitated by solfataric action as a sort of sinter of hot spring or geyser,
for example, as shown in the case of Steamboat Spring and Sulphur Bank by"'

“Becker and others ¢!27.  According to the writer’s view, these very facts, on the
countrary, seem to be a important factor opposmg the idea which stands pat
only on the voleanic activity. It is accountably evident that the action of slow-
ly ascending or stagnant solutions is more effective than that of the 1nstantane-
ously volatilizable gases for such solid body On the other hand, -a generally
applied treatment may be that the mercury ores are distilled with some reducing or

. extracting reagents at a temperature of ca. 500°C. At Yuki Mine in Tokushima
Prefecture, for example, the ores are caleined with their mother rock, that is,
limestone whereby mercuric sulphide may be reduced to a metallic state after the,

7
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reaction (am; HgS + CaCO; : = ‘Hg + CaS + CO: + O. ' During=the process, .
pretty amount of the metal accompanying any*other modlﬁcatlons is often liable

* to bo e\cpelled through the invisible passage between the retort and the condenser

or even through the cooler itself. It can thereby be presumable that cortain vo- .
latilizable varietics are expected to be.attainable from these distillation-products.
Allen and somoe authors ¢! suggest that these matters are regarded as a varioty
sumlar to motacinnabarite.  [ven supposing that quicksilver components are
bxought out from a source in the depth in a gascous state, it is still problematical
simply to assume their recondensation accompanied by voleanic cruption about
the fumarole. Geochemical data, on the contrary, indicate the probability that the
quicksilvor components included in a slowly ascending hot water result in pre- -
cipitation with variation of physico-chemical conditions.  As regards the chemi-
cal plopert.y of nunomlyzor or tho conditions necessmy for-precipitating the
quicksilver components as ore deposits, there have been soveral theories, among

. which those conneceted with the formation of complex salt by Becker ¢!9) and

Iater extended electro-chemically by Knox ¢ are most noticeablo and Droyer (3
also affirms theso views in his geochemical study.  According to Knox’s theory,
morcuric sulphide is dissolved in alkaline alkali sulphide through the following .
rovorsible reaction @ HgS + S " = HgS."”. The precipifation of mercuric sul-
phide doponds thus merely upon the concentration of sulphide-ion. Smce alkali

"sulplnde also is reversibly hydrolizable after the reaction’ :

S” + 2H,0 = HS' + OH' + H,0 = H,S + ‘JOII’
the tend(,n(,y of directing toward the left sido of tho cquation or of i 1ncxeasmg the -
concentration of sulphide-ion is accentuated with: the alkalinity of the ‘solution,
while in a neutral or acidic medium alkali sulphide is more casily hydxohzed
owing to the consumption of hydroxide-ion, culminating in the increasing incli-
nation toward precipitation of the mercuric sulphide.  The summary of Knox’s
theory is that the mineralyzing solution in question is to be of alkalinity since
such chemical reactions as mentioned above are likely to appear in the process of
low temporature hydrothermal mineralization and thereby the deposition of quick-
silver ores is originated.  In relation lo thig, it is also to bo lunemboxul that
the reddish sulphide of quicksilver or surely cinnabar can be artif (,m,lly syn-
thesized with alkali sulphide in a perfectly scaled glass-tube kopt in the air-bath

. at a temperature of ca. 100° C. almost overnight ¢. On the contrary, blackish
kind of mercuric sulphide scems moro easily projtared by passing hydrogen sul-

phide gas through mercuric salt solution in the weakly acidic stato than by react-
ing the very solution with alkaline alkali sulphide; the reaction in the latter
case is so delicate that a slight variation of the conditions in the system keenly
influences the stability of alkali sulphide and, accordingly, precipitation or solu-
tion of the sulphide.in question.



STUDIES ON QUICIxSILVER DEPOSITS

Judgmg cither from the dlfﬁculty ‘of obtaining the proper conditions for
precipitating the reddish modification of quicksilver sulphide or from the poverty. -
of such springs as were adduced by Becker throughout the world, it is questlonable :
to emphasuze the necessity of a special relation between alkalnnty aud depos1t1on.

Even though the scope is now definitely . bounded by the property. of ascend1ng~

hot solution from the depth and momentous problems- such as so»called magma,. =’

itself, the mechanism of general mmemhmtlon process, hetelogeneous dlstmbutmn '
and aggregatlon of ores and so forth are excluded, why is it that the hydxotherm—

al solution must be destined to be alkaline?  In this. regard, general belief is
that alkali components are extincted from the wall rocks in the: Fassageway of .~

ascending solution or are due to the concentration of hydrogen-lon 5 in the;;
-depth. Nevertheless, is it possible to expect such a strength of alkahmty in nati-
ve solutlons and probable that an ideal alkalinity just sufficient to precipitate the.
stable mercumc sulphide through the interaction between, certain salts and alkali
sulphlde is realized" in nature? - Although for the reason that silica component, E
after extracted fiom wall rocks by alkaline solution as soluble metasilicate, can be
reprecipitated as colloidal state, those who agree with Knox’s -view. support also,
" the assumption: of chalceddmzatlon present in the telethermal deposits ¢, it is to -
be considered that, as the result of decomposition of indissoluble sﬂlcates by re<’"

acting with certain’ kind of acid, considerable amounts of silicic acid may be’ e
brought out also as colloidal }:artlcles cusrendmg in {he solution and resultmg m el

deposition.

. As far as mercuric sulphlde is concem.ed the reuctlon-plcducis be‘meen mer-f R

curic salts and alkali sulphide are rather unstable wzth a slight-variation .of con- .
ditions in the system and, accordingly, may be counted by various kinds. Tt

therefore, appears considerably difficult to predlcate that méreuric sulphide-ore is. . - .

always derived only from alkaline solution ; in other words, the preceding equa-
tions skilfully suggested by, Knox notwithstanding, the conceyt - adhering . simply.
to alkalnuty of hydrothomnl solution proves to be préjudical..  There may also
be a important question in the respect that almost all opinions ¢ ) ever: -given are
merely dealt with the r/solublhty of mercuric sulphide already deposﬁed but not
with condltlons necessary for its deposition from original sta're For attammg -
the decisive conclusion for the subject under discussion, any other factors such as

paragenetlc conditions of several low temyerature hydrothermal minerals of pmm— ,
ary origin are to be inspected. It, then, is of avail to investigate a rau of .
minerals belioved to be ploduced in mutually antagonistic conditions and ke co- -
existent with cach other. e '

Either the carrier Cdeﬁm‘tely dlstlngulshed from the oxe-brmger” ) ofl t-he o

_ minerals in question or the property of hydrothermal solution has aheady been
considered to some extent.  However, the interpretation of the most essential -
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problem iefeuing to the source of ore-forming metals still remains to be solved:
Becker’s presumption ¢! that. metallic mercury originally included in granite
itself was extracted out by the action of certain solution accompanying any vol-
canism may take tho lead in the theory of ore formation but lacks in the accuracy
of expession. When permitting parts of the theory of differentiation, it may be
better simply to say that quicksilver as well as any other minerals wore derived
from magma resorvoir. None the less, there are rooms for minute consideration on
Locke’s opinion¢**? that “much granito is thought to boe at the end of a metamor-
phic series that. started in great part with marine sediments® may renew the
interpretation about the genesis of ore deposits. ‘

- Apart from various presumption mentioned above, certain means du'ectly to
solve the problem on hand should be considered. As to this regard, the writer
has once published his work ¢ showing that sulpho-components such . as sul-
phuic, sulphuarous, t]nosulp}muc and polythionic acids, ete. or the salts related
are included in somo springs in owr country. - Moreover, another’ data obtained
from quantitative analysis of a mineral spring appeared near Wake Mine in Oka-
“yama Profecture are also given by the writer in Table 3 where the predominance -
.of sulphuric acid is most remarkable. '

Table 3
. 4
.constituent g./Kg. coﬁs_litixcnt . - g.J/Keg.
K,S04 ’ 0.C040 H,S0,4 : 0.5872
NapS04 _ 0.0153 . Si0s ’ 0.2222
(NH,),S0,4 0.0013 - KNOj - 0.0105
CaS04 0.3917 KCl 0.0059 )
MgSO., o042t NH,Cl - 0.0028
FeSOy4 1.5516, AlPO, - - 0.0233
Fea’S04)3 : 3,9758 " Total ) 7.9633

AlL(SO 1.1296

The snmlar fact is surely recognizable in that tho miine water in the ;:allery
of Shokoz:m pyrophyllite deposit in Hiroshima Profecture also contains a con-
siderable amount of ‘sulphuric acid whereby the clothes sre frequently apt to be
worn away there.  In theso both cases, it is of gignificance that the acid in
question may come partly from oxidation-zone but scems paltly 1o bo of primary
origin. '

.On the other hand, Dreyer mentloned the effect of \\all rock as a factor to

inﬂu_enc.e‘,t-he ionic equilibria shown by Knox. If any substances, whatover kind
. they. may be or be they not even rock, have certain effects on conditions in the
- system, the precipitating action for quicksilver sulphides dissolved should natural-
ly ensue. From ecither the geochemical or the ore-depositary viewpoint, much more
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important should be that the mutual relations between wall rocks and hydrotherm-
al solution are investigated in details than that the conditions of solution, whereby
the ores are thought to have been brought, arc detected in a smlple way masmuch
as, by combining the results obtained from the reaction between several kinds of
rocks -and certain solvents regarded as efﬁc1ent to precipitate the ores with .an’
actual occurrence of ‘wall rocks altered by hydrothermal actions, the essential
properties of hydrothérmal solution and, in consequence, the genetlc process of
quicksilver depos1ts may partly be mterpreted and retraced. ’ ’
In conformity with these assumptlons, the writer has accomphc\hed some
preliminary experiments, whercby the comparison of the effects of e1ther amdlc"
or alkaline solvents upon some kinds of rocks, the quant1t1es of certain - compo-
nent extractod. from each rock by the very leagents. ‘ a
An outline of the experiments and the data obtamed are g1ven in br1ef as-

follows :

About 10¢g. of rock’ specxmen pulverized and accurately weighed are immersed m 100c.c. of reagent
held in Erlenmeyer flask, to whith Liebig condenser is attached: for the purpose ‘of keepmg the quantity i,'
“and’ concentration of ;he contents invariable and are boiled for two hours :. the reasons why the system
“should be kept at a boiling state are attributed‘to such considerations as : (a) Temperature factor as well
as other conditions must be vregulated to be as constant as nossible in each experiment ;- (b) Temperature .
‘e'levated to a boiling point is believed similar te that at ‘the latest stage of rest magmatic solution thought -
to have a connection with quicksilver deposition; and (c) the velocity of reaction may thereby be pro-
‘moted to an consxder'lble extent; while it seems that much more ‘than two hours are not necessary since
- even five hours’ rmctxon still yi¢ld nearly the same result as in the case of two hotrs’ duration., N '
Deci-normal solutions of both sulphuric acid and sodium hydroxide; though their ncr;nalxty nmy T
probably be too much concentrated to bear comparison with natural solution, are provided for the experi-
" ments, as the reactions of these reagents may determine the direction of the theory regarding, the state o
of solution and more or less quantitics of the reagents in question are contained in spring water, Thé‘n, \
each specimen of rock used for the reactlons has been selected nmong the samples collected by the writer
in his field surveying and microscopically examined to be fresh., Although it is prevxously presumed‘
that even thé same sort of rock, if of different occurence or locality, do not always give completely the.
“samé results, only the specimen of all kinds of rocks is provided for a series of ‘reaction‘s‘ with a pqie of
both acid and hydroxide and the effects of both rcagents on- the specimen 'nr‘e compared -with. precision.’
When the two hours? reaction at a boiling state is finished, the condenser is removed fx‘-om’ the flask ‘and -
washed repeatedly. Washing water also is poured into the flask’ and, after being so kéét‘ as to ‘settle-
the suspending p'lrthIl:S, the whole solutions ‘are ﬁltf.red or separaled froni ‘the suspensxons by decantatlon, )
the filtration, however, should be repeated, if need be The filtrafe obtained is then analyzed through;
a common method to determine the components extracted from each rock, The data are summarized in’

Table 4 wherein sucli components- as ore not so intimately related to the subject in question are excuded,
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Tab'le' 4 ()
Kind of rock Sample in g, Extracted amount in g,
(by HoS04)
Si0g . FesOg Al,04
1. Biotite granite , 10,0061 0.0309 0.1168 0.0066
. 2. Felsitic granite 10,0018 - 0.033  0,1007, 0.0421
3 Granite porphyry ’ 10.0053 0.0438 0.1898 0.0272
4, Hornblende andesite 10.0150 0:0560 * 0.0120' 0.0747
5.  Liparite = = 10,0006 0.0418 0.1516 0.0184
6. ‘Tuff 10.0080 0.0473 0.04Q5 0.0368
7. Schist proper . 9.9825 10,0442 0.0681 0.0195
8. Sandstonc - 10.0019 0.0327 0.0575 0.0382
9, Carbonaceous shale. © 10,0469 . 0,0150 0.0628 0.0580
10. Inkstone . 10.0006 0.0728  0.0146 0.0038
11, Limestone 9.9991 0.0458 0.0111. ~  0,0239
-~ Table 4 (b

Kind of rock A Sample in g. Extracted amount -in g.

e (by NaOH) |
Si0. * FegOgy ‘AlsOg
1, Biotite granite s 10,0029 0.0465 0.0074 0.0333
2. Felsitic granite 10.0418 0.0439 10.€006 0.0162
3. Granite porphyry 9.9976 0.0439 0.0035 . 0.0378
4. Hornblende andesite 10,0420 0.0767 0,0259 ..0,0160
.8, Liparite . 10.0036 0.0585 0.0020 0.0085_
6. Tnff 10.0065 - 0.0274 0.0023 0.0010
7. Schist proper- 10.0042 0.0476 0.0820 0.0236
8. Sandstonc ‘ 10,0079 0.0531 0.0292  0.0384
9, Carlbonaccous shale 10.0004 0.0784 . 0.0220- 0.0133
10, Ink‘stonc ) 10,0040 " 0.0554 0.0041 .0.0182.

11,

Limestone 10,0972 0.0334 '0.0069 0.0142

The respccti\}c localities of the rocks used in the above-stated experiments are as follows 3
1, Biotite granite : Saijo Basin, Hiroshima Pref. 2. Felsitic granite or, strictly, hornblende-
“biotite granite : Notsuharu-mura, Ono-gun, Oita Pref. 38, Granite porphyry: Miyoshi Basin, Hiroshima
Pref. 4. Homblende andesite : Kawazoe-mura, Kitaamabe-gun, Oita Pref, b Liparite : Tujino--
m'ura;, Wake-gun, Okayama Pref, 6. Tuff : \Vanibuéhi-mura. Hinokawa-gun, Shimane Pref,

7. Schist proper :  Nyu-mura, Kitaamabe-gun, Oita Pref. 8. Sandstone :  Sacki City, Oita Dref.
9. Cn_‘-bor;accbus shale :  Ditto, 10. Inkstone : N.ishiichi-‘machi, Toyoura-gun, Yamaguchi Pref.
11. Limcstoné : Hetsugi-machi, Oita-gun, Oita I’fcf.

Because of the scarcity of the data adduced, any decisive or gencral conclusions cannot be reached
from Table 4, while it, however, scems that some of the results are, in a sense, éuggcslivc and indi-
-cate somewhat significant facts and the following iﬁtcrpr'ctation may probai)ly be possible. . v

It is oiwioys, that every rock-is at a- saime  time aflected by sulg:hurjgacid as ‘well as sodium
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hydroxlde, although the reactxons m each case must bc essentmlly dlstmguxshed from each other. The-
(kcompcssmon ‘of 1ocks is mamly ascnlmble 16 the’ actlon “of the acxd on” one “hand. and the exlractmg
effect on certam components seems - to come from that of the hydroxxde on the other. More detmledly, it
runs as follows.: ' ’ :
() Silicic acid may be dispersed as. suspensions or colloidal particles léached throngh the filter
paper due to the decomposmon of rocks by acid .39 and dxssolvcd in solution - as. soluble metasilicate
made available by the- effect of _sodium hydroxlde. As far as the apparent quannty extracted is concern-.

" ed; there is not so conspicuous a difference as' is commonly expected between the influence of acid and-

that of hydi_‘oxidc, respectively, on silica, From these results only, such view that chalcedonization or -
silicification accompanying deposition of quicksilver sulphides is caused not only by alkaline solution ‘but ~
also by acid in"ly be justifiable and, in consequencé, may overturn the previouo opinions relative to the |
genesis of quicksilver deposxts that they are originated merely by alkaline solution, :

(b) . In the case of iron components, the result of analysis indicates that a greﬂ.ter amount of

* them is hkely to be extracted from cach rock or be more t.nsnly dissolved into" solution’ by acxd than l)y

alkaline: solution. Tt wust here be added that certain amount of ferrous iron assumed as mcluded in
" some kinds of rocks is taken in the total of ferric oxide ‘and that specml alteration, such as chloritization R
and its like, of the specimen is scorcely confirmable.  These. data have a significance with reference to
thé‘ bleaching cffects on rocks and perhaps. to the genesis of quicksilver deposits. . It is because that
rocks colored by containing ferro-magnesian silicates and for any other reasons are, more so than not,
faded due to the extraction of iron components by the decomposmg action of- acid. The eventuality is
that, as a result of alteratxon spread over a comparatively wide. area by this 'tgency, the country rocks
impregnating epithermal ores frequently show the appearance of alaskite, felsite or '\pllte and similarly~7
bleached lodes or veins are m’tcroscopm'tlly also likely to be confused and often mistaken for aplite dyke
of. prxmary origin,

() As for the extracted amount of alumina, no special inclination can be derlved from the above
\d'tta "~ Owing to its 'unphoterxc character, “'some’ quantxly of alumininm componenls may ‘be s dxssolved
" both inacid and in‘alkaline solution and, accordingly, it Seems hardly possnble to find the difference between
the actions of the two Dt is only sure that ‘the increasé ‘or decrease in’ the amount of alumina as well as
" any other componenls, such as alkali earths and alkali mefals, is apparently a xmportant factor - - pointing
to the solution of the qucsuon on hand and, at the same time, is intimately connected with pyrophyl-
litization or agalmatolitization frequently recognizable in-low temperature hydrothermal deposits.

Basing merely on these considerations concerning the extracting actions of special reagents of a
deflmte norm'xllty, it may be impossible to remh a perfect clarity as to alteration of rocks affected, whereby
a part.of the property of hydrolherm'zl solution m'1y be indirectly induced. Because, for instance, there
arises a question in the respect that no reference has been made with regard to chlorltlzntxon of country
rocks but this kind of alteration is commonly used to be observable also in the rock kaolmned by the
action of acid. . Furthermore, as alluded to already, it should be rem’trked that the genesns ‘of sulphate
mirlerals” such as alunite, gypsum, barite and so forlh, though some of - 1hem must be of secondary orxgm, ;
“imptegnated in telethermal deosits are to be related to the 'lctlon of sulphunc '1cxd

" Be it so,. the subject is now to be taken into account m the (llrect relatxon to the ;,enesns of quxck-
silver ores. With all necessary things under considerations, th(. writer, concentrating hx‘s attention on
condition to realize the natural phenomena as fully as possible, has undertaken. some qualitafive experi-
ments, especnlly those pertaining to quicksilver sulphide.

Then, a deci- -normal solution of mercuric chloride, a normal sulphurlc acid, a normal solution of
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sodium hydroxide and diluted solution of sodium sulphide are prepared and variously combined to cause
the mutual reaction to one another in the systemk held at a room temperature,

Ist step : 'On the condition that 5 c.c, of sulphuric acid are added to b c.c. of mercuric chloride
solution, no changes arc.observable. 2ud step : By adding 1 c.c, of sodium sulphide solution to the
above solution, milky whitish amorphous precipitates are formed., This scems to signify the separation of
free sulphur derived from decomposition of sodium sulphide by means of acid.  3rd step ¢ When some
more ¢.c. of sulphuric acid are added to the above turbid solution, no changes may yet be observed.
4th step : Addition of another b c.c. of sodium hydroxide solution to the above solution reveals no remark-
able reaction yet. However, as soon as more quantity of the very alkaline solution is added, thereby to
exceed the neutral state, the color of turbidity changes from milky white to bright orange. Oth step ¢
When slightly less than b c.c. of sodium hydroxide solution are added to the solution obtained by mingling
b c.c. of sulphuric acid with b c.c. of mercuric chloride sélution in the same manner as in the 1st step,
it secems duc to consumption for simple necutralization that no changes occur, whereas addition of a little
more qunnti{y»of the former results in the formation of orange-colored colloidal precipitate,  According as
the very alkaline solution increases volume, precipititates become more and more voluminous, but if the
total quantity of the added solution exceed ca. 7 c.c., the increase in the volume of precipitates scems to
ceasc. From an inspection of the yellowish color, the formation of mercuric oxide or its like.may be
presumed but the volume is too cnormous 1o allow comparison with conccnginliun of mercuric chloride in
the solution. 6th step @ With sulphuric acid just equivalent to sodium hydroxide added in Eth step,
orange-colored precipitates are almost completely dissolved and, at last, the solution of slight turbidity is
only obtained. 7th step @ When a little more than 2 c.c. of sodium hydroxide solution arc added drop
by drop to Bc.c. of mercuric chloride solution, amorphous substances are precipitated. By adding 8~bc.c.
of sulphuric acid to the former solution, the precipitates are . dissolved and slightly  turbid Sqlution’ is
obtained.  Sth step : If 10c.c. of sodium sulphide solution are added to the ‘mixed solution holding the
yellowish precipitates producod in the saue process as in 7th step, the precipitates in the solution is obtain-
ed. 9th siep : Adding 5~T c.c. of sulphuric acid to the above solution, reprecipitation of yellowish
amorphous deposits begins to take place.

Alilxough the original state of quicksilver brought about by any agency from any source of the depth
is not easily presumable; the reason why the chloride has liere been used is merely that this salt as well
as the nitrate may be rudxly oblained as a dissolved state, Morcover, as to the chloride, Allen and
others 19) once pointed out the possibillity of deposition of mercuric sulphide after its reaction with thio-
sulphate in acidic state, )

The result of the expeiment can be summarized as follows ; (1) Tinc chloride may be co-existent
with sulphurié acid, (2)  With addition of sodium sulphide, its reaction with sulphuric acid becomes
obscure, hecause of decomposition of the sulphide,  (8)  In alkaline state, the chloride may yiéld certain

;"yellowish or orange compounds regarded as oxide or its like., ' (4) In neutral state, even if it is one
subsequently made, the chloride may come into solution, (6)  Uncertain compound precipitated in
alkaline medium may be dissolved by, addition of sodium sulphide. ‘

After all, as far as the cffects of acid and of alkali hydroxide on the solubility of the chloride are
conccrngd; it scems difficult to deduce, simply from the preceding result, which is more (ﬂLclivc As a
matter of fact, however, this should be just a reality-and far more slgmhcam is that the result suggests
th(. impossibility of adhering only to the alkalnity of solution.
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(%) " Summary

(1) Quicksilver-bearing minerals occurring in the southwestern. part of

Japan are, for the time being, Iimited only to cinnabar, me'tdcinnébarite‘ and ma- -

tive metal. : : :

@ Qulcksﬂvel components are llkely to be contamed as ores in almost all, :
of low ’oempemture hydrothermal doeposits, no matter to what kmd they may ..
belong. )

(3) Many evidences pomtmg to coutmdlctormess of an old idea that ‘cins
nabar must necessarily be precipitated merely in alkaline solution are available. -
Inspection of the relationship between quicksilver ores and other paragenetic mi-
nerals suggests that any discussion based on the state of the solutlon alone is’ not
hitting the mark.

(4) Most of the bleaching effectSI appearing in the country rock of qulck-

silver deposit must surely ‘be attributable to the action of acidic solution wherefron}_ o

the ores also are presumed to have been precipitated. ‘
, (5) It has frequently been assumed that there were a special relatlon between‘ff
certain tectonic lines or igneous activities appeared‘along or near the medlan line

and deposntlon of qulcksﬂver ores but these phenomena reveal nothing but a cha-

racteristic feature of general low temperature hydrothermal deposit produced along‘ )
the tectomcally weak zones, whatever they may be. o

(6) From the mode of occurrence of ores in quest1on and the correlation
among certain kinds of igneous rocks, such a category regarding the stage of ore

formation as is connected with the post-activity of biotite granite or liparite in ear-‘ ‘

" lier Tertiary may be derived with an only exception in the case of Ogata where,: .

however, nothing can now be obtainable with regard to the ore genems S

(7)) Tt seems still to be a pending question how to expand Lock’s hypothesus '

as to granite and ore and to connect it with the deposition of qulcksﬂver ores or
rather of any other mmemls ‘ : >
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Part 2.

o (1) -lntroductidﬁ'.‘"- L N

‘As is w1doly kuown, it seems that as to the genesm of cinnabar many of
investigators have hitherto taken into account merely the opinion sug,gested by
Knox, Droyer and others who believed the process, through which the mercuric
sulphide mineral should result in the precipitation by decomposition of its com-
plex salt dissolved in alkali aulphide in alkaline state with the variation of con-
dition. This view, however, indicates only the facility of solution of the sulphide
into alkaline medium but gives no ovidehce for tho possibility of -its genesis it-
self. The writor also has recontly obtained the reddish mercuric sulphide only
by heating the blackish modification enclosed in the scaled glass-tube at ca. 1 560°
C. and ascmtamed, at the same time, its tlD.llSlthll to" cinnabar by meéahs of x-
T8y analysxs Since the subliming point of mercuric sulphide, however, bas al-
ready been estimated at ca. 500° C. and it is sure, too, that the mineral in ques-
tion must not be producible solitarily by the simple dry-reation but rather in far
more camplicated media, this synthetlc procedure also is considered almost of -no
mgmﬁcance from goochemical or ore- deposutsuy point of view. On the basis of
the 1esu Its obtamed from field observation and microscopic examlnatlon, on the

- other hand, the writer has reached a sort of confidence that the ‘'stress of in-
vestigation as to the genetic origin of the mineral concerned must-be lald not
only on the manipulation for synthesis but also on the conditions of such sur-
roundings as are nutumlly oxpeeled or the media similar to the state of nature
and specnﬁcally on the, plolongutlou of timne for reaction, and: thus attained a
conelusion: quite differont from tho previous conceptions already given by some
authors in the light of consideration on the paragonesis - of cortain kinds of
mmemls and on the so- -called -hydrothermal alteration of countxy rock. Accord-
1ngly, several kinds of lubomtoxy works, though they scem, at a glance, to have
been a sort of trial-and-error method, have been proceded along a special line in
order to prove his _ussumptlon. Tho results obtained from these experiments were
partly examined by x-ray analysis, as to which tho writer here must oxpross many
thanks for the kindness of Dr. II. Tazaki and his asgistants who have for a long
time admitted the use of the apparatus in their laboratory. More thanks must bo
dedicated both to Dr. Prof. J. Takubo who has constantly given the writer both
advice and guidance neccessary for tho whole investigation and to M. Yukimori
whose continuous assistance extraordinarily contributed to the works.

(2) Scope of the experiments.

The experiments were put in operation with regard to the subjects, such as :
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1. The spectroscoplc examma,tlon of pumty of the reagents prov1ded for the -
" experiments: o - - : , : :
. 2. The synthetic expernnents.
8. Solublllty of the synthesmed sulphldes ‘
4. Vola,tlhza,blhty of the synthesized sulphides: = .
5. Specific gravity of the synthesized,sulphides: = : 2
6. Determination of theit crystal structures .by means’ of x-ray dlffractlon., '
7. Variation of pH-values in the medla concerned.- o : .
: As a matter of course, the works performed are mamly related to the w
quicksilver sulphides but a part of them, to the ofher sulphides such as those of
antimony and arsenic for the purpose of clarifiyng the question of whether or .=
. not the conditions suitable for the former case are apphcable to the synthesm’f
of the latter two. N

Ay Spectroscomc ana!ysns of. the reagents.

In specml consideration of the study made by Dreyer‘””who ascribed the color
of cinnabar to.the kind and qua,nhty of the 1mpur1’oles .involved, the reagents
used for the process of expemments, that is, the powder of mercuric chlorlde, )

~ the solution of autlmony trichloride, the powder of arqenous oxide and the so-
1ut1on of arsenic chloride were careful]y analyzed through a usual spectroscopic. -
manlpulatlon, the results of which are shown in Plate. 52 where the remarkable'
‘amounts of 1mpur1t1es were scarcely found in the cace of mercumc chlorlde aud
arsenous oxide but few, in antlmony chlorlde.’ L e e

‘

2. Practuce of the synthesns.

A, The experlments relatmg to qu;cksnver sulphlde.

1) Blackish kind " of mefeuric. sulphxde A asrprcp'xrc.d by, p155mg h)dxogcn sulplnde»gas through 10 c.c.
of the satura ed solution of mercuric chlondc at a yoom tc_mpcmtur(,.‘ B : :
~a) When each 10 c.c. of hydrochloric acxd of various normulxty, such as 10 N, lN 0, 1N,

0. OIN and 0 001 N (similar to other cases if no referenccs Wweré added), - was mmgled with the @

. solution ohtained al'ove respectively, no change were ol'serval: de on the éolor of the precipitate.

b) When each 10 c.c, of sodium hydroxide solation of various norm'\hty was added to the same  ‘
solulmn, no changes were ol'servable on the color of thL prccxpx('ue, the dlSSOluImn of Wthh _was
notatle only in the case of 10N.and 1N. i . ’

It must le remembered that the state of thc whole solution h:came all\qlme wit h 10N and 1N ;
hydroxide solution, almost neutral with 0. 1N end acidic with 0,01 N and 0.00IN., ‘ . .
2) ‘When hydmgm su]phxde g'us W"t% introduced into 10 c. c. of the sqtumted solunon ‘of mucunc‘
.chlorzdc pmvxously mixed wifh tlu. same qu'm!xty of h)(hoch]mxc acid of various normahty and was Loiled
:kfor some mmutcs, g.,lccmsh )dlnw coloud precxpxhtr_ was ploduccd mexely in thz, case of 10N of the
" acid and bla(,klsh one, in other cases, - '

+

s
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b) When hydrogen sulphide gas was passed through. 10 c.c. of the saturated mercuric chloride solution
previously added with the same quantity of sodium hydroxide solution of various normz‘lli‘ty and was boil-
ed for'some minutes, the blackish ‘prccipitate maintained in the solgtioix was completely dissolved into
greenish brown-colored solution only by addition of 10 N hydroxide solution.

3) The black-colored precipitate produced by passing llydrogm sulphide gas through the satur'xtul mercuric
chloride solution at a room temperature was enclosed m the glass-tube usp(.ctlvdy with pure water, a
drop of concentrated solution of sodium sulphide and a drop of 10N ‘solution of sodium h)(lro\ldc
Then, each of them was heated in the air-bath at 95°~100° C, for forty hours. In the case of sodium
‘hydroxide, thie precipitate was completely (hssolvul but, in other cases, no chaiges were recognizable,

4) "a) 10 c.c. of sodium hydroxide solution of cach normality and then the smne quantity of cquivalent
* solution of hj‘drwhloric acid were added to the saturated solution of mercuric chloride, When hydrogen

. sulphide gas was introduced into each solution thus obtained, the I)lackush prccnpxlntc was produced in

~each case, ’
b) 10c.c. of hydrochloric acid of cach normality and then the same quantity of 'c(luivalcni solutién of
" sodium hydroxide were added to the saturated solution of mercuric chloride.  When hydrogen sulphide
gas was passed through the solution thus obtained, the results were similar to the case of a),

5) a) The black-colored sulphide deposited by passing hydrogen sulphide gas through the saturated solution

.. of mercuric chloride, when it was Loiled with 0.01 N solation of sodiﬁm_hydroxidc, became to show
somewhat brownish tinge. ' - . ’

b) No clnngts were observable on the tinge of ‘the same sulphi_de, even if it was boiled. with less
"than 1N solution of hydroshloric acid. B

"_Vv . ~0) a) ' When hydrogm sulphide gas was mtroducu] into the saturated mercuric chloride solution mixed

' with less than I N solution of sodium hydroxide, the Dlack-colored sulplndt. was deposited. No changes
were (ﬂ\i(.rvablc, even if the precipitate was hoiled, ) )

b)  When the saturated mercuric chloride solution was previously mingled with hydrochloric acid in-.
stead of sodium hydroxide, the blackish prccipilal‘;: invariable only Dy Loiling was similarly produced .
7). When hydrogen sulphidé gas was introduced into the saturated solution of mercuric chloride at a loil-

ing temperature, the blackish sulphide was deposited.

a)  With addition of less than IVN solution of hydrochloric acid, no changes were recognizable on the
very precipitate. ' :

h) " With less than 1N solution of sodium hydroxide, the results were similar to the case of a) but
the precipitate was completely dissolved in 10 N solution,

8) Hydrogen sulphide gas was introduced into the saturated solution of mercuric chloride previously
mingled with variouly concentrated solution of hydrochlonc acid and sodium h)(llO\ldc at a boiling
temperature.. .

a)  With another addxtlon of 10 N hydrochlric acid, the color of the precipitate produced varied from
yellow to greenish yellow, g,r(.y and black in the course of time, In the case of other normality, the
- black -colored sulphides were similarly obtained,

. D)  With 10 N solution of sodium hydroxide, greenish yellow solution was attained, In other cases,
the black-colored sulphides were deposited, '

9) a) When the solution obtained in the case of 7) h). was neutralized with the same quantity of
equivalent solution of hydrochloric acid and Loiled, the black- colorul sulphide was reprecipitated. ‘
h) When the solution obtained in the case of 8)h) was m.utmhnd with the same quantity of equiva-
Ient solution of hydrochloric acid, the brownish black-colored precipitate was obtained merely in the case

18 . . . '
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:of O 1N but no changers were ob%ervable in otller cases., T T )
110) : When hydrochloric acid and then the same quantity of Lquwwlent solutxon of 'unmonmm hydxoxxde
. ‘were. added _to the Dblackish sulp]udc, prcclpxhtul by pmssmg hydrogen. sulphide gas. through the sqturated

) mercurxc chloride: solution at a room tunpemture, the résults were quite similar to tbe case of the re-

dction thh ‘sodium hydroxide. . ’ A AR et .
11D When each 10 c.c. of ammonium hydxo‘ud(, solutmn of v:mous normahty was added to the same

quantity of the saturated mercuric chloride solution at a room temperature, "egg- v»h:te hke precxpxtétes

were produced in the conccntntmn of more than 0.1 N. The passage-of hydrogen sulphxde gas through -
 the solution maintaining tthc prt,cnplt'ucs varied the color »f the latt(,r into black but the’ solutxon was. ;
~ still colored. with yellowish tinge in each case of more than 0.1N solution of ammoniuni- hydroxzde. .
12).  When each 10 c.c. of ammonium hydroxide solution of various nommllty was -added to the. same
quantity of cquivalent solution of hy(lrochlonc acid - including - the ‘Dlackish mercuric sulphide produced
“.through a ordinary process, the very precipitate remained infact with mere excepuon of the case of 10» o

IV whetein its color varied from yellowish to Dlack.

13 Wlu,n ammonium hydroxide solution of various nonmhty was added to the solunon holdmg the ‘
bhclush sulphide deposited through a ordinary process, no ch'mges were observed on the very premp:(ate.‘
14 If ‘the expenmmts in the case of 10) to 13) were repeated at a lLoiling temperature,  the results

obtained were scarcely dlstmguxslnble from those atlained in the prcccdmg cases.

16) a)- \Vhen variously concentratul hydrochloric '1c1d solutions maintaining the bhclush mercuric sulphxde o

“were neutralized with ammonium hydroxide’ respectsvcl}r and Loiled for some mmutes, no remarkable = -

changes were recognwable on the precipitate, . : P s .
'>b)’ . When ammonium hydroxide solutions contammg the - squhxde were - opposxtly neutnhzed thh(}f?

hydrochlonc acid, the results obtaxned were sumlar to-the case of a). - i . SR .
: 16) a)  When hydroch]orxc acid solutions of varjous normahty and then the 'same quantlty of, equwalent

ammonium hydroxide solutmn% were 'deed to the saturated mercuric chloride -solution’ and hydrogen sul- o )

" phide gas was introduced into them at a Loxlmg temperature gpeemsh black-colored precxpxtate in; the,

: case of 10 N, greyish black one in the case of 1N and l)lacklsh sulphides in’ other cases were obtamed
b) When ammonium hydroxide solutions of - various - normalnty and 'then the same’ quantity of - eqmv'ﬂent .
hydrochloric acid solutions were added to the saturated mercuric. chloride solution and  hydrogen sulphxdef
gas was passed through them at a Loiling_temperature, Dlackish prccxpxlates produced in-the case of 0
N and 1IN were smm,w]nt tinged of red. : L

17> The Dblackish sulphides maintained in, v*mou':ly concenlr'm.d ammonium h)droxxde solutxons were en-
closed with a drop.of the saturated solutxon of sodium sulplndc in the sealed glass -tubes and" heated in "
the air-bath at 95°~-100°C. for forty ‘hours but no changes were rccogmmble on color of the sulphxdés. '

18) When each 10 c.c, of sulphunc acid of various mormality was. added to the. black-colored precipitate, .
. obtained Dy passing hydrogen sulphide gas through 10 c.c. of the suturated mercuric chlorxd; .solution ‘at
a rodm temperature, no changes were observable on the very sulphide in each case,. .. - .

19) When each 10 c.c. of sulphuric acid of various normalily was. added:'to the same quantxly of the
saturated mercuric chloride solution and then hydrogen mlplud«. gas was p1sse(1 through the’ solutxon thus e
obtained at a room ‘temperature, the black-colored sulphides were produced. o

20) a) When cach 10 c.c. of sulphuric acid of various nomality was added. to the black colored sulphxdq
and then neatralized' with the same quantity of equivalent sodium h)droxxde solution, . no cbp.nges were
observable on the precipitate. Lo T L
~ ) When each 10 c.c. of sodium hydroxide solution of v'mous normality and then neutralxzed w1th the
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’same quantity of equivalent sulphuric acid, the results ootamcd were snmhr to. lllOS(. in' the case-of

hydroch]onc acid. .

21) a) Each 10 c.c. of sulphuric acid of various nomnllty and then the same qu’mhty of Lquxvalc.nt .
“sodium’ ll)dlomdc solution’ were added-to the saturated m(.rcunc chloride solutions When hydmgcn sul-
phide gas was introduced into the solution thus obtam(.d black -greyish sulplud(.s were deposited in th(.
“cases of 10N and 1IN but blackish precxpxlnt(.s, in other casés,

b) Each 10 c.c. of sodium hydroxide solution of various {mmnlny and .then the ssame  quantity of
,equxvalent sulphurlc acid were added to”the 'saturated meréuric’ chlofidé solution’ When Tydrogén su]pludc
gas was passed through the solution thus obtained, the results similar to those in the case of a) were
obtained, ‘ : L

T.22) Wlu.n the sulphides prepared through the process of 21) were boiled with some drops of thc saturated
- solution of sodium sulphide, the color of the precipitate varied into vermilion,

23)  When hydrogen sulphide gas was passed through the saturated mercuric chloride solution previously
mingled with the same quantity of variously concentrated sulphuric acid at a boiling temperature,  the
blackish sulphide was produced in cach case. ' :

24) ) When each 10 c.c. of variously concentrated sulphuric acid was added to the solution including
the ‘black-colored sulphide deposited Ly passing hydrogen sulphide gas through the’ saturated mercuric -

. chloride solution at a hoiling temperature, the color of the sulphides remained intact in cach case.

b .i’thn cach 10 c.c.- of sodium hydroxide solution of vai-i.odsv-normalit-y'wag added. to the solution
m’liilio:ining the blackish sulphides-deposited through the process same as in the case of a), - the - color
of thc precipitates was invariable but the sulphides were dissolved into solution of more than 1IN,

25) a) W]u.n the solutions obtained through the process of 24) a) were n(.utralmd with the same quan-
tity of cquivalent sodium hydroxide solution, no changes were recognizable on the precipitates,

) 1) When the solutions obtained through the process of 24) L) were neutralized with the same quantity

~ of equivalent sulphuric acid, the results obtained were similar to those in the case of a).

26) 2) Each 10 c.c. of sulphuric acid of various normality and then the same quantity of equivalent
sodium hydroxide solution were added tothe saturated mercuric chloride solution. Blackish sulphides were
“ deposited by passing hydrogen sulphide gas through the solution thus obtained at a room temperature bt
tinged of brown only in the case of 10 N. ,

" 1) . Each 10 c.c, of sodlum hydroxide solution of various normality dnd then the same quantity of
equlvalent su]plmnc acid wcrc added to the® S'Itur‘llLd mercuric chloride solulxon. " The results obtained

" were similar to those in the case of a). .

"¢) No changcs were observable merely by bLoiling the precipitates obl-um.d throuf_.,h the process of a)

“and b). C

27) When the DLlackish sulpludcs produced through the process of 24) and cach drop of the saturated
solution of sodium sulphide were enclosed in the sealed- glass-tubes and heated in the air-hath ‘at 95° ~
100° C. .for fort‘)" hours, no changes were recognizable on the sulphides. '

28) © When the processes similar to those in the cases of 1) and 2) were repeated with the combination

* of sulphuric acid.and ammonium hydroxide at a room temperature, black-colored sulphxd(.s were obtained

~in all cases.

29) If these precipitates were filtered off, washed repeatedly and rinsed into the porcelain crucible main-.
tained on dhe porcelain trnn[.,le, and heated with some drops of the saturated sodium  sulphide -solution
to almost dryness, the central part of them gradually got to bmr a red-tinge,

30) '1) If (.ach 10 c.c. of: sulphurlc dcid. containing the lxlqcl\-colon.d sulphide was ncutralized by adding

\
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.the:same - quantity .of; equlvalent 'lmmomum hydromde solution, the color.of the precipitate. remained in*-

dinct fn @aBh EaseLs i o : o
by af each 10. c.c.;of ammonium h}droxrde solunon contammg the bl'lck colored «sulphlde was neutral-

. «-‘,

ized by adding the same quantity of equivalent sulphuric acid, the results o_l)tamed were similar to.those
- in the. case of a). .
81)7a) . Each 10.c.c. of sulphuric acid, of various normality and then lhe same quantxty of equivalent
_“ammonium hydroxide: solution were. added to each 10 c.c. of theé saturated™ mercuric .chloride -solution.
“When. hydrogen- sulphide gas was passed tluough the solution thus obtamed at & ‘room temperature, the
- blackish- precipitates were produced in all cases but the addition of a drop of the saturated sodium sul-
_phide solution gave the precipitate obtained in 0.1 N a orange tint. . e
L) Each 10 c.c. of ammonium hydroxide solution of- various, normalxty 'md then the same quantity" of
equwalent sulphuric acid were -added to each 10 c.c. of the saturated mercuric chloride solution, , When .
“hydrogen sulplude gas was mtroduced into the solution.thus obtained at a room temperature,, somewhat.
" brownish, &ulph]des were deposited in the cases of 10 N. -and 1N and tinged of red by addmg few drops -
of  the . saturated sodium sulphide solution, - R - T
32) The precipitates obtained through the _process of- 30}, even if tliey We:e‘allowed to stand for-i\\'enty'
four hours with few drops of the saturated sodium sulphide solution at a room temperature, ‘remained
mtact in all cases. ’ o . ‘
33)  The precipitates obtained through the process of 31) also gave the results smular to those in . the,
case of 32) through the same process with an exceptxon that the sulphlde treated in 0. Oleolutlon was
. vermilion-colored. R : : .
34) a) If the blackish’ sulphldes deposited by passmg hydrogen sulphxde gas through each 10 c.c of :
" the saturated mercuric chloride solution’ at a boiling temperature were mingled with. the same quantlty of ;_

sulphuric acid of various normality, the precipitates were somewhat tinged- of brown.,

b) © If the Dlackish sulphldes deposited through the process similar to those in the case. of a). werek :

.- mingled with each 10 c.c. of ammonium hydlomdc solution' of Various normality, the very prelpxtate‘got
to bear a brownish grey tmge in the cases of 10 Natd 1'N. o :

35) a) Each 10 c.c. of varioasly concentrated. solution- of - sulphiric ‘atid was added to the same quantity

- of the saturated mercuric chloride solution respectively, If hydrogen sulphide gas was passed through
these solutions at a loiling temperature, greyish sulphides were deposited in 0.1N and 0.01 N solutions ‘
and Dblackish ones, in the solutions of othér normality. ' ; : T o
b) Each 10 c.c. of ammonium hydroxide solution of various norm'llxty was added to the same quantity
of. the saturated mercuric chloride solution respectively, - - If -hydrogen sulphide gas was passed through

", these solutions at a boiling temperature, Dblackish sulpludcs only .were. produced., ' o

86) a) Each 10 c.c.-of variously concentrated solution of sulphuric acid containing the blackish sulphide A

- was neutralized" with the same: quantity of equivalent ammonium’ hydroxide solution respectively. If some

“drops of the saturated sodium sulphide solution were added to these solutions, the very sulphides es'pe'cial-

+. ly treated in less. than 0.1 N solutions were once-tinged of orange but. regained the black color when. they
were, allowed to stand for some minutes. - : : .

. b). Each 10 c.c. of variously concentrated sulphuric ‘I(Ild solulwn and then the same quantlty of equival -
ent ammonium_ hydroxide solution were added. to each 10 c,c. of the saturated mercuric chloride -solution
respectively. When hydrogen sulphide gas was passed through these solutions and then ksome drops ‘o.f

. the saturated sodium sulphide solution were added to,. the results. obtained were similar to thosetin the -

-case of a). . oo T [ et R Y
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37) 10 c.c. of 0.1N sulphuric acid were added to the same quantity of the saturated mercuric chloride

solution.  When hydrogen sulphide gas was passed through this solution, blackish sulphide was prepared.

*a)” If this unwashed precipitate stored in the porcelain crucible was boiled with some drops of the
saturated sodium sulphide solution,” no changes were observable on its color,

b)  If the very precipitate stored in the porcelain crucible, after washed by decantation, was boiled .
with three drops of the saturated bmhum sulphxdu solutlon, no changes were recognizable on its color.
'c) If the very pr(.Clplhll. stored in the porcc.hm erucible, after’ repeatedly washed, was boiled mlh
five  drops of the saturated sodium sulphide solution, it was tinged of yellow. .

“d)  If the very unwashed precipitate stored in the poreclain crucible was boiled with five drops of the
saturated sodium sulphide solution, no changes were observed on its color but the solution hecame turbid, )
e) If the very coinplctcly washed precipitate stored in the porcelain crucible was boiled with two
drops of the saturated sodium sulphide solution; it was partly tinged of brown,

88) 10 c.c of 0.01N sulphuric acid were added to the same quantity of the saturated mercuric chloride

solution.  When hydrogen ' sulphide gas was passed through this solution, Dlack-colored sulphide was

deposited.  With this precipitate, the procedures similar to those in the case of 37) were repeated,

" a) No changes were observable on the color of the prchpxl'uc
L) - The precipitate was tinged of orange.

c) - The precipitate was tinged of brown.

~d) The precipitate was tinged of vermilion,
¢) ‘The’precipitate was tinged of scarlet.

89) The solution prepared Ly adding 10 c.c. of 0,01 Nsulphuric acid to the sane quantity of the saturat-
ed mercuric chloride solution was allowed to stand for twelve hours. ‘When hydrogen sulphide gas was
Ppassed through this solution, Dblackish precipitate was producible but got to bear a vermillion-tint \vxth
three drops of the saturated sodium sulphide solutjon.

40) The solution containing the blackish sulphide deposited through the procedures similarto those in the
case of 39) was ncutralized with cquivalent ammoniacal water and Loiled for aliout an hour.  When
tln;cc drops of the saturated sodium sulphide solution were added to this solution, the precipitate’ thus

* obtained was tinged partly of brown and partly of vermilion. .

‘41) If the solution prepared by adding 10 c.c, of 0.01 N sulphuric acid to the same quantity of the

. s'\tur'ltul mereuric chlomlt. solution was qllowul to stand for three hours, no changes were observable
on the color of ‘the prccxpxt'ltc. even thoug,h the further processes were similar to those in the cases of
39) and 40).

42) The black-colored precipitate prcpmd by introducing hydrogen sulplndc. gas into the saturated mer-
curic chloride solution was allowed to stand for twelve hours and then boiled. Even if the saturated

" sodium sulphide solution was then added to this precipitate, no :\ppirt.nt changes were recognizable.

43) 2) When 10 c.c. of 0.0IN sulphunc acid was added to the same quantity of the solution con-

- taining the Dblackish sulphide prepared by passing hydrogen sulphide gas through the saturated mercuric
chloride solution and - the whole solution was then boiled with some drops of the saturated sodium sul-
phide solution, the very precipitate became tinged of reddish brown.

b) If the black-colored precipitate obtained through the procedures similar to those in the case of a)

© was completely washed and then boiled with some drops of the saturated sodium sulphide solution, no
changes were observable on its color, .

‘44) a) If the blackish sulphide deposited by passing hydrogen sulpludt. gas through the saturated mercuric
chlondq solunqn‘ previously mingled with t}}g same quantity of O.QlN . sulphuric acid was, boiled with

~
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some drops- of the’ saturated sodium sulphide’ sdut:on, it -was tinged of .brown, -
b) ° If the blackish sulphide prepared through the procedures similar to those in* the case. of 2) was
" completely washed and’then Lonled ‘with some drops of the saturated sodium sulphxde solutlon, ‘it was

\ o -

partly tinged of orange.

45) a) - If the blackish sulphide prepared through the procedures similar to those in- the case of . 44) at..

a.hoiling temper-\ture was Loiled with -some drops of the saturated sodium sulphxde solutlon, It was
. partly tinged of orange.:- T Pt

b)  If the very’sulphide was completely \Mshcd and Loxlcd wnth some drops of the saturated sodmm-

_ sulphide solunon, it- was tinged of vermilion,: - -« : . e
46) 2) If the black-colored sulphide obtained Dy passing hydrog(.n sulphlde gas through the s1turated

. mercuric chloride solution previously mingled with the same quantity of 0.01 N sulphuric acid was added -

‘with ammonium hydroxide solution cquivalént to the acid and then Loiled with some drops of the saturated

sodium sulphide solution, its color remained intact.

b)Y If- the Dlack-colored sulphide through the processes similar to those in the case of a) was. completely
washed and boiled with some drops of the saturated sodium.sulphide solution, it was pqrtly tinged -of

vermilion.

47 a) . If the precnplt'\te produced through the processes similar to those in the case of 46) at a boxlmg;

temperature was mingled’ with ammoniwm hydroxide solution. equivalent to the acid and boiled with some
drops of the saturated sodium sulphide solutxon, no ch'mgcs were observable on its color, N
b)  If the précipitate obtained- through the processes sumhr to those in the case of a) was. ‘completely
- washed .and boiled W1th some drops of the saturated sodium sulphide solutxon, it was partly tinged of
orange. . . .
"48) " 10-c.c. of 0. OOIN su]phurxc acxd were added to the same quantxty of the solutlon containing the

black-colored sulphide prepared by passmg hydrogen sulphide gas through the saturated mercuric chloride -

solution,  After the whole solutjon was allowed to stand for al'out seventy hours, the precipitate only.

“was warmed with various amounts of the saturated sodium sulphide solution on the water-bath.

a) Blackish but partly reddish tint of thé prgcipit‘a'le varied into vermilion with: addition’ of 10Nsodium
hydroxide solution. o : . R
b) . Vermilion-colored precxpxhtc, partly tinged of brown, turned mlo browmsh one wnh 10N1mmomum‘
hydroxide solution., ) : .

c) “Vermilionish precxpxh(c, p'u'tly tinged of Dlack, ‘took a turn for blackxsh one withI.N sulphunc acxd.‘

. d) Vermilionish biown- color(,d pxccnpxl’ﬂe turned into vermilion-tinted one, when it was bLoiled with 10,

N sodium hydroxide solution,

.e) Blackish color of the prccxpxl'm. varied p1rl]y into vu‘mlhon with more some dlops of sodium sulphlde,;

solution. : L
. f) DBrownish precxpxlatc varied its color into vermilion, when it was 1~oxled wnh 10 N sodium hydroxlde
solution or more some drops of sodmm sulphide solution. e

49)  When hydrogen sulphide gas was introduced into the saturated mercuric chlorule solut:on prevxously

. added with the same quantity of 0.01 N sulphuric acid and allowed to stand for about seventy hours,
brownish precipitate was produced. : .

. a) Its:color:turned into orange merely by adding a drop of the saturnted sodium su]phlde soluhon.

..b) The result similar to that in the case of a) was realizable mth 10N sodium hydroxxde‘ solutxon
instead of sodium sulphide. : ‘ ‘ : L SR .
c) - If the vcry precipitate was enclosed mlh a dxop of the satur'\t(.d sodmm su]plnde solutxon in the
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~

scaled glass-tube and stored in the air-bath at 95°~100° C.. for some minutes, its color took a turn
for orange. o . . : R
d)  The result same .as that .in the case of ¢) was realizable. with 10 N sodium hydroxide solution instead
of sodium sulphide, ' .
50) a) When' hydrogen sulphide gas was introduced into the.saturated mercuric chloride solution previously -
~added with the same quantity of 0,1 N or 0.01 N sulphuric acid, blackish sulphide. was produced.
When the precipitate was allowed to stand for fifty hours, its color gradually turned into brown at a
¢ room temperature, ) :
b) When the very prcc:pxla(c was warmed at 70°~80°C. , similar reaction was completed for abwut ten
‘ Hours . A :

51) 2) * The black-colored precipitate produced through the procedures similar to those in the case of §0),
when it was allowed to stand for three hqurs, remaingd its - color intact, ‘even if somd -drops of the
saturated ‘sodium ‘sulphide solution were added to at a room temperature.
bj The' same precipitate, - if it was washed and the acid was thereby completely removed, turned its

" color into somewhat scarlet by adding some drops of the saturated sodium sulphide solution even at a
room temperaturce. ’ ‘

52)  The blackish sulphide prepared through the procedures similar to those mentioned above in variously

* concentrated sulphuric acid was allowed to stand for forty hours,’ '

a) By adding some drops of the saturated sodium sulphide solution, the very precipitate remained intact

"in the cases of 10N and 1N sulphuric acid but its color gradually took a turn for brown in the case of
*0,1N and for vermilion- in the cases of 0.01 N and 0,001 N. '

1) When the precipitate was completely washed, its color was Llack in the case of 10N, parlly red in
the case of 1IN 'm(l vermilion in the cases of less than 0.1 N slmply by 'tddm(> some drops of the satu-

" rated sodium sulphide solution, :

63)  The blackish sulphide prepared through the procedures similar to those mentioned nl:ovc especially at
a boiling temperature .was allowed to stand for forty hours. ~ If some drops of the saturated sodiun sul-
phide solution were added to this precipitate after it was thoroughly washed, remarkable changes were
not ohservable on its color, ' i

54)° If the:black-colored precipitate produced through the processes same as those in the of 53) was
allowed to stand for seventy hours at a room temperature, its color teok a turn for vermilion with some
drops of the saturated’sodium sulphide solution in the cases of less than 0.1 N sulphuric acid,

5656)  -If the same black-colored sulphide was allowed to stand for one hundred hours, its' color varied into
vermilion in accordance with the quantity of the saturated sodium sulphide solution added.

56) -If the black-colored' precipitate produced by passing hydrogen sulphide gas through the saturated mer-
curic chloride solution previously mingled with the same quantity of variously concentrated hydrochloric

" acid solution was allowed to stand for more than one hundred hours, -its color sometimes turned into ver-
milion in accordance with the quantity of the saturated sodium sulphide solution.

57 When sodium hydroxide solution instead of hydrochloric acitl was used at the first step of thealiove~

- mentioned procedure, the black color of the precipitate remained intact even if the saturated sodium sul-
phide solution was added to,

58) Vermilionish precipitate was prepared through the reaction hetween sodium sulphide solution” and the
black-colored sulphide déposilcd by passing” hydrogen sulphide gas through the saturated mercuric chloride

- " solution previously added with 0.01 N sulphuric acid,
mia) W“,“ 10 N and 1 N sulphuric acid, its color was not 'variable at a room tcmpcraluic. but tarned into
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. scmrlct: by lLoiling. . y : , . :
b)  With’small quantity of 10 N-and 1 N sodium hydroxide solution, its color was not changeable at'a
room temperature and turned into soniewhat scarlet by boilinghut regained to vermilion when ‘the system
was allowed to cool. k ) . P
¢)  With 12 N hydrochloric acid, the precipitate remained intact at a room temperature but was dxssolv-
ed when it was Doiled. .l'lu. solution thus obt'umd was not clnngmble by addmg equrvalent sodrum
- hydroxidé solution. . L :

d) The vermilionish color was not c]nngmble by heating at 100°~150°C. in the air-bath:"If- the- very"
- precipitate storéd in the porcelain crucible was heated directly on the heater, its color once -turned- -into !
blackish brown but regained when the precipitate was allowed to cool. B et

59)  The blackish color of the precipitate “obtained Dby passing hydrogcn sulphxde gas through the saturated -
- mercuric chlorrdc solution previously added with the same quantity of 0.01 N hydrochloric -acid- squtron
at a ‘room tcmpemtur(_ changed into brown when the precipitate  w: as hoiled with 1N sodium - hydroxide
“solution. This was tinged of vermilion with two or thrce ‘drops of the saturated sodium sulphrde solution
Dut regained to.black by adding sulphuric acid. o )

60) The Dlack-colored precipitate obtained by passing hydrog«.n sulphide gas through the saturated mei- "
- curic chloride solutron previously mingled with the same quantity of 0.0IN sulphurlc acid at’ a room:® |
temp(.r'lture turned its color into brown by boiling with 1 N sodium hydroxide solution. F urther changes
were quite similar to those in the case of 59). '

61) The black colored prec1pxt1te prepared by passing h)drogen sulphxde gas_ through the saturated _mer-

j curic-chloride solution prevrously ‘mingled with the same qu'mtlty of 0.1N ‘sodium h}droxrde solutxon at’

" a room tempcrature Was tlnged of brown when it was allowed to stand for one -hundred houxs. Further -

ch'mges were quite srmllar to those m the case of 59). ) . .
62)  The black-colored precipitate deposrted by introducing’ hydrogen sulphide* gas into the satunted mer-
caric chloride solution at a boiling temperature was. alro»\ed to stand for seventy hours. If the very. pre-

cipitate stored in the porcelam dish was evaporated-to almost dryness with some drops of ‘the saturated

sodium sulphide solution and again allowed to stand for twenty four hours, its.color turned into .scarlet

but returned to black with considerable amount of IN sulphunc acid. .

63) The black color of the precipitate prepared by passing hydrogen sulphidé gas through 1he saturated
- mercuric chloride solution previously mingled with the same quantity of 0.01 N. sulphuric acid took a turny
" for brown with some quantity of 1 N sodium hydroxide solution in the course of time. When this pre-

cipitate was loiled with some drops of the saturated sodium sulphide solution, its color turned further

" to vermilion .but returned to, 1)Iack~=by'adding diluted é\riplltiric acid. Even in the sathe manner, Ta part
of invariable vermilion-color sometimes remained on the precipitate. ) :

64) If the brownish precipitate prepared through the processes similar to those in the case of 63) was
heated in the evaporating dish-directly on the heater, vermilion-color invariable by adding acid was ob-'
tained. ' )

65) When the blackish prec:plhtc producul through introducing hydrogen sulphide gas into the saturated
mercuric chloride solution previously mingled with the same quantity of 0.01 N sulphuric acid was boiled -
with some c.c. of 1N sodium hydroxxde solution for ten minutes and then with I N sulphuric acid, its

" color turned into brick-red.
. 66) When the blackish sulplmk produced lhrough the process similar to that in the case. of 65) was
warmed with diluted colorless ammonium sulphide solution on the water-bath, its color varied -into

’

brown, -
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Li7p) If the procedures similar to those in the cases where the vermilionish sulphides had been prepared
by using sodjum’ sulphld(, solution were répeated” with ammonium sulplmh., nothing othcr than brownish
¢ prcipitates were . obtainable. ‘

B The experiments relating to antimony sulphide.

In order to scrutinize whether or not the conditions determined in the synthetic experiments of quick-‘
silvér sulphides hold good similarly in those of stibnite or other antimony sulphides, several kinds of pro-
“cedures believed important for solvmg the questions under consideration were chosen out of thou. niention -
ed in the preceding paragraph. ‘
1) The hygroscopic, white powder of antimonous chloride was dissolved in hydrochloric acid, sulphuric
acid, nitric acid and sodium hydroxide’ solution respectively, Merely in the case of ammonium hydroxide,
- “the solution obiained were turbid,
2> Reddish orange-colored sulphide deposited by passing hydrogen sulphxdc. gas through the saturated
antimonous chloride solution was more casily dissolved into solution than in the casc of Iercuric sulpludc
- by adding sodium sulphide solution but u.pr(.cnpnnlul when sulphunc acid was added to.

’8)  Reddish orange-colored sulphide was obtainable lxy passing hydrogen sulphide gas through the saturat-
ed antimonous chloride solution previously mingled with the same quantity of diluted hydrochloric acid.
4)  Reddish orange-colored precipitates prepared by passing hydrogen sulphide gas through the saturated
- antimonous chloride solution previously added with the same quantity of sulphuric acu] or hydrochlpric 'xcu]
* or: sodium hydroxide solution of. various normality were warmed on the water-bath, for some hours. .
©a) th more addition of variously concentrated: sulphuric acid, the prccnpll’tlcs became somewhat tinged

of bm\vmsh orange. :
- b) If this brownish orange-co}orcd' precipitate was boiled with 0,01 N sulphuric acid for more some
- hours, its color took a turn for lead-grey. When the system was allowed to cool, the precipitate became
more and more crystalline but was covered partly with a thin Iayer of white substance. .
©) With hydrochloric acid, no changes were observable on the reddish orange-colored precipitate.
d) "'With 10N and 1N sodium hydroxide solution, the precipitates were dissolved into solution l)ut, in
" the casss of other’ normality, no changes were recognizable on the precipitate.
86> Tt was difficult to prepave the lead-greyish precipitate when the reddish  orange-colored sulphide de-
--posited simply by passing hydrogen sulphide g,'m through the saturated antimonous chloride solution was
boiled with 0.01 N sulphuric acid.
6> Whut reddish orange precipitate obtained by passing hydrogen sulphide gas through the saturated
antimonous chloride solution previously mingled with 0,01 N sulphuric acid was evaporated to almost dry-
" ness - with some drops of the saturated sodium sulphide solution on the water<bath, its color was tinged
- of lead-grey. .
7> If the lead- -greyish pr(.cnpxt'uc obtained lhxoug,h the proculur<.<. similar to those in the case of 4)b)

was boiled with certain reagents:

i) With more than 1N solution of -sulphuric acid, the solution became turbid, .

L)  With-10 N sodium hydroxide solution, its color returned to yellow and the solutjon became turbid.

¢) WithI0 N hydrochloric acid, the precipitate was compl(,t(.ly dissolved into solution and, in llu. cases’
' of less than 1N, the solution was turbid, '

-d) With onc-half concentration of the saturated sodium sulphide solution, whitish colloidal solutioi was
obtained and, in the cases of more diluted solution, a part of the precipitate was tinged of orange.
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C The experiments relating to arsenic sulphide,
" In the light of th(:j)rc:cc(lir‘lg' procedures, the éxpérimentslin quéstion wer'elcorrifined to édnéidéfable"
extent, - ‘ ) L . . '

1) . When hydrogen sulphide gas was introduced into the- saturated arsenbus chloride solutxon, yellowish
prccxpx(’lte was obhmed. ' 8 .

2) a) ~ When hydrogen sulphxde gas was passu] through- the transparent solution pr(,pared by addmg 1IN
Ixydrochlorxc acid to the white powder of arsenous oxide and then boiling with 0.01N sulphunc acxd for
some minutes, yellowish crystalline precipitate was produced. . . .

- )  When the very precipitate was allowed to si'md overmght and then Loiled with some drops of the
saturated scdivm sulphide solution, iis color was p'ully tinged of cockscomb-red “With more drops of
sodium sulphide solution, it Lecame dark- red . ' '

Te) By warming the yellowish prec:pxtatc prep'lred lhrough the above- menhoned process on the water-
bath with r(.pe'xu.d addition of the saturated sodium sulphide solution, its color became more and more

reddish, :
d) If the reddish precipitate obtained through the preccdmg process was \wrmed on the water-bath with

0.01 N sulphuric acid in the test- tule attached with Liebig condenser ('or two or three weeks, its color

gradually returned to yellow,

8) “When hydrogen sulphide gas was passed through the s'lturated arsenous oxide solutxon prevxously
mingled with the same quantity of 0,01 N sulphuric acid and boiled for some minutes, yellowish cryst-
alline precipitate'was produced. When this precipiiate “as treated throvgh the procedxifes‘ shown in’2);
similar results were obtained. : : . ’

" 4) .. Even xf the yellowish precipitate prepared through the precedmg processes was boxled w1th 0.0IN
sulphumc acid for three weeks, no changes were observable on its color. - - o

5)  When hydrogen sulphlde gas-was passed through the yellowish solution prepared by dxssolvmg realga.r .
with hydrochloric acid or sulphuric acid, yellowish sulphide was adcountably producible.: :

v

3. Solubility of the synthesized sulphides,

For convenience, the solubility is here meant by the dissolved amounts of
the sulphides under consideration in certain kinds of acid, alkali. and salt. It
is of course that the reactions with acid or with alkali must esaentmlly be dis-
tinguishable one from the other since the former case is concerned in the change
of dispersion degree and the Iatter in the formation of complex salt. Necessary
is not the solublhty in a true sense but compamson of the apparent solubility.
for the purpose of this investigation because it seems most significant that more
or Jeéss amounts of the components in question were brought from the depth, no
- matter in what state they might have been.

. The sulphides prepared for the experimerits were completeiy dried up m'
the air-bath at 95°~100°C. and allowed to cool in the desiccator. 0.3~0.5 gr. of
them were accurately weighed out into the test-tube and digested with each 10
c.c. of the reagents. In order to keep the concentration and amotint of the con- ,

o7



YOSHIHARU - UMEGAKI

tents constant, the test-tube was connected with Liebig condenser and warmed
in boiling water for two hours. One of .the reasons why the experiments were
carried out ata boiling tomperature is based on the presumption that- low tom-
porature hydrothermal minerals such as cinnabar, stibnite, realgar otc. should
have been deposited in the condition not far from this temperature. After two
hours’ duration, the precipitate contained in the solution was filtered by means
~ of Gooch crucible previously weighed and washed thoroughly with acid, if need’
. be. The crucible maintaining the residue was dried up in the air-bath at 95°~
100°C. and weighed after it was allowed to cool in tho desiccator. The solubility
of the sulphides in 10 c.c. of any reagents was thus estimated: by the decreaso
of its amount. The data obtained, though they may represent nothing but the
relative values of golubility in specigl case, are tabulated as follows:

\

\
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Tabld 1 a

(Thé *data for " black-colored ~mercuri¢ ‘sdlphide’ prepared by passmg hydrogen sulphxde gas through the
'1cuhf ed solution ' of mercuric chloride at a room tempcrature) :

Re'\gcnt used for the’ expenment s Normalxty of ragent Residual amount in wt. %%

-Hydrochloric acid 1 90.49'

o 01 94,02

. Q.Ol 95.62
Sulphuric ‘acid 1 82,42

‘ O 0.1 v - 8472

. 0.01 “ ' 98.54

Sodium hydroxide 1 83.00

) 0.1 92,15

‘ 0.01 95.77

Ammonium hydroxide -1 92.50

. . 0.1 96.00

" 0.01 _ 98.57

Sodium sulphide 1/2 - 6.85

- 1/4 46.46

1/8 , 82.95

: 1/16 . - 88,84

" Sodium carbonate C 1 ) 5 - 87.20

, N _ 0.1 o . 91.73

0.01 o © 95.59

Table 1 b

" (The data for vermilion-colored mercuric sulphlde prepared through the process shown in the synthetlc
expenment 656)) ’

Reagent used. for the experiment Normality of regent Residual: amount in wt. 9%
Hydrochloric acid 1 . 97.96
0.1 98,32
-0.01 98,69
Sulphuric acid 1 96.99
0.1 98.06
. o . 0,01 + 98,33
Sodium hydroxide B 92.89
0.1 97.00
. 0.01 98.73
Ammonium hydroxide 1 | 96 .48
. 0.1 97.50
, 0.01 98.90
Sodium sulphide 1/2 47.43
: 1/4 68.29
1/8 85,91
- 1/16 89.87
Sodium carbonate 1 96.55

0.1 ) 98.00 o
0.01 99.32
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Table 1-¢ -

(The- data- for scarlet-colored mercuric-sulphide prepared tll;‘opglt .the process shown jn the synthetic .
experiment 38) ¢ )) ' i

o

Reagent used for the. experiment Normality of reagent Residual amount in wt, %%
' Hydrochlorig acid 1 . 96.16, .
AR 0.1 .97.27
_ 0.01 98,92
Su]phurfc acid 1 91.88
Lt 0.1 95.41
L . 0.01 98.99
Sodium hydroi:idc 1 89,25
. 0.1 - 94,98
-0.01 98.21
Ammonium hydroxide 1 ‘ 92,95
: 0.1 : " 95.89
0.0t . 98.84
Sodium sulphide /2 9,75"
, Y2 : 75.43
1/8 87.76
_ 1/16 90.00
Sodium carbonate 1 92,92
- 0.1 . 95.88
-0.01 97.01
Table 1°'d-
(The data for cinnabar from Kambe Mine, Nara Pref ._)
Reagent used for the experiment Normality of reagent Residual amount -in wt. %
" Hydrochloric acid 1 79.04
0.1 82.88
N 0.01 96.37
Sulphuric acid 1 82,01
S 0.1 92.48
0.01 '97.80
Sodium hydroxide BN 86.20
: 0.1 95,84
0,01 1 98,62
Ammonjum hydroxide - 85.83
0.1 . ) 95.67
0.01 ’ 99.44
Sodium sulphide /2 : . 54,62
1/4 70.35
1/8 ©o81,74
1/16 88,39
Sodium carbonate 1 92,88
A » 0.1 , 95.70
0,01 . 97.26'
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Table 2 a -

(The _data for lead-greyish antjmonous .sulphide prepared through the process .shown in: the synthetic.
experiment 4) b))

Reagent used for the experiment Normality of reagent Residual glmc;gnt in wt.%
Hydrochloric acid : 1 L8676 .
. 0.4 196,32 7
0.01 -97.58
Sulphuric .acid 11 95,90 .
. 0.1 96,24
e 0.01 97.15
Sodium hydroxide 1 74,67
] 0.1 87,71
o 0.01 95.29
Ammonium hydroxide 1 85.19
B 0.1 89,00 -
L 0.01 95.19
Sodium sulphide - /2. . L 2,61 ...
: i 1/4 ; -83.17
N D 1/8 " 90.08
Lo S VAL I . 92,90
Sodium :«cdrbaonate - P o 86,74
' Y .0 ) ]
. : . 000 : 94.39
Table . 2.. b
(Thé data for stibnite from Kano Mine, Yamagichi Pref.)
Reagent used for the experiment . Normality of reagent - Residual amount in wt. % . -
Hydrochlori¢ ncid B! L0 97,63
RN S0 .98.95 '
R . 0.01 99.19
Sulphuric. acid 1 97.99
o 2041 .98.91 '“
X o . 0.01 99.90
Sodium hydroxide -1 L4431
: 0.1 85.29
; ’ ;.10.01 93.81 e,
Awmmonium; hydroxide -1 Cae - 95.69 0 ' .
;. 0.1 : 98.02
(e 0.01 99.77
Sodium sulphide /2 - . 34.74
Tl /4 49,17
:1/8 ' 75.37
. . - 1/16 . 88.33 -
Sodium carbonate . 41 . 9682 ..
Lo S oa . 97.06
: - 0,01 ’ 93.27
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"Table 8 a-

(The data for yellowish- arseriots sulphide px:cp:ired'lhibugil the process” shown' in  the '§).'nth'ctic "éxlk':ri“'*,
ment  3)) ' - SR

R(;agent used for th'c"cxpci'imcnt o Noﬁna]i& of reagent . “ Residual amount in Wt.%
Hydrochljdric acid , 1 95.61
0.1 96.09
) 0.01 97.18 ‘
Sulphuri¢ ‘acid 1 94.95° 't
. e - 0.1 -+ 96.01
0.01 $7.21
Sodium hydroxide A 4.18
‘ . 0.1 46.77
'0.01 82,47
Ammoniun® hydroxide A 10400
, 0.1 49.49
0.01 85.78
Sodium sulphide 1/2 7.93 " .
‘ 1/4 39.57
. 1/8 60.15
1/16 85.99 -
Sodium carbonate 1 74.19
: o . 80.95
0.01 : 92.23
Table 8 b~
(The data for realgar from Nyu Minc, Mic Pref.).
Reagent used for the ‘cxj;:riment - . Normality of reagent . Residual amount in wt, %%
Hydrochloric acid 1 89.89 ..
. ‘ ; 0,1 92,40
_ . - 0.01 94,50
Sulphuric acid 1 90.86
B 1..0.1 95.66
‘ 0.01 96.82 )
Sodium hydroxide 1 82,07
) - 0.1 93.06
0.01 . * 97.98
Ammonium: hydroxide 1 © 95,22
R 99.62.
. 0,01 i 102.00
Sodium sulphide o 1/2 ' : 71.77
1/4 o 79.56
/8 - " 87,98
‘1/16 790.00
Sodium carbonate 1 T 92,08
R : 0.1 94,31
-0.01 95.23
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In the column of normality of sodium sulphide, 1/2, 1/4,¢eeeeeeeerepresent one-half, one-forth,esesseees
concentration of the siturated solutio respectively. - The expenments with nitric acid were mtentxonally
excluded lecnuse this very acid, as was shown in the prehmmary test in part 1, often reacts as an oxydlz-

. ing agent and its use is apt to confuse the results,

Volatlllzabulnty of the synthesnzed sulphldes.

With all. the prevmus data as to the subhmmg pomt of some sulphlde
minerals such as " cinnabar, stibnite, realgar etc., the volatilizable amounts .of the
_ synthesized sulphides were weighed in order to examine’ the1r stability for the
élevation of temperature. :

0.2~0.3 gr. of the sulphides stored in the porcela.ln cru01bles were heated on‘k

the water-bath, in the air-bath and directly on the heater at the definite tem-

perature and then the apparent decrease of their weight was regarded_ as. the'

amount of volatlllzatlon.

The results obtained are shown in tho followiiig tables wherein the amounts" '

volatilized are 111dlcated by the percentage referring to the Welght taken as the
sample. B :

Tab1e4-‘_> .

(The data for  black-colored mercuric sulphlde prepared through the process shown in the synthetch

experiment 7 )) '

_(.,qnditiOn ) . .+ “Duration.in hours ° . Volatilized - amount in wt.%" .
- Heated on the water-bath Sl 2 Co S 70.00! B
at 96°~98° C. - 47 ©.0.00
10 - g 0.00
Heated .in"the air-bath-at-120°.C, E 20 ‘ ... 0.00
4 _ y . 0.00
Hez'ne'd ‘@irgc{ly on the heater ' o . . 13,14
at ca, 200° C. . ¢ )! , 2459
o _ 22 . 24.80
4 . o 46,23
6. . 65,23

-0.5 ‘15,084 :
' 29.33
.. 100.00

Heated on the heater at ca, 250° C. 0
BT e e o 1
Heated on the heater at ca. 800° C. 1 \
Heated .with active-carbon on the - . 2 ’ : : . . 11.03
water-bath at 96°~98° C. ! L4 ©o17.82 -
Dlem il e e 6 23,15,
Heated with active carbon on the 2 ;37.03

heater: at.ca,: 200° C, - - z
33

g,



YOSHIHARU UMEGAKI’

© v TTable s : TR

'
0 .

(The data for lead- -greyish antimonous sulphxdc prepared  through. thc, process shown in the synthetic'
experiment 4) b))

Condition , Dumlmu m hours .. Volatilized amount in wt,%
Heated on the heater at ca, 160° C, ) 2(1) . 0.31
S ‘ a o 22) ' . 0.26
Heated on the heater at ca. 200° C. 2(1) 0.37
: 22 0.28

When heated at ¢a, 260° C., the color of the sulpludc varied into white probably owing to the
oxidation, . :
" No experiments as to the arsenic sulphld(.s were carricd out but the volatilized amount of arsenic ch-
londe was estimaid at 1. JB% in_ weight at 96°~-98° C, after two hours? duration,

5, .Specific gravity of. the synihesized sulphides.

As far as the substances composed of mutually similar chemical constituents
are concerned, the identity of their specific gravity has to suggest the resem-
brance of-the inner structure to certain extent. On the basis of this presumption,
these measurements were put in practico ‘as a nimble means of considering the
results of the synthetic experiments, while it also is evident that the values of
density have' a intimate connection’with the numbers of atoms or ions includ-
ed in an unit-cell.’

The data showu hereunder wero obtained through a ordinary pyknometer

method at a room temperature m1d concerned :merely in some representative

sulphides.

(a) Black-colored mercuric sulphide deposited throujzh
" the process shown in the synthetic experiment 7) - eeessssnecs 7 .50~7.90 & -
(b) Black-colored mercuric sulphide deposited through
. the precess shown in the synthetic experiment 19)  creevevessee 7 48~7.78
(c) Brown-colored mercuric sulphide deposited through )
» “: the process shown in the syathetic experiment 50)  ssessesseess  8,024.8,19
(d) Vermilion-colored mercuric sulphide deposited: through - ‘
! the process shown in the synthetic’ expzriment 55)  esecerecnne 8,05~8.17
(c\ Scarlet- col(;rc(] mercuric sulphide deposited through . . i
the process shown in the synthetic experiment 58) a) «eeeesese  8,07~8.15
- (f) Lead-greyish antimonous sulphide deposited through I
» rthe process shown in the synthetic experiment 4) b)  eoseress -4,30~4,58
(g) Yellow-colored: arsenous sulphide deposited thiough ' o
¢ the procegss shown in the synthetic experiment 83)  sevessnennes 3 35~.3,58
(h) Red-colored arsenous sulphide deposited through .

the process shown in the synthetic experiment 2) D) eeseneeee 3,41A.3,51

34
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The results of ‘quantitative chemical analysis show "thiat no traces of alkali
metals were included in the splp_hidés (d) ‘and’ (e) but féw in (h:

6, X-ray analysis of 'the}syn'thesizéd. su'lphic:ies; .

To give the decisive answer to the ‘question whether or not the innér archi-
tectures of the suphides under consideration are consistent with those of low
temperature hydrothermal sulphide minerals such as cumabar, stibnite ;and so.
on, the x-ray diffraction patterns obtained by means of the powder method
using Cu K, (slightly including XKpg) -radiation were scrutinized. ~Both of the_ '
cylindrical and flat filims were used in these experiments, for it is sure that,:
although the use of the former is more desirable for complete analysis of the
crystal structure, the latter also can serve if the purpose is simply to compare the-
inner structure of synthesized specimen with the one shown by native minerals.-
~ The data obtained are related speclﬁcally to some representative - sulphides
believed most 1mportanb to reach the main object. The calculated spacmgs are,
given in the followmg tables, wherein the unit is represented in. A and the,
symbols such as s, m and w indicate the relative intensity of the dlffracted‘
x-ray : That is to say, s means strong, m medial and w weak, respectively.

“Table 6 -a
(The data for mércuric sulphides)
3.89  w 390 0w 9.01 w ¢ 388 w
3.69  w : 3.69 w 7 T 4.48 w 3,37 s
2.35 s 385 s e 3091 w7t 293w
347 m 3.16 m . N 3.37 H 2.26 w
285 s 285 s 293 w206 m
2.36 - w - 2.35 w v 2,58 w 1.93 w
2,29 w K 2.29 w 2,23 w . 1.76 m
2.05 m : 2,06 m ©"2.06 m ' 1,68 w--
2.01 . w ! 2.01. w 193w To1,46 0w
1.97 m o 1,97 - m - 1.76 m . 1,33 w
190 w 1,90 w 169w 1.30. w
1.76 w 1.76 w v X -
1,73 m 1,72 m ° - ‘ ’
1,67 m 1.66 m T
1.57  w~ 1.5 w o . _ v .
143 W 1.43 w . L o . IV .
1,40 w .39 w .
1.3¢4  w 1.34 w }
1300 w0 1,30 w ‘ ‘ s
1,25 w 1,25 w o : :

118 w0 1.18 w
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Ca) Cinnabar from Kambe Mine, Nara Pref.. = (See Plates 53 and b7)
(1) Brown-colored mercuric sulphide prepared through - - )
the synth;.'tic experiment 50).‘ ) ’ (Sce Plates 54 and 58)
(c) Black-colored mercuric sulphide prepared through | ) »
the synthetic experiment 23). : (See Plates b5 and 60)
(a) Black-colored mercuric sulphide prepared through | )
) the synthetic t.xpuum.nt 19) S (Se(. Plnlt.s 59 and 61)

It must here-be noticed that the diffraction patterns of vemnllon- and scar-
let-tinged modifications of mercuric sulphides synthetlcally obtained also are
consistent perfectly with those of (a) and (b). Moreover, the blackish mercuric
fulphide deposited through a ordinary method shows the pat,tom quite same a8
the one given in the case of (d)

" Considering both Hull’s chart and the theoretical values calculated from
the spacings cited in the above-mentiond table, it results that cinnabar (a) and’
brownish sulphide (b) as well as other similar modifications are to have tho :
rhombohedral lattice of hexagonal system where o -is 4.11 Aandcis 9.46 A
the specimen (¢) belongs to the face-centered. tetragonal lattice whero a is 4,48 A.
and c ig 5.16 A and (d) to bho face-centercd cubie luttlce where a is 5. 83 A

Table 6 b
(The data for antimony sulphide)
@ ) ' ©
4.67 w 6.22 w 6,26 w
3.99 w ‘ 4,99 w 5.00 m
3.50 m 4,04 w 3.97 w
3.15 s " 3.62 m 3.53 s
2,69 'm S 343 s 3.05 s
2,48 w . 3.08 s . 2.73 s
'2.27 v ’ 2,78 m . C 2,66 m
2.06 w ' 254 m : 254 m
1.95 m . 208w 243w
1.81 w 2,25 w 2.22 w
1.72 w 2.18 w 209 m
1.66 m 2,05 w 1.90 H
L . 1.95 m 1.72 w
- .. 1.88 w 1.68 m
1.82 w 1,63 .w
1.70 w
. 1.66 m
(a) Stibnite from Kano Mine, Yamaguchi Pref. tSec Plate 62)
(b) Lead-greyish antimonous sulphide prepared through .
the synthetic experiment 4) b). (S(.c plates 63 and 04)
(c) Brownish orange-colored antimonic sulphide prepared through. -
- the _'syn:tlu.t_.l.p experiment, 4) a)¢ ot ee s w4 (chl plate, 65),
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; Smce«the data. shown.in the preceding:.table, were obtamed snnply ‘from
the dlffractlon pattei‘ns on ‘the flat films, - there - ma,y be. somsé. obscurlty in ‘the
parts. distant.. from. the undeviated ‘center but the resu]ts are tha.t; .stibjiite (a)
belangs ‘to .theiorthorhombic’ lattice where ais 9.45 A, b1l 19: A and ¢ 3. 90 A,
lead- greylsh sulphide (b) to a similar Iattice where'a is 9.24. A, b 11.62 A and.
e 3:90. A and browmsh orange-colored one (c) to the face-centered tetragomal

. lattice where a is 5 00 A and c'is 6.66 A -while orange- -reddish modification
prepared through a usual method at a room temperature .is amorphous. ' (See.
Plate 66). It is to be noted that the values shown in' the colunin of -(c) 'are
almost completely identical with those given for stibuite by T. Kubo.t*> An
inspection of the diffraction patterns indicates that both native and lead-grey-'

., ish sulphide have a resembrance in the tendency and intensity. of x-ray diffrac-.

“~t10n although ‘they are different actually in the calculated values of - lattice.
,constants If the 1mpur1t1es, for instance, a.ntlmony oxychlorlde or any other ;
oxy-compounds included in the synthesized sulphides are wired away -or
reaction-time is properly plolonged far more conformity ma,y be realized in,
their crystal structures. Most important is that the p0531b111ty for' lead-greyish:
modification similar to native stibnite to be produced was ascertained similarly.
in the case of the relation of the synthes1zed mercuric sulphides to cinnabar.,

[ .. - T v

Table 6 ¢
- (The data for arsenic sulphides) - _ )
RN D) @ ROR
433w b 490 m 590 “w. - 658 m
3.41 S, 4,18 m 4.91 w 5.76 - w
3.25 w’ 3.80 w 4.18- m C4.040  w.o
3.00° s 3.23 w 89w 3.58 w
" 2,08 w 3.03 m (broad) - 3.23 m 3.23. s
2.000 w 2.48 w : 2.84 s 2,78 -5
1.72 - w 2,34 w 255 . w 2.53 - s .
1.66 w - 234w . 2,26 w
2.13 w 2.16 w
2.05 w 1.96 w
1.93  w- . 1.86 W
1.7  w - 1.66 m
1.69 ° m 1590 w
. - 1,54 w
@ Re'tlgar from Nyu Mine, Mie Pref. . . (See piate 6
(b) Cockscomb- co]orul arsenous sulphxde prepared through '
the synthetic experiment 2) b). (See plate 68) -
(c) Vermilion-colored arsenous sulphide prepared through o S
the synthetic experiment 2) c). ‘ (See plate 69)

37



© YOSHIHARU - .UMEGAKI

(d) Yellowish arsenic sulphide prepared through ) ) L

the synthetic experiment 2) a) or 3. . - (Sce plates 70 and ?1)
If tho lattice constants are once roughly estimated from Dana’s values
contcgrning the axial ratio and axial -angle and then calculated on the basis
of the data really obtamed from the dlffractlon pattems, 1t; results that realgar
‘) shows a monoclinic lattico where a 'is 7.65 A b 5.52 A a.nd ¢ 5,81 A the
modlﬁcutlon (c) o simple tetragonal lattice where o is 591 A and c is 3.79 A
and (d) , if it is considored to be identical with orpiment, a monoclinic
lattice, the axial angle of w]nch is ap]nommately rectangular, or rather ortho-
rthombic lattice where o is 5.71 A, b 9.79 A and ¢ 6.68 A : while the structure -
of the modification (b) , however, cannot be determined simply from these in-
complete data. Further allusion'to the particular behavior of ‘arsenic sulphides
scoms necessary, beeause it happens that amorphous modification also is
producible at a certain stage in- the synthetic process even though it is evidently .
crystalline in the beginning. Since these results, however, were obtained: in the
cases of three or four hours’ duration of exposure for x-ray radiation, any other

pattems might have been revealed w1th more plolong_,utlon of time.

'

7. Variation of 'PH-values in the media concerned.

As a supplementary means of determining the state of the solution in ques-
tion and finding a cluo to intorpretibg the process of transition of the black-
colored mercuric sulphide to the reddish modification, the variation of potential
difference relating to the hydrogen-ion concentration in certain media, where
the precipitate was produced, was measured continuously in the course of time.
Procedures and apparatus used for the experiments were as follows :

30 c.c. of the solution maintaining the blackish sulphide pwpuved by
saturating hydrogen sulphide gas in the saturated mercuric chloride solution
previously mingled with the .smn(_') quantity of 0.01 N sulphuric acid were kept
in a glass-bottle corked with a gum-stopper, through which both a carbon-clect-
rode and o U-shaped glass-tube filled with agar-agar dissolving the saturated
solution of potassium’ chloride were immersed in the solution concerned. The
carbon-rods provided for electlode ‘were selected out of those used for spectro-
scopic analysis and carefully puuﬁed by means of boiling in aqua regia. for

several days and then washing thoroughly.  In order to fill their probable
cavities and thereby to keep the effect of absor ption of hy(hogen sulphide gas
existing in the system constant, they were boiled in the molten paraffin at ca.
- 150° C. for about twenty minutes and allowed to cool at & room temperattire,
- and one sides of them were polished away to sonk:directly in the solution. It
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was a reason-of why Pt-'(H'J- electrode and other metallic ones were not .uéed, .

for these experiments that the definite values of potential differénce were hardly

obtainable on account of their reaction with hydrogen sulphide. ., Since the

-

surface of the carbon-electrode soaked i in the solution was, in this case, satura-
ted with hydrogen sulphide gas; it was to play a role as a special sort of carbon-
hydrogen sulphide gas eclectrode in the system under consideration. Potential
difference between the saturated calomel -electrode and the cmboxrelectrode thus
obtained was measured by a compensation method using a mirror- galvanometer.
- Prior to cach experiment, the purity of the carbon-ecletrode was examined.and
‘standardized by the reading referring to its potential difference in pure water
for the calomel-clectrode connected with a llquld-Junctlon of potaesmm chlo-
ride alluded to alreddy. : . .
(a) The data for the potentmi difference between the calomel- electrode and the
carbon-electrode immersed in pure water and ‘pure ‘sulphuric acid of various
normality are shown in Fig. 17 where pH-values were derived from the relutlou
of ionization degree to the actual normality of the acid.

(b) The data cohcerning the potential difference or pH- -values in Varlously

concentrated sulphuric acid saturated with hydrogen sulphide gas are shown in

Fig. 18, wherefrom the relations of the reading of potential difference in volts,.

pH-values and the normality of the acid are-deducible. :
(e¢) The blackish mercuric sulphide was prepared by saturating hydrogen sul-
phide gas in the saturated mercuricchloride solution previously mingled with
the same quantity of sulphuric scid. ‘As soon as the solution was caturated with
'hydrogen sulphide and the precipitation was compleled, the system was tper-
fectly closed and the potential difference appeared with variation of conditions.
in the system concorned was continuously read.

The data in the case where the system was treated witn 0 01 N sulphuric
acid are given in Plg 19 where the symbol x represents the. changes of the state
at 12°-16° C., o those at 14°-18° C. and « those at 40° C., resgectively.

The data in the casc of the acid of other normalily are shown in I‘lg. 20

whero the symbol o indicates the changes of the stale in thie media treated with

0.1 N sulphuric acid at 12°-16° C. and ¢ thoge in the case of 0.001 N -
' The variations of potential difference or, consequently, the correspondent
pH-values in variously concentrated sulphuric acid containing the black- colored

mercuric sulphide and saturated with hydrogen sulphide were diagrammatically, -

shown in these figures, wherein a rapid decrease of the reading was appeared
. when particles of the blackish modification began to take a turn for browmsh
one .quite similar to cinnabar in the inner mc]utecture :

- The results thus obtained surely indicato that : : o
(1) The readmg ifor pH decreases from the deﬁnl{e values in the begmnmg
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{o somewhat lesg than 3 ‘hut “the state of ‘media in questlon is stlll acidic;
(9) Dulatlon timo necessary for transition f10m one to thoe other'is shorter i nr
the solutmn\tmated with 0.01 N” sulphurlc acid thun m the cage of othor nor-
inality; : : cee
) In the solution treated with 0.1 N sulphuric acid, the reading'wds'dlmost
invariablo at a room: tomperature lower than 16° C.- oven for a month but \ms'
not always so at a highor temperature. At ca.-30° C., for instance, the fact was
that the transition was nearly completed for about tlnee weoks, thoug,h the
variation of pH-valucs was not accurately read. - cen
(4) It, of courso, was a general rule thut, the higher was the temperaturo, t,ho
sooner the transition was completed but it is ot necessm'y to conslder such a.
higher tomperature as has hithorto been assumed.
) Dovm.tlon of the 1eadmg in tho beginning fmm normal one séems to bo
asgcribable “to moro or less amownt of absorpt‘,lon of hydxogen sulplnde on the
surface of tho carbon-electrode. : :
(6) When 0.01 N sulphuric seid was added to tho samo quantity of the sntu-.
rated mercuric chloride solution and then hydrogen sulphide gas was therein
“snturated, the resultant concentration of hydrogen-ion in the system 1is, as can
easily bo calculated, considered to have been distant not much far from 0.01 N’
beeauso the acidity derived mainly from the reaction between mercuric chloudo
and hydrogon sulphide also must be taken into account. L
(7) The measurement at a temperature higher than the melting point of l‘am- ‘
fiin was impossiblo with the clectrode applied in these experiments, so that no
data concerning another blackish modification of mercuric sulphlde prepaled
at o boiling temperature were obtmnablc.

3

(3) Scrutiny of the experimental data.

Variously colored mercuric sulphides showing the crystal structures com-
plotely identieal with that of cinnabar are pxepmablo through plentiful kinds
of synthetic manipulations, among which it appears most helpful that the
blackish mereuric sulphide deposited by passing hydrogen sulphide gas through
the mercuric-salt solution, no matter to what kind it may belong, iy allowed
to stand in ca. 0.0l N sulphuric acid for a long while or is simply boiled in
sulphuuc acid after fow drops of sodium sulpludo solution or of sodium
hydromdo solution are added. More important conclusion derived from the
oxperiments is that the condition necessary for preparing: the sulphides in
question is not the presence of alkali component but that of acid and of sulph-
ide-ion in the media concerned, because, for instance, - brown-colored mereuric
sulphide quite same as cinnabar in its inner structure is casily obtainable with
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no traces of alkalies. . It is desirable that hydrogen sulphide, even in traces,
takes part in the reactlon, since it seoms difficult to produce .the’ “artificial
cinnabar” even in- properly diluted sulphurlc amd if hydrogen sulphlde ke
previously. expelled out from the system .in question. When sodium hydrox1de,_:
is.added to the solution containing hydrogen sulp}nde, sodium sulphide is ac-
countably producible.  The effects thus .obtained . become snmlar to those in: the“
~case where the yery, sulphide of its own phys a role in the reaction. 'Be thati
ag it may, the existence of sodium sulp]nde, though it surely is. helpful for.
"changing the color of mereuric sulphldes from black to vermilion or scarlet,
. has not much significance sreclﬁcally in the variation of their inner structurev‘
to that of cinnabar, as the results of quantltatne che]mcal analysis mdlcate,
no traces of alkali components in vermilion- or scarlet- tmted sulphides and the
configuration of unit-cell is surely variable without cod1um sulphide.. With all:
~ the precedmg view, as was frequently alluded to, that alkali sulphlde can pre-
cipitate cinpabar. in alkaline state; 1’ “the very sulp}ude only can, but . for any:
other preparatlve procedures, never deposit the modification similar to cnmabar;
and, furthermore, haldly dissolve the mercuric sulphldes or others when it is_
- sufficiently dlluted to the same extent as in the case of acid: It consequently_’“
seems that a role of sodlum sulphlde in these reactions is nothing but a sort of -
catalyzer for merely changing the color of mercuric sulphides.  On the othex_,
hand, the use of ammonium sulphide instead of sodium sulphide results in the "
deposition of brownish modlﬁcatmn, though the objective is thereby snmlarly
achievable. : :

It was e*q“eumentally proved that ca. 0.01 N sulphunc acid gives the most
remarkable influence on the variation of lattice constants but it is not’ always‘_
difficult to realize the similar effect. by means of hydrochlonc amd Nltnc acid
~only must be oxeluded on account of -its strength of oxydizing power. At any'
rate, even granting that the. well-knowu law, plopoced and 1110d16ed by some -
authors such as  Clausius, Mosottl, Debye ‘and so on, as’ to the 1ut1matef
connection of molecular. polarlzablhty to dielectric conslant of media or “the
concontration of hydrogen-ion in ‘this case may give a clue to 1nte1pret1ng the
mechanism of variability of the crystal structures to certain extent, much’
more stress.of investigation must be laid on the kind of acid taking palt in,
the .reaction, the behavior of hydrogen sulphide or sulphide-ion “and the dura—
tion of reaction-time. Although it.is, only from these exyp cuments, still now a
pending question why variously colored mercuric sulphides tecome to Le “con-
formable -with cinnabar in their‘inner architectures, it may be prequmed tl“at
these modifications also are destinédd to change. their apparent, color to ccarlet or.
- brick-red with the extreme prolongation of immersion- -time -in such med]a as.
was referred to already "As to these subjects, the writer, hence,v cannot agree
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easﬂy thh the smlple opinion proposed by Dxeyer ””who ascmbed the tm;,e of
cmnabur melely to"the impurities mcluded o

CAs 1e"u1'ds the blackish vamet;y, the sulphlde -doposited in acldlc state at o
lower tomperuturo has been simply believed as metacinnabarite but it is, ‘as a
matten of fact, questlonablo which modifications are most close to the very mi-
nelal for many kinds (at least two.in these experiments) of blackish sulphldes
cau be prepered in certain conditions.  As the case may’ be, some of them are
obtainable even at a temperature higher than for such modlﬁcamon as is com-
pletely identical with cinnabar. Consequently, it scems very risky to identify
the mineral macroscopically or even with the help of a microscope especially
in.this case and it also is nceessary to emphasizo that the cssential, differences
among minerals cannot be determined simply according to their apparent color
or textures undor nuuoscope.

On tho other hand, such paragenctic rolations of cinnabar to Other modi-
ﬁcatlous ag are e\pu,ted from the exporiments are actually observable in some
sectlons if carefully inspected. (Sce Photo-plates 45-51) In the scction of ore
from Sweki Mine, gradual variation of metacinnabarite to cinnabar ovidently
shows the coincidence with the results obtained in the synthetic expriments’
wherein the blackish sulplu(le onco deposited probably through the reaction
of . hydrogen sulphide with certain mercuric salt solutions, no matter to what

- kind. they may belong, varies first into another modification and then into’
cinnabar.  In another-section of the specimen obtained from u'place near
Shiomoto Shrine in Oita Pref., ordinary kind of cinnabar is co- -existent with
‘brownish groy-colored sulphide which, at a glance, may be mistaken as meta-
cinnabarite oven under a microscope but is.cssentially cinnabar itsolf plobably
snmlar to’ the brownish variety synthetically obtained.

" As a result of inspection of the- o‘cpermlental ovidences obtained above, the.

’wmter cannot holp taking up the subject relating to transition appemed among
various modifications of a substance. It is usually believed that transition, in a
common-sense, takes place merely with the variation of tempomtme but, as is
casily complohonded from tho preceding synthetic processes, the considorations

- must be roferred not only to the temperature but also to the conditions of
then-existing media, the duration of time and predicatively the co-existenco of
impuritics;  beeause, for instance, blackish mercuric sulphide can be changed
ifto brownish one identical with cinnabar in acidic state even at a room tem--
perature for scores of hours. - " Provious data connecting: with transition- -point
measured in o dry state without consulomtlons on the factors mentioned above,
therefore, have nothing but a physico- -chemical meaning but can not clarify
the phenomena of- transition among native minerals in a true cense. Standing
at’this point of view, " it follows that the transition-temperature, if -it* was

42



STUDIES ON QUICKSILVER DEPOSITS

detemnned s1n1p1y in e dry sﬁate, may be scarcely suamﬁcant ag’ 8 so- called'
geologlc t;hermometel. RSO e md s wngd
“Another: notlcea,ble fact is+ tha,t the condltlons sultable for. the synthesw of
cmnabar hold, Just as: they aroc, good in the case of prempltatlon of” artlﬁcml
stibnite from antlmony sulphides obtained t;hrough a usual procedure.  The
lattice ‘constants of the synthesmed stibnite are somewhat deviated from those of
the native mineral but such a difference as was shown on the diffraction pattern-
may be’ permissible especially when slight amounts of impurities (presumably
oxy-compounds in this case) are contained.: It is clear that the modification -
similar to the native stibnite is preparable in a boiling state in the course of
time shorter than for mercuric sulphide. More precisely speaking, orange-
colored amorphous sulphide produced through a ordindry method changes its:
" color through brownish orange (corresponding to metastibnite) and to lead- ’grey'
© (identical w1th stibnite). “Also in this case, the transition-temperature is-
obscure gince both metastlbmte and stibnite are similarly produ(nble in a boil-"
ing state but there may be a slight difference between them only in such regard
that the latter is prepared in a longer duration of time than for the former.
Inasmuch as it seems, at present, - nearly impossible to obtain the modlﬁcu,txon
conformable with stibnite at a room temperature, it is naturally presurnable
* that native stibnite also is. deposited at a. temperature somewhat higher than: -
for cinpabar. This coiuéides evidently with the results attained from{the field_
observatlou : L : :
1 ‘As to the arsenic sulpludes, yellow1sh crystallme variety antlclpated flom
its color as corresponding to orpiment is deposited at a room temperature thro-:
- ugh the same processes as were attempted for other kinds of sulphides but it is
still now pending whether or not the reddish arsenous sulphide identical with
" realgar may be pxodu(uble through those manipulations, = although another
kind of reddish one is proven as obtainable in the experiment.  Remarkable is
that these sulphides indicate a special tendency : =~ There yields sometimes a - .
intermediate amorphous phase between yellowish and reddish ope if the transi--
tion of amorphous modification to crystalline one” or vice versa be considered’
as a normal transition. - It results that four or five Lmds of’ modlﬁcatlons are
counted in the case of arsenic sulphides. :
~ Now, with regard to the experimental data connechmg with the solublhby
“of synthesized sulphides in certain reagents, some allusion seems necessary. To the.
queshon in what kind of process the elements. such as mercmy, antimony and:
arsenic have been extracted out from. the depth, it is difficult.or impossible to'.
give an explicit answer. Though the formation ‘of complex salt by adding.
alkali sulphide to any given metal sulphides in alkaline state may be conveni-’
ent for dissolving them, it seems unreasonable to expect such a lugh concentra~ -
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tion' as can digsolve them in native solution. On the.basis of these considera-
tions, the experiments coxicernin;: the solubility have been.carried out.  As a
result, it becomes clear that : - (a) The dissolved amounts of sulpludes in
question ,correspond to the normality of reagents; (b) As far as the reagents’
show ‘comparatively lngher normality, sodium sulphide is, of- courqe, the most.
effective solvent above all and: then sodium l)yle\ldO follows ; (c) As the
reagonts aro dilited, the differénce of the dlSSOlVOd amounts more and more
decreases and, even in ca. 1/20 N, though such a high concentration can by no
means be presumed in‘native solution at a later stage of mineralization process,
it is not much more than few percents. = Since the experiments have been
practised in a boiling state, the dissolved quantity of sulphides may be different
from those attained at a ou]mmy temperature but the difference among the
dissolved amounts can, simply according to whother then- leactmg‘ag,ents may
bo alkali or acid, bo scarcoly recognized in extremely diluted solutions. This
is noticeablo as a digproof for the opnnon suppoxtmg merely the hypothems of
complox salt. ‘

"As far as the specific: gravity is concemod the 1esults obtmned aro that, in
thoe cage of mercuric sulphides, thoe nearer its value approaches to that of c¢inna-.
bar, the more resembrance to the very minoeral is attainable in the inner archi-
+ teeture, as to which the analysis was achioved from the data of x-ray diffraction
and,” in - othor sulphides; there scoms “to bo no remarkable deviations between
the values shown by cither native minerals or the synthesized sulphides.

“In spite of miscollancous kinds of sulphides propared through various
processes, the data relating to x-ray analysis may be too few to interpret them
all. Specifically in the case of ‘mercuric sulphides, it is surely belioved: that
more kinds of modifications other than those already identifed and expected
should be discavered by complete m)ulysw of all specimens but the writer par-
ticularly desired.to compare tho inner structure of cinnabar with ‘thoso of
artificial sulphides:produced in' certain conditions. and to find tho coincidence
among them rather than to accomplish the analysis of x-ray diffraction pat-
terns. - Judging from this point of view, the data obtained 0v1dently gives the
necessary and sufficient answer to the subject undor consideration. ™ An inspec-
tion of them indicates that: (a) One of the mercuric sulphides synthesized in
acidic media is identical with cinnabar and two other modifications are at the
same time obtainable;  (b). One of the antimony sulphides prepared in the
conditions applied to (a) is almost éonformablo with stibnite and two other
modifications also are producible; and (¢) One of the arsenic sulphides preci-.
pitated-in the conditions similar to " (a) and (b) scems not yot consistent
completely with malgm but. four other kinds of modlﬁcutmns are attainable,
In the lwht of the whole data, it appears that, though each difftaction pattern
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revéals an: mutually dlﬁ‘erent aprearance, .there are none thé less the transitional
rolations mnOng the- sulplndes of-quicksilver, .. those. of antimony and those of
arsenic. Tn the case of mercuric sulphides, for instance; the: patteru of cmnabm
belongs to the rhombohedral lattice,: that of the higher- temperature mod1ﬁca~
tion: to the tetragonal lattice and that of the lower-temperature one to the cubic -
lattice but it seems not unreasonable to consider that these dlffereuces are caused
simply by extensionor contraction of the similar lattices with the Vauatlou of

‘condition, . such as the eleévation of témyeratiire or'the effect of hydrogen ion

and so on:- ~On the Sther hand, remarkable is the fact that ‘cinnabar believed

obtainable. only in alkaline medium at a higher temyerature (ca.120°~150° C.)"

is, on the: contrary, preparable similarly in acidic sfate at 4 lower temporature

or even at a room temperature if the reaction-time is propérly or rather con-

vmderably prolonged and, into.the bergain, certain kind of blackish mod1ﬁcatlon _
is producible at a lngher temperature than for cmuabm It, accordmgly, i

pxesumable that some of blackish varieties simply considered as metacinnabarite

may belong to this higher-temperature type.  Stibnite, however, can hever be
prepared without boiling even though the other conditions are quite similar to

those uécessary for the syunthesis of mercuric sulphides. - ‘The - conditions

suitable for the pre01p1tat1on of brownish orange- colored modification (identical

with metastibnite) and lead- gleylsh one (correspondmg to stibnite) are nearly

similar to cach other exceptmg that boiling isnot alwa.yamdmrencable requisite’
for plopmrlng the former, while the latter can hardly be produced below the boil=

ing temporatulo Orange-tinged modification oblained at a room temperature

' yields no diffraction patterns in the course of exposing time qmte same as for

the other kinds ‘of sulphides. - Brownish orange- -colored and omng_,e -colored -
modifications may, as in the cases of two kinds of blackish: memuuc sulphides,

be mistaken one for the other. As to this regard, there is surely an ‘obscurity .
in the table compiled by T. Kubo.t® As for the areenic sulphides, mutual

variation of their diffraction patterns shows an abnormality : © That is'to say, .
there is a step mdmatlng a amorphous pliase bet“ een the yellowish modifica~

tion (identical’ with orpiment) prepared atz a room’ temrexature or even in’
boﬂlng state and three other modlﬁcatlons —— one_ of which is surely realgar

— produced at a higher temperature.  After all, it becomes clear from the -
preceding data that the immersion of respectlve sulphides in diluted sulphuric
acid including hydrogen sulphide gas at or below ea.- 100° C. for a: long while
s ,most offective for their transformation to clmmbar and stlbmte or probably‘
" to realger but the last case only isyet to be ascertmned C

"+ One of the most consplcuous reallty to bo added’ may be that the tratasltxon" .
pLocoss from the blackish mercuric sulphide prepmed through ordmary maulj
pulatlon to the reddish modification or, accoxdlngly, from metacnmabamte to
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cinnabar was certainly confirmed through the measurement of potential diffor-
once shown by the concentration of then-existing hydrogen-ion in the media
concerned .and varying with. the changes of condition in the courso of time and
that a method to Ju‘stlfy the prcsumptlon or expectation as to the genesis of
ores in acidic media dynamically was.thus given. On the other. ha,nd it may, be
concluded that tha transformation expected was easiest in the solution treated
with 0.01 N sulphuric acid and the work done for transition in this case was
appeared as.the decrease of 0.0745 volts in potential difference. As to -this
tegard, . the .xesults, deduced from x-ray diffraction patterns, that one of the
blackish modifications shows the face-centered cubic lattice (a =5. 83A) and the
" brownish one the face-centered rhombohedral Tattice (o = 411 A, ¢ =9.46 A)
must bo remembored. It is casily caleulated from these data that the length of
each cdge of the lhombohedlon a is 5.69 A and thoso of its face- -diagonals are
8.22. A and 7.89 A, respeetively. if the rhombohedron under consideration is
agsumed to belong to tho first order.  Since the distorted quantity in its
_ diagonal plane is ncarly neglegible becatise of less than 1° of the inclination
between. the edge and the normal to the rhombohedral plane, the. nmss of the
rhombohedron per unit-coll may be approximately
M, = S22 X T8\ 509 x 81x 10y,

&«

o

. 1,50 x 107 gr.
whelo 5 69 A is Lho distance between the rhombohedral. plun(,s and’ 81 is the
mean density of the brownish modification; while the mass of the blackish .one
plepaled ab a lower temporature, on the other hand, is ‘
M. = (5.83)% x 7.7 X 10™gr.
, = 1.53 x 107" gr, .
. Whele 7.7 is assumed as its mean density.  It, therefore, follows that
: M: = M. '
If the very rhombohedron’is assumed to belong to the second order, its
edge is to be 6.33 A and face-diagonals are 9,49 A and 8.36 A in length, respec-
tivety. Novertheless, there arise not only a cosiderable difference in masses but
also a contradictoriness in such regard that the expansion of the unit-cell
yields the increaso of its density. It is also considered to be not the case with
the third order on the basis of similar calculation.. Comparing the rhombo-
hedral lattice thus determined to belong to the first order with tho cubic one
“of ‘the blacklsh modification, the quantitics of contraction of the latter are
reg,mded as (198.155 — 184. 515 = 13.64) x 107*cm® or 6.82% in volumo and
(10.09 — 9.46 = 0.63) x 10"*cm or 6. 2% in the direction of three-folded axis of
rotation or body- diagonal. Tt, for the presont, results’ that the work represented
by the decwaw of 0.0745 volts' in potential difference - catised the- contraction
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of 6.8% in volume of the blackish 'su'lphide it 'r'ou'gh' estimation be. permiésible.' S

Tii consideration of the data referred to already and the potentlal euergy of
univalent ~facé-centered cube of  zincblende- -type regarded - roughly ds
__lage an

a -, )
tion concerning the process of transition in more or less datails: As’ pH-values
increased, for example, from 2to 8 during the reaction, about 0.007gr.—0. 00069gr.

= 6.04 X 107gr. of hydrogen-ion are considered to have been consumed for the
transformation of mercuric sulphides and the total mnount of p031t1ve chalges g
. consumed therefore, ‘is estimated at ‘
6,04 X 107 e
- 1.67339 x 10 T D
6.04 x 107 x 4.8025 x 10710 -
- 1.67339 x 107
=147x10"'CGS esu. .
Smce the decrease of potentlal dlff'erence was. meusumd te be -

. .0.0745 volts ='0.0745 X C.G.S. esu.
. . 300

; 2.483 x 107 C.G.8. esu.,
tbe quantlty ot‘ the work done may be simply electrostatlcally estnnated at
: - 2.483 x 10 x 147 x 10'% ergs = 3.65 X 10%ergs. - -
" Moreover, the difference between potential energy of both modlﬁcatlons‘ ‘
under consideration is assumable to be ’
1112 ¢ (T -4 /
1112 x (2 x 4.8025 X 1071°)
= 10° (5 69  5.83

4.30 x 10"'2ergs per _unit-cell

it becomes possnble to find the. work done ot to solve the ques-'

n

where two times of the valuo for ¢ are hero adopted because the original formu-
la was related to univalent cube. On condition that the mass of mercuric
sulphide per unit-cell is, as was alréady found, 1.50 X -10"*! gr. and the actually

deposnted amount of the very sulphide is considered to be 6.68 gr. X %§§' x%
_0.8084

= 0.8684gr., it must be that - 15 x 107 = 5.79 x 102 of unit-cells are con-.

tained in the precipitate and the difference of potential energy, consequently,
is totalized to be 430 x 1072 x 5.79 x 10% ergs = 24. 92 X 10°ergs.

. It, thus, is to be noted that considerable coincidence between the work . .

done pxobably or partly, at least, by the positive char,g,es for a slight deform-
“ation of the blackish sulphide to the reddish one in the .media concerned
and the difference of potential energy of both modifications were derived from
these simple calculations if certain factors, for instance, the resultant values
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-

of dlelectmc constant and. any othors weyo taken 1nto cousudemtlon ‘to _some
oxtent. Tt is of course that these snnphﬁcutlons are by no- meansg pommssﬂ)lo
for the purpose of purely theoretical calculations because, in the essential for-

ActZ2 Bt 48 .
- 1‘” - ‘not
‘only the first torm derived simply from square-inverse forco .but also the second
term connecting with the bond energy and others are of significance. -

mula concerning the potential energy of a crystal :

Co - W ‘Conclusion,

The undeniable fact is that both'cinnabar and stlbulte (plesumably as
well as realgar) can be - prepared snmlarly in" acidic state. -© It seems that
sodium "sulphide, "when it is used, plays a role of catalyzer.  But for these
oxperimental ovidences, it is difficult to lnterpxet tho results obtained from the
fiold observations; for instance, the paragenctic rolations of low temperature,
hydrvothermal minerals or the assimilation of these minerals in pyrbphyllite 5
and other clayoy minerals bolioved to have been derived from country rock by
the action of acidic solution, especially such as sulphuric acid. Moreover,
somo- othor phenomena such as the formation of alunite or gypsum veins or
1)yrophy111t1/u,tlon and alluitization of country rock n,ppetued in the low tem-
porature hydrothemal doposits or in their neighborhood are at the same time
doducible from theso laboratry works. On the other hand, the results obtained -
from the experiments are not neces sarily inconsistent with the ocxample prov-
ing the deposition of cinnabar in alkaline sprihg beeauso cerlain amount of
sulphuric acid or sulphide-ion also are evidently present there..

Sinco cinnabar is proparable at o temperature lower than in the case of
stibnito, the vertical distribution of the lattor in ore deposit must be deopor
than that of the former.  This is agrecable with the reality in the fields and
dlgo with TBmmons’s zoning of ores,(*?as to which some references were made in
Part'!.  Iven aside from the remarkable fact that the amorphous antimony
sulphide and orpiment belong to the lower-temperature modifications of
stibnite and realgar respectively and one of tho blackish mercuric sulphides is

“obtainablo at a temperature higher than for cinnabar, it is to be noted that
" all these modifications are produced simply in acidic state.

Another important, factor indispensable -for preparing the mo(hﬁc‘xtlons
identical with native minerals in their crystal structures is a duration of reac-
tion-time: This may casily be-deduced but has never bem proved numerlcally
by the experimantal data. As a matter of fact, theso circumstances aro shown
spu,lf'c'xlly in that cinnabar is attainable even in the state of higher ucnhty,,
for instance, in 0.1 N sulphm'lc acid in the course of long time at a room
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temperature: though the clevation of tempuature can of course promotes ‘the:
-reaction. : :

" The data of solubility purely chemlcally obtamed for the synthesized sul-
phides may be almost worthless for the study of geochemical phenomena where
the mutual relations among the kinds and ‘concentration of media, the varia-
tion of temperature and the duration of reaction-time and- so forth must be
synthetically consldered oven if there arises’ no increase or decrease of ‘the
components in the system concerned.  For instance, it is electrochemically
proved that mercuric sulphides as well as other similar sulphides can be dissolv-
ed as a complo*c calt in considerably concentrated alkali sulphlde but it seems’
to have been nefrlec’rod that this theory is not applicable to the case of such
d1lut10n as is e\pected in low tempomture mineralizing solution intact.

Previous concepts in connection with transition also is not ‘tHought to be
_essential from.the geochemical or ore-depositaly point of view.. .. This. is.
because that certain pairs or groups of modifications are mutually transfomm,ble ’
at a temperaturc far lower than hayve- ever been believed if the other conditions
are properly regulated. = Transition-temperature determined without considera-
tion on the ¢complicated variation or combination of then-existing media and on
dura‘mon of time have no geochexmeal mgmﬁe&nce. And, since transition among
various modifications can occur similarly with variation of - conditions other
than temperature, it may be that transition-point determined ordinarily in one-
component system in a dry state is not useful for studymg geological phenomena.
- A subject regarding the colomzatlou of cinnabar is remained to be clari-
fied. Some author ¢ ascribed the color of' metallic compounds simply to
the formation or structures of their complex salts from a slandpoint -defforent
from Dreyer’s suggestion and referred to their stability. but. it. is evidently
problematical to adhere in this opinion whereas different colored specimens
- such as reddish and brownish ones give quite similar configurations in their
inner mchﬁectmes. As to this regard, further detailed -investigations must
be neceseary. ' A T .

In concluding;; 'chis' argument, the writer wishes to p}ace special emphasjs
on the following : ’ : ‘ I v

It now is generally known that there are two kinds in the methods for
studying the-genetic origing’ of ores —— -one is concerned duectly in the m1-
neralization process and the other in the petrogenesis. The wrifer, however,
investigated the subjects in question mainly according to the former, believing
it as better than by following the latter, because the key to the numerical ——
though to a slight extent —— solution of the problem can ‘thus be obtained.
And, basing: upon tho oxperimental data cited in Part 2, -main parts of the
writer’s presumption relating to the genesis of cinnabar and other paragenetic -

S
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sulphide miierals were at the same time "proved to be 1ot unreasonable.
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Diffraction patterns on cylindrical films.

Plate 53 Cinnaber,

Plate 54 Brownish mercuric  sulphide.

Plate 55 Black -colored mercuric sulphide obtained at a boiling temperature,

Plate 56 Black -colored mercuric sulphide obtained at a room temperature.



Diffraction patterns on flat films

Plate 57 Cinnabar. (Specimen same as Plate 53)

Plate 58

Plate 59 Scarlet-colored mercuric sulphide obtained by adding few
drops of sodium sulphide solution and then boiling in
sulphuric acid for fifty hours,

Plate 60 Black-colored mercuric sulphide prepared at a boiling
temperature. (Specimen same as plate 55)

Plate 61 Black-colored mercuric sulphide obtained at a room
temperatnre. (Specimen same as plate 56)

Plate 62 Stibnite

Plate 63 ILead-greyish antimonous sulphide ébtdined by boilifng in
sulphuric acid

Plate 64 TI.ecad-greyish antimonous sulphide obtained by adding
few drops of sodium sulphide solution and then roughly
washed with diluted acid,



Plate 65 Brown-reddish antimonic sulphide obtained at a boiling
temperature,

Plate 66 Orange-reddish antimonic sulphide obtained at a room
temperature ,

Plate 67 Realgar .

Plate 68 Cockscomb-colored arsenous sulphide obtained by adding
sodium sulphide solution and warning for a week.

Plate 69 Vermilion-colored arsehous sulphide olitained by adding
sodium sulphide solution and roughly washed with diluted
acid.

Plate 70 Yellowish  arsenic  sulphide prepared at  a  boiling
temperature .

Plate 71  Yellowish arsenic sulphide prepared at a room temperature,
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