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I, PRECIPITATED ROSS BANGANOUS BUIDID

Mickwitz and Iondesen (2), in ottempting £0 exe
rioin the presence of oxtre sulfur in procipitates of rpee
mengencus culfide, suggested the formetion of compounds of
the type HolmgSys precipitated with FHHS 4n the sbocnco
of £rec apmonis, ond THs 84, precipitoted in the presence
of Iroe wrmonine

Feigl (1) cscumed the exictence of vhat he cplled
igoe and hetercepolymers 0f the $700 VeSwSelly HeSwleling
Uafel-p ond HeS=Oeillps where ¥ ond Yo arc meialte

Yedgey ond Miligan {4) nede xwmy ami gnalyticsl
czoninotions of the rose pulfides obinined by the meihod
of Ickwitz end Iondesen in the precence and nbgence of
free nmmonime The zersy pabtterne choved the two suifides
to be the pome, and no ovidence could be found for the
existence of guch gompounds gw appumed abOVE

Yhile the possibility of the existence of more
thon one Lorn of the rose sulfide of mengenene hod beon
recognized, He Schnoose (3) wos the fivet person $o dotone
ptrate '&;hé aetual exigtence of at Iepet two crysislling

modifications. 3"’@ prepored the rose sulfide in o nunboy
of wayss and found that the cryetnl strueture of the
propoyation varies with the methed of formation. The

pulfide prepaved By precipitotion with -9 from mongonoce
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sgetate of nigh concentrotion was found to be mostly of the
Qﬁb&%‘fﬁmﬁgv%hilﬁ'ﬁﬂﬁ sulfide prepoved in the same way Crem
g dilute sclution of mangonesc ngetote contained o inrper
omeunt of the hexegonal forme Schngnse Tound thot the
posrly puve Lewegomsl form could be prepeved by precipiiow
tion from dilute mongonous chloride colution, containing o
tmell amount of ammonlas with Hof ond subesequent henting
of the yrecipitote fop bwo doys im the presence of tem
.por cent M0l Ue olse found thol tho cubie modification
ig formed vhen mengonous sulfide io precipitoted Trenm
strongly slkoling colubions; is e« with codium oulfide,
cend that the hexagonsl results {row preciviiation from
waﬁ%e?~&&%a£iﬁe solutionss i» 0« with aomoniun sulfides |
The snolysic of the rose precipitntec showsd then o COne
feln epproximatoly theoretical smounts of monzenouss ond
iaalférg with ¢the suifur in excess over the theoretionl
omounte

The foliowing exverinenis veve naode in oxder to
tost fupther the pooeiblc formntion of compounde of the
ype suggested by Uickhulis ond Tendesen ond Peigls and @
ﬂﬁﬁ&%ﬁiﬁﬁ the conditionn of formotion of the tuo oryoiols

ling forne of the rose mongenous sulfides

EEVERIEERTAL
In order to study the compopition of preci.itnted

cangenoue pulfidey; o constont coount of stondord mmusonouns
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chloride woe mized with ingreseing anounte of siondurd

- sodivm suifides Tho fipal volume wes o hundred CeCe in
~each miztures A vopld mizor was devieed vhich comsisted
of @ 250 ceoe wide-mouth bottle containing a U0 cete boskey
gnd Titted with o rubber stopper through which s piocve of
glace rodiing wes venm to hold the benker cecure agsimob -
the bottom of the bottles Tom ceGe of Stendsyd mengonous

‘ chlozido woe pipetted into the beskor, and the sodiunm 'sule
fide, properly diluted, wes pleced im the botile cuboide
the Deskers  The solvtions were mized rapldly, sud wore
shokon vigorously fer fifteen secondse The preecipltate
ond the sipermatant liquid were then trameferred 1o o125
Cs0w Eplenmeyor flogk aamﬁaiaiw methene, ond this wes

- ploced in o thermostnt ot £5°C.-snd kept there for ono houy

vith occuelonsl shakinge At the end of ep hour the cuse
" pengions werc centrifuged; end sewples of tlhe superastont
liguid weore token for anslyeis of the remsiniug sodiuvm
sulfides From @ knovledge of the smounts of rengents
added snd the cmount of sodium sulfide left in the supere
notont liouid, ‘the retio of mﬁké of B8 &6 nmols of ¥n in
‘the precipitste cowlé bo calouloteds

The soldivm suifide wos detormined end standore
dized by sddipg sanples of -t}m stock ‘eolution and the
suporpatont liquid from the precipitotes to o known
amount of stonderd dcdine containing HCl. %The exceosp
icdine wos titrated with etondsrd sodium thicoulfetes

4 serieco of determinmstions woe made in the some
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wy voing aobalt ehlorlie in place of mengonous. chlorides
zmé #&é&iw of t&éw mﬂﬁe&tﬁ Me given in ?ames A cnd Ba |
) ] tmlew to study the aamiitiamz of formation of
tzw ’Wﬁ fama »ai’ TO6C mEngencus mli’*dag sm&w were pree
aigimaeﬂ from. mwww& and amum golutions of mengenous -
mweé ’by w&eiy&mﬁw 'wii;iz éﬂu e azm amsmﬁwted wuim sule
fiﬁﬂw o . . . I S
mmns ﬁmwida aamtim e md@ up ﬁatzamm
6‘;{35 maaw Vay ﬁiaaﬁlﬁm '&ha %; e g@aﬁe reagent in disw
tilled water {imneexh Hepganoue w‘if&tﬁ wen ande by dige
Bﬂ?.vﬁnﬁ the %eima carbona w in emm;h wlﬁumn acid Lo caupe
) emﬁa% samtiam and them was aamemmwé by evaporstion
un%zl mta&ziwﬁzan tﬂﬁk Places The ermonium eulfids spluw |
tiim wae propaved by aawmtng one mlﬁw mn&m hydrozide
with hyéwgen euz.i‘ma and zuhmqwmﬁ a&ﬁitim of zn eqwal
emount of emsoniva bydrozide to the ormontvn hydropulfides
100 Gats Of tho ommoniunm ulfide solution ves sdded
mawly éﬂﬁ wi%h vigorous atim&m 0 10 Teve of tm saturated

TANZIDOUS chlowide solution. The zamaiyﬁaw was woshed é’we-
of mmx'ma dom zvi%’*z the am uf the eaﬂtxiz’ag@, using water
emm&am hyﬂmgw euifide a8 o maﬁim wedinm %o prevent
oxidations The ymewma%ra waa -mzac!m@ 'man with corbon die
au&f;ma wwmi tmm ong ﬁﬂeﬁ in an amﬁxahem of bydrogen
auzfma a*& @zamm&mwzy 60 dogreee Centl gmé@ﬁ Thon the
dried @wpm was gealed :En a wm nmntaﬁmm hydrogen 51?39-
£ide for Leopinge



in ¢he momner Just desoribed mongenous suifide wos
prapored nlso from the coturoted meongencus sulfates

The sulfide wac prepsred fyom the 0400 molny solue
tions by oddition of 30 Ges 0F 1 moloy ommeniunm suifide fo
400 ce0w of tho mongunous solutions ns described nboves The
?Eﬁﬁ&ﬁ&ﬁ%ﬁ@ﬁ wore wophod, driedy ond gesled ce sbove ulsva

The semplos prepeved were Tinely ground, snd weve
zeroyed 1ln the Goneral Dleotvic WeHoy spparatus by the pouwder
ﬁm@k@@@ Valueo of the intoneltles snd speelngs nve given in
Tobleg I, IX, 23X, IV, ¥, VIy 1iln, Ve, Vo, Vies

Prom the annlyticel dotz curves of mols of o/mols

ond wols of S/mols of Co wore plotted sguinst the final
concentrotion of sodium sulfide in the supormatant liquide
Bowover,; only veprosentedive tobles of date fyem osch will be
chovn Berge The curves wore extvemely difficult or impossible
Yo duplicates 7This fact moy bhave beon csused by slight vorie
ations in the mizing of the sewmples, or by inherent crrore in
the methods The volues of the vatlo found at the different
voncantroations demonstrato s polint vhich will be brought cut
laters

The se-roy pottorns were dogrewsed op shown bolows
The intoerplover distonces in &ﬁgﬁ%ﬁam unlts aye iandicnted by
the poedtion of the verticsl lines, aond the height of the

iines indicstes tho vigurlly estinnited relotive intencitlens



 Teble A
.»mawmbtmﬁ of ﬁﬁgﬁ by m8

Hole Hael

.@M Htle mw ﬁaqw zzée?;a ‘i’ra lolp B ma leg
added in added in  found am ndeorbe E@Kﬁa T mol x 10%
400 ce0s. 300 ce0s 100 Dege  in 100 OaCe pey litep
00080086 Qmi}wﬁﬁ 0«008800 06000803  1.210 ungﬁﬁ
0s008005 E’)Q{??«'Mﬂ 0x008671 @gé}éﬁ@ﬁg 1130 81&?1
04005005  0s02378 0402457 04000111 1138 14457
0u00B095  0s0070 0802051 04001316  Le363 20431
Zable B |
~ adsorption of HepS by Cob

Yolo CoCly Hols HapS olo Nosl Hole Ness  mols & Desb left,
odded in ~ added in  Ffound in  adoozbed  Tolo Go ‘mole x 107
100 ©ace 100 0sCs 100 cete in 100 Ceos por iitoy
0007600 0uGIOSY 02001880  0.001081 1240 14590

0« 00Y009 Q01856  0.006681 0.001205 14356 84651
0e007650 0.0825603 0s01881  0.001416 1384 10482
0.00%699 0403020 22087082 02001576 1.208  R7.00



Toble X Table IX

Indices Inteyrplamey Indices  Inberplonsy

e | i
1070 Sedd 111 Be53
0008 | Benn 220 12880
1072 3a04 313 24689
1012 280 400 10400
11T0 14985 - B LazEd
1075 1488 | ace 14143
2020 1720 511 16078

1% 14692 | 53

2021 12662 ~ 440 04590
2022 14518 Sohmansets cuble
0T 10740 TS velues
2170 14300 |
2171 12573
2192 14809
1035 14209
S0 1350
2153 16130
038 14080
20E5 12035
2840 04904

Cchnasce's hexepgonal

ImS wolvep



Table IIT - Yable IV
Relative Interplanay Beolative Interpiongy
intensity - spueocimge im -  intensity  epnoings in
Angeteong fnpotrons
2 3443 8 Bedd
9 Se22 7 5e82
" a5 Ze04 6 3408
10 1,978 1 2070
1. 14820 10 2648
8 14686 P 10880
2 14400 3 1,627
4 10280 8 1,668
5.,  lad40 ~ _ Valves for EnS from
= 1075 0405 molar Enllp
N 0e980
o 0a944

Values for Ind

from saturated

Intls

Thoe blank gpaces under the inteneity heoding indicote lines
of such low intensity that the estinated vmx@m of the ine |
tensity would be less then one on o soale of toms
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TableV . Table VI
nelative  Interplenss ‘Telative - Interplanar
iptensity spucings in intensity  spocings im
o angatroms - . Angotroms

Bedd 8 ' Besa
320 9  Be2m
3405 7 | Ba04
2473 10 " 1.982
2449 %820
.3,:.9?3 7 14600
L.802 7 24344
L.685 | a2
1553 | L mom
1.440 - Yalues for IaS from
ha’:a | " 0405 molsr ImSOg
24078 |

- DeB5Q |

. 04943

Values for S from

saturated 90,
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X-~Lay Uriagrams
Z Schaases Hexagoral MnS W MnS from 005 Molar MaCly

I Schrraases C vbreMnS Y MnS From Satvrated MnS %

LT MnS FromSatvreted HnCl, T M2 S from0.058a/ar M S,
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Table I1%a : Table IVa

Belative Interplonor Relative Intezplenay
intonoity epscings in intenpity specivgs in
Angetrons Angotrons
s Bedd | 5 B#d2
)  Be22 10 3e82
2 . Be08 2 - 3203
10 12975 &) 14975
1,836 b4 14824
1.682 1] 1,684
. 16307 ! 1e394
- 14346 k3 1340
- 14280 2 14250
2 - 3»14!9_ - ls202
- 3100 3 1,380
- 1075 1 19309
- 1,860 1 1,078
- ‘ 1943 ) A 64&.‘3«99
Values for ¥nS from | 2 GeUdY
InCls and o smoll ‘ Values for EnS fyom
gxeese of HogSeFrosh | ¥nlly end & lorge excess

precipitate of WapOeFresh precipitate
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Table Va . Yoble Via
Relotive Interplency Relative Interplonay
intensity spacings in _ intensity spaecings in
angetrons : Angstrons

4  Bel6 8 | Bed6

10 8422 7 Se88

3 3:03 B | 5s04

9 1.982 10 14990
2 14820 9 14819
8 1,689 8 2680
- 14400 i 1e344
1 1344 " 1280
3 14260 8 14145
1 14505 2 1#213
4 36120 2 16079

2 o218 2 04994
3 14077 A T 04946
" g’m . o . '
] 0988 - Volues for im3 from
Values for ¥nS from " ¥n0lp ond o layge excess
InCl, aBd ¢ emsll excess ' of HeyS~Precipitate ollovsd
of UaSeProcipitote slloved %o otend in the supernatont

o stoad éne gponth in the - Iiquid for one mth |
pupernatont ldgquid -
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X ey Oriagrams
Schnaases 7S Frorm MnCl and farge
fTexagonal MnS cxcess Vg S ~/resh o7
Schnaases A72S5 From Mndl, ana sk~
. Cubrc  MnS .. y.a.excess Vo, S ot agea/ 1mo.
M2 S 170 MnCl and S/rght Wa/l//y& Srorm; Mnlh and farge

L cxcessNGS = fres) por cxcess VS ~ Apraged /17a
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From g conclderstion of the dots in Tablen 4
end By it eppears that the zotio of mole of & te mols of
In ang Co iﬂamaaw ateadily ﬁzw iagz'amm #mceﬁ%mtiw
of the WapSe There is mo imdicotion of a constont ratio
- vhich would imply the existence of o compound in vhich the
ratio of & %o metel do greater tm ones

| Zeyay dicgron 13 indiontes the presence of &

eall emount of the heozegonal fozm of nfe Nowovery the
hozogonal lines dre very fev in number and the relotiv
intensity io wry lowe MB amle cooue ta ba almost
gare Cubios

In diagrem IV the hezogonel linse are more ia
evidencey and the m%t@m seems to indlicate that this
cemple i6 o miztire of both cubic ond hessgomal in vhich
nelther form predominaten greatly iumr the others The
emm linec chown ore probably: caaseﬁ by the preﬁweu of
some of the oxidotion product of the ¥nSe |

In dicpgraen V the cubic mttm is nmore z:mnmawd
thon the hexegonal. It io ovident that the cubic form is
in greateor sbundance hore thon the hexegonsls but there
socme to be more of the Loxsponal fﬂm present thon there
ic in the semple for diagren 1I%e |

Agein in diegronm VI the hessgonal formm showa in
greater sbundence than 1% did in Ve Indeed, this somple
covld well contein more hexsgousl MnS then cubis, elthough
it s obvicusly o mixture. 7The cubic lines here ove
ptronger thon they ore in disgram IVs
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Dlogron mm ﬁiww batiz ﬂm sui:ia m he'mamml
fosme of the End %a o m&m‘& in B.az'm mmt‘ ‘ :@xma ‘kha
m..m::m ismamiﬁim m’ %m Eima wwgm it aymwm ?;hez%”
the cubie m&%m&gha the bexsgonal to some thgs .

" Diogrem I?ﬁ doos not aigtor m@u from T7%a.
oz mﬁm tho wi:v c &amﬁs a@mm *{;sa m more msnmm%é
$han %m befugt .
| mﬁgrm Yo Mﬁa éﬂaa z:a% cm;fﬁ'w m&%&y Sxm
Iilae Iimavww, gortoin af %&’m ;ﬁmgﬂmﬂ 3.§,ma aaeza tn
be more pronouncods | |

O the other m &sagmm Via shows 8 wEoh, amrgw
effoot of the hemgssm& i‘wza thon ﬁmy @f ﬁm aﬁz@m of this
cerices Some of the cuble 1ines hove ‘Meam 3.%9 %rm

aotnced und the hmg;&mi lin8e mw i:@z«mxm mm mm&a&m |
o cumavise these akaeﬂatiam on the zeroy
puttownc, it vecms 'fﬁzwt From the aammm solutions the
1465 1o mostiy cubics althw@; fmm the ﬁawmwd ¥nt0g
Slightly move of tlio heaagénsl fom is mstnamc; then m;m
tho gatuzated %mm-m From %ha ﬁi:&uw w&amm mi:rmw
of both forme ave abﬁmmﬁ m 'ﬁii@h %ha m«z%ﬁw of -zm
heszgonal form io mm mm&m&a& then in the i;m.n
cipitotes £rom the catorated sﬁxutwnm
In the a&m@wa abmﬁmﬂ. ’by z:meixzimmm nf Eﬁaﬂ:&e
vith BogS, mimtures aﬁ' both forms aw wmm&, zn the '
precipitutes @mch were not anawa % a%m& in *i:.w mﬁhér
liquor both fovmu are wezzent in 3&*‘{;@ cmeunt with wa

oubic bomewhint in ozoouSs The masﬁzx&mﬁe gllowed %o otand
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for opne month in the mother liguor 4id not differ grently
from the fresh precipitatec if the HooS concentration was
é.ﬂm in the cuomple in vhich the Mool concentrstion wss reloe
tivoly high the progenceo ﬁﬁ“ the bezpgonel form is much more
pronounceds It 1o of interest to note that the precipitstes
which weve elloved to siond for o month in the mother liguor
gave mach ghoypor pobtorne thon those éﬁhi{:h were mg&wﬁ and

aried dmmedieotely ofter precipiintions

DISCUSHIOH

The vericticn of the ratio of B to Im end Co with
the £inol comeentration of PosS seenms To Tollow o typicnl ole
sorption procees. If ooy ouch comsounds op the ones suggesited
by Feigl, Vickwits ond Iondesen sotuelly exilsted, thore would
‘mave been o concentration zange with respeot to Hogd over
which the volue of the gbove ratio would have ramméa 0%
stonte Yo such thing wap cbeserved in those oxperimentss bence
it seems ﬁm the oxcese & found in the precipitnted sulfides
is present by ondsorption of gome of the excess Hopdb present by
the precipitotes Tho zeray diegreme indicate that tho waai@-
itoto is the ssme in ell instonces. cince the pattesns for the
precipitoter from different solutions ond uveping diffcrent
progipitents ove chovn t0 Do loveriably of the sawpe two
cryotallive foumts

The rose nongoaouo sulfide peems to bo dimozphous,
exhibiding » cudic form ond o }zemgaml form deyending on

tho mode of Tormotions OF the tuo Forme the hezopinol pesng
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t0 be the moet stobles OSchusnce demenstrated this by his |
method of preperation of the hoxegonal ssmple for the dee
tormination of the cell constentc for this forme Ue DTG
cipitoted the ouifide in tho precemce of o wmpll smount of
ommoniss end later hosted the procipitote for two deys im
’ '?gé;*} per cent smmoniuvm chlovide solutions %ﬂﬁm 52:’;@3 mi;m
expect the moot tzble modification to be the ome most in
shundonce after such tvesttonts The hemnponal form gpponred
almost pure in this preporations. Alooy the precivitatc prew
pared by preeipitation of nongenous soelate wiith hydrogen
cuifide would be expoctod o contain at lesst o smell cuount
of am instable form, if one wore formeds, siong vwith ﬁém of
the stoble forme In this proporabion of Gchasasels is found
both the cubic ond the hezagonal modificntions with the cubig
in zueh the grester cbundongoe Thove obeervations wore borne.
cut in the precent worke In the procipitetes propared with
HapBy the sged somplee ehoved more of the hexsgonal form then
the oublce A11 thic follows too from anslogy with zinc ond
zdmivn sulfides in which the cubic modifications are tronse
formed into the hewsgonale | ”
The conditions for formetion of the bwo modifications
would seem to be os follows: The cublo form will bo precipie
toted in muck fyvestor amount from caturcicd OF VOIy COnCoDe
4rated psolvticns than the henogonols The cuble form io poow
oipitoted firot and then goss over $o the hexogonol, the rate
and amount of tronsforpetion depending om the properiles and

troentoent of the golution Trom which preeinitation woo
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carzied oute The hoxogomoal medification will be precipitoted
in groater mbundonce from dilute solutionss ond will be fommed
iﬁ' lorger amount in the precipitote vhich is sllowed to uge
before purificaticne In any preparoilon, hovever, it soens
that “%mm mz.,gf be fnund, oud the velative smounte will depend
‘;m the conditions Just nonede o |

| The offeat of the concentration of the colutiom in
detormining vbich modification will be propent In grostey
emount i intevestings 7The following explonsbion of this
":‘xf’mé‘ is sugoosted: In the bighly comcentrated solubions the
mangonous ion wim be precent in very large exceps on oddition
of on cwmount of comonium sulfide, for emmple, which in much
lcoo then the mopgenous iom content procents Thercfores the
precizitete would be most iikely to odsorb o relatively lorge
emount of the mongonous ione This sdoorbed meterial would
ba expectod 4o have o protective oy inhibidtive offeci on the
amrsgga fron the first frwmimem cubic Jorm to the hexmsgone
ale This explemstien spplies very well eimce it io seen that
in the oaturoted solution the preeisiteted InS is mostly Cue
‘bic, ond thet i tho dilvie colution, in which the rolative
epount of mongenous ion ip ﬁxaemmww gmall, the h.‘zm*gma&
:ﬁ’ém'ia present in prestey suounte ” The Ind from the sotte
mm{% Enbls oo s o have oli gﬁz‘czy more of the haxogonsl forn
*’:‘Wﬁm% then that from %m cuturated Indlos Thio is fexolati B
abz,f goupad by the differenco iam tho cniong prasonbs Ty
tendency of the sulfate ion to mu%*aﬁw the effueet of the

adoorbed z:zaxz&dnamz ion would Be greater thon thnt of the
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chlogide ione

In the @récﬁyi%&ﬁaﬁ prepored with ﬁaéﬁ the prosence
of o quite opprecioble smount of cdcozbed Tazs has %““ﬂ‘ﬁﬁmﬁnu
éﬁx&t&&. d?ﬁﬁ?ﬁf@?&; cne would ﬁxﬁﬁvt'ﬁﬂah.nmaﬁfgi%&t@v to
jghéw'ﬁa‘a§yxﬁaiab1a'ra@x&a@ﬁt ation af the aﬁ%xa modifications
Tﬁia hag §asn shotm to hold evon im the precipitate which
wao oged i o elight cxcess of sedium pulfides Tovevew, in
the precipitete sllowed 4o oge inm o lorge excess of sodium
ounlfide the h@xmgaﬁ33 form ic r@g&éaaﬁﬁeﬁ VEEY ﬁ%wﬁﬁgzgv in
fﬁaﬁ@ it iﬁ pospible thnl the &exmwﬁaga form outve ighs the.
cubic in thio csmples The prepence of o luvpe amount of ihe
hexegonael in thig nreeiyﬁ tnte wny be pecounted for on the bosis
gf o pugpestion of W@¥%@r aad WMiiigen (4) to the offcot that

ay

rencformation of ihe rose mungovous suifide

(A

& factor in th
to the green iv the colobility of the vose form in sodlum
sulfides Tiws, it would seem thet im ths imotsnce cbove
even the protected cubie form would be soluble in the large

cxcoos 0F sodium sulfide, snd thereby the 4 aﬂ@f&rmaﬂiﬁa t0

the hezsgonal fﬁﬁm would be more gaolly broughi abouls

i3

BUIARY -

3

 {1)s The precence of excess eulfur in tho pree
gipditotod pore Donganous gulfide has bean shown to ha esused

by %ha adsorpilon of the godiun sulfide by %ﬁé precisliatoe
{21s Ootmansets xeroy pobtierne of twe ¢rysitelline
nodifications of raﬁ@'mangaﬂaaﬁ ol ”ﬁ@@ wepe checked, and the

gonditionn Lor fopmation of the fwo modifisntions voreg
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pointed outs

{3)s An expinnation of vhy ono modifisotion will
a

be fommed inm greater guentity thon the other wnder diffevent

conditions of formotion hos boen propocede
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I, DRECIPITATED COFFER CUIRNIDE

Toe conposition of the producte from the rosction
of coprey ion and o goluble gulfide has ilonz boen o notior
of gontroveorsye Froecipitotes from cupric solution ond Lye
drogen sulfide bave besn found %o coniain frec suliuve
Thousen {13}, Brouney (2}, Posnjak, Allen, and Merwin (10),
Holthoff (S), ond Souer and Steimer (1) ond others have obe
toined froc oulfvr by éx@ra $ion o precipitated coprer 50l
fide with corbon diculfides

| This huo led to the belief thut the sulfide from
cupric golution ipg not cupric sulfide, but is sone lower
ﬁuafiﬁe of goprer mized with free ouifure Fischbook {(7)
Pelleved the precipitotod sulfide to be cuproun sulfide,
and obeerved thot the lutter could foke up splfurs Mo 20lle
eﬁuéeﬁ that coprer and sulfuy produce cuprous suifide ond
thot this cubstonce con then btoke up ﬁu fur ot high or low
%amﬁawsﬁur& to glve cupric sulfides

Peigl {9) stated thoi copper sulfide preci: dtutes
in seid solution probubly consisted of cupric eulf ide OF cue
prous sulfide spd free sulfurg omd ﬁhat in glisline solution
o pizture of cuprous ani cupric gulfides rosuitos 12 CONe
cluded thet thore wac mo fessible =my 0 determine the axacd

cenposition of the procipitotes However, Peigl {6) loter dew
clded that cuprie eulfide woe $ivst precipitoted and intew
chonsed @amt@alz; “0 cuprous oulfide in the followins manner:

Cu.
2 0uS s ;ﬁ z 82 Cusb + 8 the indtorpedizie compound being
: du



“mv

cuprous dlewifide. Yo stated thot frochly preei&iﬁétﬂﬁ eopper
sulfide containe a small cmount of ihe cuprous sulfide ond
that this incresses on agings |
gézﬁhsff_(ﬁj and Jordis and Cehweitzer {(8) also
oboerved that the aged ouifide ond thot preciplisted fxem
- hot aaﬁuﬁﬁa&w Qﬁﬂ%@iﬂﬁvmﬁfﬁ CUpTous suifide snd free puifuy
then the fresh, cold @xﬁeéﬁit@tea |

Brzuner {2), Ditte (4), Coppeok(3), snd Antony ond
Juchosi {1} concluded that the sulfide £rom cwpric soludion
wes cupric culfides | | . |

Hest of the conclusiong oe o the composition of
the gxaeigi%&%eé sulfide were booed on mmelytics) mothodpe
Vﬁaah a procedure would not differentiante beiween cupric sule
fide and euprous puifide and sulfure In order to romedy
thic Dossing f&l} extrocted the sulfide with silver nitrate
and attenpbed %a-ﬁata@miaﬁ the aompogition according to the
following ré@s%ieasz

Cunt $4AgH03 = Azel + éﬁg:+ 20u{ii0z}s and

CuS $2AgH03 » AgeS + CulH03)as
bﬁt epoin the poosible presence of free aﬁifuw.ﬁn’caﬁ LU
guifide =znd éuifar Ei&%ﬁ?ﬁ would mouk %kegﬁgﬁa gongosition
éy reacting according %o the cecond egﬁ&%ﬁﬁwg"

Posnjak, Allen, snd Ferwin {10) modifiedtthe cbove
procedure by m&&iﬁg use of the venction of feryic nitrate
with the oilver formed in the cbove veactioms Holthoff (9}
improved this meibod, and from the vesulte of his experiments

concluded thot the precipitute is procticnlly pure qupeic



Sulfide with the curpvous oulfide content inevessing with the
temperoture snd the age of the precinitates e siudied the
precivitates fron cvpric sulfate in the hot cnd in the cold
end found them botk to conelsl of cupric sulfide mized with
& ﬁ&giﬁgﬁhze’aﬁ@am% ot ﬁn@rﬁas sulfidoe. He slogo picted that
%hé Rersy patterns L the hot and eold preciplituies vere the
GUIGs -

Boper ond Steinsy {(12) cbiccted to Zolthoffts
method snd studied the yrecinzitotes fyov cupric and currous
selotions with sulfur snd hydrogen sulfidos Aleoy these ine
vootigators studisd the produets of the intornction of copper
ond sulfur cols by o colorimetric methods Their observations
of the color chonzes sttending the imteraction of copper and
sulfur cole led then to beliove thet the compooition of pree
cipitates could be foumd dn n like monmners They studied the
coloy changes of the products cbtoined From the inturaction
of coppor ond oulfur soloy coppey iop ond colloldal sullur,
asnd copper gaﬁAamﬁ,Byﬁfﬁgaﬁ.ﬁaifi&a; Sols in vhich fho copper
to suitur rotio wao two $o one are golden brown and rempin
unchenged on hesting. Yowever, in some lastances the golden
brown sol turaed green on ﬁéatiug¢ They eosumed the color
chonze to be osused by the formotion of cuprie sulfide from
cuprovs ulfide and oulfur origineily @wﬂﬂ&ﬂﬁg I both sols
ond procipitetes formed in ibe cold the copper sullide
pregent is cecumed o De aﬁyféﬁa oullidae. In instonces whew
the rotlo of copper to culfur is oney it is assuned thot

thore ip procent squivoient smounts of cvprous suifids and
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sulfurs Hemoe, it follows thet om hea%iﬁg tno latter the
colaozr casuced By the aﬁyrﬁus ﬁalfiéé ﬁa& sulfur changes to
the color of cupvic sulfides Tholr results end sheorvetions
are interceting, but_éx&wﬁﬁg eanalseiéaﬂ from the color
ghanges af sole and yreai@i tates ef vswying gaﬂ%icie axa@ '
and heat trestment ceens hardly sounde

| In paseing, it wee cbserved by Folthoff (9) that
the eo0ld preciritate of copper swlfide woe %zuwn‘haaﬁk exnd
quits eocy to £iltom, while the precipitate obte ,a&ﬁ”'ﬁ'ﬁha
‘bot {as well oo the aged yraeiyitata) Use e grochish cpe
Feorsnce; ond that the hot precipitcie was pliny and havd
to filters This woo slso observed in the work provonted
here ond will be considered in & loter seotion of thé papere

 The following expevimento vere underieken to show

whathav-thﬁ'ﬁveaﬁnitﬁta&‘aapﬁaﬁ'anlﬁide is nowbly am%r&e Bulw
fide as bellgved by Kolthoff, or consisds of cuprous anzfiﬁa

in socordsnce with the views of Sauer and uteiﬁama

BEPERIEEH AL

Sopper sulfide wos prepsved by the method uued by
Kolthoff (9)s Hydrogen suifide woe bubbled through 125 0u0s
of 05 molsy cupric suifpte solution i room jenperoture
andot 100 degrees Cemtigrades T yraaigitatea_%ﬁza wmghsﬁ
free of evlfate lon with distilled wotery woshed gaversl
times with cerbon disulfide, snd dried ot room tempesature
in the alre The cold precipitote is morked number 1, ond the

bot precipitete ic moried 2 on the disgrams fullnwaﬂgg'



The aee%u& mar*a? of copoer u%iida m~mz?ea wah

nade after the mnu?ga h&“& by Sauer ond Steiner {10 |
£50 Gu@a of hydrogen ouifide wnbar, Mﬂé@ by ﬂﬂ%ﬁ ﬁ%iﬁ: uxgm"
tilled wotor with washed hgﬁr@ﬂan gulfide st v 00m ﬁém@ﬁﬁ@u
%uwag wor added $0 50 Cuge of f,@r molne ocuprie ah?oﬁﬂﬁa

olutions The y@ﬁ&*“iﬁd @w@giﬁit e wing seoarated nua Luo
portionse One of the portions vas ﬁs&la& and the othor was
nétg 5&@ w&cﬁwﬁﬁqtaa then vere mmihﬁﬁ f@ﬁu of chlovide %@np
and wey wg.heﬁ als@ ‘soversl ﬁiﬁe” v;iﬁ uﬁﬁh&n uiau?@iaea
ﬁhey vere dried at voom tuwnﬁra&uwa in the iy The beiled
pgesiyi tote i6 marked g nnd the unhnégeu preaipd ﬁaﬁ&.is

porked 3 on %336‘ following dingronm

The ﬁ““ﬁlﬂﬁ thue pwap$x@é vere fipely grouvnd ond

~'l

Tl yﬁd by %he @%vaew mathod in the Thillivs-¥edalils
J ﬁ@ﬂﬁf"%ﬂﬁﬂ: ”he minornl ﬁﬁVﬁzam ? 5Y wap ﬁiﬁs
ﬁarayeﬁ uné ia morked number 5 on the f&ll&%ﬁﬁg @iﬁgramaa
 The zeroy potterns of the procipitsied sbifides

turned out to be the oomo se that for the covellite with

the ezception of three lines neovy the csnber of the gutﬁwrnﬁw

Fence, the éfyﬁtﬁz'eﬁyﬁa%aw“ for only oneo mx the ﬁ*”@iﬁﬁ
wa ﬁ@i@ﬁl@t&ﬁ, vinee it would Beo ﬁﬁa”&ﬁ%ﬁ”iﬁﬁi% 0¥ al&
the precipitnted ﬁaﬁgiéﬁg The Fol %Eafz hﬂt pregivitoted
é&mﬁlﬁ‘(ﬂﬁmh@? 2} wag chosen for ithe als intions. In the
f@ll&@iﬁw tuble ove gi%ew the rosulte of the moasure: ﬂau

eya aﬁlauzaﬁwaaa on the ?&%ﬁ@”ﬁg
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a o Gl Wl dga
pisiis Y degreos Angetrons galoulated
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%&a puample was exposed to coppoy Todiction for 48 minutes
in tho hillip-lotallix spparsive using an sperture of one
wis  The dpypl velues were obtained by thoe vsvsl methoed from
the film mescurenento, cnd the dyya cslovlnted valucs were

obtedned from the cquelion for the hoxzegoual oybtem:

dray _ m// i (R AR+ d) &

(@)
where B i the ovder of vefleetlon, hil ave the indicesg
and ¢ i the ominl wotios gg $o the side of tho unit ¢olls
From thie equution o, So found $0 Do 3470 and 0y ic 1641s
Thege va&u@ﬂ agree recsonedbly well with thoee csloulated
for covellite by Oftedol {24)s The deneity of subsisnce

in the hessgonel system ie given by the equotions

D: m‘M"‘-GS

a_.l-g C-o = i (::C).
where m is tho number of chemicnl molecules in the unity

i iuv tho moleculer welight, D.is tho donsity, omd gy ond
Co ave defined aboves Substituiiog in this eguation gives
n to be BeY, which menms thst there ove oiz molecules of
 copper sulfide im the unit celle This agrees vith the valuo
2% Oftedsl ond 0therse '

The Tirst three values of dyyy do not have indices
thot cen be enlouloted fron the oghove eguntion. This con be
ghova in the following vay: On pubgstitution of the snoralous

values of dyyy-in the above eguation, the following are givens
K? Cho+ R & +d™) + QO]L . B¢
[} R 3 ”» 7/-3'.89
| v | 4:-3n/3.5Q
Simplificetion of these equetions givoos
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$ (A HRh+ 4Nt - omss

(I} : '. '—'. OIQOQ

ot = |.o6G

- Thwe, it con be seen thit h and ¥ con oniy b6 zers in those
pouetiones 1 they ore any s::f%}ééw %mm; then 1 will be
imoginery. Tor h and k ogusl to gerc, 1 hes the values:
Bedy 4010 8450, ond thus theee valueo of 4., do .mot o
aang %:a ﬁ‘tiﬁ &?ﬁt%

i lt wao tmmgm im%a% theﬁa a%tm &ims r:sig}zt %w
ﬂmuwé b:y @m mﬁmma ef suprous autwma in the amm%;
az.' by the mﬁame of ﬁmlﬁam in emim‘ tcz ahmk ﬁaiﬁy ko
x*w %%&wa wore ‘taken of tho minm*al ﬁhamwiﬁe (ﬁag )
oud of aasz prepazed in the :&e&:&wﬂz}gg manners Digtilled

water was soturated with hydrvogen eulfide, umi

‘bubbled through thic solution to oxzidige the hydrogen pule
fide to sulfure The resuliing sucpension vns boiled Lor

45 ninutes, snd thon was washed with the nid of the cone
trifuge, air dricd, ond z-royeds Theoe patterns showed thot
there wos no cuprous sulifide or sulfur in the previpitstey
since no spgroement bodveen the corresponiing values of dpi)
could Yo cbielneds These axtrs veluco may bove been csused
by come impurity i the sample, by the proscnce of gome
oxldetion vroduct of the coppor sulfido, or by aa@mr
czystalline modification of the sulfides However, the

igot newed poppibility io very doubtfule
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DISCUSSION

The data &ﬁéicwtaa wmthﬁw conglusively that the
somples of precipitated copger Gu ?iﬁa, vhotheyr procipiioted
Erom haﬁ ar ﬁﬁlﬁ aa&@z&ﬁﬁ, a¥e praaﬁzﬁal Y pure amg&ic i dw
?3éeﬁ ”%ég fal&wwﬁ ﬁx@ﬁ tz@ @@ﬁ& agmaﬁmanﬁ hﬁﬁ%@@ﬁ ﬁkﬂ Qolm
eazﬁﬁud evgﬁtmz ﬁ%@ﬁﬁ%bra of the ﬁﬁmplem prepoved %era and
uha va&ueﬁ a&twiﬁﬁ& %y ﬂfﬁeﬁ@ faf the mzn@x 1 govel ita
Tho ”ﬁm&@ﬁ f@s the &&“&ﬁ%&ﬂ@b of ahﬂ a%%x& 3&&»% ia ﬁha DIYCw
eipitatod sul fide @ﬁtﬁ@?ﬂﬂ %231 hove %0 h& invamt g@%a& 03w
thore 33 have Qﬁﬁﬁ &3gﬂif QEnon @insa they ave EYQ%%%% in
oll the @&ﬁ%&@ﬂﬁv_ | , | |
‘ it 3$&mﬁ ??am %h& above reoults that the theory of
Souer =ﬂ& ﬁﬁaﬁaarg aﬁmuniﬂ@ gwaﬁivi a%man a? puprous sulfid
in the emiﬂ end suvaaqﬁ&n% whamﬁ@ $o aa@mia ﬂﬂ@fiﬁﬂ Qﬁ.i&aﬁﬁ
ingg is ua%&&ﬂh&e; Holthoffin ﬁaﬁa ahﬁw;ag %ha ywesiﬁi»wta&
jﬁalﬁi&e ﬁa bo oux wie ﬁuﬁfiﬁﬁ geoas o ahaw tﬁa ﬁxue nature
Qx‘ﬁhe mﬁter ale

The observation 5&3% the hot @*@@iﬂﬁﬁaﬁeﬁ sulfide
io além@'aaﬁ more gelotinouys %ﬁaﬁ:tk@ ovig @”ﬂ@i pliated in
the cold seens gountrary to &Eﬁﬁ%ﬁﬁﬁﬂﬂw 3@@a¥ﬁrg the a=xoy
pattorny of ﬁ&@ ot snd oola E?ﬁ&iﬁiﬁ&ﬁﬁﬂ‘mﬁﬁﬁﬁgﬁl ghowg
the yﬁim@xy @a@ﬁié&@ sigse to be about the pame in both come
plocs ﬁh@weﬁﬁéag the &if?@xeaca in ﬁhya&eal éh&m&ﬂt@w of
the precipitete must bo ntiributed o o difference in size

of the scegondozy particless



o

wlGi

| GUIRARY

{3}¢ Goppor éaiﬁ%ﬁa7m§a graai@it&%&&‘hﬁ% ond géldg
ond gervoyods - ' | '
© {2)e THe voluer of g and ep were csleulnted to
be 5070 ond 161 Apgotrom unlte xegyaékiv613g and %ha‘a@yﬁtéi
structuve veems $o be hescgomel, with oin molecules of copper
gulfide in the unid ﬁaﬁ.h Thece voluee agma well with those
of Oftedsls | |
e (3)s It hoo Beon chown ﬁk@%'gr@s£§i%@%éﬁ copyer
oulflde {whother from hot op cold solutions of cupric ion)

conoists of neerly puve curric eulfidcs
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11%, REACTION BETRBLY SODIUL SUIFIDZ AND FERRIC OXIDE

Je Go Witt (J+ Ame Chems Bocs 43, 754 (2081)) studied
the W@éwt& of the wam%aﬁ bﬁ%wems sac}m}x auzﬁ,ﬁa snd fervic
mw He imz'&aa :i‘exﬁa :miéa ws.ah o iama mmasa of sodivm
suli’ida tmtu the mistum mﬁ :iirgum; mwn he poured the
Rﬂ.ﬁ‘uiﬁ into s bea&ax of asaeuwa mﬁem end he Pound that
a mw; mwyfmm au%as%gmw %ﬁ meeimtataa, ond thet the
meaw&i&ata, aﬁﬁw awm‘&im S"mm ﬁm mthew l;le;uw, would
gim & maan mmamn mn mama in mﬁwm He a@mm&eﬁ
uhat zm groen aalwim: %a a ﬁal; mﬁ mlymea t%ms and
ﬂae filtrate abtaimd aﬁw rmmz ai' tke Waeip* ta‘i:a aboves
He i’wnﬁ Es*e, m, anﬁ g in the aal; am% ﬁtﬁy zza and B in the
.i’ntrmm ’i’ha 693. a&a&nge& ta 6 wﬁw aawr e‘m dialyaia ftm
36 heum, am 8 gmewitats emuar in mmamma t6 fervic
‘ozide wzama out in o few dayse ALl of the § had diffused,
:&m»:‘i woe me@ﬁm :%z: ﬁm d&ffmaw me%&; 88 sulfets ions
Te conciuded thot ﬁm gwem l;xqga_ié_ or 501 wentiomed wbove
‘wop colloddal with no coubined sodivn or sulfur presenty

An sttampt was made to identify the produets
formed by coumparison of their zevsy peblorns with thoge
fronm precipiteted forric sulfidey foyrous sulfide, and
ferrvic oxido, 33W$!‘§ this turned out to be impossible
'Mmua@ the mevay pattorne of the products of the renotion
and thoge of the fervic sulfide used for oomparison thowed
ne definite linese In pome cesoo g fow vory brosd bands wore
bozrely diecornibles |
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an mmpt wab mﬁe to study the am&ii%&ma uf;'

formation of the oubic and hemaml formn of aine aai‘tﬁam
2iric bulfide weo yreezmmwc}g ab o toat af eazmemﬁmtim |
eﬁ*eﬁt, from mﬁumteﬁ aino emexr‘ma tsalﬁtim ‘and t’mm the
satozated mmmm ailuted three Mma, with sedium’ wlﬁae;
The semples wore woshed anﬁ aried and mmyeé m the Gehieral
Eleotrio TwREYy A@pamﬁum The mh%ma ahmﬂ m lmes, s.a-
d3cating that the camples wove %aa smm@htma to giva much of
a d&ffmemm gattm;p o



