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ABSTRACT

Hydr ogen sul phi de has boon playing a conmendable role in
the sul phide reactions in analytical field for over a hundred
years. However, Hydrogen sul phide gas suffers froma nunber
of serious drawbacks-high toxicity hazards, contanm nation of

| aborat ory at mosphere and low solubility in water.

pot assi um t hi ocarbonate (PTC) is a substitute for hydrogen
sul phide in chemcal analysis. PTC is Inorganic in nature and
as a good cation precipita; it is capable of furnishing a
hi gh degree of thiocorbonate ions in neutral or alkaline nedi um
and of sulphide ions in regulated acidified conditions. It
affords greater sinplicity, efficiency and econony in pursuing
chem cal analysis both at sem-mcro and mcro scal es affording

clean precipitation of sul phides from honogenous sol ution.

The study intends to investigate conveni ent nethod of
preparation of PTC and establish a conveni ent nethod of
precipitating its metal thiocarbonates and netal sul phides.

Also investigate the ranges of tenperatures for different
stages of transformationandthe conditions of their quantitative
estination as thiocarbonotes, sul phides, sul phates, or oxides

by weighing. Simlarly, the study enables one to detect any



deviations fromthe stoichiometric conpositions of the mnetal
t hi ocar bonat es or sul phi des.
The stability and purity of the thiocarbonates and
sul phides are studied and their transition energy and transition
rate cal cul at ed.
Inorder to study the purity, stability, staichionetry
and general behaviour of various netal thiocarbonates and

sul phi des, three thernmal nethods of study are used.

(a) Differential Scanning calorimatry (DSC) Met hod.
The follow ng netal thiocarbonates are studied by this nethod.
Ag(l), Pb(l1), Sn(Il), Fe(ll), Ni(Il), TI(l), Co(n) and Bi(IIl),
Met al sul phides studied by this method are Fe(n), M(II),
Aa(lll), Co(ll), Cu(ll), Sn(IV), WIV), Sb(lll), Pd(I1V), Ag(l),
Po(I1), N(Il) and TL(I).

(b) Thernogravinetric (TG Mthod. The thernogravinetric
behavi our of Ag(l) and Mn(n) thiocarbonates; and sul phi des
of Zzn(H), INli(Il), Po(Il), Fe(ll), and TI(I) are also investig-
ated using the TG et hod.

(c) Dfferential Thermal Analysis (DIA) Method. The netal
t hi ocarbonates studied by this nethod arezn(l1), Ma(ll), and
Pb(I1). Metal sulphides of Fe(l), TI(I1V), Bi(1V), Pt(IV), pd(lV)
end Sb(l111) are al so studied using DrA met hod.
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These three thermal methods of analysis jointly revea
the chemcal reactions and physical changes that take place
during heating or cooling of the precipitated netal thiocarbon-
ates and sul phides. The results have been both qualitative

and quantitative.
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CHAPTER I

INTRODUCTION

1 -1 POTASSIUM THIOCARBONATE REAGENT = A SUBSTITUTE FOR
OGE 1

Potassium thincarhanate1 (H2E53) 1s increasingly being
used as a sulphide precipitant replacing the use of hydrogen
sulphide (st). pPotassium thiocarbonate has proved to be
the most efficient and economical alternative to the convent-
lonal uses of gaseous hydrogen sulphide in chemical analysis
affording clean laboratory atmosphere. The gtinking of
laboratories and toxicity hazards due to hydrogen sulphide
are becoming increasingly features of the past with the advent
of thiocarbonate reagent.

Fresenius, an inorganic chamiatz formulated a scheme of
qualitative analysis in which hydrogen sulphide played an
important roll almost 136 years ago. There were several
modifications to make it efficient and more illustrative in
chemical principles hence its use in precipitating sulphides

of most metals in systematic gualitative analvaia.3



1t is due ta tremondous importance and extensive
applications of sulphide reactions in all fields of chemical
study and analytical study in particular that the roll of
hydrogen sulphide gas as a fundamental reagent has been
commendable.

puring the last two dacadaa various studies have been
made with non-gaseous reagents with a view to replacing
gaseous hydrogen sulphide since it is toxic and contaminates
the laboratory atmosphere.

Most of these non-gaseous reagents are organic in
nature and hence there would be possibilities of contaminations.
Howaver, potassium trithioccarbonate (PTC) being an inorganic
reagent affords better efficiency and economy than other
substitutes, A lot of work has been done by Jnﬂﬁ1 on PTC and
has proved that it is possible to replace gasecus hydrogen
sulphide with the PTC in all quelitative inorgenic analysis

studies.



1 -2 OTHER SUBSTITUTES REPLACING HYDROGEN SULPHIDE GAS

puwing to the toxiclity hazards and other disadventages
of hydrogen sulphide, successive attempts have been made in
the past to find convenient substitutes which are non=toxice.

various sulphur containing compounds have baeen studiadb
2eQe thiourea, thiosulphates nmmonidﬂzzlphida, sodium sulphide,
thiocacctate, thioglycolletes, thiosalicyllates, thioformamide
and thiocerbonates, to determine thelir epplicability es parent
compounds for the generation of hydrogen sulphide gas in
solution, @Barber and Grzeakomiat05 have done anextensive
work on thioacetamide, since its first application as a cation
precipitant in qualitetive analysis of metal ions and has proved
to be useful in analytical procedures. It was proved that out
of all these substitutes the most widely used is the thiocaceta-
mide. It generates hydrogen sulphide on hydrolysis (et BDQE)
but acetate ions also accumulate in solution acting as buffer
and ceusing Coprecipitation of somfunivanted metal ions. Tt
is also very costly and hence uneconomical to ussg.

Potassium thiocarbonate being &n inorganic reagent does
not suffer these drowbacks and cen be used as efficient
sulphide precipitant in gualitative and quatitative analysis

of metal ions.



1« 3 THE CHEMICAL CHARACTERISTICS OF POTASSIUM THIOCARBONATE
RZCHJtPTE)

Unlike orgenic aubatitutas'7 suggested from time to time
thiocarbonate reagent being inorganic in character as sulphur
anologue of potassium carbonate does not creat complications
in the systematic precipitation of cations for their separation
into analytical groups.

It is a8 normal salt of tri-thiocarbonic acid.s It can be
sgen that thiocarbonic acid HoCS 4 and potassium thiocarbonata
Hzc53 are analogue teo carbonic ocid and potagsium carbonate

but with sulphur teking place of oxygen.

HO HS
-, ..
C=20 C=8
HO™ H5
Carbonic acid Thiocarbonic acid
KO KS
C=0 C =8
Ko~ KS

potassium Carbonate Potagsium thlocarbaonate



1t can be seen that as carbondioxide is an anhydride of
carbonic acid, so is carbon disulphide be loocked upon as the
anhydride of the thiocarbonic acld.

Because of the plv‘ical state of the anhydrides, thio-

carbonic acid is appreciably more stoble than carbonic acide.

(1) pPrecipitation from Neutrol or Alknline Medium

In its moderate concentrations in agueous solution,
thiocarbonic acid has an orange - red colour which nha;haa
yellow on dilution, SGimilerly potassium thiocarbonate hes
this seme coloure. The agueous solution of potassium thio-

carbonate is olkaline (pH B.5 - S9.0) due to partial hydrolysis;=-

50 long non of the products of hydrolysis is used or
removed, the equilibrium is always maointained.

Since potassium thiccarbonate is soluble it ionizes in
solution so as to intersct with metal ions resulting in the
precipitation of the metal thiocearbonates nt room temperature

according to the aquatiuns.a

Kol e 2K* csjz'

CUSQ,, e cuz" + su,.z"




The precipitation of the metal depends on the availability
of concentrations of the thiocarbonate in solution. The thioe
carbonate is generally precipitated at room temperature whilat
sulphide neads .warmer temperaturese.

Some metals like cobalt, nickel and iron are known to
form soluble complex thiocarbonate aninnsu with excess of
potassium thiocarbonate reagent, while metals like aluminium
titamin and zirconium would precipitate thelr hydroxide with
PTC because of the hydrolysis shown above. However, the
hydroxides could be prevented from precipitating in alkaline
solutions with the use of masking agent 1ike the cyanide,

or tartaric acid or disodium EDTA.

(i1) Precipitation from acidic Medium

PTC liberates graduolly & corresponding amount of thio-
carbonic acid, in the presence of a non-oxidising ocide.
With the controlled increase in acidity and temperature,

the thlnacidg gets transformed gradually to hydrogen sulphida;=-

K GS + 2"“:1 —— ZHCJ. + C5 e . (1)
£ ( pHe1) "

H EE + 2Hta|"| ——— 3H 5 + co .e e (11)
o ¢ pHe1) 2 2



To utilize the three moles of hydrogen sulphide producad
par mple of thiocarbonle acid, control of its concantration
and addition of pTC would be raquired. '

 plmost 2.5 - 2,7 moles of hydrogen sulphide genarnted
per mole af PTC era invarlable concentration i1s added drope
wise to sclutions with optimum pH.

@gonerally, in the acidic medium PTC reacts with certain
metals reaulting in their initis)l precipltation as thio-
carbonatea and finally transformed to sulphlides depending on
the conceontration and the pravention tempaersture of the mediumg

For example copper,

Thiocarbonate precipitation:-

KoCS3 + ZHCL ——e—dy ZKCL 4 HpCSy oo eo (1)

Sulphide precipitation;-

H2C53 -+ 2HUH ——————— 3H25 + EDZ . *e (111)
EUSDQ + Ho ———;—% Cus + HZSGQ .a .o (iv)
CUC53 -+ 2H.UH E—%CUS + Zst + Enz LX) (U)
If mixturesof thiocarbonete and sulphide are heated to
sn“c, the mixture will transform to metal sulphides, Thié 25

normally done by lesving the procipltated solution on a water

bath for about 26 minutas



1 = &4 ADVANTAGES OF £OTASSIUM THIDCARBONATE REAGENT DVER HoS
AND 178 RNALYTICAL IMPDATANCE

Tha name ﬂstiinks" is normally assoclated with Hvdfagéﬁ
sulphide in chemical laborotories. Experiments will have to
be performed in fume chambers or in en extremely secluded
arcas in tha laboratory. _ | _

A part from the offensive uﬁuur of rotten eggs, hydrogen

sulphide suffors 2 serlies of drewbocks;

(1) FPreciplitated sulphidce are generally collaldei,

difficult to filter and to wash and above heterogerous.

(11) Precipitation action is slow and apt to be in
completee A lot of gas will have to be passed for e long
time for viassible reaction, |

(i1i1) Ffor a seplution of practical importance to be
prepared, 1t has to be used in gaseous form, since it is
aimmst inspluble 1n water. The satureted solutlon contelns
only O.IM at 25°¢,

{iv) It corrodes metel agquipments of the lahoratory

and being toxic is hazardnua.“

The drawbacks listed sbove have made it necessary to adught
for othar chamical reagents that guarantes efficiancy in amalysis

and economy of chemlecals.



potassium thiocarbonate (“25533' however, does not suffer
most of these shortcomings experienced with other substitutes.
The work done by Ke Ne Jolri ond Ke Singh hos proved beyond
raansoncble doubt the obility of this reogent to be substituted
for hydrogen sulphide gns in quolitotive ond quantitative
onalysis of metol ionse

Unlike other sulphide precipitont it can be used both
in hot ond cold solutions. Being inorgonic in noture it is
used ns a good cotlon precipitant capoble of furnishing o
high degree of thiocarbonate ions in neutrol or alkaline medium
ond of sulphide ions in requloted acidified conditions.

The reagent when freshly prepared is kept in o nfhppered
bottle and remoins stoble for a length of time. To proclaim
further, the importance of potassium thiocarbonates end its
universal acceptance Johri and Co-workers did an extensive
work on estimation of thiocarbonote sulphur ond its pole in
various onalytical procedures. Johri ond Co-workers, ofter
astoblishing methods of these analytical procedures using
K2c53 went further to validate its roll by studying the
thermal stability of some precipitated thiocarbonate compounds
using thermogronimetric method of analysis (TGA) (see under

pnst work).
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1 =5 PAST WORK ON FQ TASSIUM THIOCARBONATE REAGENT

Although sarly inorganic chemists like Frasanina2 have
racognisaed the use of trithiocerbonic acid, HpCS4 and its
sanlts, the knouledge regarding their chemistry remoinad
undsvelopasd t111 recently. 0One of the most important reasons
for not hoving proper record and sufficient literature on the
subject ecould be traced to the easy decomposibility of anlid
thiocarbonates on exposure to ntmosphere or in sgueous ﬁedium
affecting their stability and purlty.

However, Mellur6 did some studies on preparation ond
propertiss of various metal thlocarbonatos which helped various
workere in expending and establishing tha reoction mechanism
of the thiocarbonates ions and their varicus physico -~ chemlicazl
agpects as woll. | |

Although the studies done by aerzelius,s Tarugi and Magri
were found to be isolated im scope, later studies made by
Ingram and Tona,s_aattnw,7 Johri and others sre found more
systematic ond wider in scops. Four example Pllz's work relates
the quantitative precipitestion of metnl sulphlides like cnpper.a

9 10

zinc” Molybdeum, ﬂmtimony,11 Manganasa12 and their convehtior

into oxides tu constent weight for thelr gravimetric evaluation,



11

Anolyticel applicontions of potassium thiocarbonate remgent
replacing hydrogen sulphids in cation enalyeis, ns earlier
reported, has necessitated eveluation of thlocarbonate contents
of the reagent of various strengths for ensuring its purity,

standisation of concentrated agqueous sglutions cof potaossium
thiocerbonate ampleoying titrimetric and gra&&matric me thods
wers described by Singh and Jnhr.13 |

Oxidimetric mathods for determing tha.stréngth of aquaous
potassium thlocarbonate solution by the use of ifodine, potassium

iodonte and iodic acid were mlso investigated by Singh and Jnhr1.1ﬁ

pther oxldimetric methods were employed by Johri and Haﬂbh1k15
making use aof chloramine T, potassium ferricyanide and potassium
permangancte. A simple vanadometric estimﬂt10n16 also carried
out using ommonium metavanadate os axldant,

As polnted out sarlier, anolytical separations of different
motal fons with PTC in the presence of such masking agents17
a8 EDTA, potassium cyanide, tartaric aclid, and axcess of PTC
hava baen worked out.

To ghow a wide spectrum usage of PTC, its application in
the Ring Dven Technique in Inorganic micro-annlysis have baaen
studieds ©

Ring Oven methud18 has alac been used for seml guantitative

determination of metal ions in mixtures using PTC as a fixing

agent, Some work hea been done with PTC using thin layer



12
chrnmatngraphy21 in the separation of metals lika cnppar(11),
Nickel(11). and Cubalt(11>. | o

Thin layer chromatogrophy maethod hag alsoc been used in
contjuction with ring-oven calnrimetry.22 gualitative separation
and determination of various metals has also been reported
using pTC. 10920

Tharmagranimetric11(TB) Studies have also been carried
out to study the stoichiometry of varlous metal products
precipitated with pTC at different temperatures with a view
to determine purity of the products, mods of decomposition

with increasing temperature and to determline conditions of

thelr gravimsiric analysis.
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1= 6 SCOPE OF PRESENT WORK

The developments of sulphides oand thiocarbonates studies
have incressingly become interesting and so it should be reslised
that without further study in the systematic sequences of these
studies, the utility of PTC as an analytical reagent would remain
limited in scope.

This study is therefore intendod to investigate the

following:

(1) to find mnvaninf methods Aand optimum conditions
for the preporation of metal thiccorbonates and sulphides,
(i11) the ranges of temperature for the different stages
of transformation of the metal thio-compounds affording stand-
ardizetion of the conditions of thelr gquantitative estimation
as thiocorbonates, sulphides, sulphates or oxides by weighing,
(ii1) ony deviations from the stoichicometric compositions
of the precipitoted products, thereby establishing the extent
of purity of the metal thiocarbonates or sulphides,
(iv) to measure simultanecusly the temparature within
the sample, determine the weight changes and energy changes
in the sample,
(v) to colculonte the trensition energy and transition
rate of various metal thiocarbonates and sulphides during

phase changes on heating.



1%

Yo achieve the ahove stated objectives, studies heve
been carried out on matal thiocarbonetes and metal sulphides
ualng Dilfferentinl Scoanning Celorimetry (D5C) method, thermo-
gravimetry (TG) method, and pifferentiasl Thermal analyeis (DTA)

methode
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CHAPTER 1II

PREPARATION OF POTASSIUM

THIOEARBONATE REAGENT AND METAL
ARBONA AND GULPHIDE!

II - 1 preparation of potassium Thiocarbonate.
11 = 2 preparation of Metal Thiocarbonates.

11 = 3 pPreparation of Metal Sulphides.
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ECHAPTER II

PREPARATION OF POTASSIUM THIDCARBONATE REAGENT
AND e L TH. Chi ONATES AND  SULPHIDES _

- II = 1 PREPARNMTITN OF FDT SSTUM THIOCARAOMATE (PIC)

In the past, organic reagents were used to prepare thioccarb-
thiucarbonatea(q), and the emphasis was on separation and
. Jsgolation of ¢ 1id procuct. However, under the conditiona, it
was found that organic thiocompounds 2nd e e polysulphides
were alsp formed and hence the products obtained were impura.(z)
The uwgual method of preparing potasslium thiccarbonate
reagent is by the additicn of pure carbon disulphide to e

solutlion of known concentration of potassium hydroxide., The

~ hydrolytic reagtinn:-

From the above equation, it could be seen that . |

(1) ; of the potassium hydroxide used was Vﬁstage
as the rest was used in the formation of KoCOse .
(i11) The HZCD3 might intereere with the metal thiaéarbnn—
¥ eta In tha process of precipitation of the required metal?

thiocarbonate.



Thase can be considered as the shortcoming of this
method.

Jnhri(J) used shaken carbon disulphide with elemental
sulphur but yielded to no avail as tha products also contain
polysulphide sulphur.

In order to eliminate this contamination by potassium
carbonate and polysulphide sulphur, singh2 observed that startin
with freshly prepored potassium monosulphide and reacting it

with reetified carbon disulphide converts it to thiocarbonate
quantitatively. Thia ensures high concentration and purity

of the reagent and has bcen employed here for all preparations.

EXPERIMENTAL

Raagants

potasslium Hydroxide Solution 4M: pellets of potassium

hydroxide of analytical grads were accurately weighed and
standardised againast a standard solution of hydrochloric acid.

Carbon Disulphic2:; Prepared from Be.DeHe Analytical

gradie

procedure

4M potassium hydroxide was saturated with hydrogen sulphide

and an equal volume of tho 4M potassium hydroxide added to it.
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The resulting solution, potassium monosulphide was transfered
into a 500 ml. flask and set on a magnetic stirrer-cum=hot
plate with & separatory funnel containing carbon disulphide
allowing it to drop at @ rate of 1 - 2 Cm3 per minute into
the flaske The resulting mixture wes kept at 40° to 41°C and
with constant stiring for an hour till the completion of the
reaction which was marked by the appearance of the dark-red
colour due to high concentration of PTC in solution and some
excess of unreacted carbon disulphide.

1t was allowed to cool overnight in the refrigerator.
It was then removed and the excess carbon disulphide filtered
off leaving clear dark-red solution of PTC (colour of the
solution depends on the concentrations of chemicals used)e.

The reaction course follows:=

(1) KOH + HoS KHS + Ho0

(1) KHS 4+ KOH — H25 + HZD
41%p
(1ii) Kp8 + LS, ————K,C54
The last stage, being the most importent of the three, so
for eny pure method of preparing potassium thiocarbonete (PTC)

the temperature will have to be controlled and contents kept

stirring for uniformity through out the experiment.
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II = 2 PREPARATION OF METAL THIDCARBONATES

The following mctal thiocarbonstes have been prepared;
Bi(III), TA(I), AQ(I), Fe(II), Cu(II), Pb(I1), CA(II), HO(II),

Mn(II), Ni(II), Co(II) and Zn(II).
Precipitation of the precipitated metal thiocarbonates

foll under two conditions of media of preperetion. They are
generally precipitated from aquecus or neutral medium or from

alkaline (complexation with masking agents) medium,.

(1) preperation of BicTir), T1@) and Ao(I) Thiocarbonates

EXPERIMENTAL

Heagant

PTC_reagent: An equcous solution of PTC(IM) prepered by

the modified direct mcthnﬂh was used a8 o stock solution and its

working solutions were obtnilned by suitable dilutians,

pptal ion solutions: pAgueous solutions of Bismuth nitrate,

thalium nitrate and silver nitrate were prepared by dissolving
their analytical grade selis (B.DeH, Analar) in distilled water
All other chemicals used were of analytical grade unless othere

wise statcd.
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Procedure

For pure thiucarbnnﬂtaa,S PTC wos introduced dropuwise
into the metol ion solution using a pipette and with continous
shaking till dense precipitate of the compaund was formed.
After complete precipitation, as marked by the appearance of
colourless supernatent liguid above the precipitate, the product
was then washed with distilled water several times till the
last washings were free from nitrate ions. This was tested
and confirmed by using @ drop of potassium iodide which showed
absunce of turbiditye The products were filtered off using
whatman filter paper No. L0; and dried in a vacum desicoator

for 36 hours.

(ii) preparation of Ni(II), Co(II) and Zn(II) Thiocarbonates

EXPERIMENTAL

Raagenta

PTC reagent - prepared by the rectified direct method.

ammomin Hydroxide - 1;1 nmmnmin”ﬁ;drnxida prepared from

pnalytical grode.

Maetal ion sclutions: alkaline metal ion complexes of Ni(II),

Co(II), and Zn(11) were prepared from their analytical grade

Bﬂlta.



Procedurs

The thiocarbonotes of these metal lpbhs wers preparad by
adding PTC to metal amine complexes till the preocipitation
was complate end the supernatant liguid wes clear. It was then
pllowed to settls down steadilys. The producta weroc filtered
and washed with distllled water soveral times, transforred to
a clenr open container end dried in a vBocuum desiccator. It
was removed, finely ground and put in labelled sample bottlese.
(5e6a Teble I belouw).

(1i1) preparatfion of Cu(Il), Ph(IT), CACIT), Ho(I1), end
MR(I1) Jhlocorbond ces

EXPERIMENTAL

Reagents

PTC reagent - Prepared by the direct mathod.h

And appropriste dilutions made as required.

Disodlum EDTA: AT:1 discdlum EPTA freshly prepared.

20% plcohol: y/v freshly preparad from the absolute

analar bottls.

Tartaric acid: M of acld prepared fresh from andlyticel

grade reagent,



Procedurc

PTC was ndded to the metal EDTA complex in al-aline medium
of Cu(II)y PbB(II),y CA(II), HQ(I1) ond Mn(II) salts of pnalytical
gradee The process was contiléed till the dense matal thio-
carbonate preciplitnte settle down stendily on addition of slight
excess of PTC. The product was filtered and woshed with water
and then with 20% alcohol.

In order to obtoin ferrous thlocarbonate, PTC was added
dropwise to the iron tartrate complex in ammonical medium till
the precipitate wos complete. The product was similarly washed
and dried in o vacuum dosicecator for 36 hours.

The preparced thiaccrbanates6 were then finely ground and
put in lebelled bottles ready for analysis. (See table I above

for goneral thiocarbonato preparation).



oy
TABLE I
PREPARATORY METHODS FfOR  METAL THIOCARBONATES
Balt of meta on on ror
NOo Compound solour taken preparation
1¢| Thalium red Tll‘.l[]3 Precipitated
thipcoarbonata from agueous
(Tlcsj) solutione.
2,| 511lver thiocarbonate black RGO =-do=
3¢{ Bismuth thiccarbonate black ai(ND3)3.5H20 gD
(81(853)3 ,
be| Nickal thiocarbonate red Ni(NDB)z‘sHZU PTC added to
(N1E53) matal ammine
complex till
S5«|Cobalt thiccarbonate graenish CO(N03)2.6H20 Precipitation
(CatSy) blogck was complete
Ge|zinc thlocarbonata Cream z"(NDBJZ'SHZD =00
(ZnCS5) white
7.|Copper thiocarbonate brown cuSUQ.SHEU PTC added to
(cuBS3) metal EDOTA
camplex in
alkeling mad=
ium,.
8.]Lead thiocarborete red Pb(Nu3)2 =i~
(PBLCS 3) _
S« |Cadmium thioccerbonate vellow [;d(Nn})2 -gdg-
(EdES3)
10.| Mercuric thiocarbonate | black Hg[:l2 =do=-
(HaCS 5)
11. |Manganese thiocarbonate | brown Mnclz.hHZD - iQ-
(Mnc53)
PTC added to
12. %:ggst?iocarbanats gigzzsh (Eﬂh)zsgh'Fesuh,matul tartrata
3 2 complex in amme

onical medium
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II - 3 PREPARATION DF METAL SULPHIDES

Matal sulphidaa7 can be prepored by two different ways;
‘Those that can be precipitated from sgquecus medium as thio-
carbonates and then digested to transfer into sulphides and
those that can be directly prepared from acidic medium and
digested to obtain the metal sulphides.

Sulphides of the fomer are T1(I), Pb(II), Co(II), Ni(II),

Mo(IVv), Pt(IV), Pd(II), AU(III), V(V), Te(IV), As(III) and Sb(III).

EXFPERIMENTAL

Raagant

PTC reagent: Aqueous sclution of the PTC((IM) prepared

by direct method was used.

Metal ion soclutions: Anolytical grede recgents of the

salt solution were used in all the preparntions unless other-
wise stated.

Hydrochloric pcid; various concentrations of the acid

were preparad from the stock solution. It was slso prepared

from the enalytical bottle of the reagent.

Procedura
The first set of metal ions were prepared as dzscribed

under the. thiocarbonate mnthod of preparation. The thioccarbonates
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precipiteates were then transferred to a water bath for
digeation for 30 minutes. It was cooled and filtersd and
products kept dried in o vacum desliccator.

For the erz=nd get of metals, PTC was gradunlly added to
thalr metal solutions til)l the precipitation was complete.
The sclution was then transferred into e sizeable flask and
heated over a water bath st EDOC for 20 minutes, Aafter the
digestion, 1t was then removed, cocled end flltered off with
similar washbings with distilled water.

The pruductaB were removed, dried in a vecum desiccator

for 36 hours,
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TABLE Il
PREPARATORY METHDDS FOR METAL  SULPHIDES
ND o compound Colour gult of Metal jakan Ccondition for
: pracipitate
le | Thallous sulphide UarmiliunuTlNU3 Precipltated
T125 from agueous
media qa thi
2+] Lead sulphide red PDND3 thiocarbonates
Fbs and digested
to tranafprm
Lol Nickel sulphide red Ni(mu3)2 D
Nig
9« | zinc sulphide cream Zn(ND3)2 -do=-
ns white
Ce Irnanglphida brown FBSUQ‘(NHQ)ZSDQ‘Gqu -tlo-
7| Silver sulphide hlack AOND 5 ~do-
B« | Copper sulphide black EUSDy, »5H,0 Made acidic
Cus - (pH D7-1.0)
for complete
S Cadmégg sulphide vellow CU(N03)2 precipitation
and dlgesting
10. | Marcury sulphide hlack Hg[;l2 on steam bath
HgSz for half an
11.| etemuth sulphige [black | aiono, hour
81253
12+ | MOlybdenum sulphide{ black (NHQ)ZMﬂUh.12H20 D=
MOS,
13.| Flatimum sulphlde {black ngtﬂls PTC added to
=1 Iy ecid solution
14 Palladii sulphide |black PoCl and digssting
* pog P 2 on water bath
2 for 30 minue-
15, | Gold sulphide brown Hnuclu tesa




condition for

NOe compound Colour | Salt of Metal Teken precipitate
16| vanadim sulphide dark NHQUD3 PTC added to
UESS brown acid solution
and digesting
7. Tal%g;ium sulphide brown KoTe05 on water bath
2 for 30 mine
utes
18.4{ Arsemic sulphide yallow n5203 PTC edded to
25253 hot acid
solution
194 antimony sulphide orange Ksh tartrate -do-

5b253

In all cases the precipitate was collected by filtration

through whatman filter paper No. 40, washed thoroughly with

gdistilled water and then with 20% alcohol.

dried as described and ready for aubi?uent analysis.

They were then
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CHAPTER 1III

DIFFERENTIAL SCANNING CALORIMETRIC (DSC)
N .

PETNL__GULPHIDES

The DSC=2 pifferential Scanning Calorimeter is a
sophisticated instrument for the measurement and character-
ization of the thermal properties of materials. It detects
and record transition such as melting, boiling, dehydration
or crystallization in the sample material,.

Generally the operator, using front panel controls,
brings the average temperature of sample holders to a desired
initial temperature, selects a program rate and programs the
desired change 1n average temperature of the semple holders
to a desired final temperature.

The Instrument has been used to study metal thiccarbonates
and sulphides phase transitions and heat energy invalued when

heated from JZik to Bﬁdh.



N

EXPERIMENTAL

nEEaratua
pifferential Scamning calorimeter, Model pSC-2 made by

perlim Elmer was usede Gold end palumium plates (pans) ware

ugsed to contain samples for the pSC anelysis. High sensitive
eloctric baloance was slso used for weighing samples. Unless
other wisc stated chart speed was 20mm/mine. and heating rate

Zunlmin.
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IIT = 1 SAMPLE PREPARATION

Model pSC=-2 is sultable for analysing both sclid and
liquid samples. Solid samples con be in Film, powder, crystal
br granuler forme |

plthough gquantitative accurscy will remain tho same
regordless of sample shape, the gualitstive appearance of a
run will however be affected by tha sample configurationg
Therefore, for maximum peak sharpness and resolution, a
configuretion which maximizgs the contect surfacs between the
pen and sempls is daairabla.1 This discs or films of sample
or fine granules spread in a thin layer on the pen bottom are
thes best shapes for optimum parformance. | |

| The samples wers dried and finely powderod and then
waighed to fourth decimal place on a sensitive balance. For
the purpose of comparison s contant weight af‘-iiﬁg milligrames
of sach metal thiocoarbonate or metal sulphide were taksene
The sample was aecurely covered and corked with lids using a
crimpere-prass and finally scaled with set of forceps ready
for running. In all cases aluminkﬁ; gold sample pans werg
useds Somples nnalysed with gold pans were Fes, AQZCS3, PbCS3.
MNS . Nic%!,cus' lecsj, Sn5 and PhS white the remaining ones
were analyscd using aluminium, Temperoturs ranges werce st

g8 tha same for both sample pans used.



Procedure Followed

with the pSC-2 model, os with cvery thermal onalyser,
there 1s olways o "trnda-nffﬂz between sample size and scanning
rate whan trying to obtain high sensitivity and peak resolution
in 2 particular analysise This "trade-off" is necessary because
sonsitivity is imposed by using small samples scanned at low
programmo rotes.

Aftar taking care of the above drawback, the somple wes
welghed carefully and scaled in an nlumirdum cor gold plote and
ready for usee The Sample pellet wans now introduced into to
the machine after making necessory ondjustments. Heating rotes,
voltage, control nobs were all observed ond recorded on the
chart paper for each semple. Since cach somple pan, which
contained the substance itself has n range of temperature
within which the transition temperatures occur, it was then
possible to see ond know when all reactions must have been
completeds The machine was switchod off and allowed to cool
to attoin the enviromment tempernturce.

Tha chart which contained the various peeks and lines

wera then removed for analysis and interpretnotions.
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IITI = 2 ANALYSIS AND INTERPRETATION OF DATA

Heating rate of 20%c/min was stable throughout for a
ragulated ronge of the instrument. The ronge wes 10 mcal/sece
sat for a programmer.

The programmer is completely digital, with 30 digital steps
per dngraa.3 The temperatures were alsoc set to a tenth of a
degree on the charte.

when a transition such as melting, boiling, hydration or
crystalization occurs in the sample matorial, an endothermic
or exothermic reaction takes place. The change in power requi=
red to m@intain the sample holder ot the same temperature as
the reference holder (i.e. its programmed temperature) during
tronsition was recorded as o peaks The following could be

computed for from the chart:-

(1) Area of Pomks: This was traced with similar chart paper

and cut out nicely toc represent the area enclosed within the
peake A g Square Inch was cut out from the same chart paper
and weighed easily and then weight-area proportions worked outs
For example one square inch weighed 0.0377 gm, therefore
areas of other pesks could be related and calculated for each

peok or resolution curve of all the substonces sconnede
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(11) Trensition Temperature; It is the temperature which

the sample undergoes change in state. This can be easily
determined by draowing a base line to connect the edges (bottom)
of the peck enclosed therein. For sharpor pnak, a coptrel line
dividing the peak into two was taken as the transition tempera=-
ture and for fairly broad based peaks, interpolation of the
base and peesk was done to get  the transition temperature

podnts

(11i) Tronsition Energy: There always exist an amount of heat

evolued or absorbed, during the cause of scanning, in this
change i Called Transition energye.

The ecnergy of the first transition is directly proportiocnal
to the orea under the tronsition peak. The general formula

connecting these relationships is:-

KXRXA

H =
—wxs v v 0 D

wherg: =

X

= Transition energy in Cals/gm.
= Colibrated instrument constant.
= Range Sensitivity in miliicals/sec-inch.

peak area in square inch.

weight of Sample in milligrams.

n E b =] a =X
I

Recorder chart speed in inch/sec.



Hent trenmsition of indium was taken os standard and used
as refecrence in nll the experiments corried outs It was also
used for determining the instrument constent Ke K was found

= 1,04 for nll p5C-2 experimontse.

(iv) Tronsition Rate: The instantaneous rate of a transition

ns a function of time (isothermal Scan) or temperature (dynamic
Scan) 1is colculated from the equationg-

Trangition rate (Tr) = ﬁ—f-gmf-g oo o (2)

whore;-

Tr = is tor--%ition rate in Cal/g-scc.

¥ = Instrument calibration constont
R = Ranpe sensitivity in mgal/Sec-in.
D = Ordinate displacement in inches.
W = Weicght of sample in milligroms.

The instrument constant K was best determined with the
sapphire standard, in the range required (i.e. 273“H - 7730H)-
The K fector was also celibrated within the range and wes
found to be conste (K = 1406) "

The instrument range was 10my.

chart spced was 20mn./min. = 0.0131 inch/sec.

E- "ing rate was Zﬂﬂ/minu

Since the whole width of the paper was 9 inches. The range



37

- R wag tharefara-gg = 2,22 mfal/eac=-in, 1t was reported (see

I11-1) that all welights used was each 5 milligramg cof samples.
Thereforae, using equations (1) and (2) mbova and with tha ”
'following constants ¥, W, R and S all known, the Transition
engrgy and transitian rates could be calculated for eech
sample,

The constants have the following velues:=

= 104

H

¢ = 5,00 milligrams
R = 2422 mCal/sec-in
S

= [De0131 1nch/sec.

The values of Transition chnergy ( H) in Cal/gram. and
Transition rate in cal/g—aac{ ware computed for and entered
- into the table as shoun. |

pudhl and Co-workers® > have reported similar snergy
valuas of sulphids compounds bafore and mast of the reported
energy velues were in close agreement with those studiced hera,
Those were sulphides preclpitated with hydrogen sulphide and
acdium asulphide, A critical review of the thermal behaviour
of metal sulphides precipltated by different thio-reagents has

. besn glven by Du§611n as well.



TABLE I

PEAK _AREAS AND MEIGHTS OF METAL THIOCARBONATES
AND__GULPHIDES STUDIED _BY  DSC_ ANALYSER

sample Peak Weights Drdinote (D) | Area (R)
(@) (inch.) (50« in.)
Fas 0.0377 2,01 2,0584
!':‘.I"IES3 D.1625 5.71 L.3104
AQyCS4 060771 4.50 2.0451
PbES3 0.0494 0,98 1. 3H04
Mng 0.0651 0.98 1.7268
N'.lES3 D.0L25 110 1.3000
ARG5S+ 0,024 Ry 045676
cos 0.0549 1622 14562
Cus D.0313 0.91 D.B302
Sn5 0.0554 071 1,64L95
NiS DaO656 0.51 1.2096
T12C53 U.00189 130 0.5013
msz Q.0740 Ce95 1.5629
5b253 D.0108 0.39 0.2865
PdS.) 0.0087 D.39 0.2308
EDBSJ 0.0585 1,06 145517
ngﬁ 0.0207 2.76 0.5491
pbg 0.0L461 1.02 142228
812(853)3 0.0217 0.95 0.5756
AULS 0,0243 0.71 0.6446
1.5 0.0167 2421 0.3899
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TABLE I
ENERGY CHARACTERISTICS OF METAL
A ATES AND ! &

— N T T
Fes 564 0,93 72456
ﬁnESJ 430, 700 2464 151.94
AQZCS3 L52 2,07 724590
F‘bCS3 L60 De45 L6420
MnS 415, 480 Oub5 60487
FeC9y— ——ohl;—4598—}——0e51- LSy B2—
RS55S4 710 0.20 20,00
cos 388 D56 51433
cus 590, 702 D.42 29.26
SnS L0S 033 58414
NiCS, 644, 450 0.55 24,96
T12E53 505, 705 0.60 17 .67
WS, 385 DLk 69.19
szs3 505 0.18 10.10
PdS, 710 D.18 68,14
CoCS4 L35 De 49 54,70
AG55 L53 1.28 19.36
Pbs 460 Oe&? 434,10
Eiz(CS3)3 Lub O bls 20429
AULS 5 L96 Oe33 22,72
NiS 522 De24 L2.64
les 494, 718 1.02 13.75




III = 3 DISCUSGION OF RESULTS

A sharp, First corder transition, such as the melting of
o pure moterial is an lsothermal behaviuur.11 Hence since
the temperanture of the somple does not increase during the
tronsltion, the temparaturs of transition 1o that temperaturs
at which the transition is first detected., From values it was
not influanced by varintions in somple slze ns would be the
peck tempsrature,

From table IT it is aleo apporant that the lerger the
peck aren, the greater the ensergy of transltion for axampls
5n853 with a peak area of 4.3104 aquare inches hag a transition
energy of 151.94 €e2lorles whareas A92853 with @ psak area of
2.0451 sguare inches hos o tronsition oneragy of only 72,90
caloriss.

It cen be deduced generally that the metal sulphides nended
grenter energy of transition than metal thiocarbonate$. For .
gxample T12CS3 decomposecd to T125 at 505% and the T123 decomposed
to its oxide at 705K. Pds decomposed to 1ts oxide and finally
to sulphate at ?15?; tlearly showing thet heavy matal sulphides
needed higher energy to decompose than sulphides of lighter
metals (gec teble 11). |

In tebls 1T, colum 2, some of the metal thiocarbonsta
and sulphice have two tranasition temperntures .3 NiCE3 490K

and 644K for the decomposition of thiocarbonate to sulphide
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and finolly to the oxide respectively. Dther metal thipcarbone
etes have only one decompositlion tempercture because the second
sulphicde tramnsition temperature was higher than the maximum

temperature attaineble by the sample pan during ﬂnalyaia;1z
and henca only that of the thiocarbonate decomposition was

obaarved.
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CHAPTER Iv

TGA STUDIES 0OF METAL THIOCARBONATES
AND  SULPHIDEY

IV = 1 T8 METHOD OF ANALYSIS

Thermugranimetric analyails (TGA)e Thermogranimetry is
the science end art of weighing substances while they are
being heateds In the enalysis, these changes in weights ore
meagurad as a functlion of increasing temperature.1 |

Tharmagraﬁﬁmetrq, 1ikc other thermal methods that
gncorporate this definition, provide information releting to

certoin physical and chemlcal phenomens thus:-

physical phenomena ‘ Chomicol phonomena

Crystollinc transltion Chemisorption

Fusion Desolvation
veporation ~ Oecomposition
sublimation . Dxidation/reduction
Absorption

posorption,
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The basle instrumental requiraﬁants for tharmograuimefric
onalygls are o preclsion bolance end a furnace that s programmed
for a linear rise of tempernture with timu.z }

nlthough information cean be obtalned by carrying out the
weighing operotions menually, nowadaye @uitcmatic recording
of the weight and temperature aore wsuanl. This ensures that
no featurge of the welight loss-tempernturs curve ore overlooked.

The reaults from 8 thermogrovimetric run may be proscnted
by e

(1) uwelght (corrected welght) versus temperaturs
(or time) curve referred to as thermogronimotric curve.
(ii1) Ratc of loss of uaight'xgzggg temperature curve,

referred to o8 thg differesntinl thgrmogrevimetric curve,
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IV = 2 FACTORS NFFECTING THERMOGRAVIMETRIC ANALYSES

TGA curves may be influenced by two groups of factorse
These are the instrumentnl factors ond the sample charoctoris-

tics fnctnra.3

(1) 1Instrumental fectors;=- These include the furnace

geometry, henting rate, its atmogsphere type “nd conditionse

rnlao the effect of sample holder, geometry, size and compositions.
under this foctor, others like sample holders thermal charac-
teristics ond whether the holder is open or loosecly covered 2lsco
nffect the analysis. To an extent rondom fluctrations in

balance and recording mechanisms affect the gencral procedure

of exporiments.

(1i) Gomple Characteristics:- These include its form,

nature, size, volume particle size and distribution. Similoriy
its packing density, thermal conductivity, heat capacity end
the sclubility of ges in sample will have to be taken into
conslderation. Also heat of resctions aond speed of the reactions
in general offect the valucs.

"Stanton® Thermobalence is one of the TGA machines recantly
made to overcome nll these short comings listed above.

Stanton thermcbolance is located in the MJSc. laboratory

of Chamistry Department, ahmadu 8ello !'.lversity, zoria,



IV =3 (a) THE SFMPLE

The nctual semple weight selected for a particular
thermobalance depends to some extent upen the nctual figures
loss to be expectede The following figures are given for
guidonce wherz o weight loss of betweoen 25 and 100% is
uxpactad:h'5
For a milligrem model thermobalance o somple weight of

500 - 1000 mge is usunl.

For o fifth milligrom model thermomlanco o sample

weight of 50 - 100 mge is usuel.

"Stonton® Thermobolance is suitoble for a Fifth milligrom
model typee ieee 100 - 200 mg. Bccomodative for all experimentse
The semple should be firmely ground (200 mesh) ond completely

dried for clearer resolutions.

present Studies

Johri and cu-uurkaraﬁ carried out thermal studies of some
metel thiocorbonates and sulphides precipitoted with pPTC by
thermogravimetric method.

Toimni ond Co=workers —° earlier studied thermal behsvior
of sulphides precipitoted with olkali sulphides.

In the present study, attempt hns becn made to study the

remaining thiocarbonotes and sulphides by the TGA Mcthcd.1n
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_ . R o
The following campbunda have baén studied: Thalliﬁmléﬁlphida,
Ferrous sulphids, lead sulphide, silver thiocarbonate, 2inc
sulphide, Manoaness thiocarbonnte ond Nickel sulphlde.

The widest application of thermogravimetric analysis
lies in inveetignting annlyticsl procedures for determining
sultable and stable weighing compound forms of elaments withe
in specified limits of tempernturc, The moin a2dm of undertoking
such study is to nbtain Information relating to the decomposition
with respect to sample weight as 1t is subjected to heote The
curve should be constructcd as plot of weight agalnst temperae
ture.

with the present study, the dotn would determine the anme
ranges of differant temporotures for the different stages, |
daviations from stoichiometric compositions, ond modo of
transferention of metal sulphides or thiocarbonetes to sulphide,

aulphate ond oxide form wlth rise in tamperatura.11|




IV =4 (bg TGA srugggg OF _T1.5, FeS, PbS, Ag, CS4 ZnS,
MnCG, an -

EXPERIMENTAL

Renganta

M potassium thioccorbonate rengent prepared by the

12

mocdified direct method was used as a stock solution and

its working solutions obtained by suitoble dilutions.

Metal Sclutions: nll the metal ion solutions were prepored

from the salts of anolytical grode rengentse

nEEaratua: Stanton's Model - 1 thermobalonce installed at
the peportment of chemistry, nhmadu Bello university, zaria

was used in running noll the samples.

Procedurc
The precipitate of metal thiocarbonates and sulphides were

13 described in tmebles

prepared in accordance with the procedure
1 and 2 in chapter Iy.

The metal thiocarbonates end sulpbides were uscd for the
investigations on thc vStantont's" thermobalance. The thermal
analyser uscs thermocomples of Pt - Pt/Rh, and platinum crucible

was used for holding samplee All investigetions were corried

out in air atmosphere.
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The platinum crucible was heated to 10003 and cooled
before putting the sample in it. The crucible wrs weighed
pefore and ofter tronsfering the somples The semples should
be finely ground, and should be oble to paoss a 100 mesh (l.Ce
smaller than 150:).

The sample wns then odded to the crucible and then lightly
tapped to ensure even settling and reweighed within specified
limitses It was then transferred and placed securely in the
heating chamber of the TGA machinc.

rl1l nccessary adjustments mede ond the heanting started
till whon all the expocted reaoctions must have token place.
Thermogravimatric curves showing the changes in weight against

tempernturecs were simultancously recorded.
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IV . 5 RESULTS PND DISCUSSION LY A

(a) The Thermongravimetric data were then collected and
corm sponding change in weight for short temperoture Intervals
of 1DGUE were recordad for eoch experiments. [ geroph of chango
in weights versus temparcture wi3s plotted to show the general
behoviour of the somple when sudjected to continucus henting
in the furnace of the TG maching. _ -f %L'

(b) Thnrmograuimétric baﬁauiaurg R !“

Thallum sulphicde (les): _There wns no approciable change

in woight between SO - 150°g. nt 15090 there was o shorp
fecrease in weilght duc to oxlidation of the sulphide %o ita
oxides nt BGUDC, a combination of mixed oxides of thallum
storted tu goim weight steadily till 690°C whers o1l the mixed

compoundg remainad stnbla.1h e . _

Ferrxous sulphide (Fe3): No sign of luss of moisture and

height up to 2s0c, It decomposed and lost wpight stendily

t111 at 450°C. nt 450°C the hot iron starting being oxidised
to its vorious forms of oxides nnd hence o steady imcrense in
weight t1ll ot 650°C where it remnined stoble. (Sce flge To)

ailver thioearbonate (ng,CS;): Showed e conspicuous stability

ffﬂ to hoat from 50 - 330°C.  The thlocarbonate lost corbonciisulphicde
at 33008 ond decomposer] gracdunlly to various oxides of silver.

These mixed oxidos remainad stable betwsan toemperaturus of hUDUc
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and 600°C. There was further oxidation to sulphate and other

forms of oxides upto 700 showing appreciable increase in weight.

zinc Sulphide (Zn5): There was alsp a gradual loss in

weight due to decomposition of the sulphide at 300°c. There
wag an increase in weight due to the oxidation of the zinc to
its sulphate and other forms of oxides which represented the

ateady rise of the curve from 300%¢ to 700°%.

Manganese thiocarbonate (MNCS3): Like all other thiocarbon-

ates, manganese thiocarbonate lost weight gradually up to 1DU°C
due to adherent moisture. The thiocarbonate also lost carbone
disulphide due to its decomposition at 400°C.

The manganese sulphide then started being oxidized at
400%c to manganese sulphate and other oxides of manganese.
These contributed to the sharp rise in the curve from 550°C to

620° as claimed by Terem and aklam, '~

nNickel Sulphide (NiS5): It was very stable up to 50°C but

started decomposing at 50°c to nickel oxide at 150°C. The sharp
decrease in gradient could also be attributed to loss of moisture
before real decomposition temperature. The compound continued
losing weight after remaining stable within the region of 150 =
350°C and ultimately the oxides gained weight due to their
coersion to sulphate at 650°c and hence gteady increese in

weight from 500°c to BSUDE. Similar studies reported by pemagsisux

and Malard.16
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" EHAPTER WV

DTA STUDIES OF METAL THINCARBONATES
AND  SULPHINES

V=1 DTA METHOD DF ANALYSIY

Differentinl thermal analysis (commonly abbreviatod to
pTRY Is a technique of rocording the differance in temperature
between o substance and a referance material as the two specimens
are subjocted toc identicnl temperaturo reglmes 1In an anvironment

- |
heatsd or cooled at a controled ratg.z _ |-

Like all thermal methods, DTA pives a uariationjuf different
peaks on the curves and it is these peaks that are the primory
valug of thz method. It has bgen observed thot a ayéetical
peak vields shape ratio of unity whersas lower or higher valugs
indicate lncreasing assymetry in sithor directinn.3 |

Throughout this study great core wes taken both with the
epparatus and with the experimental techique employved so as to
select conditions lemading to o basellne with T = 0, It has to
bae ciaar too that the amount of heat supplied by tha|enurc9 to

thae somple is greater than that supplied to the reference in
o , N
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endothermic roaction. Aand ‘corverscly the amount of heet supp
suppliud to the sample from the source is luss than that
supplied to the reference material over the wholo range of
an endothermic poak. |

faeflections of transformations 1n any pTA curve are
ﬁrnadly of fime clasaea.h’s These are pheag transltiom, solid
state reaction, docompusition, reaction with en active gas

{surface reaction) and sccond order tramsitions (a change in
gntropy without 8 change in enthalpy). i

In all forms of cleasos, peak areas are choracteristic
of coch and is independent of heating rate, the rate at which
tha recction takes place, and the specific heat of the somple.
1t however, depends orn heat of reaction per unit volume of the
sample, conductivities of the meterials in the furrneo and

sample and heat transfor coefficient between holder and

furrace mall.e ;

present Studiecs : _ i_:_
|

In the pnst majority of the pTA invastigotions have been

corricd out in static eir atmuaphere.e This technigquo is now
consldercad very important cspecially in phasc study of chemical
substoncag,e _ o

Thera hosa bean no reported work on DTA studies on thio-

carbonates and sulphides precipltated with PTC; whereas studlas



on sulphides precipitated with reagsnts othor than thiccarbone

ates have bgen reported Bﬂrligr.7_g Ly

DTA study on sulphides wes olso reportod by Hiller10 and

probbathain, They reproduced curves of the sulphide compounds

Simllor studlics by Brnunall,11 Hopp12 and Herr12, and

3

wsing on lpert otmosphorc.

Erdg1 et al. on sulphides of iron, nickel, cobmlt and zinc

were undertakon.
pDwing to tremendous analyticel impnrtﬁnce of i’-'T[.‘.‘“‘"‘IF,""6

nttempt hag therefore been mede to carry cut pifferentiesl

. therenl studies of various metnl thiucarbaqates end sulphides

precipltatcd with PTC rodgent,.



57

U - 2 DTA STUDIES OF 72NCS., MNE51; POCS.,, Fe5, Pth! TEED!
§I2 132 PEEa and_Gby; 33

EXPERIMENTAL . o : B s o ;!'

Aeagents:- Aqueous solution of potasaium thiocarbonate
prepared by tha modiflied direct method was used as a8 stock
solution and 1ts mworking solutiong were obtained by suitable
dilutiona, The metzl ion solutions were prepared by dissclving
analytical grade salts (pnalar) in distilled water. SGimilarly
all other chemicals used were of analytical grade. (sea Table
I and IT). y
Apparatus;-= A derivatograph mede by MOM 8udapest, Humgary in
the pepertment of Geology, Abmadu Aello University, Zaria was
used at a regulated speed of 1DGB/S£gT'ﬁnd a chart speed of

2 Cm/minute at a regulated voltage of 10 my,

orocesurs . . i o

A welghed sample of dried metal thlocarbonats/sulphide
EEUD-BDD)mg) wag transferrsd top a crucible freshly tored after
A0 -5ty
heating and subsguently stored in o dessicator, Tho sample
. D }’f‘}“&&-
was then subjected toc a heating rate of 10°C per socemd in an
atmosphere of Bir, The data were collescted for @ range of
temperaturss up to 1UGDnc. The date collected, values corrected
for bucyancy, were used for plotting different points of the
original graph on X and ¥ axes. That ls change in temperoture

A versus temperature T. (aeo Fige T = III).
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V=3 RESULTS AND DISCUSSION

The pnta collected from this analysis were plotted as
shown in fige I = 1II. The curves characteristics can be

sunmnrizod as ghown in the table belows.

TABLE 1

DTA RESLLTS FOR METAL THIDCARBONATES AND SULPHIDES

h
ourv CENLE Tr:n:?giun Diaagciatiun Maéting
C C
%
A anS3 175 285 625
B MNCS 5 140 600 750
C Fes 750 775
D Ptsz 100 225 750
E PbCﬁ3 300 530 915
F Tes, 530 750
G 81253 370 825
H Pd52 840
I Gb2ﬂ3 300 375 835

Zinc Thiocarbonate (ZnCS3)- Showed a phﬁBE(1) transition

at 17508 after loosing some adherent moisture. It dissocintedet 285 ¢
and maintained a steady temperature up to 640°C where it started

melting.
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Manganesa Thiocarbonate (MnCS3): Lost moisture and wed=t

unlétile material betwsaen 30 and 150DE. It decomposed to glve
the matal sulpbide which was atable up to c00c. The mixtura
of mangonese oxide, monganese sulphide end sulphote steodlly

decomposod and melted ot 750°C. _

tsad Thlocarbongta (PbES3): Showed a stable characteristics

till the thiccorbonatae decomposcd to give the sulphide at LSDDE
glving an endothermic broad peak. The a@ﬁand pesk ot 900°¢;
showed diffarant phase translitiaon which 1s characteristie of
most thilocarbonates nt higher heating rates to show metasstable

sompounds of unknown stoichiometiry.

Tron Sulphide (FoS): Showed a stable behaviour up to

770°C where 1t decomposed to iron oxide. The endothermic pesk
nt 77D°c served as both the dlssoclation and melting tempereturce
There wos 8 possibility of praesunce of heaWior iron oxide which
had helped to roise the melting point tempersture higher and
a partlal increcase in weight.

.

plotinum Sulphide (PtS,): The endothermic peak at 150 *C.

was due to loss of adherent molsture and there was no further
appreclable change in composition till it finelly meltod at

) . - :-:j::; . |
about 750°C,
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Tellurium Sulphide (TeS,): It lost moisture and valatile

products upto 220°Cc. The little endothermic poak at 525°C

shows decomposition of the compound which npparently became
mixed with tellurium oxide and melted nt 750°C. Bismuth sulphide
(61253)1 little work nppears to have been done on the DTA aof
bismuth compounds. But decomposition studies of its salts

like the carbonates have been underteken by 5hargorodskii and
Shor (1954).

The large endothermic penk exhibited by its sulphide at
360°C showed bismuth has a wide variable decomposition points
when part of the water of hydration was removede The temperoe
ture of the second peok nearly corresponded with the sulphide
preparcd from its thlocarbonate and consequently melting point

of the sulphide BZSDC also coincided with the litorature valua,

Palladium Sulphids (PdS,): It showed little or no water

of hydrotion upto 750°C where it finally melted and mointained

a constant stable tempcrature. A

amtimony Sulphide (ﬁbzsg): 1t loet moisturc ond velotile

m-torlnl ot 195°C to éiua an endethermic peok ot 300°; which wos
duo to tho solphide deocsmpoaitions This olsa majotoinad
a constant temperature duc to formation of its other allotropes

ond oxides till at BBUDE the mixture decomposed ond melted.
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