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Syn the sis of New Re agent 2-Acetylthiophenethiocynate and its Use in
Extractionof Pt(IV) Spectrophotometrically

Avinash Baliram Chaudhary, Nirupa Shrinivasan and Rama Sadashiv Lokhande*
Department of Chem is try, Uni ver sity of Mumbai, Vidyanagari, Santacruz (E), Kalina,
Mumbai - 400 078, In dia

2-Acetyl thiophenethiocynate (ATT) wassynthesized anditschar acter ization study wascar ried out usng
el emental anal y sis, IRand NM R tech niques. Thenew reagent waspro posed asan extractant for thedevel op-
ment of theex tractivespectro photometricmethodfor deter mi nationof Pt(1VV) metal. The reagentcomplexes
with the metal to pro duce ayel low col ored com plex which wasthen ex tracted into ethyl ac etate at pH
11.2-11.6 havinganab sorptionmax imaat 400 nm. Thether mal study showedthat theex tractionreactionsare
exother micinnaturewith thereagent, and the stoichiometric ratio of Pt(IV) to 2-acetyl thiophenethiocynate
intheor ganicphasewas1:2. Themethod per mitsseparationanddeter mi nationof plati num from real and bi-
nary mix tures. Theseparationof Pt(1V) frombi valent metal ionshasbeenalsostudied.

INTRODUCTION

Organosulfur com poundsareclassi fied as soft bases,
which pref er entially react with soft acid met a's, like Pt(1V),
Pd(I1), Au(l1l),and Ag(l) ac cording to Pearsen’ sSHSAB prin-
ci ple. When dialkalysulfides and the corresponding sul -
oxidesareem ployed for noblemet als, ex trac tions showed"
sul fidesto be su perior to sulfoxides. Onanin dustrial scale
(INCO) Pt(1V) wasex tracted by dialkyl sul fides.? Thedi rect
ex trac tion of Pt(1V) was found to be very poor with 2-ethyl
hexyl phosphonic acid mono-2-ethylhexy! es ter (PC-88A),2
triphenyl phos phine (TPP),*deriv ativesof thiourea, > and
dithizone,”® in CCl ,from chlo ridemedia, and waspossi ble
only af ter reductionof Pt(IV) to Pt(11) by stannouschloride.’
Theextractionof plati num(lV)andpal ladium(l1) wasstudied
with amines,'® diamines,™ and TOA; 2 while TOA is used on
anindustrial scale, theseall suf fer from long equi lib rium
time. The novel extractant, 3,3-diethylthietane (DETE)™®
could not giveaquanti tativeex traction of Pt(1V) from chlo-
ridemedia. Thederiv ativesof calix[4] arene™ are also used as
phasetransfer reagentsfor ex tractionof Pt(1V) fromchloride
media.

Theex tractionwith TOPO®™ from chlo ride me diahas
also been reported. Sev eral ox imes, semicarbazones and
thiosemicarbazones have been re ported which form com
plexeswithmet alsand arefound useful incommer cial ap pli-
cations.’® These types of re agents have been used to find out
guanti tatively theper cent ageof composi tioninbi nary mix-

turesand fromreal sam ples. Thesere agentsex tract themetal
through the sol vation method. How ever therehasbeenlittle
doneonex ploringthepossi bil ity of usingthiocynatederiv a
tivesasextractants. Thethinlayer chromato graphicand elec
tro pho retic study of the chlorothiocynato com plex of plat i
numisreported.*’ The mix ture of thiocynate and rhodamine
6Gwasusedto carry out spectrophotometricdeter mi nation
of plati num(1V) inmi cro amounts® Ex tractivespectropho
tometricdeter mi nation of noblemet alshasbeendescribed
ear lier; how ever themethod adopted re quire sev eral ex trac-
tion stagesfor quantitve ex traction of plat i num(1V). Tode-
velop amoreef fectivemethod, by ex tractive spectrophoto
metricdeter mi nationof plati num(IV),itsappli cationinvar
ouscommer cial samplesiscarriedout.

Inthiscommuni cationwepresentsynthesisofanew re-
agent and method for ex trac tion of Pt(1V) from ague ous me-
diaataparticular pHinthepresenceof vari ousmet alsusing
2-acetyl thiophenethiocynate (ATT) as an extractant in ethyl
acetateusing aUV-spectrophotometer at 400 nm.

EXPERIMENTAL

Equipment

Absorbance and pH measure mentswere car ried out on
a Shimadzu UV visi ble 2100 spectrophotometer with 1 cm
quartz cellsand aControl Dy namicdigi tal pH meter with
combinedglasselectrode, respectively.

* Cor responding author. E-mail: |okhanders@yahoo.com
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Synthesis of Ligand

Themodi fiedsynthesisprocedurefor preparationof
thiocynateispro posed. There agent 2-acetyl thiophenethio-
cynate (ATT) wasprepared ac cordingtoamod i fied pro ce-
dure, whichisdescribedinVogel 1°

2-Acetyl thiophenethiocynate (ATT) wassyn thesised
as follows. In the first step the bromination of 2-acetyl
thiophenewascar ried out tak ing an equimol ar con centration
and sol vent asglacial acetic acid and the bro minewasadded
dropwise for an hour at 4 °C and then stirred for three hours
foritscompletereaction. Thereactionmix turewasdecom-
posed on ice and then the prod uct was sep arated with ethyl
acetateby aseparating funnel and then pro cessed. Theethyl
acetate was distilled out under vaccum leaving the bro-
minated com pound which was stirred with potassium thio-
cynate(ratio 1:2) tak ing sol vent asDM SO at room tem per a-
turefor 8 hrs. Thereac tion mix ture was de com posed onice
and theyel low solid which sep arated out wasrecrystallised
and used for fur ther studies. Them.p. re corded was 97 °C.
Thechar acterization of theprod uct wascar ried out with the
help of IR which shows stretching of C=0 at 1640 and
stretch ing of SCN at 2020, NMR in CDCl ; which showsd 4.5
(2H, s, -CH>-); d 7.0-7.33 (1H, t, H4); d 7.66-8.0 (2H, m, Hs
and Hs) and el emental anal y sisrecorded wasC, 45.88; H,
5.88; N, 16.33; O, 12.44%. Theyield of the prod uct re corded

wasvery low i.e 22.38%.
CH3COOH “ II
—_—
s COCHBr

I+ e
s OCH3
DMSO | |

2-ACETYL THIOPHENE
KSCN

s OCHSCN
2-ACETYL THIOPHENE THIOCYNATE
(ATT)

General Procedure

Extractionex peri mentswereper formedby shakingthe
appropri ateor ganicand agueoussolutionatan O/A phasera
tioof 1for 10 min. Thedistri bution stud ieswerecar ried out
at 25°C, ex ceptfor theef fect of tem per ature. Theini tial con-
centration of Pt(1V) wasmain tained at 50ng through out the
ex peri ment The ATT extractant formed acom plex with plat i-
num(lV), wastransferredintoaseparatingfunnel, extracted
inethyl acetate(2” 5mL) and transferred to a10 mL vol u-
met ric flask with some amount of so dium sul fatein or der to
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ab sorbtraceamountsof water. Theamount of plati num metal
presentintheor ganic phasewasdeter mined quanti tatively
by U.V. spectrophotometry. Thedistri butioncoef fi cient, D,

wascal culated astheratio of the Pt(IV) inthe or ganic phase
tothat of theaque ousphase. Tripli cateex peri mentsand as
sayswereroutinely per formed. Ingen eral, D had astan dard

devi ationof+ 5%. Theuncer tainty inter val washigher for the
very high (D > 100) or very low (D < 0.01) D val ues. Thede-
ter mi nation of plati num(1V) intheor ganic phasewascal cu
lated by tak ing absorbanceat 400nmspectrophotometri cally

and that in ague ouswas deter mined by aknown method.

Reagents

Thestock solutionof plati num(lV) waspre pared by
dissolv ing 0.10 g of hexachloroplatinic acid in 100 mL dis-
tilledwater. Thesolutionwasstan dardized® and awork ing
solution of lower con centrationwasob tained by suit abledi
lution. 2-Acetyl thiophenethiocynate (ATT) dissolved in
meth anol wasused asextractant. A 0.1% solution of 2-Acetyl
thiophenethiocynate(ATT) wasusedfor spectrophotometric
deter mi nationof plati num(V). All theother chemi calsused
wereof analyti cal reagentgrade.

RESULTS AND DISCUSSION

Extraction as the function of pH

Inordertoobtaintheopti mumextractionconditionsfor
plati num(lV)theextractionwascarriedoutatvari ouspH val
ues (2.0-12.0) (seeFig. 1) using 0.1 M hy drochloricacid or
0.1M sodiumhy droxidesolution. Theconcentrationof plat
num(1V) (50 ng) was taken in ag. phase and to it 2.0 mL of
ATT (0.1%) was added. The pres ence of plat i num(lIV) in
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Fig. 1. Percentage extraction of complex of Pt(1V)
withATT inethyl acetateat dif fer ent pH.
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agueous phaseat dif fer ent pH wasstud ied by the stan dard
method and was found that in the pH 11.2-11.6 range the
presenceof plati num(IV) wasleast. It wasob served that 0.5
mL of 0.1% ATT dissolvedin methanol quanti tatively ex-
tractsplat i numfromagueoussolutionat pH 11.2-11.6. Itis
pro posed that theni tro gen of thethiocynatefunctional group
and sul phur of thiopheneinal kalinemediumhelpsinex tract-
ingplati num(I'V) metal ionsfromanagueousmedium.

Effect of equi lib rium time

Theinfluence of shak ing timefor the ex trac tion of
Pt(IV) wasstudied for 30 sto 120 s. Thequanti tativeex trac-
tion of Pt(1V) wasachieved af ter 60 swith ATT. With fur ther
increaseinshak ingtime, theper centageextractionremained
guanti tative. Thestabil ity of thecom plex wasstudied asa
func tion of time and found that the com plex was sta ble for
72.0h.

Influence of diluents

Thesuitabil ity of thedil uentswasinvesti gated using
organic solvents such as chloroform, ethyl acetate, ethyl
methy| ketone, methy! i sobutylketone, n-butanol, car bon tet-
rachloride, toluene, and hexane. The extraction of plati-
num(lV) was quan ti tative with ATT when both were dis-
solvedinagqueoussolutiontakingethyl acetateasdil uent (see
Tablel). Ethyl acetatewasusedfor fur ther extractionstudies
asit gavebetter and quicker phasesep aration. Theex traction
of Pt-ATT com plex from aque ousmediainto ethyl ac etate
wasmax i mum (up to 99.0%) than the other or ganic sol vents.
So ethyl ac etatewascho senasan ex tract ing sol vent for fur-
ther studies.

The influence of temperature
Theex traction study of Pt(IV) wasper formed at dif fer-

3.3 Slope = 0.3502
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Fig. 2. Effectof temper atureonextractionof Pt(1V)
withATT inethyl acetatefrom aqueousmedia.
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Table 1. Distribution Coefficient of P:ATT Complex in Various

Organic Solvents

Solvent % E D
Chloroform 25.0 0.333
n-Butanol 10.0 0.111
Toluene 0.00 0.00
Carbontetrachloride 0.00 0.00
Ethyl methyl ketone 45.0 0.818
Ethyl acetate 99.9 999
Hexane 0.00 0.00
Methyl isobutylketone 62.0 1.631

ent tem per aturesfrom 303 K to 333 K and it was found that
theex traction of plati numdecreasesasthetem per aturein
creases. The plotsof log D against /T~ 1000 (K) are shown
inFig. 2. TheDH (change of enthal py) are-6.565 kJmol ™ for
ATTrespectivelyindi catingexothermicreaction.

Effectofreagentcon cen tration

Variousvol umesof 0.1% reagent so lution were added
tothesamplesolutioncontaining0.5mL of plati num (stock
solution0.1 mg/mL) at therespectivepH val ues. Theabsorb
ancesre mained con stant when thevol ume of there agent so-
[ution used was morethan 0.5mL. Therefore0.5mL of 0.1%
con cen tration of the re agent was suf fi cient for com plete
guanti tativeex tractionof theplati nummetal ionpresentin
theagueousphase. Theratioof [ATT]/[Pt(IV)] was10:1.

Ef fect of salt ing out agents

Thepresenceof 0.1 M ni tratesaltsof al kali andal kaline
met alssuch asNa, K, Mg, Ca, and Ba does not show any im-
prove ment over the absorbance value of PEATT ex tract (see
Table2).

Nature of extracted species
Thenatureof ex tracted spe cieswasascer tained from
the plot of log D vslog R from aque ous me diaFig. 3, where

Table 2. Effect of Sdting out Agent on PLATT Complex
Nitrate sdts

Absorbance a 400 nm

-- 0.312
Barium 0.312
Cdcium 0.312
Potassium 0.312
Magnesium 0.312
Sodium 0.312
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log D isthedistri butioncoef fi cient of thecom plex andlog R
isthe con cen tration of re agent. The slope of the graph is
2.1409 for ATT. Thusthe stoichiometry ratio of metal to re-
agent wasfound to be 1:2 with there agent. The com plex for-
mationisthroughion pair mech anism. The prob ablestruc-
tureof Pt(1V) and ATT is pro posed and the lone pair of elec-
tronson ni trogen of the—SCN group and sul phur of thiophene
play impor tantrolesincomplex for mation.

o)
7 .
. < )\\ C-CHxS-C =N

Pt

+4

Beer’s law and sensitivity

A cal i bration graph for thesemet alswascon structed
under optimum conditions. The graph obeys Beer's law
5-120 nygfor plati num. Themolar ab sorptivi ty and sandell
sensitivity werecal culatedtobe0.41” 10* L mol ™ cm® and
0.026 g cm 2, respectively.

Siope = 2.1409
R?=0.9881 .
05 1
o
] . . . , . . . —0 @
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LogR
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Fig. 3. Stoichiometricratio of metal to re agent com-
plex of Pt(IV) with ATT in ethyl ac e tate from
aqueousmedia.

Chaudhary et al.

Table 4. Binary Separation of Pt(IV) with ATT in Ethyl Acetate
from Aqueous Media

Platinum found (ppm)

Binary mixture

Metal taken (ppm) Present method Standard method
Pt (5) + Mo (5) 4.98 5.01
Pt (4) + Cr (6) 4.01 5.9
Pt(6) +V (4) 5.99 4.01
Pt (5) + Zr (5) 4.98 5.00

Each reault isthe average of three independent experi ments

Influence of diverse ions on percentage extraction of
Pt(IV)

Varying amounts of for eignionswere added in afixed
amount (100 ng) of plati num(1V) tostudy theinter fer encein
therecommendedextractionandsubsequent deter mi nation
pro cedure. Thetol er ancelimit was set at the amount of for-
eignionsrequiredto cause+ 1.0%er rorintherecommended
procedure. Theresultsarereportedin Table3.

Separation of Pt(IV) from other pre cious metal ions
Theproposed methodfacil i tatesseparationof plat i
num(l1V) from its binary binary mixture with molybde
num(l1), chromium(ll), zir conium(ll), and vanadium(V).
Thesemetal ionsdo not ex tract and remain quanti tatively in
theagueousphaseunder theopti mumextractioncondi tions

Table5. Masking Agents Required to Suppress the Interference
of Foreign lons

Sr.No Interfering lon Masking Agents Added
1 Cu(Il), Ni(I1) Sodium thi osu phate

2 Pd(11) Thiourea

3 Fe(lll) Thiourea

4 Ce(1V), U(VI) Sodium fluoride

5 Cr(l11) Ammonium acetate

Table 3. Effect of Diverse lonson Percentage Extraction of Pt(IV) with ATT in Ethyl Acetate from AqueousMedia Pt(IV) =100 ng

Foreignion Amount tolerablein mg Foreignion
Li(1), Na(l), K(1) 25 F,Br, I
call) 25 NO,, NOy
Mn(l1) 10 ClOs, 105
Ba(ll) 10 BrOy

() 25 S0,
Tatarate 10 S,05°

Amount tolerableinmg  Foreignion ~ Amount tolerable in mg
10 Acetae 10
10 Cl', 80,2 25
10 Cynate 10
10 AN 10
10 Bi(l11) 10

10 D 10
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Table 6. Determination of Pt(IV) from Rea Samples

Standard samples % Present % Found % Recovery R.SD
Ciglatin 65.0% 64.89% 99.83% 0.0408
Pt-wire 99.90% 99.81% 99.90% 0.0407

Each result is the average of three i ndependent experiments.

of plati num(1V) withtheATT systemfacilitatingseparation
of bi valent plati numquanti tatively by the pro posed method;
theresultsarein Table4. Theef fect of somecom montran si-
tionmetal ionswasstudied andtheir inter fer encewasmasked
by using proper mask ing agents (see Table5). It was ob-
served that the Zn(11), Zr(11), Th(IV), Ag(l) metal ionsdo not
interfereintheprocessof extraction.
Theproposedmethodalsofacil i tatesdeter miningplati-
num(lV) fromplati numwireandcisplatininjection (see Ta-
ble6). The con fi dencelimit for 95% was cal cu lated and for
cisplatin it was+0.06% andfor plat i numwirex 0.1%.

CONCLUSION

Theresultsobtained show that newly synthesised ATT
inethyl ac etate can beef fectively used for quanti tativeex-
tractionof Pt(1V) fromagueousmedia. Thepro posed method
isquick and re quiresless amount of or ganic sol vent. There
arevery few reagentswhich ex tract Pt(1V) from agque ous me-
diawhich do not re quire the use of SnCl.. Theequi librium
timerequiredisvery short, i.e.only 1 min. andthecomplexis
stablefor 72 hrs. The method has ade tect able range from
5-120 ng for plat i num. There sults show good agree ment
withthe stan dard method. The methodisvery precise.
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Nomenclature:
D=Distributionratio.
%R =Percentagerecov ery.
ag. = Aqueousphase.
org.=Or ganicphase.
s=Second.
h=Hours
<Subscripts>
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