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FOREWORD

The Subcommittee on Radlochemistry is one of a number of
subcommittees working under the Committee on Nuclear Science
within the National Academy of Sciences - National Research
Council. Its members represent government, industrial, and
university laboratories in the areas of nuclear chemistry and
analytical chemistry,

The Subcommittee has concerned 1tself with those areas of
nuclear sclence which involve the chemist, such as the collec-
tlon and distribution of radiochemical procedures, the estab-
lishment of specifications for radiochemically pure reagents,
avallability of cyclotron time for service irradiations, the
place of radiochemistry in the undergraduate college program,
ete.

This serles of monographs has grown out of the need for
up-to-date compilations of radiochemical information and pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maximum use to the working scilentist and
which contains the latest availlable information. Each mono-
graph collects in one volume the pertinent information reguired
for radiochemical work with an individual element or a group of
closely related elements.

An expert in the radiochemistry of the particular element
has written the monograph, following a standard format developed
by the Subcommittee. The Atomlc Energy Commission has sponsored
the printing of the seriles,

The Subcommittee is confident these publicatlons will be
useful not only to the radiochemlst but also to the research
worker in other fields such as physlcs, blochemistry or medlcine
who wishes to use radiochemical techniques to solve a specific
problem.

W. Wayne Meinke, Chairman
Subcommittee on Radliochemistry
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INTRODUCTION

This volume which deals with the radlochemistry of platinum
18 one of a Berles of monographs on radlochemlstry of the elements.
There i1s Included a review of the nuclear and chemlcal features
of partlcular linterest to the radlochemist, a discusslon of prob-
lems of dissolutlion of a sample and countlng technliques, and -
finally, a collectlon of radlochemlcal procedures for the element

" as found 1n the literature.

The serles of monographs wlll cover all elements for which
radiochemical procedures are pertinent. Plans include revision
of the monograph perlodically as new techniques and procedures
warrant. The reader 1s therefore encouraged to call to the
attentlon of the author any publlshed or unpublished material on
the radiochemistry’of platinum which might be included in a revised
version of the monograph.
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The Radiochemistry of Platinum

G. W. LEDDICOTTE*
Oak Ridge National Laboratory
Oak Ridge, Tennessee

1. GENERAL REFERENCES ON THE INORGANIC AND ANALYTICAL CHEMISTRY OF PLATINUM

S8idgwick, N. V., The Chemicel Elements and Their Compounds, pp. 1454
1626, Oxford University Press, london, 1950.

Kleinberg, J., Argersinger, W. J., Jr., and Griswold, E,, Inorganic
Chemistry, pp. 581-588, Heath, Burton (1960).

Remy, H., Treatise on Inor c Chemistr[, Voiume I, pp. 342-351,
Elsevier, Amsterdam (19506) : ’ R

Beamish, F. E., "A Critical Review of Methods For Isolating and Separa-
ting The Six Platinum Metals," Talanta 5, p. 1-~35:(1960) .-

“‘Scott, W. W., Standard Methods of Chemical Ama.lxsis, Volume I,
pp 712 -728, Va.n Nostrand, New York, 1939

Hillebrend, W. F., Lundell, G. E. F., Bright, H. A., and Hoffma.n, Jd. I 2
"~ Applied ]hggg.nic Analysis, John Wiley, New York, 1953

Rodden, C. J., Analytical Chemistry of the Manhattan Project, Tp. 3-159,
483 and 491-493, McGraw-Hill, New York (1950). o
II. THE RADTOACTIVE NUCLIDES OF PLATINUM
The radionuclides of platimum that are of interest in the radlochemistry
of platinum are given.in Teble I. -This table has been completed from informa-

tion appearing in reports ﬁy Strominger, et a.l(l) end by Hughes and Harvey.('g)

*Opemted. for U. S.'Atcm.:ic 'E'nergr Comfnission by Unlon Carbide Corporafi;:)n



Table I

THE RADIOACTIVE NUCLIDES OF PLATINUM

Radlo- Half-  Mode of

Nuclide _Idfe Decay Energy of Radiation Produced By
9 304 m y 0.083, 0.096, 0.173,  Ir-d-2n, Pt-n-2n
: 0.6, 1.5 . '
p93¥ 434 IIEC 7 0.135 " Ir-d-2n, Pt-n-7,
: y 0.2, 1.5 = . Pt-d-2n, Pt-d-p, Pt-y-n
pt1?® 384 1T y 0.029, 0.097, 0.126,  Pt-n-¥, Pt-d-p, Pt-y-n
’ 0.255 ’ :
9™ gom 1T y 0.337 Pt-d-p, Pt-n-2n, Pt-y-n
' ’ ’ Hg-n-¢, Au-n-p
197 - - ) '
Pt 18 h g B 0.67 Pt-n-y, Pt-d-p, Pt-7-n
- ¥ 0.077, 0.191 Pt-n-2n, Hg-n-g
pe % im- B p 1.8 ' Pt-n-y, Pt-d-p, Hg-n-o
y 0.074, 0.197, others .
Pt 82a p  p 0.5 _ Pt-n-y

y 0.6

III. THE CHEMISTRY OF PLATINUM ARD ITS APPLICATION TO THE RADIOCHEMISTRY
OF THE PIATINUM RADIONUCLIDES

Radiochemistry is probabiy best described as belng an anlysis technique used
pr:l.maﬁ.ly either (1) to asslst in. obtaining a pure radionuclide of some specific
element in a suiteble form so that an a.bsoluté measurement of its radiocactivity,
radiation energies, and half-1ife can be made, or (2) to determine the amount of
radioectivity of a particular ra.d_:l.oelepxeni: in a redionuclide mixture, or (3) to
complete & radiocactivation a.nélysis .be.ing used to de.'bemiﬁe the stable element
concentration in a particular sample material. In order to be an aild in_
a.ccounplishing enyone of thé above interests, ra_diéchemiatry usually considers

the isolation of the desired radionuclide by elther carrler ‘or carrier-free

separation methods. .

Generally, "carrier" methods are used most frequently in radiochemistry.
They involve the addition of a small amount of lmactive stable elemént to a
solution of the lrradiated material to serve as a carrier .of the radionuclide
of that elamgnt through the separation method. "Carrler-free" sepe.ratiop.a
connote that no carrier is added. Thése radiochemical techniques are used mostly
to obtain radionuclides for absolute radicactivity messurements, and 1%

is required that the deslred radiocelement be isolated in s manner able to
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glve elther no amoﬁﬁt or a hinimal amount of stable element (either isotoPic or
noﬁ-iaotopic with 1t) in the final form to be used in the re.diéacti{rity measure- -
ments .

In most instances, redlochemlstry is depéndent upon more convéntioﬁﬁl 1deas
in analytical chemistry-invol#ing separations by éuﬁh methoas'aézprecipitatidn,
solvent exfraction, chromn$05raphy, volatiliiation, and/or electrolysle and the
subsequent presentation of the isolamted radicelement in a form sﬁitable for a
measurement of 1ts radloactivity. When "cérrier“ techniques'aré employed, one
mejor difference exists between radibchemiatry and more conventional anaiysib
techniques in that it 18 never aiways necegsary to recover comgletelx.tﬁe added
amount of "carrier" element. Each radlochemical analysis is déaighéd to assure
thet the atoms of a radioactive elemsnt achievé 'an 1sotople staté with the
atoms of the inactive element and any loss of the ‘radloactive épeéieh is propor-
tional to the loes of "carrier" during the separation proeéés; | .

Colorimetric, poldarographic and.volumetric analysis technlqiies are
seldom used in rédiéchemistrf beceuse they do not separafe the desired redio-
puclide from contaninants (elther radioactive or stable) in the mixtﬁré:being
analyzed. However,. eome of the develomments used in tﬁese'analysia techniques
mey be useful for consideration in radiochemistry.

The fqllowing ;nformation is intended to glve some general iﬁeg of the
behaviour of_platinum and 1ts compounds and.their potentilal usefulness in .
devising radiochemical analysis mephods for the radionpclideé of pletinum.

More detailed information can be obtained either from the references givén_in

thie section or from the general references glven in Sectlon I of thls mounogreph.

_A. The General Chemlstry of Platinum -

Platinum:iﬂ most often found in alluvial deposilite as mative metal and can
be found in these deposi%s in combination with the other platinum group metals
and gold, silver,.copper’:nickel, ;ronfaud.leada Pletinum cen glso_occur.as-a
mineral in ultrabasic rocks, e.g. cooperite, PtS, and sperrylite, PtAsp. The
chlef present-day.source of platinum 1s the Sudbury (Caneda) ore, a nilckeliferrous:
pyrrhotite ore. Metallic;platinpml(ae vell -as other metals of the . platimm group)
is recovered from the residues ¢Ohtalned in the refinemgnt prqcesse&;usedéto=hgat

this mickel-bearing ore.



1. Mets.]_'l.ic Pla.timm

Pla.tinum metal 1s obta.ined as a gra.y-white lustrous, metal. _. It i8 a soi‘t.,
ductile.‘ metal that has a demnslty of 21 h5 It has a melting point of 1774°.

Metallic platinum can absorb bo_t_h oxygen aqd hyﬂrogen_. In a flnely divided
state, it ce.n a.bsorb. up to 100 .times 1ts own vollme of each lof these elements.
Platinum cso also a‘osorb lsmall amounts of. helium.

Pla.ti.num (l:Lke the other no'ble mete.ls) will not be s.tts.cked by strong

acids Aq_ua. regia. must be u.sed to dissolve it; hexachloroplatinic acid.

E (PtClG), 1s formed by this rea.c'bion. Meta.llic pletimm can réact with hot
alks.li peroxides to become brittle and to decompose. It will unite with

chlorine gas at tempers.tures a.bove 250 c to form platinum dichlorid.e, _l?tCl

at a dull-red heat, 1t will combine wlth fluorine t_o _produce platinum_‘betra.—

fluoride, .PtF,_I_, and pla.ti.num d.ifluorid.e, Pt.F " Sulf‘u.r, sel:epium, and te_l_._lm_:'im
can rea.dily attack platinum 1f proper condltions exist. It \rl]_'l. form i‘usi‘ble

alloys with phosphoru.s a.nd can be alloyed with a.rsenic ) a.ntimony, bisnmth lea.d
silver, a.mi tin. Cobalt copper, gold, iron, a.nd nickel all form mixed cryst.a.ls
with pla.tinu.m Although it is at the end of the electrochemica.l series, plati-

nmn will also form mny complex ion.s

2. The Compounds of Platinim -

Platinum (like palladium] forms both dlvalent (+2) and tetravalent (k)
compounds.” The ‘most common or simple dipositive compourids are the oxides, =~
sulfides, and t]ie'_h‘alides. Tetrapositive compounds of platinum include b:l.n'.er,-v'i: )
compounds of oxides, sulfides, selenides, and tellurides. In addition, pla.tinu:ﬁ'
forms tetrahslides and; unlike palladium, forms meny other complex cationic eom-
pounds. Platinum is-the only ome of the platimm metals (ru'_chenigm, osmium,
rhodium, iridium,. pelladium, platimm) to form alkyl compounds. Table II lists

some of the ple_tinum compounds and ‘glves information sbout thelr solubilities. '

.&. The Oxide and Hydroxide Compounds of Platinum, . Although platinum can-
combine directly with oxygen at a moderate temperature to fozﬁ an oxide, these-
compounds are usuelly lmpure. Most frequently pure oxides and thelr hydrates .

are formed by iodii-ect 'me.e.ns. Platinum monoxide, - Pt0, t)ie lowest oxide of plati-

num, does not _'_exist in a pure state but in combination with: metallic platimum or .



pletinum dioxide, PtOp. Its corresponding hydroxide, Pt(OH),, & black powder,

is obteined by heating potassium chloroplatinité , KoPtCly, with allmli hydro-

xldes. P‘t‘.(O]E[)2 will oxldize readily and when strongly ﬁeated it will decompose
. to give platinum metal and PtO,

Tetravalent platimum oxide, Pt0,, 1s the most stable oxlde compound, of
platinﬁm. It is usually o'bta.ined..as e reddish-brown h&ﬁrate precipita.'be'by.
boiling'_Pwlh_ with elkalis. PtO, 1s soluble in aci.d.s ; however, when hea..t.ed.

- for a long time at & temperature .of 200° C,- 11;, becomes insoluble Continued
"he'ating above 200° C trensforms it elther to platinum.monoxide or to metallic
platinum and oxygen. P'b02,._ when fresh-.'l.y. pr_ec'i'pit.ated-, 18 also soluble in coﬁ-
"centra.ted a.lkali solutions.

Platinum sesquloxide, Pt203, can be obt.ained only in the hydrou.s state and

15 produced by the actlon of NaOH on disulfatoplatinum (III) acid, H &‘t(sobf)d (3)

P'l'.203 is oxidized by warming with oxygen ‘and will give up water in this process.-

A hexavalent o;:jyge_n' compound ‘of platinum, i.e., platinum (VI) oxlde, -.P‘boj ,
a.ppea.rs_'to ha.ye been, characterized.(3) -Obtained by th;a aﬁoé_ic oxida.tion .of-
Piso2 in potash at temperatures _below o°c » 1t 1s & very unstable compound; It
-will slowly decompose at ordinary temperaturesand w:Lll lose oxygeu when suspended
in vater. If it 1s gently heated. 1t wlll lose oxygen rapldly. Dilute hjd;ro-
chloric acid treatment of P‘l:,O5 will produce free chlorine. o

b. The Ha.l:l.d.e Campounds of Platinum. Platinum dichlorlde, Pwlz, a.nd

platimum dibromide > PtBre,az_i: most frequently obtalned by the thermal decompoei-

tion of the tetrahalide compounds. P‘li!lz can also be obtained from the t-herml'

decomposition of chloroplatinic acid, Hp EP'wld'. The dihalide compounds are only
spa.ringiy soluble in water. I_’tClz', a greenish-grey or brownlsh powder, will dis-

solve in gtrong HCl to form the camplex acid, tetrachloroplatimm (II) acid,

H2 EP'bClh] . This aclid forms tetrachloroplatinite salts, e.g. Kp [P'bCllg , When

treated with reagents containing the corresponding alkall.

Of the tetrapositive hallde compounds, only platinum tetrafluoride, PtF4 )
a’yellowlsh-red solid, 1e made by a direct cambination of the e;eménts'. Extreme

(red) heat must be used to effect this cm_u‘.bina.tion. Platinum tetrachloride,

PtClh , a reddish-brown, hygroscopic mass, 1g¢ produced by thermally decomposing

(at 300° C) chloropia.tinic acld in a chlorine atmosphere. Platlinum tetrabromide,
)




Compound Formula
Arsenide | Pths,
Bromides PtBro

‘PtBr),
- Chlorides PtClo
PtC l3 :
PiCl n
P01y, -5H0
Cyani:_de Pt(CN)p
Fluorides PtFy-
)
Hydroxidea Pt(0H)o
Pt(0H)p+2H0
Iodldes Pty

Table IT

SOLUBILITY OF PLATINUM COMPOUNDS

Water Solubllity

Very soluble

Very soluble

Insoluble

Insoluble

-Soluble;

decomposes

Insoluble
Insoluble

Insoluble

Cold Hot

‘Insoluble

Very slightly Tpsoluble
-soluble

Slightly S1ightly

soluble soluble
‘Very slightly  Insoluble
- .8oluble ; i
Slightly _ Soluble
soluble i

Vez;y soluble

" Very soluble

Insoluble

' Insoluble

Very soluble

. Ingoluble . -

Insoluble

'Ina_oluble

' Othér Solven‘ba )

"Insoluble

Soluble in HBr and K-IBr

Very so_luble in alecohol, ether, amd-
HBr. .

Soluble in HCl and NH,OH. Slightly
soluble: in N:E5 Insoluble in aleohol.
and ether. :

Very slightly solubl.e in conc. HCL.

8oluble 1n hot E_Cl.

‘Soluble in acetone. Slightly soluble

in alcohol and NHz. Imsoluble in ether.

Boluble in alcohol and ether.

Soluble in KCN.. Insoluble in acids,
. alkalis, and alechol.

Soluble in a.cids and alkalis.

_Soluble in ECl HBr, a.lkalis. Insoluble
_ 1n Hgsoh and dilute HNO3.

Soluble in c_:onc. ecids

Soluble in HI. Slightly soluble
in Na.QSOB. Tnsoluble in acids.



Oxides

Phosphide

Sulfate

Sulfides

P'tIh_
PO

Pt0+2HZ0

Pts0),

Pt XA

P05 -H0

PO+ 2050

Pt0p - 3H0

PO 450

PLP 07
Pt(SO)_'_)Q ')-l-HEO

P8

Pt283

Boluble;
decomposes

Tnsoluble
Insoluble

Insolu_ble

Insoluble

Tusoluble

Insoluble

Insoluble
Insoluble

Insoluble

Insoluble

Very slightly
soluble

Soluble

.Insoluble-

Imnsoluble

Insoluble

Insoluble
Insoluble

Insoluble

Insoluble
Insoluble

Insoluble

Insoluble
Insoluble

Insoluble

Insoluble

Decomposes

Insoluble
Insoluble

Tnsoluble

Soluble in alcohol, alkells, acetone,
HI, KI, and NH3.

Soluble im HCL, HpSOs. Insoluble
in acids and aqua regla. :

Soluble in comc. HC1l, HyS0) and
ENOB.

Insoluble in acids end aqua regla.
Soluble in conc. H;S50) and caustic
alkalls. .

Insoluble in acids and aqua regie.
S1ightly soluble in N&OH. Imsol-
uble in acetic acld, aqua regia,
and HCl.

Soluble in HCl, aqua regia, and KOH.
Insoluble in HC1l and equa regle.

Soluble in aclds and dilute caustic
alkalis.

Boluble in HC1 and HoB0x. Slightly
soluble in HNO3 and Hesgh.

Soluble in acid, aleochol, and ether.

Soluble im (NH) },8. Imsoluble in
aclds and alkalis.

Slowly soluble in aqua regia.
Insoluble in acids.

Soluble in HC1l end ]':INOB.
Insoluble in (BH))o8.



PtBr), 1s formed by dissolving platlinum metal 1n a hydrobromic acid-bromine mix-
ture, then removing the solvent and drylug the residue. The addition of a hot
agqueocus solutlon of KT to a coné:_entra.ted Hg[Pt.CIG] acid solution will produce

platinum iodide, PtIh_.
Platinum tetrafluoride, PiF),, decomposes very vigorously in water; Ela.f.inum

tetrachloride » PtClg, 18 very soluble in water and depending upon the temperature
can be recovered from the resulting solution in hydrate forms with varled amounts
- of water of crystallization. It is preeent 1n the aqueous solution as the complex

acld, dihydroxotetrachloropletinum (iV) acid, HQ[Pt_.Clu_(OEEI)] , Which can be isolated

by heatiﬁg the hydrated compounds to 100° C. PtBr), and PtI) are not very soluble
in water. PtCl), PtBry, and PtI), will d.ecompéae when heated to form the free
halogen and the corresponding d:l.ha.lide. ’

A hexnvalent platinum fluoride, P'EFG, has been lsolated by reacting a

pletinum filament with fluorine at 300 mm pi'essure.()"') Thls compound 1s formed
as a red-black material and appears to be the most unstable and most reactive
of the known hexefluorides. '

One of the most important platinum compounds., chlordplatinic acid,

Hy F‘bC16] , 18 formed by treating platinum sponge with hydrochloric acld containing
chlorine. It can be crystallized from its solutions as brownlsh-red delequis-
_ cent prisms. It is soluble in water, alcohol, and ether. It forms hexachloro-

platinate salts, M, [P'bCls] , when alkell salts are added to its solutioms.

Agmonium chloroplatinate, (NH))s [P'bc16] 18 the best known of these. It 18 not
very soluble in water or _a.lcohol , and 1t willl decompose completely when heated
and leave a residue of platinum sponge. The potassium .Balt, Ko [P-tcls] is also
"insoluble in water and alcohol ; however, sodlum chloropletinate is very soluble

in both water and alcohol. Imsoluble silver chloroplatinate, .Agg [PtCl6] can be

precipitated 1f sllver nltrate solution 1s added to a solution of a chloro-

ﬁlatinate.

c. Sulfide , Selenide, and Telluride Compounds of Platinum. ‘Platimm
monosulfide, P43, can be formed elther by heating a mixture of fimely divided
platinum and powdered sulfur or by saturating a chloroplatinate (II} salt or
tetrachlor.oplatinm (II) ecid with hydrogen sulfide. The graylsh-black needle-

like precipltate produced will not react with elther acids or alkalls and 1s



insoluble in aqua regie. Platimum disulfide, PtSp, 1s produced by saturating a

bolling solution of e chloroplatinate (IV) ealt or hemchloropla.t_iuic acid,
Hy EP-bClé] , with hydrogen sulfide. The black precipitate .is very lusoluble in
aclds dissolving elowly in concentrated nitric acid and in aqua regla. It 1s
also insoluble in.a.lka.li solutior_ls end can only be put into solutibn if it 1e
mixed with other soluble sulfides. It will dlesolve 1lmn polysulfilde solutions
and can bg much more rapidly solubllized if arsenic , tin, antimony, or gold sul-
fldes are present.

Double compounde, or thiosalts, of fhe Platinum sulfides have been obtalned .
by heating finely divided platinum metel with alkall carbonate and am.(5)

The general compositlone of thils thiosalts aIe.MhPtESG and M;Pt)8g, and they cen

form diplatinum trisulfide, PtySy, when oxldized in air.

Selenium and tellurium form binary compounds with platinum. The compounds,

platinum selenide, PtSe,, and platinum telluride, P'I:Tea;, are very resietant to

aclds.

d. Cyano Compounds of Platinum. Tetracyanoplatinum (II) acid, Hy [H-.(cu)ﬂ ,

can be formed by saturating its sllver or copper salts with hydrogen sulfide.
It is a strong, dibasic acid, and ite alkall end alkallne earth salts are very

soluble In water. The best known of these compounds are potassium tetracyano-

platinate, K, [Pt(CN)y) *3H 0 and barium tetracyanoplatinate  (11), Ba[Pt(CK)y) -4ELO. '

e. Complex Pletinum Compounds. Meny coordination compounds of platimm

are k.n.own._ It can form acido compounds in both the +2 and +k states and will

unlte with ammonla end nitrogen beses to form platinum ammines. The hexachloro-

platinates (IV), M, F"tCls] are the best known of the acido compounds. When

these salts are heated wilth alkali solutioms, hexahydroxoplatinates (IV),

M2 F’t(OH)G] » are formed. If acld 1s added to solutions of these salts, a white

precipitate of hexahydroxoplatinic acid, H2 EPt(OH)d , will be produced.

The tetrachloroplatinates (II) are the chief scido compounds of divelent

platinum and they have as their antecedent the corresponding acid, H2 P'I:Clh_.

Tetrachloroplatinum (II) acid, H, [E‘bCllJ cannot be isolated, but exists only as
a dark red solution and as its salts. The cyanoplatinates meﬁtioned_ earlier are

also acldo compounds of divalent platinum.

The platinum ammnines exist in very large numbers. No attempt will be mede
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to characterize these compounds, since more specific information is given else-
(7,8)

where In addition to the ammines, many complex platinum campounds conta.ining

" organic sulfides, R’ZS’ tertlary phosphines, R3

are k.ﬁcwn.(s) Each of these compounds closely resemble the ammines..

P, and tertiary srsines, R_As, etc.

3

f. The Alkyl Compounds of Pletinum. Platinum ie the only one of the

platinum metal gz-oup that will form alkyl compounds. (9) The tria.klyi plati-

onum halide, trimethylplatinum lodide, (CH,).PtI, is characteristic of this

_ 33
group of compounds. It can be produced by the action of Grignard reagent

on PtCl)_l_- Its crystaels are orange in color; they w__[ll not dissolve in water

but can be put into solution w"lth organic solvents. Tetramethyl platinum,
(CHa)l'_Pt', 1s formed by the action of sodium methyl on (CH3) 3PtI. It is

stable in eir and is soluble bn.'l.y in orga.nié solx'rents.'

B. The Analytical Chemigtry of Flatinum
Platinum, after 1ts isolatlon and separation fram other elements, is

(20,11) Reducing agents such

usua.l]_.y determined gravimetrically as the metal.
as formic acld or sodium forn_late, or its displacement with powdered zine,
aluminum, or megnesium metal, are most frequently used to precipitate platinum
a;s the metal. |

(12) and Beamish(l3) report on many of the methods

The feviews 'by'Gilchrist
used to 1solate and separate platinum and the other pletinum group metaels from
,other elements and from each other. Some of these methods have been or can be
considered by ra.diochemists in their work with the platinum ra.dionuclides and
lthe information presented 'below is intended to provide idea.s for possible use

in other ra.diochemical separation methods for the platinum radiolsotopes.

‘l. Separation By Preci;gitatio_n

The platinum metals can be separated from most of the other cher‘nical
elements by a precipitetion with hydrogen sulfide in an acid sblution.(lh" 15)
S:I.l_ve:i.-, copper, cadmium, mercury, indium, gema.nium, tin, lead, arsenlc, antl-
mony, 'bidmuth, inoly'bdemﬁn, éelanium, tellurium, ‘and rhenium can :Lnterfei-e in
this sepé.ration. All of the 'platinum metal a'u_'l_fides are readily soluble
in eque regle and the compou.nds that result can contain cloéely bound sulfate

grouﬁs which mey affect any subsequent reactions of -these compounds v-ltﬁ
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other reagents. Taimini and Salaria(ls) have used the solubility of the metal
sulfides in alkaline solutlons to separate platinum,'as.vell as the other
platifhum metals, from many of the other chemical elements. Richmond, et al(lj)
hewe also used hydrogen sulfide separations in their work on binary alloys of

" platinum and uranium.

(18)

As early as 1900, Leldie showed that a digestion of the chloro com-

pounds of the pletinum metals with sodium nltrite would convert these compounds
into soluble stable nitrite complexes so that base metals coulq be reedily
separated from the plifinum metal by precipiteting them from the solution as
oxidesior a8 hydrated oxides. Such a method has beep used to separate gold
and base metals from rhodjum, iridium, ruthenium, platinum, and pallaedium. For

example, after & conversion of the nitrite solutions, platinum (and iridium)
(19) (20

were isolated with ammondum chloride. Gllchrist and Wichers ) have also

used this approach to isolate the platinum metals. In each of these applica-

tions, 1t wes shown that 1t was necessary to reconvert the nitrite-compounda

to the chloro compounde before they could be further processed,(le)

(21) and Gilchrist(ze? have precipitated platinum as

ammonium.chloroplatinate.. This separates 1t from many other elements. Os+h,

Ru+h, and Ir+u also precipitate. The ammonium chlorbplatinate can be calcined

to produce platinum metal. Sodium formaﬁe(lo’ll’21’23)' (10,11,21)

Bleckmore, et el

and zinc metal
(2k)

have als§ been uséd to precipltate platinum metal; Hagen has shown that
Qmall smounts of platiﬁum metal could be reduced and collected by cbprecipitation
upon macro‘amounts of tellurium metal from = hot acid solution reduced with a
20% ﬁtahnous chloride solution. Westland and Beamiah(25)fhﬁve used e similar
method to isolate platinum and palladium.

Gold can be separmsted from the platinum metals by precipitation methods

(lo), oxalic acid(lo),

using such reagents .as ferrous sulfate(25), gulfur dioxide
nydroquinone 26), tetraetiylamoniun chloride(®™): and sodium nitrite.(?3) he
cholce of reagent depends ujon the separation procedure to be followed im
anglyzing the solution for platinum.(lo) | - _
Beamish(l3)_reports that in practically ell of the accepteble analytical
schemes for separating the élatinum metals, osmium 1s removed first by a dle-

tillation as_Osoh from a nitric acid solution. Ruthenium 1s then removed as

11



Ru0) from a'dilute stoh solution containing bromate. Pa.llé.éium, rhodium, and
iridium are separatc_ad, elther 8ingly or collectlvely, from platinum by controlled
hydrolysis .of their chloro complexes in the presence of bromate. The precipi-
tate(s) are readily filterable and contain very little platinum..

Sometimes platinum and palladium are isolated together. A number of pre-
cipitation methods exist to .separate them. Besides the hydrolysis of the chloro

(13)

complex, platinum cen be separated from palladium by a precipitetion as

ammonium .chloroplatinate, (21,22) the hexachloride, (28)

and a reduction with
acetylene..-(zg) Hydrolytic separations involving zing oxide,(30) lime v;.ra.‘l".er,(x-L )
and sodium -}:wd.rogen-ca:'bonate(y'au) have beén- used also to effect a separation
of platinum and pa.llad.'l.u.m The -precipitetion. of palladium q_ua.ntifatively from
& chloride solution by the addition of a -soiuble lodide also ha.s been-used to

separate palladium end platimum. [(35) (36)

ne (37)

Mercuric eyanide solutions and ethy-
can s1s0 be used to precipitate palladium salts and separate them

from platinum.

2. Sgpgrafion By Volatllity or Electrolysis '

Although plaf.inum 1s éonsidered to be one of the ponvola‘i:ile members
of the platihﬁm group (the others are P& Ir, and Rh) voia‘.tile platinous

chloride, PtCl , can be formed a.nd ‘lost 1f ammonium chloroplatinate is .

2
ignited in a red.ucing atmosphere(l ), however, no separa.tional methoda for
pla.tinum 'by such a volatilization technique have 'been recorded. Likewlsg »
Beamish(l3) reports that there are no recorded electrolytic separation

v

methods for platinum

3. Separation By Solvent Extraction
(38)

Morrison and Freiser present information on the applications of
solvent extraction in the enalytical chemistry of platinum. Some of these
methods can be used in the radiochemistry of the platinum radionuclides.

a. Ion Assoclation Systems. Meinkegag-) reporting on the preparation

of radioasctive tracers, describes a radiochemical procedure in which gfeat-er

> solutlorn into

ethyl ether. Radloactive platinum ha.s also been isolated from a -ra.dioact:l.-vé, 2

then 95% Pﬁfchuld be extracted from e 3 M HC1 - 10%-SnCl

osmium terget by extracting a 3 M EC1 solution with ethyl etﬁer_. (l'o) An..

12



ethyl ether extraction from a 6.9 M HY solution has been used.(ul)

tatively extract Au+3, S'b+3 ) Hg+2, 'Cd+2, and Sn+2. from iodide solutions com-

to quanti-

taining Pt (as well as Pd, Ir, Os, and Ru). ‘The platimm metals do not ex-
tract under these conditlons. Methyl lsopropyl.ketone will partielly extract .
platinum (and Ru and Rh)--from lodide - 5% HC1 solutions.('l‘?)-

McBryde and Yoe''3) have isolated. and completely seperated Au*> from Bt
(P4, Rh, Ir, end Ru) by extracting the gold from a 2.5-3.0 M HBr solution into
isopropyl ether. Amyl acetate will extract a.nd separate platinum from osmium
) g "I'rh,: Au,

Te, and s'me.ll emounts of Pd also extract in this system. Pt"'2 will only

and ruthenium contalned in HCl—NHh_Cl SnCl solutions.

partially extract from a 1 M HC1 solution :Lnto tri-n—octylphosphine oxide (45)
Cr+6, Au+l, .Hf+.h', e"'3 +6 +1I' +6 B and Zr+h' quantita.tively extrect-in

this eysteﬁ.

b. Cnelate Complex Systems. Pt (as well as Bi, Cd, Cu, Pd, sa'c, U*0, Hg,
Ts, Co, Pb, Fe'2, W, Zn, La, ce*™, 1n) sc, and Eu) fé}ms a water insoluble com-

plex with l—(2—py'ridylazo) z-mphthol(%) These complexes are Boluble in a.m;rl

elcohol. Sandell( k1) reports that Pt+2 dithizonete forms a collodial solution

when a chloroform extraction of a wea.kly e.cid eolution is mede The dithizo-

nates of Pt +h and the other pla.tinum metals in the q_uad.rivalent or trivalent '

states do not rea.ct u.nder these conditions.

Thiosemicar‘bizide forms a colored compou.nd with Pt+h in a weakly 'ba.sic

solution tha.t can 'be extracted into either ethyl or amyl acetate.(ua)

+h

phenylthiouree 'complex of Pt** 1s pa.rtia.lly extracted (ho%) from a dilute HCl

solution with either ethyl or a.myl acetate. (49) Under these conditions » the

+2
Rt complex extmcts q_uantita.tively and the cut +2

ccmplei:' ejotreots to ebout
166. Less than 1% of the Ir™, mi*3, Ru3, os™, au3, Fe'3, Co+2, ¥*2, ana
Cr+6' oomplexes will extre.ct in theee..sy.st. o B .
Coburn et a1(50 ) followin.g a ce.tion 1on excha.nge resin method of aepa.ra.
ting platinum (a.nd palladium) from copper, iron and nickel, converted the Pt
and Pd chlorides to diethyldithiocarba;mates and ext:-acted them with chloroform.
Palladium was then extracted with p—nitmao-dimethylemine and determined by

dimetlwlglyoxime, plati.num was determined by th:l.ophenol

13



‘Nelther pla‘i:inum nor rhodium produce e carbon tetrachloride extractable

colored-complex with ephedrine hyd_rochloride.(sl) Pd, Au, Ir, and Os."'8

: +
and are extractable. Milcrogram amounts of P'l:"l'2 and Pt form colored-

do

complexes with thiosalicylideneethylenediimine that are extractable into

(51) +1 42 b

chloroform. These complexes (de well as those of N1 , In"—, Te ,

+2’ Sb+3, Cd'l-2 Fb+2, and Au 3) are stable in HC1.

k. Clu'oma.togaphy Separetions

(13)

e. By Organiic’ and. Inorgimic A,dsofbents Al‘bhough Beamlsh in his

reviéw reports tha_t one of the first ch.mma.tographic methods for the pletinum
metels inovolved the use of a column of powd.eréd carbon, the use of carbon as
l.an a.d.s_‘or‘pent has not been serious_l& considered in separatlons of the platinmum
meté.is. Dubrisy(53) has shown that when dilute SOlutién.s of a platinum.'metal
were passed through a coium.n gf .fine]y ‘divided carbon, the metals collected in
the upper part of the tube and could be subseq_uéntly extraci‘.ed with sultable
soivents. Bauer a.nc_l Nagel(sh_') used a_simi]_.ar method to séparate gold, _silver,
and platinum from sea wa.'l:er. . . .
Platinum can be sepa.rated from :I.r:l.d:l.um, ruthenium, palla.dium, and rhod_'Lum
by ad.sorption. from an aqueous solution upon an alumina colu.nm and eluting with
va.riou.a reagents. (55) Pb, Cu, Zn, and Ni, but not Fe 3, can be separated from
the platinum metala in thia sy'stem Venturello and Sa.:l.n:l.(5 6) have. a.lso used
an alumina column to separa‘be the platinum metals from other elements After

their adsorption on the column, ‘benzid_'l.z;e was used as the eluant reagent to

effect the separation.

b. With Ton Exchange Resins. . Kraus and Nelson(57)'ani Kraus, et 21(58) have

shown that Pt+l+ could be sepa.rated from Ir 3 by adsorption upon an anion ex-

change resin, Dowex 1, in the chloride form. Ir+3

was eluteéd with 10 N HC1;
Pt+l|' _(_a.nd/or Pd+2) remsined on the lon exchange column in this system. Blasius .
and Wa.chtt_all(59) have used an anion exchange resin (Permutit E. S.) -j.n the

. hydroxide form to -sepa.rgte P4-Pt, Rh-P‘p, and Ir-Pt. After adsorption upon

. the _column from NaOH go;l.u'_tions, Pd waes separated f‘ram. Pt by elution with

NaOH; Pt wes removed from the column by elution with HNO In the separa~

3"
tions of Rh and Ir, sodium oxalate was us_eci to reduce both Rh end Ir to



the tetravelent state and after adsorption separated from Pt by elution
with 1 N FaOH; Pt remained on the column end was removed from the column
with a ENO3 elution. . o |

The anlon-exchange resin, Dowex-2, has been used to adsorb and separete

(€0) Eiutions wlth ammonium

the chloro complexes of P4, Pt, Rh, and Ir,
hydroxide-ammonium chloride were used to effect the separations. Amberlite
IRA-400 resin has been used in studiles concernéd. with the anion exchange

separations of Pt from Rh, P4, and Ir.(61)

Distributlon coefficients for the
chlorides of these metals were obtalned; however, the recovery of platinum
| was incomplete slnce Pt+,+ was reduced tO'Pt+2 during thé reduction of iridium

by hydroxylsmine. As part of this investigation, the authors(sl)

showed that
the separa.tion of Pt from Fh, Ir, and Pd was best obtalned by s hydrolytic
precipitation of Rh, Ir, and Pd. Following this precipltetion, these three
metals were geparated from each other by dissolving the oxié.es in HCl and

then a.dsdrb:Lng the solution upon the Amberlite IRA-400 resin column and elut:l.ng.
with HC1. - ' '

(62) have used the catlon resin, Dowex-50, to separate Pt

Stevenson, et al
from Pd, Rh, and Ir. Chloride solutions of the metais were converted to the
perchlorate form and passed throug_h the Dowex-50 column, Pa'ul_a.dium-, rhodium,
and iridium were adsorbed on the columm, while plaf:l_mm passed through. Pd, Rh,
and Ir were subsequently separated from each other by elutlons with:varlous

(60,63) 4na MacKevin and Mckay(6*)

molarities of HCl. MacNevin and Crummett
report: on the use of the cation resin, Amberlite IR-100, and elutions with
ammoniecal solutions to separate Pt from Rh, Ir,. and Pd.

Milligram emounts of Pt _(a.nﬁ Pd, Ir, and Rh) as the chloride complexes.-
have beeﬁ separated from copper, nickel, iron, and leed by use of the cation re-
sin, Espetite-K-V-1, in either the B or met form.(ss) The acid form of 8%
ecross-linked w-50 resin has been used to sépara_.te iron, copper, and nickel
from platinum and palla.d:!.um.(so) Hydrochloric acid solutions (at pH 1.5) of
the metallic mixtures were passed through the column. Copper, 1ron, and
nickel were retained .on +the column while Pt and Pd passed on through. Pt wes
then separated from Pd by converting the chlorlde solution to diethyldithio-

carbamates and extrecting with chloroform.
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c¢. By Paper Chromatography. Pt'l#has been separated from other cations

by use of paper chromatography and solvent systems such as 'butanol-HCl(66) 5

(67,68)

alcohbl;HCl > binary alcohol mixtures comtaining HCi(69) R ke;tone—HCl('To) ’
a.nd.'buta.nol-HZBr.(Tl) Platimm.(a.nd'Pd"'a) have been sepai-ated completely from
mixtures containing copper and silver using paper chromatography end HCl-satu- _
rated butanol.(72’73) If gold is present in the mixture, it will extract with
the butanol phaée which travels ahead of the aqueous fromt. Kember and Wells (7“-) .
de'scribe. separations of platinum, rhodium, palladium, and iridium in microgram
amounts by use of paper-strip ch.romatc_)graphy and va:riou.s solvents. Uaing. hexone-
pentanol-HC1 mixtures, separations of rhodium, palledium, and platinum, and of
iridium, palladiﬁm, and platiﬁm, in that order, were achieved. When Ir-Pt-Pd-
Rh were mixed and separated, the :I.rid_iﬁm was reduced by the solvent mixture and
it separated with rhodium. Other tests in the same stﬁdy showed.that assoclated
base metals, copper, _:I.ron, nickel, efc-.,_ could tée separated from the platinum
metals by use of n-butanol saturated with 3 N HCL.

Burstall, et 51(75) have shown that methyl pmpyl ketone or methyl ethyl
ketone-HC1 mixtures will separate gold, osmium, platinum, i)a.lladitm, i'hodilm,_
i1ridium, and ruthenium in that order fram s chloride system on a. cellulose
column. Stannous chloride was found to be a suitable reé.gent for separating
Pt, Pd, Au, and Rh. Acetone-HCL was used to extract Irtr. _Lederer(73) has
also noted ‘& simiI_Lar behavior with gold, i1ridium, platinum, palladium, rhodium,
and ruthenium. Rees-ﬁva'.na, et a1(76) havé used 15-30 cm cellulosé columns pre-
treated with such solvents as hexone-3% HCl to separate milligrem emounts of Pt,
Pd, Fh, and Ir from each other and from :Lrpn, copper, zinc, nickel, a.nd mercury.
Pt and Ir were separated together from the mixture and then from each other by
use of reducing conditions in order to .decrease the mobility of the iridium on
the colum.-

.d. By Electro-Chrometographic Methods. Pla.t:lmmi, pa]_'l.adimn, and gold have

been separated from milligrem amounts of copper by sepmti:ng the coppér by
applying a current of 200 millienperes a.c_:roas' e paper strip ilmmersed in hydro-
chloric acid and potassium chlorid.e.(T() A potential of 12 volte wes maintained

between the carbon electrodes. Ethyl ether-ECl mixtures were used as solvents to
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further separate the Pt, Pﬂ_,, and Au; gold separsted first with the ethyl etber
front. .

‘Majumder and Chakrabartty(78) report on electro-chromatogrephy technigues
using a potential of 150 volts and different electroly‘tes to eeparate the
pletinum metals. MecNevln and Du.nton(79) used descending chromatography and
horizontel electro-chromotography to show that milligram emounts of mixtures of
2 or 3 of “the platinum metals (Pt, Pd, Ir, and Rh) could be separated. Iederer(ao)
showed that rhodium could be separated chromatographically from _Pt)+ and Pcl+2.
by peper electrophoresis. Cetini(al) used a similar technique to separate

Pt*2, autd, W0, and cot?.

IV. DISSOLUTION OF SAMPLES- CONTATINING PLATINUM

All of the pletinum metels except pelledium resist attack by single
mineral acid.s.(l3) Selective dissolution methods to separate bese metals
from materi'als containing the platinum metalsz have involved. collective preci-
pitations by zinc or iron and subsequent attack with 131\103 and HCl, (82) concen-

trated B SOh_ and sulfur, (83) eque. regia (84,85) (86,87)

sulfide fueions
1ea.ching(88) and amalgamation (89) Many procedures involv:Lng "Fire assay"
methods of isolating the platinum metals from ores are known. (13) ‘l‘ypica.l of-
newer methods of fire assay 1s that proposed by Plumer, et al.(9o’ 91) In
genersl, it consists of preparing a base metal alloy button by reduction with
mechanically mixed carbon, sodium carbonate ’ borax, and ore; base metal o:d.des
are added, if req_uired The reduction was carried out et a temperature of
111-50 end, after its prepara.tion, the button was dissolved in HCl a.nd_ ]il‘loa.
The pla.tinum metals were then exbracted from the solution by methode similar
to those described elsevhere 1n this monogra.ph _
Any one of these dissolution techniques can be ad.apted for use in the .

rad_iochemistry of the platinum radionuclides. The ad.dition of platinmn carrier
to the mixture before disaolution begins wlll essist in achieving an exchauge

.of the rad_'Loactive and inactive platinum atoms.

V. SAFETY PRACTICES
Adequate safety precautions should be followed 1n dissolving any sample

materlal vhether i1t is radiocactive or nonradiocactive. The manual by Pleters and
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Creyghton(ga) is one of several that report on the -toxicolog of most inactive
elementel compounds. Such & manual as this should be consulted before any
analysis 1s underteken. .

Safe practices in handling radiocactive sample materials are alwayé 1mportant
in radiochemistry. _ The discharge of radiosctivity by explosion or evolution
into a laboratory area can be hazardous and can result in w:l.de-sprea.& contamina-
tion. Thus, some oource of infom:a_.tion on gafe-handling praotices for processing
radioactive materials should be consulted before a radiochemical analysis 1s
begun. Information on s.uch practices appears in the Oak Ridge National Labora-
tory's Master Analytical Manuai(-ga) and in the International Atomle Energy
Agency's .pu'blication,' entitled "Safe-Handlj_né of Radioisotopes."(gh) Many other

similar sources of information exist and should be consulted.

VI. COUNTING TECHNIQUES FOR THE RADIQACTIVE PIATINUM ISOTOPES

The analysis of sample materlals containing platioum radionuclides may be
completed either by a direct (nondestructive) measurement of the radionuclide in
the.irra.diated sample or by obtaeining the radionuclide in some. form by redio-
chemically processing the irradiated sample. The use :of either technique ila
dependent upon the sﬁe rific characteristics of the platinum radioisotope being
measuted, i-.'e., its half-lifo, the type radiations it emits as 1t decays and
the energy of those radiations. The ease w.l.th' which a nondestructive apalysils-

. method con be a.ppiied is most frequently influenced by the mdioactivity of the
gample matrix containing the platinu:ﬁ radionuclide. If this presents e conslder-
eble interference, then the sample must.'be processed radiochemically.

Table I of this Monograph shows tho muclear characteristics of each of the
.known radiocactive isotopes of platinum. The radiocactivity of these can be
meo.sured by oither gtandard Gelger-Mueller, gemma sclntillation, or propor-
tional counting techniq_ues._(9_5_98) :On& of these, gamma ‘scintillation spectro-
metry,(gs) has been used by Miller(gg) in determining the stable platinum con-
tent .of pla.t:l.mm-.rhodilnn alloys. A nondestructive analysis of the irradlated
materials by using the 0.070-and 0.179-Mev gpmma radiation from the 31-minute

Ptl99 1sotope was ma.de..
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VII. RADIOCHEMICAL PROCEDURES FOR THE PLATINUM RADIONUCLIDES

Both carrler-free and carrier radiochemical analysis procedures exlist for

thé Platinum radionuclides. Such procedures as these have evolved from each -
investigator's choice of ideas and techniques simiiarhto those répbrted in
Section ITI of this monograph. . o '

Typlcal of the carriler-free techniques orlginated to prepare:radibactive

platimm tracers is that by Gile, et al.(*0)’

The-éérrier:radiochemiéél proce-
dures that now exist for the platinum radlonuclides have originéte& from
investigations concerned with elther the separation of radioactive tfacers,(39)
the ééparation of rédioactive plafinum 1sotopes frpm”fissidﬁ prddﬁcfs;(39) or
in rad;oactiﬁéfioﬁ analysié;(loo5101) With regard to redicectivation analysis,’
this unique technique hes been applied to the ‘determination of trace sﬁabie

(102)

platinum in marine organisms, in refined silver and nickel céthddea,(lo3)

and metals. (10%)

In the radiochemical procedures that follow, special information, regarding
the procedure's use, the type.of nuclear bombardment, the type of material.
analyzed, separation_time, etc., appearé %s part of each procedure. When ever
possible, an evaluation of each procedure 15 made with regard to ifﬁnuse.in fhe:

‘contamination of other redioactive species from the radiocactive platinﬁm isotopes.

PROCEDURE- 1
Procedure Used In: Preparation oé Radicactive Platinum Tracer
Method: Solvent extraction (carrier-freé) . '
Element Separated: Radloactive platinum tracer
Type Material Analyzed: Osmium target
Type Nuclear Bumbardment; Cyclotron
Procedure By: Gille, J. D., et al(ho)
Separation Time:_ A few minutes _
Chemical Yie;d of.Carfier:_ C;rfier-frée.froéeQure
E Decontaiiﬁation; E;cglleﬁ# from osmium o

Equipment Reqpifed: Standard
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PROCEDURE 1 (Continued)

Procedure:
1. Dissolve osmium target in agua regla. A4dd additiomal ma and
evaporate polution to near dryness to volatilize anh_. Repeat l!:m3 addition
and evaporation.
2. Take up residue in HCl; add enough water to make the solution 3._)_( in
HCl. Then add 10% Sr.C:L2 solution 10 reduce platimm end an equal volume of
ethyl ether.
3. Extract E2P501h into the ethyl ether by shaking mixture for several
mimites. Separate phases, save the organic phase. Repeat ucbr_uct:l.on i1f required.
L, PEvaporate organic phase to dryness; take up residue in dilute acid.

Aligquot for radidactivity measurements. L

PROCEDURE 2

Procedure Used In: Preparation of Radioactive Platinum Tracers
Method: Precipitation

Element Separated: Radioactive platimum tracer

Type Material Analyzed: Platinum, iridium, gold, or mercury

Type of Nuclear Bombardment: a. 60" cyclotron (37-Mev alphas, 9.5-Mav
protons, 19-Mev deuterons)

b. 18L® cyclotron (368-Mev alphas, 3L8-Mev
protons, 194-Mev deuterons)

Procedure By: Wilkinson end Hicks (Reported by Meinke39))
Separation Time: 1-L hours
Chemical Yleld of Carrier: =~100%
Decontamination: Decantaminates well fram Au, Ir, and Hg
Equipment Required: Standard
Procedura:
1. Dissolve targets (except Ir) in HC1 with minimm of HRO,.
2. MG Au, Hg, Pt, and Ir carriers as needed. Extract the solution twice
with equal volumes of ethyl acetate to get yid of Au (chlor:l.d.e_oon-cantra.-

tion need only be above 1 !), wlth gold added for the second extraction.
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PROCEDURE 2 (Continued)

3. Destroy a.ll nitrates with h;ydro:qua.mﬂ_ne or hydmzine, then a.dd 0. 1
gn. SuCl,. Cenmtrifuge out any ppt (Hg,Gl,). The red, color. 1e. PLCL, which
1s extracted into et:hyl a.cgtate-. | N ) o _ _ __
4. Organic layer is washed twice with en egual volume 'gf.‘6 EI HCL, then
eveporated to dryness. _ ) L . ]
5. Residue 1s ta.kén up in 2 N HC1, Pt meta.l ia precipita.ted. w.l.th magnesimn
metal in form of powder or dust. (Don't use Zn since it forms e slow d_'l.saolving

sponge. )

PROCEDURE 3 ~
Procedure Used In: Preparation of radioactive platimm traders
Method: Preclpltetion end solvent extractions
Element Separated: Radioactive platinum tradef-t- '
Type of Nucleer Bombardment: 184" cyclotron (eny energy protons)
Procedure By: Thompson and Rasmussen (Reported by Me:‘l.nke(39))
Sepa.ration Time: 30 minutes
Chemical Yield of Carrier: ~70%
Decontamination: 102
Equipnen%.'fflgéuired: Standard
Procedure: l :

1. Make a melt of XKOH and ICN03 {(~50-50, not critical) in a small
porcelain crucible, heating strongly over a Flsher burmer,.

2. To this hot flux add the target Ir metal, continuing to heat (and
adding KOH if volume of flux gets too small). -until the metal is completely
dissclved. (For a small strip of 1 mil foll this éhould take no longer than -
5-10 min.) .

3. Allow flux 't.o cool, then leach for ~5 min. with conc. HCLl, adding o

Au and Pt carriers in small amounts. (Ir gives strong blue colored sol'n.)
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"PROCEDURE 3 (Continued)

L. Extract twice with efiyl acetate to remove Au.

5. Add a 1ittle énciz solution 4in HC1 to the agueous phese until a dark
‘red coloration (HgPtClll_) indicates the reduction of Pt from +i to 42 state 1s
ccmpleté (See remrks) - ' .

6. Extract the red coloration (Pt) into ethyl acetate. Wash organic

a.yer twice with aqua.l volume of 3 N HC1.

;7. Plate organic 1ayer and flame
_Remarks: ]

As most Ir foil contains sbout ~1% Pt inpurity, it is well to provide a
step for extraction of Au activitles, whether.or not the Au 1s desired for
later work, :_wen if it is simply a proton-bombarded Ir.

On SnCl, reduction the strong blue coloration of Ir{+6) disappears,
permitting the red of reduced HthCl-h to be seen... . .

. By spend.tng more time leaching the melt in (3) and by using several
portions of leaching a.gent the chemleal ylelds might be mede almost q_u.a.nti-

tative .

PROCEDURE L4

Procedure Used In: Preparation of Radioactive Pla,tinum Tracer, aepa.ration
from fisslon producte

Method: Disfillation, solvent extraction, and preclpitation
Type Materidl -Analyzed: 7Uranium metal -

Type of Nuclear Bombardment: 184" cyclotron (388-Mev elphas)
Procedure By: - Wolfe (Reported by Meinke(39))

Separétion Time: 30 hours (when separated H'lth.Ir and Ru)
Chemlcel Yield of Carrier:” ~5% -

Decontaminetion: ldh

- Equipment Required: . Standard -

Procedure: - -
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PROCEDURE L (Continued)

1. Cut out the centrel portion of the target and bhoil with concentfa_.ted
HC1 to dissolve it and to expel Ge.
2. Add 5mg I” ‘and 103' and boil the solution again to expel lodine.
3. Add 20 mg Os, Ir, Pt, and Au carriers plus 20 mg Ba, Ru, Rh, and
Pd cerriers. Withdraw a 20%'a'liq_uot.for later determinations of Ba, Ru and Hh.
4k, Place the remalming solution in a speclal all-glass distilling flask
_he.ving a thistle tube entry and a.n alr entry. Add concentrated mvo3 through
the_ thistle tube, and distill 0501F into 6 N Naoﬁ in an ice bath. (Save for -
Os determination.)
5. Place the resldue from the Os distillation in a béaker, add 10 ml
T0% HClO,_I_ and boil the solution to fumes of HClO,+ to expel Ru.
6. Dilute the solution, add 5 mg more Ru carrier, and 5 Img more I~ and.
103"aﬁd-repeat the fuming. o .
7. Add one ml dilute HCl, dilute the solution to L N end éxtract twice
with an equal volume of butyl ecetate to deconteminete from Hg‘ and from Au._
8. Dilute the solution to ~0.5 § in ﬁ+, add 5 ml dimethylglyoxime solu-
tion (1% in alcohol) and filter off the palladium ppt. o '
9. Ad.d conc. HC1 to supn. to make ~5 N. Add Sﬁdlédropﬁse until the
cherry-red color of Pt+2 is épparent. S
10. Extract the Pt with three equal porfiions .of bu‘Eyl 'a.c.etate.
11. - Wash the platinum out of the organic laye.r with. 6 N Ra0OH, acidify
to 5 N HC1 and reextract into butyl acetaté. Repeat cycle. .
12. Wash Pt from organic layer into 6 N FaCH and ppt P‘ES from this
elkaline solution gzﬁdually acidified to 6 K.
13. Dissolve the sulfide ppt in aqua regla, ma.ke alkaline end scavenge
twice with 5 mg pptns of La(OH),.
14. Buffer the supn. Witﬁ acetate and scavenge three times with 1 mg .
pptns of Mo and Pd with 8-hydroxy qﬁingliné.
15. Make solution acid and ppt pletinum metal with powdered magnesium.

Welgh the metal to determlne chemical yleld and plate.
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PROCEDURE U4 (Continued)

Remarks :

Rh, Ir, and Pt should be separated fram one bombardment leaving Os, Ru
and P4 for a second bombardment unless several people are cooperating on the
pi'ocedure.

The yleld of activity of Os, Ir, and Pt 1s very lov in comparison with that
of the other platinum metals and many other fission products formed in the bombsrd-
ment. This fact necessitates, for Ir and Pt, rigorous and repeated decomtamina-

tion procedures which result in low chemlcal ylelds.

PROCEDURE 5
Procedure Used IQ: Radioactivation analysis
Method: Precipitation

Tlement Separated: Pt0' (18 h)

Type Materiel Analyzed: Marine Organisms(1%2)
Type Fuclear Bomberdment: Pt 95(n,7)Pctd’
Procedure By: Fukal end Meinie 102)
Separation Time: (unknown)
Chemdcal Yield of Carrler: (unknown)
Decontamination: -(HJJJED.O'-'D.)
Eq_uipnent Required: (unknown)

Procedure:

(102)

Note: The authors point out that the speclmens were irradiated

197

for a few hours, then processed radiochemically. Pt radiocactivity was

measured Dy gamma spectrametry.
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PROCEDURE 6

Procedure Used In: Redioactivation Analysis

Type Materisl Amalyzed: ‘Refined silver and mickel cathodes103)
Type Nuclea.r Bom'.ba.rdment Neutron .

P_rocedure By: Zvyagintsev, 0. E., and Kulak, A I. (103)
Seperation Time: (unknovn) B

Decontemination: Radloactive gold also determined in this work. No
. . .information available on decontamination. -

Equipment Required: . (unkmown)
Procedure: -
Note: : Specifie¢ Informatlon on this procedure-not available. - Publication

should be: consulted.

PROCEDURE T

Procedure Used In: Radioactivatiorn Analysis
Method: Prerﬂpitajpio_n [ . .- N
Element Separated: Pt'27 (18 h)
Type Material Analyzed: Metals(1%) = . W
Type Nuclea.r Bom'ba.rdment- 196(n 7)P1:197
Procedure By: Mshiman, H. A. (Reported by Leddicotte(lou))
Separation Time: 3.0 hours
Chemical Yield of Carriers: 65-70%
Deéontamina.tion: >10h ‘
Equipment Required: Standard
Procedure:

1. Dissolve the irradiated sample (Note 1) in HCl plus a few drops of
EN03 and edd standardized Pt ;:arrier. Add the following holdback carriers:
Cu, Fe, Co, Sr, Na, Au,'Hg; and Ir. Evaporate to dryness.

.2. Take up residue in 20 ml of 1 N HC1 and extract the solution twice
with equal volumes of ethyl acetate {Note 2). Discard organlc layers.

3. To the aqueous layer, add hydroxylamine hydrochloride drépwise to
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PROCEDURE 7 (Contimued)

destroy any nitrates in the solution. Add 0.1 grem of 8n(.'12 Centrifuges and
discard ppt. _

k. The red color (PtCIh) is extracted fram the supernate by shaking with
an equal volume of ethyl acetate (Note 3). Wesh the organic layer twice with
equal volumes of & E HCl and then evaporate to dryness.

5. The residus is taken up in 2 N HC1 and Pt metal 1s precipitated wlth
magnegsium metal powder. Centrifuge and discard supermate. Wash ppt wilth tvo
10 m1 portions of 2 N HC1. Centrlfuge and discard washes.

6. Filter the Pt through a tared filter paper. Wash with threes 10-ml
portions of hot 320 and twvo ml portions of alcchol. Dry for 15 minutes at
110° C. Weigh as platimum metal. Mount and count (Note 4).

Hotes:

1. Samples irradiated in the ORNL Graphite Reactor at a flux of ebout
6.5 x 10 n/cna/sec. for 16 hours. Limits of measurement about 1.0 micro-
gram.

2. Additiomal gold holdback carrier may be added before the second
extraction.

3. If aqueocus phase is still red in color repeat extraction with an
equal volums of e't.h;yl acetate. Cambine extracts.

k. May be campleted either by Geiger-Mueller or gamma scintillatiomn

counting.
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