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FOREWORD

The Subcommlttee on Radlochemlstry 1s one of a number of
Subcommlttees worklng under the Commlttee on Nuclear Science
within the Natlional Academy of Sciences - Natlonal Research
Councll. Its members represent government, industrial, and
universlty laboratorles in the areas of nuclear chemlstry and
anelytical chemilstry, '

The Subcommlittee has concerned itself with those areas of
nuclear sclence whlch Involve the chemlst, such as the collec-
tion and distribution of radiochemlcal procedures, the estab-
lishment of speclfications for radlochemlcally pure reagents,
avallablllty of cyclotron time for service lrradlations, the
place of radlochemlstry in the undergraduate college program,
ete.

This serles of monographs has grown out of the need for
up-to-date compilations o6f radlochemlical Informatlon and pro-
"cedures. The Subcommlttee has endeavored to present a serles
which will be of maxlimum use to the working sclentlst and
which contalns the latest avallable informatlon. Each mono-
graph collects In one volume the pertinent lnformatlon requlred
for radlochemical work with an individual element or a group of
closely related elements.

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

The Subcommittee 1s confldent these publications will be
useful not only to the radlochemlst but also to the research
worker in other flelds such as physlcs, blochemlstry or medicine
who wlshes to use radlochemlcal technlques to solve a specifilc
problem.

W. Wayne Melnke, Chalrman
Subcommlttee on Radlochemlstry
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INTRODUCTION

This volume which deals wlth the radlochemlstry of
antimony 18 one of a series of monographs on radlochemlstry
of the elementa. There 1s lncluded a review of the nuclear
and chemlcal features of particular lnterest to the radlo-
chemist, a discusslon of problems of dissolution of a sample’
and counting techniques, and finally, a collectlon of radilo-
chemlcal procedures for the element as found 1n the llterature.

The sepies of monographs wlll cover all elements for
which radiochemlcal procedures are pertinent. Plans lneclude
revlision of the monograph perlodically as new technlques and
procedures warrant. The reader i1s therefore encouraged to
call to the attention of the asauthor any published or unpublish-
ed material on the radlochemistry of antimony which might be
included in a revised verslon of the monograph.
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The author wishes to express hls appreclation to James
E. Reln for revliewlng the manuscript and to Deanna Shawneen
Anderson for typing and preparing the manuscript for publlca-
tion.
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The Radiochemistry of Antimony

WILLIAM J. MAECK
Phillips Petroleum Company
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ITI. TABLE OF ANTIMONY ISOTOPES

: S Type Energy Of
Isotope Half-Life Of Decay Radiation in Mev Asslgnment
splis 60 m pt 0.75, 1.10 mass assignment
_ y 0.060, 0.090 _ uncertain |

sy 10 15@m a* 1.5, 2.4 o I (2%6-Meva, 3n) ?
y 0.90, 1.31, 2.22 506 G5-Mev p, n) 2

spll6m 60 m B* 1.45 2™ (q 30) 2
y 0.41, 0.95, 1.31 . 103 (20-Meva, n) 2

sptLT 2.8 b 6t (2.5%) | 0.6 | ™ (@, 2n) 7
EC (97.5%) " 816 (5-Mev a,n) ¢
y 0.161 8017 (5-Mev p,n) 2

g8 m 3.5m IT (1) o5 (11-Meva,n) ?
B 3.10 In? (16-Meva,n) 1
7 - 1.2h '

sp18 5.1h° No Bt &0.4) _ "~ 1nM5 (20-Meva,n) ?
EC snlT (10-Mev 4,n) ?
y 0.040, 0.255, 1.03, 1.22




III. TABIE OF ANTIMONY ISOTOPES - cont'd

Type Energy Of
Isotope Helf-life Of Decay Radiation in Mev : Assignment
sp19 38.0 h" EC 0.53 bremstrehlung endpoint a 16h mell9
y 0.024 : | ' snt? (5-Mev p,n) 1
5028 (10-Mev a,n) 2
Sbl201. 5.8 4 No IT sn119 (18-Mev a,n)
No gt ' sni20 (18-Mev d,2n)
7 0.090, 0.200, 1.040, 1.170 sbl2l (< 50-Mev y,n) -2
st 6.4 m gt 1;70 sp12l (17-Meva@,n) ?
y ' 1.18 ' soll? (5-Mev d,n) 2
sbl2l (15-Mev-n,2n) 1
&2 | s7.25%
§pi22 @ 3.5m IT v’ (th n, 5)
yA 0.061, 0.075
splee 2.80 d 87(0.01%) 0.565° . s (th n, 7)
B(9T%) 0.7k, 0.90, 1.0, 1.97 Sn1%2 (5-Mev d,2n) 7
EC(3p) |




IIT, TABLE OF ANTIMONY ISOTOPES - cont'd

. Type Energy of
Isotope | Half-Iife 0f Decay Radiation in Mev Assignment
=223 42.75%
e IT 5623 (tn n, 5)
y 0.0185
B~ (W) ~ 2.5
spl2+ml | g 3q IT '
0.012 _ _ 5623 (th n, y)
B~ 3.2
spl2k 60.4 a B 0.202, 0.36, 0.608, 0.T45 56223 (th n, 7)
0.871, 0.930, 1.5%0, 1.658 12T (fest n, y)
7 ‘ 0.603, 0.632, 0.645, 0.713, |
0.722, 0.967, 1.05, 1.33, 1.37,
1.45, 1.70, 2.09, 2.3
sb122 2.0y B 0.125, 0.300, 0.4k, 0.612 U (n,f)
- y 0.113, 0.175, 0.205, 0.214 502" (pile n, y8) 7
0.320, 0.377, 0.h27, 0.463 a 9.4% n1®
0.595, 0.637 p Te!® "



ITI. TABLE OF ANTIMONY ISOTOPES - cont'd

Type - Energy of
Isotope | Half-Life Of Decay Rediation in Mev .  Assigmment
st2* | 18.8n B ? - | U (n,9)
y 0.42, 0.65 . 1el® (£ast n,p)
gpL20% 6.2 d B 0.86 ' U (n,f)
y _ 0.417, 0.685, 0.90 7e*® (< 70-Mev 5,p,n) 1
"1.10, 1.35 U (26-Mev d,f)
sl 3.66 4 B" 1.11, 1.50 i U (n,£) '
y 0.60, 0.248, 0.310 U (26-Mev 4,7T)
0.463, 0.772 _ p 9.3 72T (784)
p 105% 1el?T (2o4) |
i 10.7m B” 2,9 U (n,f)
y 0.32, 0.75 1el® (n,p)
- 7P (08Mev 4, @) 2
e B~ 1.0 _ U (o,£)
| y 0.32, A, 0.k, 0.75, 0.90 ? 1128 (n,p)
Tel30 (28-Mev d, @) 1




ITI. TABLE OF ANTIMONY ISOTOPES ~ cont'd

Type | Energy of
Isotope | Half-Life Of Decay Redietion in Mev Assigmment
§u29 4.6 b " . 1.87 (20%) others | ' U (n,£) |
y 0.165, 0.308, 0.53%, 0.788 p67% e (76%)
| . Sl RG]
spt3° 33m 8" U (n,f)
| TelX (n,p)
spL30 T7.am p™ ' U (n,f)
7130 (n0)
sp3t | 23.1:& - - U (n,f)
p 25m Tel3l (85%)
_p 1.2 T3 (159)
spt32 2.1m B” .U (n,f)
p 76" Tel32
spt33 hilm | B _ ' U (n,f)
p 53 Tet33 (924)
p 28 Te133 (8%)



IIT. TABLE OF ANTIMONY ISOTOPES - cont'd

Type Energy of
Isotope Half-Iife " Of Decay Radlation in Mev Asslgnment
Spl34 45 8 g” U (n,£) *?
essignment
uncertain

*Ma.ss and half-life assignments are umcertaln. See National Research Council Nuclear Data Sheets

Sb-128-1 NRC 58-8-11 for discussion of assignmenta.

Sources of data used 1n thils compllation end to be referred to for additional information are as

follows:

1.

Nuclear Data Sheets, National Academy of Sciences- Netional Research Council,

2101 Constitution Avenue, Washington 25, D.C.

Strominger, D., Hollender, J. M., Seaborg, G. T.,_. Rev. Mod. Physiecs 30, 58_5 (1958).

Sullivan, W. H., Trilinear Chart of Nuclides (1958 and revisionms), Supt. of Documents,

U. S. Government Printing Office, Weshington 25, D.C.



IV. GENERAL CHEMISTRY OF ANTTMONY

IV-1 OXIDATIOR STATES

Other than the metel, the common oxlidetion states of antimony are

-3 in 3'bH3, +3 in 5‘b20 end +5 in Sb Claims mede for the exlestence

3’ %5
of H25b205 end the stability of S‘beoh indicate a +4 crystalline state
elso. I.a.'l;:l.mer2 summarizes the oxidation-reduction potentials of the

couples as:

0.51 -0.212 - -0.68 _ 0.48
SbH, Sb spo* Sb,0), Sb205 (Acid)
' -0.561
(1.34) 0.66 (0.40) L
SbHy Sb - Sb0,” E,5b0g (Base)

Reduction to the metal is easily performed with Pb, Smn, Bi, Cu, C4,
Fe, Zn, and Mg. In some cases where the metals evolve hydrogen from
dilute a.cid, pertial reduction to S'bH3 maey occu:r3. K.jél'be‘rl‘. apd Pea.ppas1+
- used chramous lon for reduction in -é. rediochemical procedure (see
_Antimony Procedure No. 5, Section VIII). Robinson end Milton5 separated
antimony from lrradiated Sn012 by glepositing 1t as the metal on copper
from an acld hallde solutlon wilthout the use of external curremt. Under
the best conditions a yleld of 71% 1s reported. |
| In the analyticel laboratory, antimony is commonly found as the +3
or +5 salt. Metalllc entimony is easily oxidized to Sb(III) and to as
high as +5 by HN03, Cly, Bry, Cr(VI), Mo(VII), and other strong oxidents,
depending on the amount of reegent end temperature. Iodine oxidizes S'bo
to Sb(III) end in alkaline solution Sb(V) may form.

Aptimonic compounds ere reduced to the +3 state by SnCJ_2 (distinc-
tion from As) and NaH,P0,,.

IV-2 ELEMENTAL ANTIMONY

According to Bidgwickl, there are four s0lid forms of antimony

metel.

IV-2.1 Yellow Antimony. This form 1s transparent and soluble in carbon




disulfide. It is evidently covalent end corresponds to white phosphorous
and yellow ersenic.

IV-2.2 Bleck Antimony. The ection of oxygen on stibine at low tempera-
tures oi' the rapid cooling of antimony vepor gilves thls form. I;b ie
formed from the yellow spé_cies end 1s more chemicaelly active th.a.n the
ordinaery f&m. .

IV-2.3 Metalllc or Ordinary Antimony. This forﬁ is truly metellic,

(o]
melting at 630 C. and bolling at 1325°C.

IV-2.4 Exploeive Antimony. The electrolysis of antimony trichloride,

tribromide, or trilodide with high current density produces this form.
On heeating to 200_°C. ot scratching, i1t changes explosively to the 'ordina.ry
form. '

IvV-3 OXTDES OF ANTIMONY

Three oxides of the element exdst, S'b203, Sb0), and szos. The
trioxide elong with some tetroxide 1s formed when the metel 1s burmed in
air. Heating the trioxide in alr to 300-400°C. forms the tetroxide;
however, et higher temperatures (i.e. 900°C.) 1t decomposes back to the
trioxide. The trioxide is amphoteric, 1t dissolves in comcentrated eclds
and basic selts are crystallized fram solu'biox_:L.' The besic antimonyl
(Sb0+) salts are hydrolyzed in hot water. The triloxide a.lsq dissolves
in alkelies forming sa.lts. of antimonous .a.cid such as RaSbOo* 3H0.

The tetroxide ls acidic in cheracter dissolving only in baslc solutions.
The pentavalent state of antimony may be prepared by the action of

' HNOg on the trioxide. The oxide and corresponding acid, HSb(DH)g, are
only slightly soluble in water but readily soluble in alkall.

IV-4, HYDRIDE OF ANTIMONY

Only one hydride, SbH3, 1s ]mown.. It is easlly prepared by
cathodic reduction or by reduction of antimony compounde in acid
solution by strong meté.l reductants. . The generation of stiblne as a
means of separating antimony from fission product solutions is pre-

sented in Sectioms V-3 mnd VIII, Procedures 3 and k.

10



IV-5. SOLUBLE COMPOUNDS

The solubie coﬁpou.nds of antimony 22,23, 2k are given in
Teble 1.
TABLE 1. SOLUBLE ANTIMONY SALTS
 Solubility in g/100 ml.
Salts Cold HxO Hot HoO Other
SbEry ' d. - 4. S. HC1l, HEr,
CS,, NHg, al.,
acet.
SbC1, ' 601.6° 80 S. al., HC1,
tert. a., 082 .
S'bCl5 d. d. S. HC1, tart. a.
SF 38%.7° 563.6°° i. NH3
SOFy 8 S. KF
SbI4 ' d. d. S. HI, HC1, KI,
) : al., C8y, acet.
ébn3 20 cm3 4 emd 1500 cm3 al.
2500 cm3 cs,
Na3SbS), 90 2130 57.180 S. NeOR
K3SbS),  5H0 75.13° 79.280 . 8. KOH
L1 ,6bS), - 10H,0 50.130 5. alc.
(NHy ) 38bS), - bE0 54,530
(Sb0)KCyHL06- 30 5.3 35.7000 s, gly
Bb(ComN08) 5 200 1. eth.
B'bg(C)_I_Hj_I_Os)3'6H20 8.

IV.6. INSOLUBLE COMPOUNDS

Of the many insoluble salts cf antimony several have been used
for gravimetric determinations and to establish ylelds in rediochemical
procedures.

IV.6.1 Hydrolysis Products. Except for the fluoride and scme organic

comfounds (e.g. tartrates end citra.tes), all the salts of +3 Sb are
hydrolyzed, which is oftenm overlooked by the analyst. The chloride
hydrolyzes to insoluble white oxychloride, the composition being

dependent upon the amount of water. The precipitate is soluble in

1n



solutions of tartaric acid, strong HCl, or excess alkall halide due to
complex formation. Washing the precipitate with water slowly con;erts
1t to the oxide. With SbCl5,.the basic salt is thought to be SbOCl3,
but the formula has been questioned3.

) IV;6.2 Oxides. The alkall hydroxides end cerbonetes precipitate white,
bulky 85205 from acid solutions of entimonous salts. The precipitate
is soluble in hot solutions of excess alkelil but insoluble in NHHOH.

If an alkaline solution of Sb(III) 1e carefully neutrelized with acid
(not HF, citric or tartaric) tﬁe oxlde is precipitated end at once dis-
solved by further addition of the acid. Freshly precipitated Sb203 is .
soluble is oxalic acld but a precipltate soon forms unless excess elkall
oxelate 1s present to form the soluble double oxalate3. The oxide or
hydrated oxldes are preciplteted from solutions of fixed antimonites

or antimonates upon neutralization with HNO3 or other mineral acids byt
-the freshly formed precipltate will readily dissolve in excess ecid. A
gravimetric procedure of welghing the tetroxide resulting from ignition
of the sulfide 18 discussed by Hlllebrand and Imndellzsa

Iv-6.3 Sulfideg. Hydrogen sulfide precipltates the orange-red sulfide,
SbpS3, from dilute ecidic solutions of Sb(IIT). In neutral solutions
(fartrate present), precipitation ie incomplete. No precipltate forms
in fixed slkali solutions. The sulfide 1s slowly decomposed by bolling
water; insoluble in (NBL)2003 (distinction from As); slowly soluble in
boiling solutions of fixed alksli carbonates; soluble in cold concéna
trated apd hot 1:1 HCL (distinction from As). The orenge antimonic
sulfilde, Sbes5, is precipltated under simllar conditions. This sulfide
has the seme solubllities as the trisulfide except that it is soluble
in NHMOH3. A1l salts of antimony when bolled with Na25203 precipitate.

as the sulfide.

IV-6.4 Complex Sulfide. A solution of ethylenediamine and chromous
chloride ylelds the complex CrNH,(CHo,)o NHoSbS) which has been used for

the m;crogravimetric-detérmination of antimonsz.

12



IV-6.5 Silver Antimonate. Antimonetes precipitate with AgNO3 to give
white AgSb03 which ie soluble in NHLLOH. .A sllver salt also forms when
SbH3 is bubbled through a silver nitrate solution. The sllver ‘reduces
and the antimony coverts to the oxlde (or acld) which 1s only slightly
_soluble in H0 (d1stinction from As)3.. -

Iv-6.6 Thioamslide., Antimony(III) cen be separated by precipitating

8b(Cy oH, oONS) 3 from either acidic or basic solutions. Chloride and

sulfate interfere by ceusing the formation of baslc salts. Arsenic, Bli,
Cd, Au, Pb, Hg, Th, Sn, and the aelkaline eexrths also precipitate28.

Iv-6.7 B-Hydroxyguinolipne. The yellow complex Sb(09360N)_3 quenti-

" tetively precipitates fram acidic solution as the pH 1s increased toward
6. This complex is stable at lOE—J.'LOOC. and may be used for the grevi-
metric determination of a.nt:l.monyas'. Since meny other ions also react

with this reagent, & preseparaetion is required.

IV-6.8 Triphenylmethylarsonium Chloride. DwyerZ® and FigglsS©
recammend arsonium halides, especially triphenylmethyla.fsonim chloride
and lodide, for the determlnation of Sb as well es for Bi and Cd. A
simple ilon associstion compound triphenylmethylarsonium tetrachloro-
antimonate (ITI) is formed. Ae little as 10 ug cen be determined by
nephelometry and lerger amounts gravimetrically.

Iv-6.9 ?_Egsa.uol. Fe:l.gel3l discusses the precipltation of antimony
-with pyrogallol. A lerge excess of pyrogellol in alr-free water 1s
edded to a dllute acldic sclution for analysis. Welcher3_3 lists 18
other elements which can be determined by this reagent.

Iv-6.10 9-Methyl-2,3,7-Trihydroxy-6-Fluorone. Feigel32 discusses briefly
the work of Wenger33 who recommends 9-methyl-2,3,7-trihydroxyl-6-flucrcme
as a speciflc reagent for antimony. The compound is soluble in aleohol.
A red compound with antimony selts forms in strongly acid solutions..

It 1s probable that the complex can be extracted.

Iv-6.11 %ferron. Several elements are precipltated with cupferron

from strongly acld solutions32. The only entimony oxldation state that

13



completely preclpitates is +3. The pentavalent state does not precipl-
tate. For specificity, a preseparetion is required.

Iv-6.12 o -Aminopyridine. An orange-yellow preclpitete of antimony is

formed with a-aminopyridine33. As 1little as 0.12 ug. 1s detected.
Bismuth, Co, Cu, Au, and Zn interfere.

IV-6.13 Phemylthiohydsntoic Acid. Beveral metels, including Pb, Ag,

Cd, Cu, Co, and Sb are quantitatively precipitated with thls resgent.
The preclpitate forms in dilute acetic acld a.ﬂ:er boilipg for about
5 minutes. Welcher33 glves a detalled procedure for the determina.tion.
of entimony but it eppears to offer little edvantage over other methods.
Iv-6.1k Methyl Violet. Antimony(V} is precipitated with methyl violet’f‘u*.
Poper)+5 reports simllar findings. Goto and Ka.kita.%. have extracted the
precipltated complex into amyl acetate.

Severeal other organic reasenfs have been proposed for the detection
of antimony. The reader is _referred to Welcher33 and Feigelm"'for more
complete 1istings. '

IV-7. VOLATILE COMPOUNDS AND DISTILLATTON OF ANTTMONY

The volatilizetion of elements as bromides end chlorides has
been extensively studied by Hoffman and Tunden 82, Both Sb(IIT) and
Sb(V) ere guantitatively distilled as the bromide from HC10), 01.' H,zsoh.
Antimony does not significantly distill aé tht;. chloride fram HClO,_‘_,
differentiasting it from Sn(II) and Sn(IV)Bl. Areenic(III) and As(V),
Re, and Ru also distill from an HBr-H5S0) solution. Co

The volatile hydride, Sb]it'3 is dlscussed in Sectiom IV-4. Use of
the Qolatile halidés and stibine in analyticel separations is discussed
in Section V-3. |

IV-8. COMPLEX IONS AND CHELATES

Antimony({IIT) halide complexes I:be;[' and]:begr with X = C1™
or F~, have been reported. Hexahelo complexes, corresponding to I:SbFa',
[SbCl6| , end I:E?bBI'EI_ are also known3?., The bromide complex differs

from the chloride and fluorlde by being hith.y'coloi'ed and eeslly
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MoMﬁ. A heptafluorocantimony ion of unknown structure is reported.l
for the salt KéSﬁF#-HEO. | |

Both Sb(ITI) and Sb(IV) form chelates with catechol, Undoubtably _
many of the organc compounds described in Section IV-6 are also chelates.

Iittle use ha.s.been made of complex lons and chelé.tes in radio-
chemical procedures for antimony. Both simple lon-assoclatlon compounds
and chela;tes are eesily extracted in organic solvents and can form the
ba.sia for selectlve separations. .

IV-9. ISOTOPIC EXCHANGE REACTIONS "AND HOT-ATGM CHEMISTRY

Berker and Kehn?® studied the rate of exc;ha.nge of Sb between
Sb013 and Sbc15'1n CCl,. The rate of exchange is both time and light
dependent. At SOOC. and 81°C. the half time of the reaction wes 235
hours and 19.5 hours respectively. The rate of exchange of Sb(III) and
Sb(IV) in HC1l solutions according to Bomnerl®C is a function of HCL
concentration. The half time of the reactlon is 1400 houre im 3M HC1,
60 hours in 6M HC1l, end 36 minutes in 12M HCI.

Mela.nderlOl studie(_i the Szilard-Chalmers reaction with both
phenylstibinic acld apnd ﬁiphenylstibine. No concentration of Sb
activity was obtained from the irradiated phenylstibinic acid. A con-
centration factor of 100 is obtaimsble by irradiating (c6ﬁ5)3 Sb in
benzene and extracting with aqueous 2% ta:rfaric acid, 0.05% KSbO tartrate.
Conc¢entration factors up to 6000 are reportedloz foi' the slow neutron
irradiation of (CgHs)3 Sb in benzene followed by extraction with 2.5M

HCl. Large concentration factors have also been obtalned by j_rradiating

solid triphenyl antimony compounds, dissolving the target 1n chloroform
and exEracting wlth an equeous Kie tartrate solutionl®3. The reader is

referred to Wehl and Bon.nerloa' for a more detailed discussion of hot-

gtom chemlstry.
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V. ARALYTICAL CHEMISTRY OF ANTIMONY AFPLICABLE

TO SEPARATIONS AND YIELD DETERMINATIONB

V-1. SOLVENT EXTRACTION

Solvent extraction provides rediochemists with a rapid and simple
technique for the Hselective separetion of an element from complex
mixfures. Through the Judiclous use of varlous scrubbing agents and .
strippa.nts, high degrees of seperation are -atil',a.ina.ble.’, The simplicity
of the operation renders this technique easily edapteble to remote
operation. ]

In many instances the entire separetlon mey be performed on a
carrier free basls thereby eliminating fhe inherent errars, such es
coprecipitation and non-stolchiometric relatlionships, assoclated with
gravimetric yleld determinaetions. Because meny extrectable complexes
are colored, the yleld, if requifed, ca.n.in many cases be determined by
a simple spectrophotometric measuren_tent. The use of deep ﬁell- crystaels
and gamms spectrometry combined with solvent extractlon separatione and

spectrophotametric ylelds is galning popularity in rediochemistry.

V-1.1 Ton-Assoclation Systems

V-1.1.1 Fluoride System. Extraction studles of fluoride systems are

reletively few. Iﬁ.ta.ha:ra36 studied the extractlon of several elements
from HF solutions into ethyl ether. The extraction of S'b(iII) from
3.5M HF 1s rep'or‘l:ed.a6 to be less than 1% as is the extraction of Sb(V)
fram 20M HF37. large quantities of Sb(V) can be extracted with diethyl
ether ﬁom an esqueous phase 6M_ in HC1 end 0.4M in HF with the -e_extra.cted
specles probably being the chloride ratber them the fluorlide complex.
V-1.1.2 Chloride System. Extensive reviews of the extraction of the
chloride complexes of Bb are a.va.ila'ble38 »39, m. Edwarde a.nd Voigth'l
heve shown thet the extraction of antimony 1nt6 isopropyl ether is
‘superior to that of dlethyl ether. The distribution coefficient is

greater than 200 for Sb(V) from 6.5 to IB.EM; HCL. ExXcellent separation
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of 8b(V) from Sb(III) 1s.achieved. Schweitzer and Stormsh3

confirm these
findings. Complete extraction of Sb(V) end 68% extraction of Sb(III)
- from HCl1 solutions with methylisobutyl ketone has been reported.he. The
extraction, and seperation of Sb(V) :E‘rom several elements, from 1 to
2M HC1 contelning oxalate end ¢itrate into ethyl acetate has been
reported by White and Roseh"?. Iron, Sn, Cu, Cd, Pb, Ge, end Te ere -
not extracted; As, Bi, a.nd Mo extract in tr_a,ce amounts; Ag and Hg
partially extract; and Au cémpletely extrects.

The separation of Sb from 8n oftentimes desired in radiochemical
separations, cen be attaine@ by extraction of 5b(V) into ethyl acetate

from €4 EC1*

. Tin(IV) remsins in the ‘agueous phase. The separstion,
/'by extraction 1nto 1sopropyl ether, is reported by CoombeBO . The
procedure of White and Roselﬂ meﬁtioned above 1s also epplieasble.
| Tri-n-octylphosphine oxide in cyclohexane extracts antimony(IIT)
from ™ HCllIB with reesonable seperation from several other elements.
The extrection of Sb in chloride systems, though s:mel_e, is a
poor system because a large number of chloride complexes of other
elements also extract. The use of sequestering egents, both in the
originel aqueous phase end subseyuent scrubs, contributes to a cleaner
seperetion. Pa.ssassh- developed e rapid (v5-min.) procedure for the
sepa.re.t;on of short lived entimony isotopes from freshly irradiated
" uranium by extraction of the chloro complex into isopropyl ether.
Molybdenum which also extracts i1s reteined in the orgenic phase by
formation of the h:l.ghly soluble thiocyenste complex.

V-1.1.3 Bromide Systems. Bock, Kusche, and Bock’l extensively

stud_-l.éd. the extraction of various elements from HBr. Ninty-five

per cent extraction of Sb(V) from 5M HBr into ethyl ether is reported,
the extraction of Sb(III) is considerably less. Gold, Ga, In, As(III),
T1;, Sn(IT and IV), Mo(VI), and Fe(III) extract to greaster then 50%
from 4 to Sﬂ HBr. The same general comments g;_Lve_n for the chlorilde

system regarding specificity apply to the bromide system.
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V-1.1.4 JIodide System. TIodide extraction systems have been more
extenslvely studied than tromide. Antimony(IIT) quantitetively
extracts from 6.9 HI into ethyl ether es do As(III), C4(II), Au(III),
In(III), Hg(II), T1(I), TL(III), and Sn(II). With 1.5M KI 1n'o.75y_

Ho80),, less than 50% of the antimony extracts into ethyl etherse.

'West5 3
states that small smounts of the tetralodoantimonate(III) ion extract

into benzene frqm' a Hp80)-KI aqueous phase.

V-1.1.5 Thiocyenete System. Slight or no extraction of ﬁ(III) into
ethyl ether from O0.5M HCi containing up to 5M N'HII_CNS has been observeds h.
Tin(IV.) quentitetively extracts from a similar medls suggesting &
possible sepafatidn.

V-1.1.6 Alkylphosphoric Acids. Iess then 5% extraction of Sb(III) end

Sb(V) with 0.6M dibutylphosphoric acid with greater then 95% extraction

39
of Sn(IV), Zr, Nb, Y, end In is reported .

- V-1.1.7 Trialkylphosphine Oxides. With tri-n-octylphosphine oxide,
. 48 -

Sb(IIT) partielly extracts from 1M HC1 . Complete extraction of

Sb(III) is realized by increasing the HCl concentration to TM.

V-1.1.8 Methyldioctylemine. Extraction of antimony from greater

than GE'HCI 1s quentitetive with 2 to 3 volume percent solutions of
50

methyldioctylamine 1n xylene The extractlon decreases wilith lower
HC1 concentretions.

V-1.1.9 GQuaternary Amines. Work in progress im the euthor's labora-

tory pertaining to the quaternary emine extraction of the elements shows
that both Sb(III) end Sb(V) are completely extrected from 5M HC1 as the
tetrebutylemmonium chloro entimony complex into hexone. -Iittle or no
extraection was observed in HNO3, Hp80y,, HF, or NaOH systems.

V-1.1.10 Rhodemine B. The chloro complex of Sb(V) forms .an ilon-
a.ssocia.tj.or_\ complex with rhodemine B readlly extractable into benzene

39

or ethyl acetate fram 3 to GM HC1™. Several investiga.tors55: 56,57

describe modified determinations of antimony. Recently VanAmen et. a.l.66

described & colorimetric rhodamine B procedure which eliminetes hydrolysis
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problems encountered in other methods. A reletive standsard devistion of
1.2% 1s Teported for the range of 2-20 ug of Sb.:

V-1.1.11 Methyl Violet. Antimony(V) forms a pr.e'c-ipita.te with methyl
violet 1n HC1l which 18 ‘soluble in amyl aceta.'be)'l's. The sensitivity of
this system' 1s O_.l-ug./ml. Jea.ns8 describes the extraction of the
violet blue complex from €M HC1 into benzene.

V-1.1.12 Azo Dyes. Morrison and Freiser39 list severazl azo dyes which
form ion-assoclation complexes with.__Sb(V-) in stron_g HCl - saturatéd
ethanol medie extractable into benzene. - Generselly the reactions are

" quite sensitive (1-8 ug./ml. of Sb).

V-1.2 Chelate Systems

V-1.2.1 Cupferron. Cupferron has been used for the separation and -
determine.tién of several elements. The insoluble preclpitates formed
wilth cupferron are soluble in organic reegents such as' ether 'and
chloroform. Antimony(III) is quantitetively extracted imta chloroform.
from 10% HESOL'_6?.  Beveral other elements also extract>. .

V-1.2.2 BSodium Diethyldithiocarbemate. A 2% aquevus solution of this

reegent will extract sbout 20 elements3’. Between pH 4 to 9.5, Sb(IIT)
extracts into carbon tetrachloride., Of radiochemical interest,. As(III) -
and 5n(IV) also extract. Use of masking agents such es EDTA and cyanide
have greatly increased the selectivity of this reagent. .

V-1.2.3 Morin. Antimony(III), in addition to Al, Be, Ce(III), Ga, Im,
Sc, Sn, Th, Ti, and Zr, form complexes with morin, extrectable into
butyl, amyl, and cyclohexyl alcohol from scidic medisd”. -

V-1.2.4 8-qQuinolinol. - The precipitetion of antimony. with 8-quinolinol
has been discussed in Section IV-6.7. It seems reasonable to agsume
that the camplex 1is organic soluble end extractable. The reagent also -
reacts. wvith sbout 40 other mefa.ls39_

6
v-1.2.5 ~Potessium Xanthate. Isleln and Vorbes 2 report- the extrection

of Sb from acidic solutione into carbon tetrachloride with potassium

xenthate. TIess metals are .reported39 to react with this campound
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compa.fed to the ofher chelates. Further investigetion of this sys‘l;em

' appears warranted as an extraction procedure for the separation of Sb
in fission product mixtures.

V-1.2.6 Antipyrine. The separation of Sb from Bi, Hg, Sn(IV), As(III),
Zn, Co, Ni, a.nd. Cr has been reported for a chloroform Bystem65-.
V-2 CHROMATOGRAPHY OF ANTIMONY

V-2.1 Ion-Exchange

68
V-2.1.1 Cetion-Exchange. According to Iure and Filippora , entimony

48 separaeble from arsenic and tin by passage of a dilute HC1 solution
through the sulfonic acid cation exchanger Wofatit-P in the hydrogen )
form. Arsenic passes through with Sb and Sn remaining tightly bound.
Bismuth is separable from Sb as the thiocya.nate68; the separation being
made with a 6% solution of NH,CKS 0.5M in E_S0, . Antimony(III) cen be
separated from Sn(II) on Amberlite IR-120 by elution with 0.1M HCL
conteining 2% tartaric ac1a®. Antimony(III) elutes, and Sn(II)
remaine on the colum. Antimony(III) end Sb(V) can be separated by
eluting Sb(III) with dilute oxalle ac1d’®. The ﬁnexpected adsorption
of negatively cherged chloride complexes, including Sb(V), on a cetlon
-exchanger has been reporteds'?..

V-2.1.2 Anion Exchenge

1 .
V-2.1.2.1 Chloride System. Kraus and Nelson7 extensively studied the

anion exchange properties of the elements in HCl with Dowex-1. The
distribution coefficlent of Sb(III) is greater than 103 in 1M HC1 while
that of Sb(V) 1s lese than 10. Separetion of Sb(III) end Sb(V) is
difficult due to the slow rate of desorption of Sb(V) with dilute HC1l
elutrient and the hydrolytic properties. of Sb(III) in dilute HC1.

Trace amounts (S'bl2h) indicate that Sb(V) 1s not adsorbed on Dowex-1
in dilute HC1 whereas Sb(III), formed by reduction of Sb(V) with H2503,
is strongly adsorbed 0, The separation of Sb(V), Te(IV), end Sn(IV)
using a Dowex-1-X4 column has been reportedTE. For other possible

separations the reader is referred to the summasry paper of Kraus end
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1
NelsonT for a table of the distribution coefflclent of the elements.

V-2.1.2,2 Fluoride System. Fg.rié73 has studied the fluoride-anion

exchange propertieg of the elements similer to t.he.t d.esczfibed ebove
for chloride. Antimony(ITI) is strongly adsorbed in dilute HF; Sb(V)
appears strongly edsorbed et all concentrations. Arsenic(V) as well
as Sn(IV) are also strongly held. Arsenic(ITI) is not sdsorbed offer-
ing some possibility for the separation of As and Sb. .

V-2.1.2.3 Nitrate System. FarisBo has also studled the anion exchsenge
properties of the elements in nitric acld on Dowex 1. Antimony(V) and .
As(V) ere not sdsorbed and Bn(IV) is slightly adsorbed. This system
appears to offer little edventage for the seperation of Sb from other
elements.

V-2.1.2.4 Oxelate System. Mixtures of Sn(IV), Sb(YV), and Te(IV) are
separeble on & Dowex 1 column74. The semple In 3M HC1l - 0,1M oxalic
acid is placed on .-the colum. TelluriumiIV) is eluted first with

O.lﬂ. oxalie acid,.then antimony is separated with O.1M pH 4.8 sodium
oxalate, finelly tin 1s removed with 1M H,80).

V-2.1.2.5 Malonete System. The separetion of tracer Sb(V) and Sn(IV)

using emmonium malonate as the elutriant on an Amberlite IRA-LOO
colum has been d.escr:l.'bed.'?5 . The Sn(IV) melonate is retained on the
colu.mﬁ while the antimony is eluted with a 3% malonete solution at a
PH of 4.8. Tin is removed with L4.5M HyS0).

V-2.1.2.6 BSulfide. The separstion of Sn, As, and Sb as sulfide cem-
plexes in basic solution on Dowex 2 columms has been studied. A 3%
sodium polysulfide solution 1s placed on a Dowex 2 column in. the
hydroxide form. Tin is removed with O0.5M KOH, arsenic with 1.2M KOH,
end antimony with 3.5M KOH.

V-2.2 Inorgenic Alumine Exchangers

Numerous procedures have been developed for the separation of
elements with an alumina column. Generelly, washing with selected

solvents separates the elements into bands which are ldentified by
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edding reagents to- form colored complexes. Arsenic(III) can be
separated fram Sb(III) by washing with dilute EC1 and developing the
color with Hy8 saturated water. The upper (As) band is yellow and.the
lower Sb(III) bend is orange-red . Antimony can be removed from the -
elements of the tin group by a.&d.ition as a Na.EB' solution &nd weshing
with ailute HC177. Arsenic is eluted sith a NaS saturated solution
and moves down the columm as § lemon yellow band. Following the .
desorption of mareenic, antimomy is removed wvith concentrated. NH)OH.
Tin, Te, and Mo are pertlally eluted. Selenium,.8n, Te, ani Mo are -
campletely removed by washing with a solution of (NE,+)28.' Arsenic and
Sb are separated; Sn and Sb separation i1s poor. The reader is referred
to Lederer and Lederer(? for a more camplete discussion of inorganic
" exchangers. -
V-2.3 . Paper Chromatography

Generally, this technique consists of dipping the end of a filter
paper str.ip-into the sample solution. The ions migrate up the paper
with charecteristic rates dependent on such verlebles as the solvent --
media, pH, a:vii'type of peper. 'In many cases, papers lmpregnated with
Al(OH)3 or en ion-exchanger have besn used to increase tﬁe:desree of -
seperation. The paper may be sprayed with colar forming resgents or’
sections .cut out for. subseguent quantitativ_e anplysis.:

Many useful separations of As(III) end Sb(IIL) have been reported .
contrasted to few for Sb and 8nlY.' In a butenol-HCL msdia, As is
separated from Sb and Bn. The separation of As(III) and Sb(III) has
been accomplished with the lower alcohols . Beparation of As(III),
Sb(III), and 8n(IV) has been.obtalned with collidine saturated with
0.uM El03.

V-3 DIETILLATION AND VOLATILIZATIQN

The volatile antimony compounds have been described in Bection IV-T.
82 )
Scherrer describes a-distillation rrocedure for the separation of

arsenic, antimony, and tin. -The semple 1s placed in the distillation -
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flesk end made €M in HCL and 0.5 to 1M in H,SO),. Arsenic is distilled
et 111-112°C. The receiver is removed, phosphoric aecid is added to the
distilling flesk, and entimony is distilled at 155-165°C. After
cooling, the receiver 1s chenged and the distilletion 1s continued
at 140°C. with a 3 to 1 mixture of concentrated Hél and concentrated
HBr .dropping into the distllling flask. Molybdenum, Re, Se, Te, and
Hg pertlally distill. _

Rediocantimony 1s separated by distillation in Procedure 2, de-
scribed in detell in Section VIIT. Heussa3 describes a simplified
distilletion procedure for Sb, As, and S8n,and Maxwell et. a.l.sh
describe the -distillation of Sb from HClOlI_-HBr._ The emsily accomplish-
ed electrolytic formation of stibine, SbH,, has been used as the basis
for the separation of radioantimony. Cook™3 separates entimony from
fission product mixtures by generating stibine at e lead cathode in
an stmosphere of hydrogen. _']lhe stibine, swept out of the cell ﬁy the
hydrogen streem, passes through e slightly ecid silver nitrate solution,
forming & mirror when heated or remaining as insoluble silver antimonide.
The latter technlique is more convenient. Inve93, using this technique,
recently described a 10-second procedure (Section VIII, Procedure 4) for
sepersting short-lived antimony from fission product mixtures with ™
grester than 107 decontemination. Other methods based on generation
of stibine heve been reporbedll"l 15,16, 17, 18,

V-4 ELECTROCHEMISTRY OF ANTIMONY

V-4.1 Electrodeposition .

'One ‘important edventage of eleetrodeposition compered to
precipitation is that extraneous lons are not added which can interfere
1n subsequent analyticel steps. Contr91led potehtia.l techniques pro-
vide specificity, v-ith campleteness and speed of separetion primerily
dependent upon the differences in the reduction 'potentialé of the ion-
metal reactions. The techmique is particularly advantegeous for

radlochemical epplication because thin &nd evenly deposited films on
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counting plates ere obtainable. Detalls of instrumentation, cells, and
generel methodology are fully described by Ldnganee.

Reynold56 extenslvely studled the controlled cathode potential
separation of entimony, tin, end bismuth. Quantitative recovery was
obtalned from a sulfurlc acid - hydrazine Bulfatg solutlon at -0.3 V.
Jbvanovic9 studiéd_thé cathodic depositdon of bismuth and entimony from
stoh media and gives procedures for thelr separation from tin.

Norwitz > also dlscusses the electrolytic determination of entimony.
Several comprehensiﬁe studies of controlled - potential electrodeposi-
tion have been reported recently. Tankalo describes the electrodeposi-
tion behavior of entimony in HC1l, HpS0), HNO3, NEhOH, and cyanlde
media. The controlled potential separétion and determinatidn of
antimony, copper, lead, and tin in nonferrous alloys 1s dlscussed by
Hayakawall.

Electrodeposition has been used 1n several radiochemical separa-
tions. A mefhod for the sepﬁrﬁtion and mounting of antimony as well es
severel other elementé 1s described by Lee and Cook7. Excellent beta
counting pletes, suitable for decay scheme studies, were obteined.
Harrl2 1solated the separated antimony from a Szllard-Chalmers
reaction by electrodeposition on & platinum electrode.

Hydrogen can be liberated in an electrodeposition technique and
care must be taken to prevent the loss of entimony as SbHB.

V-4.2 Polerogrephy

Polarcgraphy hes nof been used for_the rediochemicel determina-
tlion of antimony. Kolthoff and Linganelg discuss several polarographlc
methods for the determination of antimony in complex mixtures. Excellent
waves are obtained in 1M HN03 wlth gelatin es & maximum suppressor with
a helf wave potentiasl of -0.3 V. vs. S.C.E.

Iove20 has been ploneering the applicetions of polarography to
radiochemistry. Antimony has not been investigated; however, the
techniqué mey be applicable to the seperation of antimony from fission

prodﬁct mixtures.
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V-k.3 Amslgems

. Isotopic -exchange with mercury emalgems has been proposed by
Meinkea as o technique for the separatlon of radioelements from complex
mixtures. Attempts to prepare an entimony-asmalgem were unsucceassful.
V-5 GRAVIMETRY

Volumetric methods far the non-rediochemical determination of
antimony are sccurate and rapid, hence the more tedlous gravimetric
methods are seldom used.

Precipitation as the .sulfide has been used almost to the exclusion
of other methods. (See Sectiqn' IV-6 for a compilation of precipitants).
However, disegreement exists concerning its use. Hillebrand and
Lmde11® state that welghing of the trisulfide is satisfactory if it
1s drted and heated in an atmosphere of COp at 280-300°C. Narwitz =’
claims thet errors inherent in depositing the sulfide from ecidic
soiut:!.‘on include edhering depoelts end lncomplete precipitation.
Results can be 1 t§ 1.5% high due to occlusion of oxygen and sulfur
compounds. .

Although sulflde precipitation as a means of determiné antimony
requires preclse conditioms for accurate macro analysils, thé errors
involved do not appear to be of such comsequence to seriously affect
yleld determinations in routine rediochemical anslyses. Yield
determinations for many elements are subject to similar conditions
of occlusion and non-stolchiometric precipitation. The author believes
that other more preclse enalytical techniques, such es titrimetry or
spectrophotometry, ere better sulted for yleéld determinations. The
lnereasing use of gamma spectrometry and especlally deep well counting
encourages investigetion along these lines.

V-6 SPECTROPHOTOMETRY

This proven technique can substitute for gravimetric yield
determination in meny radiochemical methods end clrecumvert such errors

as coprecipitation, occlusion, end questionasble formula of ignited
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products. It 1s a slmple matter ta develop the color by eddition of a '
chromogenic agent, meke to volume, remove an sliquot for the sabsorbance
meesurement, and count the remainder.  An example of this, using

rhodemine B as the chromogenic egent, is given iln Section VIII, Procedure 4.
. 85 _

Rhodamine B is the most wldely used resgent for Sb. Sande
discusses the merits and shortcomings of the method. Fo:I' quantitative
recovery, the cruciel step in the rhodemine B method is conversion éf
8b(IIT) to SbCl6-. The HC1 concentration must be greater than 61_4 and’
Ce(IV) sppears to be one of the few sultable oxldizing egents. ~Beceuse
SbClg~ slowly hydrolyzes, the rhodemine B is added irmediately after
oxidaetion. The precipitate (bright red) is ea.ailly extracted into
organic solvents, providing additionel decontamination. - Lukeea- and:
Ve.n.Ama.n66 report slight modifications 1in the procedure.

In ecld solution, stromgly, yellow colored ilodoantimonite 1s
formed by edditlon of excese 1odide to either Sb(III) or (v)86;

Beer's law is followed for the range of 5 to 50 ppm of antimony. -
Nitrife, hypochlorite, and su.'l.ﬂt_e interfere and close control of °
iodide and acidity must be mainteined. A pyridine-iodide method for
antimony has been described by Clarke®T. In this procedure, pyridine
forms & slightly soluble, colored fodoantimonite compiex, which 1s kept
in suspension by gum areble. Sulfuric acld concentration for maad.mm
color intenslty 1s 3 to h!l_ and iodide and pyridine concentrations must
be closely controlled. -

Methyl violet, brillient green, -and enthraguinone-l-azo- -
dimethyl aniline reect with antimony(V) in a manner similsr to"
rhodamine 385 .

V-7 TITRIMETRY

Titrimetric methods also offer convenience for determining the-

Yleld in a radiochemicel method. The entire seperated sample can be

titrated, then counted in a well crystal. Usually -antimony 1s determined

by oxidimetric.titration of Sb(III) with permangenate, lodine, or bromate:
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Cerium(IV) and dichromate can also be used.

Ttration with bromine is usuelly carried out et an elevated
temperature with methyl orenge or indigo sulfonic acid as the
indicator. Antimony(ITI) can be titrated with iodine in concentrated
bicarbonate solution. . Tertrate is added to hold thé entimony in
solution. The reaction is slow near the equivalence point and offers

no edvanteges over the bromate titration89

. In the presence of HC1,
Sb(III) is oxldized to S'b(V) bf permangenate. Acidity is critical.
Hydrolyeis may occur 1f too little acld 1s present while strong acid
givéé high results due to oxidation of chloride. ﬁillg.r,d and You.ng9°
have titrated Sb(III) in HC1 with c.er_ié sulfate with iodine -monochloride
as catalyst: The titration is carried out et 50°C. using ferroin
indicator. The solution should contein 15 ml. of concentrated HC1

per 100 ml. of eolution. - Titration with dichromete has also 'been_

report edgl-

;. however, the method 1s unattractive beceuse 2 to 3 hours
are required for the oxidaetion and the endpolint 1s not very sharp.
Ant:l_mony(V) has been determined by titration with titanous

> : .
? . After oxldation, with bromine, the solution is boiled to

sulfate
remove excess axldemt. The titration is made in an ipert atmosphere
(1.e. C02) above 60°C. using indigo eermline indicator. This approach

does pot seem practical for a radiochemical ylé&ld determination. -
VI. DISSOIIJf]iION OF ANTIMONY CONTATNING COMPOUNDS.

Because antimony 1s easlly lost by volatilizetlon :t‘rom- hydrochloric
acld medie, dissolution with this reasgent should be carried out umder
total reflux. Dissolution with sulfuric acid end a reducing agent or
an alkali fusion pre.vents the loss of entimony and 1s preflerred.

The metal 1s soluble in hot sulfurlc aeid. Bilsulfite fusion in a
porcelain or silice crucible dissolves the metel end lead alloy. The
cooled melt 1s soluble 1n & dilute hydrochloriec - sulfurlc acid medie.

The Sb(ITI) sulfide is soluble in hot sulfuric acid; the Sb(V)

>
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sulfide in a.lka]d. sulfate solution contelning free sulfur or in
sulfurous é;c;id. ..

‘Fusion methods are recommended for semples .contalning oxidized
material that mey not reedily dissolve with sulfuric a.cid. Sodium
hydroxide in an 1ron crucible, dehydrated sodium thlosulfete, end a -

mixture of sodium cerbonate and sulfur in 2 porcelaln crucible are used.:
VII., COUNTING TECHNIQUES

The common fissilon product entimony isotopes encountered in

125, 284 S'b'126 126m

analysis are 2.4y 8b , and 93 hr, g2, Some 9 hr. Sb-

and 4.6 hr.: Sbl29. may be observed in short cooled material. Of these
isotopes, all mey be gaﬁna counted except the 284 Sb126 vhich is a pure
bete emitter. Gross bete or gamma counting can be confusing due to.the
grow in of the tellurium daughter products. Gemma counting using a
multichannel enalyzer 1s recommended. Characteristlec gemma spectra are -

glven by-Heathlol" and Croutha.mello5 .

VIII. COLLECTED RADTOCHFMICAL PROCEDﬁRES lFCIR ANTIMORY

In prepaeration of this monograsph the euthor requested from the
other monograph authors rediocchemical methods for antimony used in their
laboretories. - These methods ere included in the followlng compllation

whilch 1s believed to be represenfative of the methods now in use.
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' PROCEDURE 1
(ION-EXCHANGE)
9k

W. E. Nervick

Note: This pr.ocedu:'re'ha.'s been used to obtain pure Sb f‘ra.ctioﬁs fram U,
Th, end Cf fission product mixtures but should be epplicsble to almost
eny m:Lx.buré of activities. Cﬁemical ﬁelds a.ré appré:d;mately 60% and
it.usua.]_'l.y takes ebout five hours to run four semples. (W. E. N.)

1. Add 30 mg Bb cerrier plus 1 mg Mo, Te, Sn carriers. (Solution at
this point should be free of o:d.d:_Lz:I.ng a.g_ents_--_--if it 1s not, ppt, Sb
with pE 6-7 acetate buffer, wash once with dilute acetete buffer, dis-
solve in 8 ml &M HC1). _

2. Adjust to 2 HCL (25-30 ml vol) - ice cool - add 10 ml CrCl,
("Oxsorbent", made by Burrell Corp.) - digest cold 5 min. - bubble in
0, 1 min, - cent - wash twice with Hz0. (If 8b° does not centrifuge,
filter it, wash with H,0, and dissolve 1t off the filter es in Btep 3).
3. Dissolve 8b° fn 4 ml cone. HCL + liguid Brp - add 1 mg each of Sn
and Mo cerrier - aedd N'HQOH-HCl to reduce Brp - dilute to 30 ml - add 1
ml 5M NaI - digest hot 15 min. | '
‘4. Add 2 ml €M NH,F-HF - 1ce cool - saturste with H)S - digest hot

15 min. (no longer) (saturete with HoS every 5 min.) - cent - wesh once
with (1M HCL + HyS + dilute NE,F-HF).

5. &) Dissolve Sbo83 i;n 15 ml hot 6M HC1 - add 1 mg Te - pass in H5S -
cent. ' . |

b) Add 1mg As'S - digest - filter AsgSs.
6. a.j Adsorb Sb on Dowex A-1 enion excﬁange colum (6 mm x 10 cm;
Dowex 1 x 8, 50-100 mesh, pre-equilibrated with 6M HC1).
b) Wash colum with 5 ml 64 HCL '
' 15 ml 1M EC1

10 m1 M HS0)
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PROCEDURE 1 (Continued)

c¢) Elute 8Sb with 2 ml B0
15 ml boiling 24 NeOH
T. Ad.:just to mM inm HC1 - filter (Wha.tman No. kb paper) - ice cool -
add lO ml CrCly - digest cold 10 mln. - pa.ss in 0, 1 min. - .cent - wesh

twice with 0.5M HCl, once with acetone, d.ry at 110' - weigh as Sbo

PROCEIURE, 2
" (BRQMIDE DISTILLATION)
"J. W. Barnes9’

l. Introduction

Antimony is separated from most of the fission products by distil-
lation of the ,tribrom;_de from acid s_olp.t:l.on_. Among the substa.nges whi;:h _
also asppear 1n the distillate ere vol_atilg compounds (p:ro"ba'b]y the bro-
mides) of germenium(IV), arsenic(III), te].'_l.ur:l._mn(IV), and tin(IV).
Tin(IV) is the main conteminent of the distillate under the conditions
employed. Germa.uium tetrabromide boils at a .co'naiderabl;y' lower tempere-
ture then a.ntimqny tribromide and _is_ largely removed by discarding a.n

appropria.te. low bollling fraction. Timn 1s remo_v_ed by an acid h&drogejn _
sulfide precipltation in the presence of fluoride 101'1“, the letter
forming e stable camplex with the tin and preventing its precipitation.
Remaining germanium, as well as arsenic emd tellurium, which have pi-e—_ _
clpitated elong with antimony, are separated by concentrated hydrochlorie
acld extractlion of the sulfide ?recipita:t?e. Antimony(III)_ al_llfi_d.e dis-
solves, whereas the others are unaffected by the mcld treetment. Antimony
is finelly converted to the metal by reduction with chromous chloride
and 1s welghed and counted in this form. The chemical yield 1s TO to
90%. "
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PROCFLURE 2 (Comtinued)

8b carrier: 10 mg Sb/ml (added &s BbCly in 6M HC1)--standerdized
Mo carrier: 10 mg Mc/ml (sdded as NaMoO
Sn carrier: 10 mg 8p,/ml (sdded es Sulli
Te carrier: 10 mg Te/ml (added es Na,TeO3 in H,0)

As cerriler: 10 mg As/ml (edded &a NaAsO, in 320)

CrCly solution {Oxsorbent, Burrell Corp.)
S: Bolid

Aercsol: 1% in EXO

Methanoli: abeolute

3. Equipment
Fiaher burner
Drying cven
Centrifuge
Block for holding centrifuge tubes

Mounting plistes

orceps

b

Pipets: assorted sizes

00-ml, 3-peck distililng flask (with ground gises joints)

(o]

A
A

thermometer (with sispter; to fit imto ground gless Joint in flask

above)
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‘. PROCEDURE 2 (Continued)

Spray trap (to fit into ground gJ.ass Joint in flesk above_)--qonsista of
a 2" _long section of gJ.ass heliceé in a 16-mm.tube. This should be
Jacketed and heated to prevent condensation of B‘bB:_r3. The very
simple method of heating used.is to leed the hot geses fram a
Figher burner u.mier the 3-neck flesk up through a 1_.a:|:g_e diemeter
glass tube to the jaclget. The spi'ay trap leeds to a condense_r_._,_

Condenser . | _

125-m1 Erlenmeyer flask (receiver focr.distiuate)--outlet tube from the
condenser touches the bottom of the flask , |

Dropping funnel (fite into ground glass Joint in flask above)--see Pro-
cedure for diagrem.

No-tenk

Ground-off Hirsch fumnels: Coors O00A (one per sample)

Filter chimneys (one per semple)

Filter flesks (one per sample) _

No. 40 Whatmen filter circles: T/8" diameter--weighed

Lo-ml conicel centrifuge tubes: Pyrex 8320 (four per sample) _

Filter beaker contalning 15-ml sintered gless crucible of fine porosity

(one per standardization)--see Preparation and Stendardization of

100-m1 beakers (.one per standardization)

60-ml sintered glass crucilbles: fine ;;orlosity (tvo per sample)
Wash bottle |

Stirring rods

4. Preparation and Stendardization of Carrier

Dissolve 18.T7 gm of B'bCl3

volume of 1 liter with the acid.

in €M HC1l end make the solution to a

Pipet 5 ml of the sbove carrier solution into a weighed filter
. beeker. (This beeker has a 15-ml, fine porosity sintered glass crucible

sealed into the side neer the top so that the operatioms which follow--
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PROCEDURE 2 (Continued)

reduction, filtration, drylng, amd weighing--may be cerrled out in this
one vessel.) Add 5 to 10'ml of CrCl, solutioh (Oxsorbemt). After con--
version to Sb metal id complete, filter, end wash the precipitate with
smell portions of H,0 end absolute CH30H. Ly the filter beaker com-" -
taining the Sb at 100° for 1 hour. Cool and weigh. '

5. Procedure
1. To the sample in a lOOémi, 3-neck di.stilling flask, add 'the' follow-
ing Teagents: exactly 2 ml. of standard Sb carrier; 1 ml of Mo carrier;
2 ml of Sn carrier; 1 to 3 ml of 85% HyPOjj eprroximately 0.1 gm of
8 (Wote 1); 20 ml of cone. Hasoh (slowly).. Place & 360° thermometer,
a short sprey trsp leading to a condenser, and & dropping fumnnel (see

disgrem) in the three ground joints of the flask.

Plug held on by spring

~3 7-mm tube Né inlet

Made from a 25-ml
Pyrex greduste

Pressure type stopcock 4

(i

Vigreeux points in this
to breek up the drops of

Small tip--fits to bottom of flaesk
Dropping Funnel

2. Bubble N through the solution in the flask whlle 15 to 20 ml of

conc. HBr 1s added dropwise from the dropping fumnnel. The temperature
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PROCEDURE 2 (Continued)

of the liguld in the flésk 1s maiﬁta:l.ned- at J.B_O-to 230° . (Rote 2) -_by.
meens of & Tisher burner during the 15 to 20 min. required for the .
eddition of HBr. The distillate which comes over below 180° is dis-
cerded and the eddition of HBr is begun only after e temperature of

210° is reached (Note 3). o
3. To the distillete (180 to 2300) in the 125-ml Erlenmeyer recelver

add lml of Te carrier, 0.5 m.'I. of As carrier, and 2 ml of NoH),.Hx0
(Note ’+) . Neutralize t]:_le solution with conc. NH,OH. Make the
neutral sq:_l.g_tion slightly acid w:l.th conc. HCl1 and add. e few drops

of -ae}'_gsql _solutio_n ‘and 0._5_ 1_:0 0.,7_ _ml of cope. ]EI'_F‘._ Satl_lrate_with

HoS until the sulfide preclpitete. beglns to settle, leaving a clear
supernete. This should be done as rapldly as possible because SnS.and
SnSo will elso precipitate after a é_hort tirﬁe;' alsoc the pre_c_ipj_.ta_.tiog )
should be carried out at room tempe;a,ture or belo.w.to a.id in the rapid
..forma;tioln and coaguiﬁt:l.on of Sb283. .'Jlra.nsf;er the mixture to a 4-ml
conlcel tube and centrifuge. Wash the preclpitate with 15 ml of 31_'[
HQSO,_‘_ contelning a.erosol..- .Discard 'bo‘_bh the sxlpefnate and the washings.
4. Boil the precipitate with 2 to 4 ml of conme. HCl, dilute to 20 ml
with B0, end centrifuge (Note 5). Trensfer the supernate to another
4O-ml centrifuge tube. _

5. To the supernate, add e few drops of a.éroéol solution, 0.1 ml of
Sn carrier, 1 ml of Te carriér, and 0.5 to 0. 7 ml of conc. HF. Pre-
cipltate end wash sulfides as in Step 3.

6. Dissolve the precipitete in 4 ml pf conk(:. HC1l, boil off the H,S
formed, end filter the solution through & 60-ml fine sintered glass
crucible into e 40-ml centrifuge tube. ' '

7. Add e few drops of eerosol solution and 0.5 to O. 7 ml of conc. HF
and precipitete and wash S'b253 as in Step 3

8. Diseolve the precipitate in 5 to 10 ml of conc. HCl end boil off

the HpS. Meke the solution 3 to 5!1’ in HCl and fllter through & 60-m1 .
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PROCEDERE 2 (Cantinued)
fine pintered glass crucible into a LO-ml cemtrifuge tube.
9. Add sufficient Cr€l, solution (Oxsorbemt) to completely precipi-
tate Bb as the metal. Btart filtering through a weighed No. L0 Whatman
filter circle, 7/8" dlemeter, within 1 min. or less, using a ground-off
Hirsch funnel and a chimmey. Weash the metal with 5-ml portions of an
end absolute CH30H. Dry at 100° for 15 min. Cool, weigh, and mount
(Note 6).

Hotes

l. Bulfur is added to the distilling flask to prevent the formatiom
of Br2 from EBr

2. All temperatures noted are et about 590 mm of-Hg pressure.

3. Much of the Ge in the r:l._ssion-prod.uct solution is removed vhen
the fraction coming over below 180° is aisomrded.

L., Bydrazine hydrate reduces any Sb(V) in the distillate to Bb(III).

5. Any Ge_, As, or Te vhich is precipitated along with Sb as sBulfide
1s 1nsoluble in comne. HC]l, wherea.s Bb253 38 soluble.

6. The procedure described is designed far the determination of
8o, Counting is started after k days, in vhich time 9.3h Te 2l has
grown into equilitrium with Bb127. The half-1ives obtained for Sblo!
resulting from thermal neutron fission of i 7 average ebout 94.3h.
Half-lives from fast neutron fission (14 Mev neutrons) everage 97 to
G8h. The cause of this discrepancy is probebly the exietence of ancther

8b isotope having a shorter half-life then 2.7y E’bles.
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PROCEDURE 3
(SbH; VOLATTLIZATION, 8-EYIROXYGUINOLIKE PRECIPITATTON)
K. ¥. Flymn, L. E. Glendenin, end E. P. Bteinbergd®

Introduction

This procedure was developed for the radiochemical determination
of 8b in fission product mixtures. Semples of 11233, U235, and PuZ39
vhich had undergone about 1013 Tisslons were analyzed for both Sblzr
end 5b129, The decay curves of these isotopes showed less than O.5%
of any long lived conteminant to be present. Accurate decontamination
factors fram spec-ific elements have not been determined, but a separa-
tion of imactive Sb from & solution comtaining As!! tracer showed no
activity in the final Sb sample, indicating a decontamination factor
of greater than 103. Chemicel ylelds ere sbout 25% and the analysis
can be performed in about 40 mimites or less.

Procedure
1. Add to the sample (free of nitreste) in e distillation flesk b ml
of Bb stendardized carrier (10 mg 5b*7/ml) and L ml of 6 E,80,. Boil
vith & drop of Bro to 1nsure exchenge. Add 5 grems of granulated zinc
and pass vhe Sbily into 20 ml of 6§ HC1 containing & few drops of liquid
bromine using an alr str;aam to sweep the gas through the system.
(1 ee/sec flov rate for 5 min.)
2. Add 10 mg Te end 1 gram hydrazine-HCl ta the solution. Heat to
bolling and gas with Hp8. Cemrifuge end discard ppt. (This 1s zero |
time for Te removel).

- 3. Add 5 ml of comec. NHL,OH, dilute to 30 ml, andga.swithEzB.
Centrifuge the BbpS3 ppt, and wash. Dissolve in 2 ml conme. HCl, add
1/2 gram NaHBO3, dilute to 10 ml, and boll. Add 3 ml of 8-hydroxy-
quinoline (3% solution in X HC1l) end boil. Add 1 ml come. lIEhOH,
and M NH Ac until pptn, is complete (pB=5). Wash with H;0, alcohol,
ether, and dry et 110°C. for 15 min.



PROCEDURE 3. (Continued)

Carrier Stendardization: Teke 5 ml of Sb cerrier solution (in 3N HC1).

Add 1 ml of 6! HC1; 1/2 grem Na.T:IBO3., ard boil. Add 4 ml of 8-hydroxy-
quinoline (3% solution in 2N HC1). Add 1 ml of conc. NH,OH and 3M NHjAc
until pptn,1s complete (pE=5). Wesh with H30, elcohol, and ether. . Dry

at 110°C. for 15 min. Weigh. Gravimetric Factor = 3.8.

PROCEDURE 4 .
(SbHy VOLATILIZATION, SPECTROPHOTOMETRIC YIELD)

D. L. Love

Repid Bepa.rafion of Antimony from Fission Product Mixtures .- .

Decontaminetion Fector: ll')7

for gross fission_products
Chemlcal Yield: 80%
Time: 10 seconds
Basis of Method: Formetion of S'bH3 end 1ts conversion to Sb metal
Zinc metal (4O mesh) is pleced in & dis;l:i]_]_ing flask a.nd wa.rmed-té
) 100°C. Antimony(III) carrler plus fisslon products plus 3017 HESOh_— are
dropped onto the Zn and SbH3; 1s immedletely formed before the Zn has
had a chance to-convert the Sb(III) to Sb metal. The SbH3 (plus the
Hy formed) paéses through a CaClp drylng tube end then through a heated
Bma.:J_'L diameter quartz tube’ (Pyrex is é.ccepta.'ble but "1t does not keep its

shape when warmed -with a burner). The S‘bH3 1s converted to Sb metal,

part of which collects as a mirror on the cool portion of the queartz
tube and .the rest (»50%) on & fine fritted glass filter. The metal is
repldly dissolved with warm E,80). If it is desirsble to study the I
decay producfs of. 8b, the metal may be dissolved in tarta_.ric ecld. The
chemlcal yleld may be determined either by using Bblzh' tracer or e
spectrophotometric determination of the Sb-rhod.amipe B éomplex_.

Arsenlc 1s expected to follow the entimony; however, most of 1t
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" PROCEDURE ' % (Continued)
collects on a different position of the tube. The arsenic cen be_;l.
removed from the Sb metal by leaching with sodium hypochlorite.
Complete exchange 1s obtained even if some of the fisaion product
8b is 8b(V). - '

PROCEDURE 5
(BROMIDE EXTRACTION, METAL PRECIPTTATION)

‘A.- Kjelberg end A. C. Pappasl

(Repid seperstion of Sb from irradiated emriched Te-128 and Te-130)
Recommended for decay scheme sfudies where yield is not important.

" Time of Separatlon: -less than.5 mi&utes

Decontemination: 5 x 101" for Te

10? for Sn
50-100 for:I

Chemical Yield: 60-70% - -

Reagents:

1. . Isopropyl e‘h‘h;ar - washed repestedly with a solution of FeSOL and
distilled from solid FeSO) end. NeOH end equilf -
brated with 9N HCL. _

2. Antimony carrier - 10 mg/ml as SbCla. in 9N HCl.- Before use, it is
'oxidiged by sheking with 2 drops Br-2 in 10 ml1
benzene and washed with 10 ml benzene.

3. BnClp Badlutien

100 mg/ml Sn as SaCly in 9N HC1. - The solution -
~should be fresh when used. -
4. cor*t Bolution. - 1M cr013.soiution, 1N in HC1, is reduced by
boiling with emalgamsted, grenulated metallic Zn.
5. ECl - Conc. aud SN '

6. HNO3 - Comc.



PROCEDURE 5 (Continued)
7. Er,
8. Benzene
9. - RpH -Hx0, 50$
Equipment:
l. 30-ml beaker
2, Glass rod
3. BSintered glaes 'gooch crucible
L, 1oo-m1 suction flask
5. . 50-ml1 seperatory ﬁmeh
Proc'edu:re:
1. Dissolve the target in 5 =l gN HCl to which 1s added 2 mg Bb(V)
cerrier. Add under vigorous stirring 2.5 ml Sn012 solution per 100 mg -
target. After sbout 1/2 minu:be, filter with suction through a gooch
and wash twlce with 2 ml SN HCI.
2. Trensfer the filtrate to a separatory funnel contaeining 10 ml C6H6’
1.0 ml. isopropyl ether and 0.1 ml er per 100 mg target. Shake the )
fummel for about 10 sec. (Distinct hrown color of Br, should remain in
the orge.p.'l._c pha._se, showing con;plet_e o__xida.t:l.on)._ Discard the .va.ter _phase
a.nd.washwithlmlgNHCl
3. ’.Er:e.nsfer the organ.ic phase to e sepera.to:ry ﬁmnel containing 5 ml
SN HC1 and 1.0 ml SnCl, solution end shake. (The orgenic phase should
be colorless a:E‘ter extraction, showing complete reduction).
k, ‘Itra.nsfer the water phs.se to a separatory funnel conta.ining 10 ml of
0636: 1.0 ml isopropyl ether and 0.05 ml Br, (or as little as possible)“
and sheke for 10'.sec. (perma.nent trown color). Discard the water phase
and wash with l ml 9N HCl.
5. Trenmsfer the oregnic phese to a separatory funnel containing 5 ml -
ON HCl and edd dropwlse & minimum emount of Sn012 solution (0.5 to 1.0 ml).
Sheke, _.e_w.ren_t_u.e.u.y edd SnCl to ,ju.ét_ dipcolor the organic phase.

This solution cen either be used for liquid bete counting; or:
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--PROCELURE 5 {Continued)

6. Ad.d'2-3 mg SbCl. carrier, heat the solution, and add approxima.‘qely

3 .
15 ml boiling hot Cr++ solution. Filter the solution end wash the.
precipitaete cerefully in bolling hot 9§ HCl, then with Eéo, alcohol end

ether. (Some metallic Sn is elso pptd.)

PROCEDURE 6

(SULFIDE PRECIPITATION)

A. S. Newton and W. R. McDonell

Element Separated: Antimony

Perent Material: Tin

Milking Procedure (Sb from low e€nergy p, d, or n produced Sn
activity frections)

Yield: 60-80% ‘

Degree of Purification: At lesst a factor of 10* from Sn °

Procedure: | o . _

1. To'a 3-UN HC1 solution of thé Sn, add 10 mg Bb''' carrfer (Note 1).
Add iron powder to excess (hydrogem evolution), ‘hest ..vith stirring, ppt.
Sb metal (bla.ck);-' Fliter by vectum through & simtered glass filtering
cruciblé. . N . ' . S '

2. Dissolve the Sb in aqua regie, dilute to N 'a.ci:d,' pass in EEB ‘and
ppte Sb253 + 8. Dissolve the sulfide out of the sulfur with concentrated
BCL (werming end stirring). o .
3. Add 10 mg So*¥ carrier to filtrate. Heat in boiling water bath,
pass in H, S to seturate, ppt,orange S'b253. Centrifuge hot, decent.
Dissolve Bb S, in concentrated HC1. Dilute to 3N HCL. '

: L, Repéa.t Btep 3 twlce, - '

5. Filter the SbSs on filter peper and wash with water. Heat gently
(Note 2). o - | |
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PROCEDURE 6 (Continued)
Rotes: o
1. Indium may be sca.venged out of th.is milking by ad.ding lO mg In ca.rrier
- to imitial Sn solution (Step 1), repeating the Fe reduction 1f the amount
of In activity present werrants it.

2.  The sulfide should not be relied upon for accurate yleld determination.

PRdeJURE T _
(SULFIDE-PBENII.ARS_ONI_C_ PREC_IPITAT]_:ON)_
H. L. FinErt:v:)n98
(Sepa:re.tion of Sb from Sn) _ _

1. Dissolve the Sn in 48% EF plus a few drops of HNO3 and evaporate the
Bolu:tion to about 1 ml. Add 1 mg of Sb carrier and dilute the solution
to 20 ml and bubble hyd:rogen sulfid.e into ee.ch solution for 5 .
minutes '
2. Centrifuge e.nd dissolve the precipitate in concentre.ted. HNO3
Add 10 mg of Sn _carrier and evapora.te the solution nearly to d:ryness.
3. Ad.d. 2 ml. of EN03 a.ncl dilute the solution to. 20 ml. Ad.d 3 drops of .
concentrated HCl and heat the solution to near bolling. _
k. Add with stirring, 4 ml of phenylersonic acid.
5. Centrifuge and discard ppt. o
6. .Bub'ble HQS into the slmernate to egein ppt the Bb.

T. Filter, mount, and count.
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PROCEDURE 8
(ANTIMON!, NEUTRON ACTIVATION ANAI.YBIB (ISO'I'OPIC CARRTER) MIEEIIEOD)

G. W. Leddicottel"-9

SCOPE

- This met-hod of neutron activation anelysis cen be used t0 determine
microgrem and submicrogram emounta of amtlimony in a verlety of materials.
Under the conditlons of neutron irradiation that are specified, the
1limit of measurement of the method 1s gbout 1 x 10"8 or 1 x 10-7 g
depending upon which nuclesr re'.a.ct.:'ic.m.is used. The sensitivity mey be
increased by the use "o'f 5 higher neﬁ;ﬁ::‘on flux
PRINCIPLE o

Antimony cen be determined quentitatively by measuring the redio-
activity induced into its stable lsotopes, Sbl2l and Sbi23, by the slow

st (n, ‘r;)S:bJ"?2 123( n, 7)S'b12J+. The isotopic

neutron rea.ct.ions_ s : and Sb
activetion cross sections of these reactions a:re 6 8 + 1.5 a.nd 2. 5 + 0.5
barns,. respectively Antimony—lal is 57 251: abu.nda.nt ; Sb122 has a ha.lf
]_1.fe of 60 d. a.mi emits both beta a.nd ga.mma red:l.a.tions in 1ts .deca.y
Other producte of. these neutron rea.ctions, 1. e., Sbl22m(3 5 m) ,
= Sblzl‘me(zl m), will not interfere in the determina-
tlon described here:ln

Test port:l.ons of the teet sample and of a comparator sa.mple (in
this case, antimony metal) are irradiated simulta.neou.sly in one of the _
ORNL reactore for an a.pproprie.te 1ength of time The irradia.ted. test
portions are dissglved, and a known amount of ine.c'ﬁive a.ntimony, 'as
antimony chloride, is edded to eech es & "carrier" fo:r the radioactive
antimony. Holdbeck ("scavenging") carriers,; which are arsenic, tin,
copper, iron, sodium, and cobalt in solution, ere also added to the
solutions of the test portions in order to decontemlnate the Sbl22
(and/or S'blzl") raedioactivity from conteminant raediosctive speciee in

the samples. The arsenic end tin cerrlers are separated by distillstion.
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PROCEDURE 8 (Continued)
The antimony carrier- end the antimony redicsctivities are prec:l;pitafed
es entimony trisulflde, SbpS;, in order to Temove them -from the other
holdback .cerriers- end radioelements. Additional '_scayenging- steps are
used to _i_.’urther decontaminate the mntimony trisulfide.

As. en -alternate ‘procedure to -‘.b_he precipitetion of antimony tri--
sulfide, the entimony can be converted to entimony metal by reduction
with chromous chloride: The entimony trisulfide, or the antimony metal
is welghed aend is ‘then assayed for elther beta or gamma radioectivity.
The quantity of entimony in the original semple is ohteined by comparing

the S'b]-'za.(a.nd-/or Sbl.2'1+)

radloectivity found in the test sample with the
B'!_le-e. (end/or _S.'b‘..l'el'") radiocactivity in the comperator sample that wes
analyzed 1n.the.ssme manner -as the test sample.
STATUS

_ This method was developed and 1s used in the: ORNL Ruclear Analyses
Ieboretory to determine entimony in meta;s and alloys. I1t-.can be
adapted for the determination -of mlcrogrem and sutmicrogrem amounts of .
antimony in othe:r materials _ _ L ]

For the procedure vhich uses the Sblz'-(n 7 )Sb122 rea.ction, the
1init of measurement is sbout 1___:_:_10‘3 g; this quantity is the emallest
weight of a.nt:Lmony that can be dete_rm:l.ned qua.ntitativ_'ely _whe_n the test
portion 1s irradiated et e meutron flux of 5.0 x 103-1 neubrons/cme/sec
far 62 hr., The limlt of measurement by the .5b123(n, 7 )Bblah reaction,
for which # orée-wegk :l__t_'ra_di_at:l_.qn et the same peutron flux is used, is
aﬁput_ 1.0 x 10'_7 g. These limits of mga.,sm'emer_rt cen be extended dovn-
wﬁrd by. the use of higher neutron flux. The ch_oic_:e_. of the neutron
reaction to be used is governed by the time avallable far the enalysis
and by the nature of the test sample. Known interferences can resu.lt.
if the sa.mple contains 1odine as I127 and tin as Sn:'L2J+ The fast-

peutron reaction (n,%) on Il2’7 produces Sbl2)'" (60 ). The slov-neutron

reaction on Snlzll' will produce Sb122 (2.7 y); the reaction is 8n124(n, y)
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' PROCEDURE 8 (Continued)

Snl25 -9—1:? sp12 (2.7 y). If U233 o 1235 14 present in a sample,
a pumber of radioactive isotopes of ‘antimony will be produced by fisslon.

The use of the comparator sample eliminates the necessity of con-
trolling rigidiy such factors as neutron flux, position of the sample
in the reactor, duration of irrediation, and efficiency of the radio-
activity mea.surements.l The radiochemical separetion procedure has been '
shown to be reproducible, end 1t gives adequate decontamination of the -
&antimony from other radioactive components in the sample. It is
advisable to scavenge at least twice for conteminant Ira.d:l.oelemerrts.'
The chemica!.-l ¥leld should be at least T0% of the added imactive antimony
carriler; a recovery of less than .501; 18 regarded as maﬁisfactory and
requires that the analyses be-.-repe.ﬁted. "It ie essumed that negligible
emounts of sulfur and antimony pentasulfide, Sb255 , are formed In the
final precipitetion step in which the entimony -carfier and ré.dioe.ctive

antimony are precipitated as antimony trisulfide. -

SAMPLIRG

If the sample 1s a solid, weigh out to the nearest 0.001 g, &
test portion thet weighs 0.10 to '0.2'0. g; 1if the samp.lé' is a liquid,
use a 5- to 25-ml portion. In esch instence, prepere at least . dupli-
cate portions for a.na.lysia As B comparstor semple. use speé{:rog'ra.ph.-' :
ically pure antimony metal; weigh out to the nearest 0.0001 g duplicate
test portions that veigh o.oés’tdd.oac) g. These ;uggésted sizes of
+the test portions are those arbitrarily established for use by the ORNL
Nucleer Analyses Group end are usually governed by the type of comtainer

and the facilities used for the irradiation.
PROCEDURE
Make 811 enslyses for entimony on at least duplicate portioms of

the test and comperator ssmples.



PROCEDURE 8 (Continued)

A. Preperation of Test Portions for Irradiation

1. Welgh out test portioms of the g'ompa:ra.tor sample end of -
_the test sample af instructed in Bempling, - above.

2. Place test portions of sollid meterlels in cork. stoppered,
quartz tubes or wrep them in aluminmim foil.

3. Place portions of liquid samples in polyethylene bottles
equipped with polyethylene caps (sealed quertz ampoules may be substituted
for the polyethylene bottles).

B. Irradietion of Test Portions

1. Irradiste comperetor end test samples simultaneously
under ldentical conditioms.

‘C. Preperation of Irrediated Test Portions for Analysis

1. By whichever of the followlng procedures applies, prepare
the portions for analysis: .

a. Antimony Comperator Sample

(1) Quantitatively transfer the irradiated test portion of
the comparator sample from the quertz tube or aluminum wrep to a 50-ml
volumetric flask. Dissolve the test portion in a ama.]il., meesured volume
of agua regla; then dilute the solution to 50 ml with water. Mix the
solution well by sheking 1t carefully.

(2) By means of & volumetric pipet, pipet a 1.00-ml aliquot’
of this solution into a second 50-ml yolumetric flask; then dilute the
aliquot to 50 ml with distilled water.

(3) Shake the solution thoroughly; then pipet e 1.00-ml
sliquot of 1t into a 100-ml distlillation flask. By means of a volumetric
plpet, add to the same distillation flask 2.00 ml of a standard cerrier
solution of known aentlmony concentration and 1 ml eech of holdback carrier
solutians of the ions of arsenmlc, cobalt, coppe.f, iron, sodium, strontium,

and tin (Note a). Evaporate the solution to a volume of approximetely 3 ml.
Continue with Pert D below.
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PROCEDURE 8 '(Cortinued)

b. . Solid Test. Semples

- (l) | If the semple 1s a metal .or alloy, qué.nt,itatively
trensfer the irredieted test portion from the  quertz tube or _&lumi'qum
wrep to a 100-ml distillation flask, a.nd. then add, by means of a
volumetric pipet, to the same distillation flask 2.00 ml of -a standard.
carrier solution of known entimony concentretion.  Also add 1 ml each of
holdback ca.rriei-_s of arsenlc,. cobalt, copper, irom,  sedium, strontium; .
and tin (Note a). To this mixture, edd dropwlse enough concentrated

" minerel acld to completely dissolve_thg_ga._umﬂle._ _ E\ra.pora.te the solutlon
to a volume of al;pfoximqtely 3 ml. Continue with Part D below.

c¢. Iiquid Test Samples

(1). Pipet an:aliquot of the irradisted portion into e
100-m1 distillation. flask. . By means:of e volumetric pipet, edd to the
same distillation flesk 2.00 ml of e standard carrier solution of ]mown
.a.ntimony concentration end also add.l ml each of holdback carriers of
arsenic, cobalt, copper, iron,  sodium,. strontium,.end tin (Note a).
Evaporete the solut:_l.on to:a volume-of spproximately 3 ml; .then continue
with Part D below. . -

-D.. Radiochemical Seperation of Antimony:-

1. To the m:LxEure ip the distillation flesk,-add 2 ml
of conc. HC1l and 3 ml of HBr.. -

2. Attech a weter-cooled condenser to the distilletion
flask. Plece the delivery tube of the condenser . in a distillate
collection vessel that ie set in an ice bath. By means of a hose,
epply. a gentle stream of eir to the flask in order to min:l.t_ﬁize
bumping.

3. Distill the mixture in the.flask until.the tempersture-
of the mixture reaches 110°C. or until only. approximately 5 ml of the
~Bolution remelins in the_-fle.sk._ Add en edditional 3-ml of HBr to the

. dlstilletion flask, and then continué the distilletion until only -
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PROCEDURE 8 (Continued)
epproximately 5 ml of the solution remains. . _
4. Discerd the distillate and quantitatively trensfer the
contents of the distillstion flask to a 50-ml centrifuge tube. Add 25 ml
of a sa.t'm"a.ted'soluti'oh'of oxalle acid; then heat hhe Iqi:tttli'e to neer -
bolling.  Seturste the solution with Hi8 in order to precipitate the
antimony ‘as a.ntimony trisulfide, Sb283 Centrifuge the mixture and
discerd the supernstant 1iqiudd.’ o
. * 5. Dissolve the B‘b253 by wermlig it in e mlxtiré of 2 ml
of cone. HCl'and 3 @rops of conc. ENO3. Add 1 ml eaéh of holdback
carrier solutions of iron, copper, strontium, end sodium; precipitate
Sb83 by adding 10 ml of ‘conc: HNO3 and then bolling the solution.
Centrifuge the mixtire and discard the Bupernatant liguid. Wash the -
precipitete with three 10-ml portions of hot, conc. ENO;. After each 5
washing, centrifuge the mixture and discard the supernatant 11quid.
. '6. Dissolve the Sb283 precipitete in 2 ml of conc. HCI.
Add to the solution 30 ml of & saturated solution of oxalic seid and =~
1l ml of tin holdback carrier solution. .Heat the solution to bolling
(the 'boi]_ing helps to coagu.late the precipitate) 3 then precipita.te
Sb253 'b’y se.ture.ting the solution with HzB
T. Fllter off the Sb233 through_s. tered filter peper
thet 18 held in a Hi_rsch: funnel; _wa_.sh the_ preclpltate once with 3- to
5-ml portions each of 1120,' eth'yl aleohol, CS,, end ethyl ether in thet
order. Dry the precipitate for one minute. Weigh the Eb,S3 precipitete
and filter peper on en analytical 'bala.no_e. Mount the precipitate and

count its activity.
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IX. NEUTRON ACTIVATION ARALYSIS -

With e thermal neutron flux of 5 x 10 n/cm.?/sec., the theoretical

sensltivity of this technique for antimony is reported
based on 2.84 Sbl22 end 0.03 ug based on 60d Sb

activity of L0d/s at saturation.

124

as 0.004 ug
.for en induced

Because of the long irrediation tlme

required for seturation, the prectical limit is sbout am order of

megnitude grekter. On the othgr hend, en adventege of a relatively long

lived activation product 1s that semples may be a.llowed to age for short

lived activity to decay. Gamma spectre of neutron activation 1sotopes

ok
sre glven by Hea.'bhl » Crouthamel

105

, end B:roqks‘ba.nkm- For spectra.

that cannot be resolved due to other activities the methods described

in Section VIII are recommended for chemilcal separation.

o
W

for emtimony by thermel neutron activetlion .ama.]_.ysis.

is described in Procedure 8, Bection VIII.

TABLE TI.

Bample
Zr0,
Al

81

Ge

Liguid Metals
Biologlcel Materiels
Pb

Mg

Water

ACTTVATION ARALYSIB OF ANTIMONY

Remarks

seﬁs._o.ﬁ prm

sems. 1 x lO"l+ ppm
f =3 x 1012

-4

8ens. 2 X ]
£ =2x 1okt

sens. 1072 ppm
£ =3x 1012

1 x 1073 prm

0.0t ppm determined

48

' Table 2 i a pertiel liét oflmate:_r_ia.ls‘ which have been analyzed

A typical method

Reference

108
109, 123

110

109, 115

112
11k
116
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