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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 chemlst~.

The Subcommittee
nuclear science which
tion and distribution

has concerned Itself with those areas of
tivolve the chemist, such as the collec-
of radiochemlcal rmocedures. the estab-

lishment of specifications for radloche~lcally pu;e reagents,
availability of cyclotron time for service Lrradlatlons, the
place of radlochemistry In the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to-date compilations of radlochemlcal information and,pro-
cedures. The SubcomniLttee has endeavored to present a series
which will be of maximum use to the worktig scientist and
which contatis the latest available information”. Each mono-
graph collects In one volume the pertinent information required
for radlochemlcal work with an tidlvldual 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 Atomic Energy Commlsslon has sponsored
the prtitlng of the series.

The Subcomml.ttee Is confident these publications will be
useful not only to the radiochemlst but also to the research
worker In other fields such as physics, biochemistry or medicine
who wishes to use radlochemlcal techniques to solve a specific
problem.

W. Wayne Melnke, Chairman
Subcommittee on Radlochemlstry
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INTRODUCTION

ThlB volume which deala with the radiochemistry of
antimony is one of a serl.es of monographs on radlochemistry
of the elements. There 16 included a review of the nuclear
and chemical features of particular Interest to.the radlo-
chemiet, a discussion of problems of dissolution of a sample
and counting techniques, and finally, a collection of radlo-
chemlcal procedures for the element as found in the literature.

The se~les of monographs will cover all elements for
which radiochemlcal procedures are pertinent. Plans include
revision of the monograph periodically as new techniques and
procedures warrant. The reader Is therefore encouraged to
call to the attention of the author any published or unpublish-
ed material on the radiochemistry of antimony which might be
included in a revised version of the monograph.

ACKNOWLEDGMENTS

The author wishes to express his appreciation to James
E. Rein for reviewing the manuscript and to Deanna Shawneen
Anderson for typing and preparing the manuscript for publica-
tion.
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I. GENERALREVT.EWSOF THE INORGANICAND

ANAU’ITCAL -STRY OF ANT9110NY
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“AppliedInorgauicAnalysis”,2nd EH., Wiley, New York (1953).
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Rress, Iondon (1950).
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3rd E&., Interscience,New York (1959).

Welcher, l?.J. “organicAnalyticalReagentE”,D. Van Nostrmd,
New York (lg48~.

Kolthoff,I. M., Belcher,R. “VolumetricAnalysis”,Vol. III,
Interscience,New York (1957\.

Wagner, W., Hull, C. J., Markle, G. E., “AdvancedAnalyticalCheudstry”,
Reinhold,New York (1956).

Lamdell, G. E. F., Hoffman, J. 1., “OutUnes of MethodB of Chemical
Analysis”,Wiley, New York (1951).

Wibon, C. L., Wilson, D. W., “ComprehensiveAnalyticalChemistry”,
Vol. U, ClassicalAnalysis,ElsevierPublishing,Amsterdam (1959).

Scott, W. W. (N. H. Furman, 13i.), “Standti Methods of chWOiCd
Analysis”, 5th Ed., Vol. 1, D. Vsa Nostrand,New York (1939).

Rodden, C. J., “
T

ical Chemistryof the Manhattan Project”,McGraw-
Hill, New York (1950 .
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12. Morrison, G. H., FYeiser, H., “SolventExtractionin Analytical
chemistry”,Wiley, New York (1957).

II. GENERAL REVZEWS OF THE RADI~STRY OF ANTIMONY

1. Coryell, C. D., Sugsrmsn,N., eds. “RadlochemicalSttiios: The
Fission Prcducts”,hok 3, National Nucleex Euergy Series,McGraw-
Hill, New York (1951),

2. Finston, H. L., Miakel, I., Ann. Rev. Nucl. &i., j, *g-* (1955).

2



III. TABLE OF ARITMONYISO’IUPES

IBotope

w

HaJf-Life

60m

15 m

60m

2.8 h

3.5 m

5.1 h

Type
of Decay

-/

b+
‘v

p+ (2.5$)

EC (97.5*)

.

IT (7)

B+
-Y

No p+ &=o.q)

EC

‘Y

Energy of
Rad.iation h Mev

0.75, l.lo

0.060,0.09)

1.5, 2.4

0.90, 1.31, 2.22

1.45

0.41, 0.95, 1.31

0.6

0.161

3.10

1.2b

O.0~, 0.255, 1.03, 1.22

Assignment

ma6s assignment

uncertain

In” (Z6-Meva, 3n) ?

~u6 ~5-Mev p, n) ?

~n115
(C4 m) ~

InU3 (SMev a . n) ~

~n115
(a, 2u) ?

SnU6 (>Mev d,n) 7

Sn”7 (5-Mw p,n) ?

InU5 (11-Mev a,n) ?

h115
(16-k!eva,n) ?

InU5 (ZQ-Meva,n)?

Sn”7 (10-Mevd,n) ?



III. TABIE OF ANTIMONYISOTOPES- cent’d

Isotope Half-1ife

38.0 h

5.8 d

16.4 m

z2.zz-
3.5 m

2.@3 d

Type
Of Decay

EC

7

No IT

No ~+

.

!s+

7

IT

v

!9+(0.01$)

P-(9fi)

EC(9)

Ehrgy of
Radiationin Mev

0.53 bremstrahlungendpoint

0.024

0.09, 0.203, 1.040, 1.170

1.70

1.18

0.061, 0.075

0.565

0.74, 0.93, 1.40, 1.97

Assignment

~ ~6h g#9

snug (5-Mev p,n) ?

+8
(10-Mw d,n) 7

sn~9 (18-M= d,n)

SnH (l&Mev d,2n)

~1~ (<50-M~ ~ n) ,?

Sbla (17-Meva,n) ?

snug (5-Mevd,n) ?

SbW (15-Mev. n,2n) ?

#21
(thn,~ )

Sb121 (th n, 7 )

Sn122 (5-Mevd,2n) 7
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III. TABIJlOF ANlLQ40NYISOTOPES- cent‘d

Isotope

.#2h ml

WI

Half-Llfe

42.75$

ZLm

1.3 m

60.4 d

2*O y

!&pe
of Decay

IT

Y

p- (w)

IT

7

B-

P-

7

B-

Y

Energy of
RadiationIn Mev

o.olt35

~ 2.5

0.012

0.202, 0.36, 0.608, 0.745

O.~lJ 0.930, 1.591, 1.658
.

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

0.u25, o.3oo, 0.444, 0.612

0.113, 0.175, 0.205, 0.214

0.320, 0.377, 0.427, 0.463

0.595, 0.637

Assignment

SbM3(th n, ~ )

Sbw3(th n,y )

SbM3 (th n, 7)

1~ (fastn, ~)

U (nJf)

.+24 (pilen,

d 9.4d SnU5

7P) ?



III. TABLE OF ANTIMONYISO’IUPR3- cent’d

Isotope~ Half-Ldfe

i--
s-b

lg+$
9.9 h

Type
of Ikcay

P-

7

P-

7

13-

7

P-

7

P-

7

Energy of
Radiationin Mev

T

o.h.2,0.65

0.%

0.417, 0.685, 0.90

1.10, 1.35

1.11, 1.50

0.60, 0.248, o.3io

0.463, 0.772

2,9

0.32, 0.75

1.0

0.32,-0.4, 0.75, 0.90 ?

Assignment

U (n,f)

T# (fastn,p)

U (n,f)

*1X3
(~70-Mev ~fl,n) ?

U (%-W d,f)

u

u

P

(n,f)

(E6-Mevd,f)

9.3h Te1n (787)

p 105a Te~~ (*) ,

U (n,f)

Telx (njp)

~e130
(%kkvd,u) ?

U (n,f)

Telx (n,p)

~e~o (28_M~ d ~) ?



III. TABLE OF ANTMONY ISOTOPES- cent’d

-1

180tope

&’#9

Sb132

Half-Life

4.6 h

33 m

7.1 m

23,1m

2.1 m

4.1 m

I Energy of
of Jkcay kdlati~n in Mev

I

1.~ (~) others

0.165, 0.308, 0.534, 0.7WJ

13-

B-

1

P.-

1

Assignment

Ii(nJf)

P6F !cel= (76f)

~3X WW (24$)

U (n,f)

@30 (~ p)

U (nJf)

~lw (n
)

IJ(n,f)

P 25mmW (851)

p 1.2d Tl@ (15*)

U (nJf)

P7
8h %132

U (n)f)

P5Pfi 133 (94)

p @@33 (8$)



III. TABIE OF ANI’R40NYISOTOPES- cent‘d

180tope I Type I Energy of
Half-Llfe Of Decay Radlatlonin Mev I Assignment

*
Mass and haM- life assignmentsare uncertain. See NationalResearchCouncilNuclearData Sheets

%-1%-1 NRC 5&8-11 for discu6Bionof as6ignment8.

Sourcesof data used,in this compilationand to be referredto for additionalinformationwe as

follows:

1.

2.

3.

Nuclearlkta Sheets,NationalAcademy of Scienc=- NationalReswch Council,

2101 Constitution Avenue,Washington25, D.C.

Strominger,D., Hollander,J. M., Seaborg,G. T., Rev. Mod. P’bysics~ 585 (1958).

suvau, w. H., T!riklneerClwt of Nuclides (1958and r@lsions), @t. of ~c~ents,

U. S. Gkrnment PrintingOffice,Wasklngton25, D.C.



IV-1

Iv. GENEFML CHEMISTRYOF AN’ITMONY

OIZDATIONmm—.

Other than the metal, the ccmmon oxidation statea of antimony me

-3 In 9bH3, +3 in Sb203, ui +5 in sb205. Cldnm made for the exiBtence

Of ~205 and the stabilityof 13b20bindicatea +4 crystal~ne 8tate

also. Iatimer2 summsrizes the oxidation-reductionpotentialsof the

couplee aa:

0.51 -o..212

‘%
Sb

(1.34) 0.66
sb~ Sb

-o.6a 0.40
~+ — sb@4 ‘2°5 (Acid)

-0.581

(0.40)

~2- ~9b06-4 (Baae)

Reductionto the metal is easily performedwith Pb, Sn, Bi, Cu, Cd,

Fe, Zn, S.ndl.fg.In .mme cases where the metals evolve hydrogen from

dilute aci~psz%ial reduc+ionto SbH3 may occur3. K,’Jelbertand P8ppas4

used chromous ion for reduction in a radiochemicalprocedure (see

Antimony fiocedureNo. ~ SectionVIII). Robinson and Milton5 separated

antimonyfrom irradiatedEnC$ by depositingit as the metal on copper

from an acid halide solutionwithout the use of externalcurrent. Under

the best conditionsa yield of 71$ 18 reported.

In the an.alybicallaboratory,antimonyla coxsonlyfound as the +3

or +5 salt. Metalllc anthony is easily oxidizedto Sb(III) and to as

high as +5 by BN03~ C122Bra h(VI), Mn(~), and other strong oxidants,

depending on the amount of reagent aud temperature. Iodine oxidizesE%”

to Sb(III) and in alkaHne solutionSb(V) mRy form.

Antlnumlccompoundsare reduced to the +3 state by SnC> (distinc-

tion from As) and NaM#02.

IV-2 EIIMINTALANI’IMORY

1 there are four aolld forms of antimonyACCOrdingto Sidgwick ,

metal.

IV-2.1 YellowAuthnony. This form is tramsp=ent and soluble in carbon

9



disulfide. It is evidentlycovalent end correspondsto white phosphorous

ad yelhw arsenic.

IV-2.2 Black @ttiny. The action of omen on stibineat low tempera-

tures or the rapid coo~ng of antimonyvapor gives this form. W Is

formed from the yellow speciesand is more chemicallyactive than the

ordinary form.

iv-2.3 MetalMc or Ordlnq Anttiony. This form is truly metaldlc,—

melting at 630°c. and boiling at 1325°C.

IV-2.4 E@osive Anttiny. The electrolysisof antbony trichloride,

tribromlde,or triiodidewith high current densityproduces this form.

On heating to ZQO°C. of scratching,it changes explosivelyto the ordinary

form.

IV-3 OXIDES OF AN’ITMONY——

!Cbreeoxides of the element exist, Sb203, Hb@4, ad Hb@5. The

trioxide along with some tetroxide is formed when the metal.is burned in

BllJ7.EeatSng the trioxide in air to 300-400°C.forms the tetroxide;

however, at higher tempmatures (i.e.gOO°C.) it decomposesback to the

trioxide. The trioxide is ezaphoteric,It M.molves in concentratedacids

and basic salts are crystallizedfrom solution. The basic antimonyl

(&IO+)salts are hydrolyzedin hot water. The trioxide also dissolves

in alkedlesforming salts of anttionousacid such as NaSb02-3H#3.

‘HN03

only

The tetrotide is acidic in characterdissolvingonly in basic solutions.

The pentavalentstate of antimonymay be prepared by the action of

on the trioxide. The oxide and correspondingacid, H9b(OH)6,me

slightly soluble in water but readily soluble in alkali.

IV-4. HYDRIDE OF ANTIMONY——

om.% one hydride, ~E3, iS ~. It is easily prep=ed by

cathodicreduction or by reductionof antimonycompoundsin acid

solutionby strongmetal r~uctents. The generationof stibine as a

mesms of separatingantimonyfrom fissionproduct solutionsis pre-

sented in SectionsV-3 and VIII, Procedures~ and 4.

10



IV-~.

Table

SOLUBLE CCMRIUNM

The soluble compounds

1.

salts

sbBr3

sbc13

sbc15

SbF3

SbF5

SbI
3

&H3

Na3sbs4“9H@

K3SbS4“5H.#

Li3sbs4.lo~o

(m)3sbs4°4H@

(SbO)KC4@06;@@

sb(c.#D@@3

sb2(C4H406)3“6H@

22,23) 24 me given inof =timony

TABLE 1. SOI.UKLE-OIW sAI.rs—.—

Solubiuty in g/loo ml.

SQu!2Q -

d.

601.6°

a.

384.7°

s

d.

.20cm3

27.130

75.13°

50.130

54.530

5.39

m

s.

IV.6. rNsoixlBLE Cmfmxmos

Of the many Insolublesalts of

for gratietric determinationsand to

procedures.

d.

d.

563.630

d.

4 Cms

57.1~

79.P

35.71~

antimony several

establlsh yields

Other

S. HC1, EHr,
CS2,
acet.‘3’ ‘.’

S. al., HC1,
tart. a., CS2

S. HC1, tart. a.

i. NH
3

s. KF

S. HI, HC1, D,
al., CS2, acct.

1500 cm3 al.
25ca CIU3cs

2

S. NaOH

S. KOH

S. ale.

s. gly

i. eth.

have been used

in rtiiochemlcal

IV-6.1 IQdrolySIS Prcducts. Except for the fluorideand some organic

co&ounda (e.g.tartrates ad citrates),aU the salts of +3 Sb are

hydrolyzed,wblchis often overlookedby the analyst. The chloride

hydrolyzesto Insolublewhite oxychloride,the compositionbeing

dependentupon the emokt of water. The precipitateis soluble”in

IJ



solutionsof tsrtaric acid,

complex formation. washing

strong HC1, or excess alkali halide due to

the precipitatewith water slowly convertB

it to the oxide. With SbC15, the basic salt is thought to be SbOC13,

but the formula has been questioned.

IV.6.2 Oxides. The Wti hydroxidesaud carbonatesprecipitatewhite,

b- sb203 from acid 6olutionsof anttinous salts. The precipitate

is soluble in hot solutionsof excess alkti but insolublein NH40H.

If an alkallne solutionof Sb(III) is carefuJJyneutrtized with acid

(not HF, citric or tartaric)the oxide is precipitatedand at once dis-

solvedby further additionof the acid. Freshly precipitatedSh203 is

soluble is oxalic acid but a precipitatesoon forms unlesB excess alkali

oxalate is present to form the solubledouble oxalate3. The oxide or

hydrated oxides are precipitatedfrom Bolutionsof fixed antimonites

or anthnonatesupon neutralizationtith HlV03or other ~neral =ids bqt

the freehly formed precipitatewill readily dissolve in exceBs acid. A

pavimetric procedure of weighing the tetroxideresultingfrom ignition

26
of the sulfide is discussedby FMllebrandand LundelJ .

Iv-6.3 SuMldes. Hydrogen sulfideprecipitatesthe orange-redstiide,

Sb2S3, from dilute acidic solutionsof Sb(III). In neutral solutions

(t@r@te present),precipltationis incomplete. No precipitateforms

in ftied alkali solutions. The stiide iB slowly decomposedby boillng

water; InsolubleIn (~)2C03 (distinctionfrom As); S1OWIY soluble in

boillng solutionsof ftied alkaM carbonates;soluble in cold concen-

trated and hot 1:1 HC1 (distinctionfrom As). The orange antimonic

swide, Sb#5, is precipitatedtier s~,- COnditiOILS.This suHide

has the same solubllitlesaa the trit3UJfideexcept that it is soluble

in NH40H3. All salts of antimonywhen boiled with Na#@3 precipitate,

as the sulfide.

Iv-6.4 Complex SuJfide. A 6olutionof ethylenediamineand chromous

chlorideyields the complex CrNH2(CH2)@H@S4 which ,~s been used for

the micrugravimetricdeterminationof anthon@’.

IJ?



IV-6. 5 Silver Antimonate. Antimonatesprecipitatewith AgN03 to give

white AgSbo3 which is soluble In NH40H. A silver salt alao fO~S tien

SbH3 is bubbled through a silver nitrate solution. The silver reduces

and the anttionycovertsto the oxide (or acid) which is only sllghtly

solublein H20 (distinctionfrom AS)3.

IV-6.6 Tbioaal.ide. Anttiny(III) can be separatedby precipitating

Sb(C@1@Ns)3 fi~ either acidic or basic solutions. Chlorideand

sulPate interfereby causing the formationof hsic salts. Arsenic, Bi,

Z?3
Cd, Au, Pb, Hg, Th, Sn, and the alkalineearths also precipitate .

IV-6.7 8-Hydroxyquinollne. The yellow complex Sb(C#T@N)3 quanti-

tati?relyprecipitatesfram acidic solutionas the pH Is increasedtoward

6. This complex is stable at 105-1100C.and maybe used for the gravi-

28
metric determinationof antimony . Since many .otherions a-o react

with this reagent, a preseparationis required.

IV-6.8 TrIphenylmethylarsoniumChloride., -S mdFiggis3°

recwnmendaxsonlumhalides, especiallytriphenylmethylsxsonlumchloride

and icillde,for the determinationof Sb as well as for Bi and Cd. A

simple ion associationcompmnidtriphenylmethylarsotiumtetrachloro-

antimonate(~l) is formed. As little as 10 pg csn be determinedby

nephelometryand larger amountsgravtietrlcally.

Iv-6.9 w% allol. Feige131discussegthe precipitationof antimony

with pyrogald.ol.A @ge excess of pyrogalJolin air-freewater is

added to a dilute acldlc solutionfor analyais. Welcher33 ~sts 1.8

other elementswhich cam be determinedby tbls reagent.

IV-6.1O 9-Methyl-2.?,7-Trihydroxy-6-F1uorone. Feige132 discussesbriefly

the work of Wenger33 who recommends9-methyl-2,3,7-trihydroxyl-6-fhxone

as a specificreagent for amtimony. The compoundis soluble in alcohol.

A red coripoundwith antimony salts forms In stronglyacid solutions.

It Is probable that the complex can be extracted.

IV-6.11 ~ferron. Several elementsare

from stronglyacid soltiions32. The only

u

precipitatedwith cupferron

antimonyoxidationstate that



completelyprecipitatesis +3. The pentavalentstate does not precipi-

tate. For speclficlty,a presepexdion is required.

IV-6.K2 a-hli~p~ idine, An orsmge-~llow precipitateof antimonyis

formed with a-aminopyridine33. As little as 0.12 ug. is detected.

Bismuth, Co, Cu, Au, and Zn interfere.

Iv-6.I_3 Fhenyl&lohydantoic Acid. Severalmetals, IncludingPb, Ag,

Cd, Cu, Co, and Sb exe quantitativelyprecipitatedwith thin reagent.

The precipitateforma in dilute acetic acid after boiling for about

5 minutes. Welcher33 gives a detailedprocedurefor the determination

of antimonybut tt appeersto offer little advantageover other methods.

IV-6.14 Methyl Violet. Antimony(V)is precipl.tatedtithmethyltioletU.

Poper45 reports similar findings. Goto and Kakita46 have extractedthe

precipitatedcomplex into emyl acetate.

Several other organic reagents have been proposed for the detection

of antimony. me reader

conrpletelistings.

IV-7. VOL4!lIUECCMPOUNDS

The volatilization

been extensivelystudied

Sb(V) are quantitatively

44ia referred to Welcher33 and Feigel for more

AND DIS!ITILATTONOF ANTIMONY—

of elements as bromides and chlorideshas

by~f- ~ ~ndeU81 . Both Sb(III) and

distilled as the bromide from HC104 or H#04.

Antimony does not significantlydistill as the chloridefrom HC104,

differentiatingit from Sn(II) and Sn(IV)81. Arsenic(III)and Aa(V),

Re, and Ru also distill from an H6r-H@04 solution.

The volatile hydride, SbH3 is discussedin Section ~-4. Use of

the volatile halides and stibine in analyticalseparationsis discussed

In SectionV-3.

IV-8. C~IEX IONS AND CHEMD?S—— —

~t~odIII) hti.e comphexes~~- and[sb~= tith x . .~

or F-, have been reported. Hexahalo complexes,correspondingto
[1‘bF6 “

P’d’ ‘E%l-
ere also known35. The bromide complex differs

from the chloride and fluorideby being highly colored and easily

14



hydrolyzed.

for the salt

A heptafluoroant~ny ion of unknown structureis reportedl

K@F7.H@

lbth Sb(DI ) and Sb(IV) form chelateswith catechol. Undoubtably

many of the organo compoundsdescribedin Section IV-6 are also chelates.

Mttle use has been made of complex lone and chelatea In radio-

chemicalproceduresfor antimony. Ibth shople ion-associationcompomds

and chelates are e-i~ extractedin organic solventsand can form the

basis for selectivesepexations.

IV-9. ISOTUPIC EXCHANGEREACTION SANDHOT-ATKM CHEMISTRY—— —. —

Berker and Kabngg studiedthe rate of exchangeof Sb between

SbC13 & 9bC15 in CC14. The rate of exchangela both time and Ilght

dependent. At 50°C. and 81°C. the half the of the reactionwas 235

hours and 19.5 hours respectively. The rate of exc~e of Sb(III) and

Sb(IV) in HCl solutionsaccordingto Bonnerloo Is a functionof HC1

concentration. The = ttie of the Peaction is lh hours in ~HCl,

60 hours in f&HCl, and 36 minutes in l~HC1.

Melander
101

studiedthe Szil.scrd-Chalmersreaction with both

phenylstibinlcacid and triphenylstiblne. No concentrationof Sb

activitywas obtained from the irradiatedphenylstibinicacid. A con-

centrationfactor of 100 IS obtdnable by irradiating(C6H5)3Sb in

benzene and extractingwith aqueous 2$ textaxic acid, 0.05$ KSbO taxtrate.

Concentrationfactors up to 6000 axe reported102for the slow neutron

irradiationof (C6~)3 Sb in benzene followedby tiraction with 2.%

Hcl. Large concentrationfactorshave alm been obtainedby irradiating

solid triphenylantimonycompounds,dissolvingthe target in chloroform

and extractingwith au aqueous KHa tartrate solution103. The reaiL=ris

103 for a nmre detailed diacuBaionof hot-refemed to Wehl and Bonner

atom chemistry.

15



v. JmAmmXL cmmsI!RY OF ANmMoNY APHZCABIE

m sEPARA!lzomm YIELD DErEmmAmm

v-1. SOLWENl!EXTRAC!KCON

Solvent extractionprmldes rediochemistswith a rapid and almple

techniquefor the selectiveBeparetionof an element from complex

mdxtures. Through the judicioususe of various scrubbingagents and

str~’ppants,high de~ees of separationare attainable., The simplicity

of the operationrenders tbls techniqueeasily adaptableto remote

operation.

In many instance~the entire sepexationmay be performedcm a

cexrier free basis thereby eliminatingthe Itierenterrors, such as

coprecipitationand non-stoichiometricrelationdlps, associatedwith

~atietric yield determinations. Because many extractablecomplexes

are colored,the @eId, if required, can in many cases be determinedby

a simple apectrophotometricmeasurement. The use of deep well crystals

and gamma spectrometrycombinedwith solvent extractionseparationsemd

spectrophotametricyields is gaining popularityin radiochemistry.

V-1.l Ion-AssociationSystems

V-1.l.l Fluoride System. Extractionstudiesof fluoride ~yatems are

relativelyfew. Kitahara36 studiedthe extractionof several elements

fram EF solutionsinto ethyl ether. The extractionof Sb(III) from

3.~HF is reported% to be less than l? as is the extractionof Sb(V)

37
from m_HF . Iarge quantitiesof 9b(V) can be extractedwith diethyl

ether from an aqueousphase 6M in HC1 and O.& in KF with the extracted

speciesprobably being the chlorideratlkr thau the fluoridecomplex.

V-1.1.2 ChlorideSystem. Factensivereviewsof the extractionof the

38,39,40. ~wds @voigt41ch~ide complexesof 6’baxe available

have shown that the extractionof anthony Into isopropylether IS

superiorto that of diethyl ether. The distributioncoefficientiB

greater than ZQO for Sb(V) from 6.5 to 8.% HC1. Excellent separation

16



43
of Sb(V) from Sb(III) is achieved. Schweitzerand Storms confti these

findings. Completeextractionof Sb(V) and 681 extractionof Sb(III)

42
from HCl ~olutions with methyllsobutyl ketone has been reported . The

extraction,and sepexatlonof

~ HC1 containingoxalate and

reportedby White and Rose47.

not extracted;As, Bi, and MO

Sb(V) from sev=al elements,from 1 to

tiltrateinto ethyl acetatehas been

Iron, Sh, Cu, Cd, Pb, Ge, and Te are

extract in trace amounts;Ag and Hg

partially e.xtract~and Au completelyextracts.

The separationof Sb from S% oftentimesdesired in radlochemlcal

separations,can be attainedby extractionof Sb(V) into ethyl acetate

from @ HC149. Tin(IV) remains in the aqueousphase. The separation,

by extractionInto isopropylether, is reportedby Coombem. The

47
procedure of White and Rose mentioned above is SMO app~cable.

TrI-n-octylphosphineoxide in cyclohexaneextracts antimony(III)

48
from @ HC1 with reasonableseparationfrom severalother elements.

The extractionof Sb in chloridesystems,though shnple, is a

poor systembecause a Wge number of”chloride complexesof other

elements also extract. The use of sequestering agents,both In the

original aqueousphase and subsequentscrubs, contributesto a cleaner

64
separation. Passas developed a rapid (~5-min.) procedure for the

sepsxatlonof short Uved antimonyisotopegfrom f!reshlyirradiated

uranium by extraction of the chloro complex into isopropyl ether.

Molybdenumwhich 4s0 extracts is retained in the organicphase by

formation of the blghly solubletbiocyanate complex.

V-1.1.3 Brcmlde Systems. ??ock,Kukche, and Bock51 extensively

stdied the extractionof various elementsfrom HSr. Ninty-fIve

per cent extractionof Sb(V) from ~ HSr into ethyl ether is reported,

the extractionof Sb(III) Is considerablyless. Gold, Ga, In, As(III),

Tl, Sn(lI and IV), Mo(VI), and Fe(III)extractto @eater them 50~

frcm4toq BEm. The same general commentsgiven for the chlorlde

systemregarding epecificity apply to the brcmide ,system.

17



V-1.1.4 Iodide System. Iodide extractionsystemshave been more

extensivelyatudledthem brcmdde. Antimony(III) quantitatively

extracts frcm 6.~ HI into ethyl ether as do As(111),Cd(II),Au(III),

In(III), Hg(II), Tl(I), T!L(III),and Sn(II). With l.%~ in 0.7%

52
H404, less than 50$ of the antlm.onyextractsinto ethyl ether . West53

states that small amounts of the tetralcdoantimonate(III) ion extract

into benzene frcpra H2S04-KI aqueous

V-1.1.5 TblOcymate System. Slight
)

ethyl ether from O.% HC1 contacting

Tin(IV) quantitativelyextractsIlrom

possible separation.

phase.

or no extractionof Sb(III) into

54
UP to ~ ~4~S has been observed .

a similarmedia suggestinga

v-1.1.6 mlphosph oric Acids. Less then 5? extraction

Sb(V) with O.% dibutylphosphoricacid with greater than

39
of Sn(IV)J W, Nb, Y, and In is reported .

of Sb(III) &

95$ extraction

V-1.1.7 llrialky lphosphineOxides. With tri-n-octylphosphineoxide,

48
Sb(III)partially extractsfrom ~ HC1 . Complete extractionof

Sb(III) is reallzedby increasingthe HC1 concentrationto ~.

v-1.1.8 Methyldioctyhnine. Extractionof antimony from greater

than @ HC1 is quantitativewith 2 to 3 volume percent solutionsof

50
methyldioctylaminein xylene . The extractiondecreaseswith lower

HC1 concentrations.

V-1.1.9 QuarternaryAmimes. Work in progress In the adhor’s labora-

tory pertainingto the quaternsxy amine extractionof the elements shows

that both Sb(III) and Sb(V) are completelyextractedflmu,~ HC1 as the

tetrabutylenmoniumchloro entlmonycomplex into hexone. Little or no

extractionwas observed in BN03, H#04, ~, or NaoH s~t~.

V-1.1.1O RhodamlneB. The chloro complex of S%(V) forms an ion-— —

associationcomplexwith rhodemineB readily extractableinto benzene

39
or ethyl acetate fram 3 to ~ HC1 . Severti investigators55~56>57

describemodified determinationsof antimony. RecentlyVanhnan et. al.66

described a colortietrlcrhodemineB procedurewhich eUminates hydrolysis

la



problems encounteredIn other methods. A relative stud deviationof

1.Z$ Is reported for the range of 2-XI ug of Sb.

V-1.l.ld Methyl Violet. AntWny(V) forma a precipitatewith methyl

46violet“inEC1 which is “solublein emyl acetate . The sensitivityof

this system is 0.1 ug./ml. Jean @ describesthe

violet blue complex i%cm @ HC1 into benzene.

V-1.1.12 llzo~. Morrison and l?ceiser39Ilst

etiractionof the

several azo dyes which.

form ion-associationcamplexeswith ~(V) in strong HCl - saturatd

ethanolmedia extractableinto benzene. Generallythe reactions exe

quite sensitive (1-8 ug./ti. of %).

V-1.2 Chelate Systems

V-1.2.1 Cupferron. Cupferronhas been used for the separationand

determinationof,several elements. The insolubleprecipitatesformed

with cupferronpre soluble in organicreagents such as ether’and

chlorofomn. Ant~ny(III) is quantitativelyextractedtid chloroform

frcm 10$ H2S0462. 39Several other elementsalso extract ,.

V-1.2.2 Sodium Diethyldithiocexbemate.A ~ aqueous solutionof this

res8ent till extract abut ZU elements39. BetweenPE4to 9.5, ~(111)

extracts into carbon tetracbloride. CiFradiochemicalinterest,As(III)

and Sn(IV) also .artract.Use of masking agents such as EDTA and cyanide

have greatly increasedthe selectivityof this reagent.

v-1.2.3 Morin. Anthony(III), in additionto Al, %, Ce(III),Ga, In,

Sc, Sn, T!h,Ti, and !Zk,form complexeswith morin, extractableinto

butyl, .sm@, and cyclohexyldCOhOl frcm ECidiCmedia39.

v-1.2.4 8-w nolinol. The precipitationof entimonywith 8-quinolinol

has been discussedin ~ction IV-6.7. It seems reasonableto a’asume

that the compl~ is orgemic solubleand extractable. The re~ent also

39reacts with about hO other metals .

V-1.2.5 PotassiumXanthate. Islein and Vorbes
65

report the extraction

of Sb from

xanthate.

acidic solutionsinto carbon tetracbloridewith potassium

Less metals are reported
39

to react with tbls compound
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compwed to the o#her chelates. Further investigationof this system

appearswarranted as an extractionprocedure for the separation

in fimion product mixtures.

v-1.2.6 htip~ Ine. The separationof Sb frcnnBi, Big,Sn(IV),

65
Zn, Co, Ni, and & has been reported for a chloroformsystem .

V-2 CHSOMATCGRWEY OF AIW?IMONY.—

V-2.1 Ion-Exchange

of Sb

As(III),

6a
V-2.1.1 Cation-Exchange. Accordingto Lure and FYlippora , entimony

.1sseparablefrom =senic and tin bypasmge of a dilute HC1 solution

through the sulf’oDIcacid cation exchangerWofatit-P In the hydrogen

form. Arsenic passes through with Sb and Snremalnlng tight~bound.

6aBismuth 18 reparableflromSb as the thiocymate 3 the aepuation being

made with a 6$ solutionof NH4CRB O.% in H2SOL. Autimony(III)CaU be

separatedfrom Sn(II) on AmberEte IR-12Clby elutionwith O.% HCl

69
contelnlng@ tartaric acid . Autimony(III)elutes, end Sn(II)

rmalns on the column. Antimony(III)and Sb(V) c=be separatd by

70
elutlng Sb(III) with dilute oxsJlc acid . The unexpectedadsorption

of negativelych=ged chloride complexes,IncludingSb(V), on a cation

.

71
fiaus and Ifelson extensivelystudiedthe

the elementsin HCl with Ibyex-1. The

67
exchanger has been reported

V-2.1.2 #mlon Exchange

V-2.1.2.1 Chloride System.

anion exchangepropei%iesof

distributioncoefficientof Sb(III) is greater than 103 in ~ HC1 while

that of Sb(V) is less than 10. Separationof Sb(III) and Sb(V) IS

difficultdue to the slow rate of desorptlonof Sb(V) with dilute HC1

elutrientand the hydrolyticproperties,of Sb(III) in dilute HC1.

Trace amounts (Sb124)indicatethat Sb(V) Is not adsorbedon Dowex-1

in dilute HCl whereas Sb(III), formed by reductionof Sb(V) with H SO
2 3’

7° me seperationof Sb(V), Ta(IV), and Sn(IV)is stronglyadsorbed .

72
using a Dowex-1-X4column has been reported . For other possible

sepsxationathe reader Is referred to the summary paper of fiaus and
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,,

~e180n71
for a table of the di8trlbutioncoefficientof the elementB.

V-2.1.2.2 Fluoride System. FwiS73 has studiedthe fluoride-anion

exchangepropertiedof the element8 Eimilexto that described above

for chloride. Antimony(III)1s stronglyedsorbedin dilute I-E?;Sb(V)

appe=a stronglyedsorkedat all concentration. Arsenic(V)as well

as Sn(~) exe also stronglyheld. Arsenlc(III)IS not adsorbedoffer-

ing same possibilityfbr the separationof As and Sb.

V-2.l.2.3 Nitrate System.

propertiesof the elements

As(V) are not adsorbedw

l?eris
80

has alJ3o studied the anion exc~e

in nitric acid on IkIwex1. bthnony(V) and

Sn(IV) Is slightlyadsorbed. This syB~em

aple=s to offer uttle advantegefor the separationof Sb from other

elements.

V-2.1.2.4 Oxalate System. Mixbres of &(IV), Sb(V”),end Te(IV) are

74separableon a Dowex 1 column . The samplein ~ HC1 - O,~oxalic

acid is placed on the column. Telluriu@V) is eluted ftist with

O.~oxallc acid, then antimony is separatedwith O.~pH 4.8 sodium

oxalate,finally tin is removed with ~ H#304.

V-2,1.2.5 Malonate Sywtem. The separatimof tracer Sb(V) and Sn(IV)

using emmmium malonate as the elutrianton an Amber~te IRA-400

75. The Sn(IV)malonate is retsined on thecolumn @s been described

column while the anttiony iB eluted with a 3$ malonate ~olutionat a

pH of 4.8. Tin is removed with 4.% H&04.

V-2.1.2.6 S~ide. The separationof Sn, As, and Sb as sulfide com-

plexes in basic solutionon kwex 2 columnshas been studied. A 3$

sodi~ polys~ide solutionis placed on a.Dowex 2 column in the

hydroxideform. Hn is removed with O.~ KDH, arsenicwith l.~ KOH,

and antimonywith 3.% KOH.

V-2.2 Inorganic Alumina Exchagem

Numerousprocedureshave been developedfor the =Peration of

elementswith an alumina column. Generally,washi~

solvents separatesthe elementsinto bands which are

with selected

identifiedby

a



w reewntato formcolored “Cqlexel% *S-C (III) C= .be

separated frdn Sb(III) by waehins with dilute ~ ahd develpplng the

color vith H# saturatul water. The ~ea (AE). = Is yellow endthe

77
lou& Sb(IZI) baM is mange-red. . Antimmy cti be”rmu+edfrcmt he”

elcmenta of the tin ~oup by additionae a ~a$” solutionti waehing

with dilute HC1?’?. Arsenic” is eltiai Mth a H@ Baturtitdeolutiun

-mvesdown thecolumnaeq Mamn yellow band. Fallmdng the” “

deaorptionof srsmlc, ant- 19 r&mved with.co~entrated:MHl@H.

Tin, Tej and MO are ~ttally eluted. SeleOilumJ”.&, Te, and MO are

completelyrewved by waeldng tith a solutionof (qj2s. Arsenic d

8tJare aepmated; & and Sb wp=ation ie @or. W“ reader19 referred

to Lederer end.kderer79 for a nmre ccmpletediscuaaionof inorgahlc

“~a. :.” .

V-2.3 .RzPer Chromatogm@JY

GeneralQ thie tecbnlque ccmimta’ of dipping the end of a filter

pwer strip intu the ample solution.

vith clumacteritiicratea dependeqton

media, pH, &L”type of paper. In many

The fona migrate qp the paper

EIuchvariablea” ae the eolvent

caeee, papera @.P%Pe .“tad Uith

AI.(OH)3 a an ion—~ hewebaan imdtoincreaaa thG. de~ee of

separation. The pap= may be 8p3yed ulth CO* fozmihgreagent8 or”

aectionecut out fbr.aubaequentquantitative-la.

Many ueeful aeparationeof Ae(III) d Sb(III) have been reported

contracted to fev for 8b and Sn79.” In a butauol-HClm@ia~. Ae la

aeperatedfran Sb ad Sn. The separation of Aa(III) end Sb(III) haa

been .sccaqUehed with the lower eJcohole79. Separation of Aa (III),

8b(III), - ti(~) has bB-. ObtdJled with COIJldime..aaturatedwI*

o.&J Elm .
3

v-3 mILKlzmw m vOLmIIzzA!IT@!J ,.

me vOktile ant- c~unde have ken demribed .in6ectimn IV-T.

schemer”deecri-a a-dlatiUation poceduru far

-13enic,ent~, d tin. !llheaauple is ,placed

22
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flask end made @in EUl and 0.5 to ~ in H#04. Arsenic is distilled

at lJ1-lJ2°C. me receiver iB removed,phosphoricacid 18 “kddedto the”

dlstilJlngflask, and antinxmy18 distilled at 155-165°C. After

cooking;the receiver Is changed and the distillationis continued

at 140°C. with a 3 to 1 mixture of concentratedHC1 and concentrated

H& dropping into the distllJlngflask. MolyMenum, Re, Se, Te, and

Hg pertialJydllstill.

Radloanthony is mphrated by distitition ‘inProcedure~ de-

scribed in detail in SectionVIIC. Heti.83 describesa &upMfied

distillationprocedure for Sb, As, and ~and Maxwell et. al.84

describe the”distillation of Sb from HCIOk-lIEr.The easily“&ccomplish-

ed electro~ic formationof stibine,SbH3, has been used as “thebasis

for the separationof radioantimo~. Cook13 separatesanttiny from

fission prcduct mixtures by generatingstibine at a lead cathcde in

an atnmsphereof hydrogen. The stibine,swept out of the cell %y the

-Wen stre~, Passes thro@ a sl%htu acid silver nitrate solution,

forming a mirror when heated or remaining As ihsolublesll~ anthioti”de.

The latter techniqueis more convenient. Inve93, using this techmlque,

recently describeda 10-secondprocedure”(SectionVIII, Rrocedure4) for

aeperatlngshort-~ved antlmohyfrom fissionproduct mixtureBwith”

greater than 107 decontaminatlori.Other methods base&on gerieration

of stlbinehave been reportedm#15~~/17~~.

V-4 =ECI!ROC=SIRY OF ~.—

V-4.1 Electrodepasition

One hportent advantageof electrodepositioncomparedto

precipitationiB that extraneousIons are not added which can interfere

in subsequ~ntanalytical.steps. Controlledpotential techniquespro-

tide specificity,with completenessmd apeed of separationprimarily

dependentupon the differencesin the reduction@tentials of the lon-

metal reactionB. The techmiqueIs particulerJyadvant”Ggeoue’for

radlochemicalapplicationbeca&e thin @l evenly depositedfilms on

23



countingplates axe obtainable. Details of instrumentation,cells, and

8
general.methodology-e fuJJ.ydemrlbed by Idngane .

Reynolda6 extensivelystudiedthe controlledcathddepotential

separationof antimony,tin, and bismuth. Quarkitatlverecovery was

obtained from a sulfuricacid - hydrazine stiate solutionat -0.3 V.

Jovanoticgstudiedthe cathcdicdepositrlonof bismuth and emtlmonyfrom

H#O~ media and give, procedure.for their sepsxationfror”tln.

25
Nornitz also,diacuesesthe electrolyticdeterminationof antimony.

Several comprehensivestudiesof controlled- potential electrodeposi-

tion have been reportei recently. Tankam describesthe electrdeposi-

tion behatior of antimony in HC1, H#04, HN03, MH40H, and cyanide

media. The controlledpotential separationand determinationof

antdmony,copper, led, and tin in nonferrousalloys is dlscuasedby

UHayakawa .

Electrodepositionhas been used in severalradiochemicalsepara-

tions. A methcd for the sepsxatlon@ mounting of antimonyas well as

several other elementsis describedby Lee and Cook7. Excellentbeta

coumtingplates, mitable for decay scheme studies,were obtained.

Her# isolatedthe separatedantimony Rrom a Szilard-Chalmers

reaction by electradepoaitionon a platlnus electrode.

Hydrogen canbe likeratedIn snelectrcdepositiontechniqueaud

cme must be taken to prevent the 10BB of entimcmyas 9bR .
3

v-4.2 Polar~aphy

Polarcgraphyhas not been used for the radiochemicaldeterndna-

19 discuss severalpolsxographiction of antinmny. lblthoff and Idngane

methcds for the determinationof antjmmy in complexmitiures. Excellent

waves are obtained in ~ HN03 with gektin as a maximum suppressorwith

a half wve potential of -0.3 V. vs. S.C.E.

Love= has been pioneeringthe applicationsof polarographyto

radiochemist~. Antimony has not been Investigated;however,tihe

techniquemay be app~cable to the separationof antimonyfrom fission

prcduct mlxturea.
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v-4.3 Jllmlgams

Isotopic excbmge with mercury amalgamshas been proposedby

Meinke
21

as a technique i%r the separationof radloelments from complex

mixtures. Attempts to prepare an anttiny-amalgsm were unsuccessful.

V-5 GRAVIMIIFRY

Volumetricmethcklsfor the msn-radiochemicaldeterminationof

antinmnyaxe accurateaud rapid, hence the more tedloua gravtietric

methods are seldam used.

Precipitationas.the .s~ide has been used almost to the exclusion

of other methods. (&e Wction IV-6 for a compiktion ofprecipitants).

However,disagreementexists concerningits use. Hillebrandand

LWndel.1
26

state that weighing of the trlsulfideis satisfactoryif it

Is drfed and heated In an atmosphereof C02 at 280-3C0°C. Narwltz
25

cl.aha that errors inherentin depositingthe sulfide frcm acidic

soluti’oninclude adhering deposits and inmmplete precipitation.

Results can be 1 to 1.5% high due to occlusionof oxygen and .miUur

compounds.

Although sfiide precipitationas a means of determing antimony

requiresprecise conditionsfor accuratemacro analysis,the errors

involveddo not appear to be of such consequenceto seriouslyaffect

yield determinationsin routine radlochemicalanalyses. Yield

determinationsfor many elements are sub~ectto shilar conditions

of occlusionand non-stoichiametricprecipitation. fie author believes

that other more precise analyticaltechniques,such as titrimetryor

spectrophotometry,are better suited for @Xld determinations. The

increasinguse of gannnaspectrometryaud especiallydeep well counting

encomages investigationalong these lines.

v-6 SPEC?lZROPHOT@lETRY

This proven techniquecan substitutefor gravtietric”field

determinationin many radiochemicalmethods and

as coprecipitation,occlusion,and questionable

25
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products. It iB a simplematter ta develop the color by additionof u

chromogenicagent,make to volume, remve an aliquot for the absorbance

measurement,and count the remainder.” An example of this, uelng

rhcdemlneB as the chrcmqenic egent, is given in SectionVIII, “Rtocedure4.

Rhcdamlne B is the most widely used re~nt for Sb. Sandeli85

discussesthe merits and shortcomingsof the method. For qtititative

recovery,the crucial step in the rhodemineB meth~ is conversionof

Sb(I~) to SbC16-. The HC1 concentrateion must be greater than ~ and

Ce(IV) appears to be one of the few suitable.oxidizingagents. Because

SbC16- slowly hydrolyzes,the rhodemlneB is added i&n&liately~er

oxldation. The precipitate(brightred) 16 easily extractedinto

m
organic solvents,providing addition”aldecenteminatio,n. Luke and

66
Vadmlan report a@ht modificationsin the procedure.

In acid solution,strongly,yellow colored Iodoantbonlte is

86
formed by additionof excess Iodide to either”Bb(III) or (V) .

BeerIs law is followedfor the range of 5 to 50 ppn of enthmmy.

Nitrite, hypochlorite,end suEite interfereend close control of

iodide end aciditymust be mainteined. A pyridine- icdide methcd for

antimony has been described by Clarke87. In this pr@edure, pyridine

forms a sll@ly soluble,colored todoantimonitecomplex,which is kept

in suspension.bygum arabic. S~iC mid concentrationfor -m

color intensityis 3 to 4M and iodide and pyridine concentrateions must

be closely controlled.

Methyl violet, bril.llantgreen, and enthraquinone-1-azo-

ddmethyl auillnereact with emttiny(V) in a ~er similarto

r~ne ~85
.

v-7 m~Y

Titrimetricmethods also offer conveniencefor detemning the

yield in a rtiiochemicalmethod. The entire separatedsample can be

titrated,then

by oxidimetric

counted in a

titrationof

well trystal. Usuallyantimony is determined

Sb(III)with p&manganete, iodine, or br~te.
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Cerium(IV) and di.chromate can also be used.

!lltration tith bromine iB usually c-led out at an elevated

temperaturewith methyl orange or indigo sulfonicacid ag the

indicator. Antinmny(III)can be titratedwith icdine in concentrated

bicdxmate solution. ‘Tartrateis add~ to hold the anthnonyin

solution. The reaction la slow nem the eq~valence point and offers

89. In the presence of HCIJno advantagesover the brcnnatetitration

Eh(ITI) IS oxidizedto Sb(V) by permanganate. Acidity is critical.

@lrolyais may occur if too Ilttle acid is present while stiong acid

KIves high results due to oxidationof chloride. Wil@d and yoq#

have titrated Sb(III) in HC1 with eerie sulfatewith iodinemonochldride

as catalyst. The titration is c-led out at 50°C. using fmoin

Indicatmr. The solution should contain 15 ml. Of concentratedHC1 .

per 100 ml. of solution. T3tratlonwith dlchromatehas alsu been

r-tdgl,
- howevw, the method 1s unattractivebecause 2 to 3 hours

me reqtied for the oxidationand the endpoint is not very shw.

Antimony(V)has been determinedby titrationwith titanoua
,.,

.9uJfate92.After oxidation,with brorhine,the solutionis boiled to

remove excess mddemt. The titratibnis made in an inert atmosphere

(i.e. C02) above 600C. using indigo carmine indicator. This approach

does mt seem practicalfor a redlochemicalyield determination.

Because antinxmy is easily lost by Volatilizationfrcuahydrochloric

acid media, dlssoluttonwith this reagent shouldbe carriedout under

total reflux. Dissoltiionulth sulfuricacid and a reducing agent or

an alkall fusion prevents the loss uf antimonyand is preferred.

The metal is solublein hot sulfuricacid. Bisulfitefusion in a

porcelainor si~ca crucibledissolvesthe metal and lead aJJ.oy. The

cooled melt is solublein a dilute hydrochloric- sulfuricacid media.

The Sb(Ill) sulfide is soluble in hot stiuric acid; the Sb(V)

*
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sulfide in alkall auHate solution containing free .wlfur or in
.’

B~OUS acid.

‘Fusionmethcds =e recommendedfor samplescontainingoxidized

material that may not readily dissolvewith sulfuricacid. Scdium

hydroxide in an iron crucible,dehydratedsodiumthiostiate, and a

mixture of sodium carbonateand sulfur in a porcelaincrucibleare used.

VII, COUNTING~Q&3

The common fiaEion ~cduct eatimonyi80topeeencounteredin

126
analysisue 2.4y Sb125, & Sb , and 93 hr. SbW. &megbr. sb

126

and b. 6 hr. SblB may be observedin shoi-tcooled material. Of these

isotopes,all may be gamma counted except the Z@d Sb
126

which is a pure

beta emitter. Gross beta or gamma countingcan be “cbnfusingdue to the

grw in of the telluriumdaughterprcducts. Gamma countingusing a

mltichermd analyzm is recommended. Characteristicgamma spectraare

104
given by Heath and Crouthmlello5.

VIII. COLLECTEDRADIOCHEMICALPROCEDURESFOR ANTIMONY

In preparationof this monograph the authorrequested

other mnograph authorsradiochemicalmethods for antimxiy

lakaratwf.es.” These methcds are includedin the fdlcwing

from the

uEed in their

compilation

which is belleved to be representativeof the methnds now in use.
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PROCEDURE1

(ION-EXmGE)

Note: This procedurehas been used to obtain pure Sb i%actionsfrom U,

Th, and Cf fission pmsductmixtures but shouldbe applicableto almost

my mixture of actlvitiem. Chemicalyields me apprcodmately&@ end

it usually takes about five hours to run four samples. (W. E. N.)

----- ----- ----- ----- ----- ----- ----- -

1. Add 30 mg Sb curler plus 1 mg Mo, Te, Sn carriers. (&lutiQn at

this point shouldbe free of oxhiizingagents----ifit is not, pp~ Sb

with pH 6-7 acetatebuffer, wash once with dilute acetatebuffer, dis-

solve in 8 ml ~ H@.

2. Ad@t to ~ HC1 (25-30ml vol) - ice cool - add 10 ml &C>.—

(“oxsorbent”,made by Burrell Corp.) - digest cold “5min. - bubble in

02 1 min. - cent - wash twice with H@. (If Sb” does not centril%&e,

filter it, waah with H#, and dissolve It off the filter as in Step 3).

3. Mssolve sb” in 4 ml cone. HC1 + “Mquid Br2 ‘-mid 1 w each of Sn

and MO carrier - add NH@H.HCl to reduce Br2 - dilute to 30 ml - add 1

ml~NaI - digest hot 15 min.

4. Add ~ ~ NHkFoHl?- Ice cool - saturatewith H# - digest hot

15 min. (no longer) (saturatewith H@ every 5 min.) - cent - wash once

tith (~ HCl + H# + dilute KQF. HF).

5. a) DissolveSb#3 in 15 ml hot @ HC1 - add 1 mg Te - pass in E& -

cent.

b) Addling A.e+3 - digest - filter Aa#33.

6. a) Adsorb ~ on _ A-1 anion exchangecolumn (6 mu x 10 c~j

Ik.wexlx 8, 50-10 Qmesh,pre-equilibratedulth ~HCl).

b) Wash colmn with 5 ml @ HC1

15 ml ~ HC1

10 ml ~ H#04
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PROCEDURE1 (Ccmtimed)

c) Elute Sb with 2 ml H@

15 ml lmillng ~ i%OH

7. Ad@t to ~ in HC1 - filter (WhatmanNo. 44 paper) - ice cool -

add 10 ml CrC12 - digest cold 10 min. - pass in 02 1 min. - cent - wa~h

twice with O.% HC1, once with acetone,dry at lJ.O’- weigh aa Sb”.

PRCCEDURE2

(BRQIIDEDIsTIIL!KCIm)

J. W. &neB95

1. Intpduction

Antimony is separatedfram moBt of the fia~ionproductsby distil-

lation of the ,trilnmmldefr~ acid solution. Among the substanceswhich

also appear in the dlstildate are vcd.atlie compounds (probablythe bro-

mides) of germanium, arsenic(III),tellurium, and tin(n).

Tin(IV),is the main contaminantof the distillateunder the conditions. . .

CmIploti. Oermanlumtetrabrouddeboils at a considerablytiwer tenrpera-

ture than anttiny tribromideemd is largelyremoved by discardingan

appropriatelow boilhg fraction. !EbI1s removed by am acid hydrogen

sulfideprecipitation- the presence of ,fluorideion, the latter

forming a stable complexwith the tin and preventingits precipitation.

Remaininggermanium,aa welJ.as arsenic and tellurium,which have pre-

cipitatedakmg with anthony, me seperatedby concentratedhydrochloric

acid extractionof the stiide precipitate. Anthony(III) Pulf’idediS-

mlvea, whereas the othera are unaffectedby the acid treatment. ht tiny

iB finally convertedto the metal by reductionwith chramouschloride

and is weighed and counted in this form. The chemicalyield is 70 to

90$.
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Spray trap (to

a 2n long

~~PRCmDTJRE2 (continued)

flt into ground glass joint in flask alxwe)--conaistsof

sectionof glass hellce~ In a I-6-mm-tube.This Shouyibe

~acketedand heated to preyed conden~ationof S’bBr3. The very

simplemethai of heating used 1s to lead the hot geaes from a

ltlsherburner under the 3-neck flask up through a large dlar@ er

glass tube to the jacket. The spray trap leads to a condenser.:

condenser

125-ml =lenmeyer flask (receivm for distIllate)--outlet tube from the

condensertouches the

Dropping funnel (fits into

cedure for diagram

N*t.mk

Ground-offElrsch fumnels:

bottcunof the flask

ground glass joint in flask above)--see~-

Coors 000A (oneper eemple)

Filter chimneys (oneper sample)

IYlter flasks (oneper sample)

lVo.40 Whatmsn filter circles: 7/8” diameter--weighed

40-ml Comical

Filter beaker

(one per

~lff

100-ml beakers

&)-ml slntsred

WaBh bottle

Stirringrods

4.

centrifugetubes: ~ex 832u (fourper sqple)

containing15-ml slntered@ass cmcible of fine pmoslt y

sttidizatlon}--see Repuation and Standmdization of

(oneP sttidization)

glass crucibles: fine porosity (twoper sample)

Preparationand Standardizationof Carrier

Dissolve 18.7 gm of SbC13 in F& HCl ami make the sqlutionto a

vulme of 1 liter with the acid.

Pipet 5 ml of the above carrier solutioninto a weighed filter

baaker. (Thisbeaker has a 15-ml, fine porosity sinteredg~s crucible

Bealed Into the aide near the top BO that the operationswhich follow--
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PRmEWRE 2 (continued)

reduction,filtration,drying, ~ ~i---~ be Cez’riedout h this

one vemel. ) Add 5 to lo ml of CrC~ 1301utioh(Oxsorbent). After con-~

version to Sb metal is complete,filter, ami wash the fiecipitatewith

~ portions of H# end absolute C!H30H.llrythe filter ~~er con-

taining the Sb at 100° for 1 hour. cool and Veigh.

. Rrocedure’

1. To the sample In a DO-a, 3-neck distillingflask, add the follow-

ing reegenta: exactly 2 ml. of standardSb Cmier; 1 ml of MO Csmrier;

2 mI of sn carrier; 1 to 3 ~ of 85% H3p04J”&?r_te= 0.1 = of

s (Rote1); ~ ml of cone. H#4 (slowly). Place a 360° khermometer,

a short spray trqp leading to a condenser,and a dropping funnel (see

diagram) in the three ground joints of the flask.

Plug held on by spring

Made from a 25-ml
Pyrex graduate

Rressuretype stopcock

Vigreauxpoints In this
to break up the drops of
HBr

7.nml

Dropping Funnel

IV2

tip--fitsto bottom of flask

.ialet

2. Bubble N2 through the solution in the flask while 15 to 2X)ml of

cone. HBr is kided dropwlse from the droppingfu,unel. The temperature
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PRCXEOUHE2 (Conthled)

of the liquid in the flkek.is mdntd,ned at ~ to 230° (Note 2) W

means 07 a Fisher burner during the 15 to .~ min. required for the

addition,ofKE!r, The distillatewhich comes over belxni180° is dis-

cardedend the eddltiomof EC& is begun only aft= a temperatureof

210° is reached (Note 3).

3. To the distillate (180to 230°) in the 125-ml Erlenmeyer receiver

add 1 ml of Te cerrler,0.5 ml of As C=ier, and 2 mJ of N~.H@

(Note.4]. Neutralizethe solutionwith cone. ~OH. Make the

neutral solutlon sllghtlyacid @th. cone. HC1 d ~ a few ~OPS

of aerosol solution md 0..5to 0.7 ml of cope. ET’. Saturatewith
..’

H@ u@il the sulfi~eprecipitatebegins to set,tle,leaving a c>ar

supernate. Tbls should be done as rapidly aspossible because SnL.and

SnS2 will also precipitateafter a short time; also the precipitation

should be cexried out at rooq temperatureor below to aid in the rapid

formationand coagulationof Sb2S3. bansf~ the mixture to a 4-ml

conical tube and centrifuge. WaOh the precipitatewith 15 ml of ~

H2SOh containing aerosol. Discard both the supernateand the washings.

4. Boil the precipitatewith 2to 4 ml of cone.

with H20, and centrifuge (Note 5). Transferthe

40-ml centrifugetube.

5. To the supernate,add a few drops of aerosol

HC1, dilute to 20 ml

supernateto another

solution,0.1 ml of

Sn carrier, 1 ml of Te c=ier, &nd 0.5 to 0.7 ml of cone. HF. Pre-

cipitate and wash sulfidesas in Step 3.

6. Dissolvethe precipitatein 4 ml of co~c. HC1, boil off the H#

formed, amd filter the solutionthrough a 60-ml fine sinteredglass

crucible into a b-ml centrifugetu~e.

7.

and

8.

the

Add a few drops of aeroEol solutionand 0.5 to 0.7 ml.of cone. EF

precipitateemd wash Sb,#3 as in S&p ~.

Dissolvethe precipitatein 5 to 10 ml of cone. HC1 and bail off

H@. Make the solution3 to ,% in HC1 and filter through @ 60-ml

34



PRaEDLIRE2 (Caltinued)

fine alntered glem crucible ixcto a hO-ml centrifuge tube.

9. Add sufficient CrC12 aolutinn (Oxaorbemt) to cm@.etely precipi-

tatamasthemetal. 6tart filtering through a veighed Ho. 40 Who—&an

filter chcb, 7/8”’ dim=, titw 1 b. or IW, UOhg a SOUU&Off

Elrech flmuel ad a Chinuley. Wlulhthe metal Vith 5-ml portions of E#

d abeolute CH30E. m-y at lw” for 15 min. cool, Veigh, - mow

(Note6).

Eotea

1. SuMur 10 addEd to tk 131etim flaak to FeVent the fozmatim

of Br2 frm m.

2. All t-ature8 notti are at about 590 mu of ~ pressure.

3. Mwh of the Ge in the fissionqroduct 801UtiOnis remved vhen

the fl’aotioncd= m ti M“ is al~.

k. ~aajne hydrate rducee my Sb(V) in the diutillde to Sb(III).

5. Any w, AE, or m tich is prmipitated along vith 6b as Sulfide

is hsdible in C-. ECl, uhereaa 6b#13 5s ~oluble .

6. = procdame uscri= is des~ far the ~ermination of

Sbw. Comting is attied after 4 daya, in vhich time 9.3h Tela has

grown into ●quilibrium with 8bm. lhe ‘half-lives obtained fm SIW

reelulting frail thermal neutron fiemion of $35 average abut *.*.

Eau-llvet3 from fart neutlwl fission (1L Me7 neutrom) ewerege ~ zo

@L The cauae of this discrepancy is probably the dstence of another

Sb isotope having a *er half-li?e than 2.7y Sb13.
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FRaxuum 3

(q wymmzmm, a-om~ PRECmZATION)

K. F. Flynn, L. E. GlendeDIn, and E. P. %teinWg 96

Ill-&duction

~s procedme was developedfor the radlochemicaldetonation

of S0 in fission@dct ndxtures. 9auQlea of U=, @35, em PU239

which“hadundergonealnrc &3 fiasionewere aualyzedfor both Sb
127

ad S#=. The decay curves of theme iaotope~ ehowed leas thau O.5*

of any long M* Contamhant to be present. Accurate decent-nation

factors fran specific e~nts have not been determined, but a aepar~

tlon of inactive Sb fra a solution corrtai~ A8~ tracer 131muedno

activity in the final Sb saqple, indicating a decontamination facta

of greater than 103. Chemical yielde me about 25$ wd the analyalB

cau lm performd h about 40 minutes or less.

Procedme

1. w to the sempI.c (tiee of nitrate) in a dieti~tion flaak L d

of ~ atenderdized c~i= (10 ~ Sb+5/nil) - L ml of 6~ ~. ~ii

vith s drop of Br2 to insure exclmnge. Add 5 game of wauulazd zinc

aud paas the ~~ into 20 ml of ~ HCi containing a few drops of liquid

braline Ueing m & Btremn to ave?ep the gas through the Ey9tem.

(i cc/see flov rate for 5 min. )

2. Add 10 q Te d 1 wam h@razW-HCl ta the solution. Heat to

boi~ and gas vith H#. Centrifuge and discerd ppt. (!l%is is zero -

time for Te remval).

3. hdd 5 ml of cone. HHLOE, dilme to 30 ml, and gee ulth H#.

Centrifuge the 6b~3 ~ aud waah. Di8eolve in 2 ml cone. ECl, add

1/2 ~am liaE803,dilute to 10 ml, and boil. Add 3 ml of &hydr~.

qulnollne (3$ solutionin ~ Eel) azd boil. Add 1 m Cone. qm,

-Ac ‘till pptq is ccmglete @5). Uaah with E@, &LC@Ol,

d dry at llO°C. far 15 min.
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PBCCEDURE3 (Continued)

Carrier Standxu-diz.exlon: Take 5 ml Of Sb canrier solution (in ~. HCl).

Add 1 ml Of 6~ HCli 1/2 gram IVaE303,end boil. Add 4 M. of 8-hydroxy-

quino~ne (3$ solution In ~ HC1). Md 1 ml of cone.. NH40H and ~ NH4Ac

until ppt~ la complete (@=5). WaGh with H@, alcohol,and ether..,Dry

at llO°C. for 15 min. Weigh. tiatietric Factor = 3.8.

PRocEDlJRE4 “,

($bH3 VOLMKUZWTON, SHNH!R~ c YIEID)

D. L..We

Rapid Separation of Antimony from IleaionProduotl.Hxtures

DecontaminationFactor: 107 for gross fissionproducts

ChemicalYield: w

Time: 10 seconds

Basis of Method: Formationof SbH3 and its conversionto fi metal

Zinc metal (40mesh) is placed in a distillingflask and mrmed to

loo”c. Auti.mm.y(III) cmier plus fissionprcductsplus 30~ H#O~ are

droppd onto the Zn and SbH3 is immediatelyformedbefore the Zn has

had a chance to.convertthe Sb(III) to Sb metal. The SbH3 (plusthe

H2 formed)passes through a CaC12 &ylng tube and then through a heated

smaU diameter quartz tube (PyrexiB acceptablebut ‘it“tiesnot keep its

shape when warmed with a burner). The Bb~ is convertedto Hb metal,

part of which collectsas “andrror on the”cool portion of the quartz

tube andthe rest @50$) on a fine frittedgl.aSBfilter. me metal is

rapidly dissolvedwith wsxm H#04. If it is dea~able to study the

decay products of..Sb, the metal may be dlsaolvd in tartarlc acid.

chemical.yield may be determinedeither by using 6b124 tracer or a

spectrophotnmetPicdetermination of the Sb-rhdamine B complex.

I

The

Arsenic is expectedto follow the antinumy;however,most of it
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PRmmJRE 4 (continued)

collectB on a dlf ferent posit Ion of the tube. W“mSerIic can be

remved from the Sb metal by leachingwith sdlum hypochlorlt e.

Complete ex-e is obtained even if some of the fission prod~t

m is Sb(v).

PROCEDURE5

(Hm41DE Ex!mm!Icm, ml!AL PREclTmATIoH)

A. ~elberg .4ndA.““C.Yappas4

(Rapid separation of Sb from irradiated enrichedTe-128 and Te-130)

Reccsmnenblfor decay scheme studieswhere yield Is not-@ortant.

TYme Ofsep eration: .Iessthen 5 ndnutes——

lkcontaudnation: 5 x 104 for Te

lo5 fm Sn

m-lCKI for I

chemicalYield: @-y@..—.

~“

1. IsopropyleIJheT- washed repeatedlywith 8 solutdonof FeS04 and

tistl~ed’fram solid FeS04 and l’kOHand equlM-

brated ulth

2. Antimony carrier - 10 W/ml as

OXidiZed by

benzene and

SbC13 in ~ HC1. Before use, it i13

shakingwith 2 drop6 l!m2 in 10 ml

vashed tith 10 ml benzene.

3. 8n~12 Sblutiun - ~ mg/ml Sn as SnC12 in ~ HC1.. The solution

should be fkeeh when W.

4. Cr* Solution. - ~ &C13 mlution, UJ in “T321,is reduced by

boiling with emalgemated, granulated metalllc Zn.

5. HC1 - Cone. and q

6. IUI03 - Cone.
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PmmmRE 5 (Conthled)

7. Hr2

8. Henzene

9. N@Ik.H@, 50$

S@E!s!k’

1. W-ml. beaker

2. GhBS rmi

3. Sinteredglass

4. 100-ml suction

gooch crucible

flask

5. 50-- mwratow f’unueli ‘“

Rrocedme:

1. Dissolve the target in 5 ml .% HC1 to which is added 2 DW ,Sb(V),
,,’

Cerrier. Add under vigorom sttrrlng 2.5 ml SnC~ solution per 100 mg

target . After about 1/2 mintie, filt~ with sucti,gn through a gooch,

and wash twice with 2 ml. 91JRC1.

2. Wansfer the filtrateta a aeparatbryfunnel containing10 m C6H6,

1.0 ml. isopropylether and 0.1 ml Er2 per I.00mg target. Shake,the

funnel for ataut 10 sec. (Riatinctbrown color of E?2 should remain in

the organic prose,,showing completeoxidation). Discsrd the water phase

end wash with 1 ml ~ HC1.

3. Transferthe org~c phase to a se~atory funqel containing5 ml

9~ HCl and 1.0 ml SnC12 solutionand shake, (Theorganic phase show

be colorlessafter extraction,shcndng cmplete reduction).

4. Tremfer the water phase to a sepxratoryfunmSl contacting10 ml of

C6H6, 1.0 ml isopropylether and 0.05 ml Erp (or as Ilttle 8s possible)

and shake for 10 sec. (~ent WOWI CO-).. Discard the water phase

and wash with 1 ml 9N HC1..—

5. Transferthe oregnic ph~e to a eepexatcmyfunnel containing5 ml

9X HCl and add dropuise a mlnlmum amountof SnC~ solution (O.5

Shake,,eventualJyadd SnCl tu just discolorthe,organicphase.

Tbls solution can either be used for liquld beta counting;

39

to 1.0 u).

or:



PROCEDURE5 {Continued)

6. Add 2-3 mg SbC13 cexrier,heat the soltiion,and add approximately

15 ml balling hot ti++ solution. Filter the ~olutionand wa8h the

precipitatecerefullyin boillng hot ~ HC1, then with ~OJ alcohol and

ether. (SamemetalJlc Sn is also pptd.)

mocmmm 6

(SUIKCDEFRECTPITA!LCON)

A. S. Newton and W. R. McDoneIl

Element Seperated: Anthony

Parent Materiti: Tln

Milking fiocedime (Sb froh low energy p, d, or n produced Sn

activityfractions)

Yield: 60-80$’

De~ee Of purification: At”lead a factor of 104 from Sn

Procedure:

1. Tuna 3-4~HCl solutionof the Sn”ti 10 ~ Sb- carrier (Note 1).”

Add ticm powder to excess (hydrogenevolution),‘heatwith sttiin& ppt,

&metal (black)i ~lter byv&nnun thrbugb a sinteredglaea filtering

crucible.

2. Dissolve the Sb in eq~ r~ia, dilute to ~

pPt.S’@3 + s. ~saolve the” sdf’ide out” of the

HC1 (wersdng ’md stirring).

“acid,W“SB in H2S &

s~ with concentrated

,.
3; ~d 10 mg Sn+4 cexrier ttifiltrate; Heat in boillng nte~ bath,

pass in E2S to saturate,ppt,orangeSb.#3. Centril%gehot, decemt.

Dissolve Sb S in concentratedHC1.
23

Dilute to ~’HCl.

4. Repeat Stq Jtwice. “ “’

5. Filter the Sb2S3”onfilter paper and waah wi~h water. “Eeat gently
,,

(Note 2).
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mxmmm 6 (Continued)

Notes:

1. Iridiummay be scavengedout of this &lXing %y &ing 10 mg In c=rier

to initial Sn solution

of In activitypresent

2. The suMide should

,.
(Step 1), repeatingthe Fe reductionif the amount

Waxrants it.

not be relied upon for accurateyield determination.

PROCEDUREi’

(sm’IDE—mmImsomc PRECIPITATION)

H. L. Finston
%“

(Separationof Sb from Sn)

1. Dissolvethe Sn in 1+8$HF plus a few drops of EIt03and evaporatethe

solutionto about 1 ml. Add 1 ~ of Sb carrier and dilute the solution

to .20 ml and bubble hydrogen s~ide into each solutionfor 5

minutes.

2. Centrifugeemd dissolvethe precipitatein concentratedHNO
3.

H 10 mg of Sri++.c-rier and evaporatethe solutionneexly to dryness.

3. Add 2 ml. of HN03 d dilute the solution*Q 20 ml. Add 3 drops of

concentratedHC1 and heat the solutionto neer boiling.

4. Add with stirring,4 ml of phenylsxsonicacid.

5. Centrifugeand discard ppt.
.,

6. Bubble E@ into the mpernate to sgainppt,the Sb.

7. Filter,mount, and count.
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mx!mum 8

(AKTIMONY,-ON ACI!IVATTON‘-IS (I-C CARRIER)-D)

G. W. LeddlcotteU9

SCOPE-

This method of neutron activationsnelyaiscan be used to determine

microgram and submicrogramamounts of anthony in a variety of materials.

Under the conditions

lhit of measurement

dependingqpon which

increasedby the use

PRImImE

Antimw can be

of neutron tiadiation that =e apecifled,the

of the method 16 almut 1 x 10-8 orl x10 -7 ~.

nuclear reaction is u6-. The Sensitivitymay be
,..

of a hlgheirneutron fluk.

dete&ninedquarititativelyby measuringthe radlo-

lti & gb=3, by the slo’iactitity induced Irit’o””its stable 1sotopes,Sb

ne’&on reactioni, Sbl=(n, 7)S#2 and SbW3(n, 7)Sb124. The isotopic

activationcross sectionsof these reactkrie are 6.8 ~ 1.5 and 2.5 ~ 0.5

barns, respectively. Anthcmy-121 is 57.25* abundant;Sbw has a half

Ilfe of 60 d.and emits both beta and gamma radiationsin Its decay.

Other products of these neutronre&tions, i.e., Sb-(3. 5 m),

@l.m2gb124ti(l.3m), - ~ (21m), will not Interfereinthe’determina-

tlon describedherein.
,,

Test portions of the test sample and of a comp~ator swipie (in

this case, antimonymetal) exe Irradiated slmultaneouely In one of the

ORNL reactors for an appropriatelength of tiniej The i&dlated test
‘...

portions are dissQlved, and a known amount of inactive ant tiny; as

antimony chloride, is added to each as a “c~ierll fcrr the ~adioactlve

antImony. Holdbeck (“scavenging”)carriers,which are arsenic,tin,

copper, iron, sodium, end cobalt in solution,are also sdded to the

solutionsof the teat partions in order to decontaminatethe Sb122

(and/orSbW4) radloactltityilromcontaminantradioactivespecies in

the samples. The ersenic end tin carriers =e seyaratedby distillation.

42



The antlmo~ cexrier end the antimony radio~tititles are precipitated

as emtinmnytrisulfld~l.~@3> in order ti renmve them from”the other

holdb.ack.c.sqi.ersand radoelements. Additionalmxqfengingsteps‘are

used to further decontaminatethe antimonytrisulfide.

As an alternateprocedureto the precipitationof antimonytri-

sfiide, the antimonycan be convezrbedto antWbhy metal by reduction

with chrcmwuschloride. The ant-my trisulfide,“u the antimonymetal

is weighed ahd is *hen asaayed for either beta or gemmk rmiioactivity.

The quamt$tyof antimonyin the original semple ik obtainedby corqmring

the 9bU2 (and/orSbl.24)radioactivityfound in the test samplewith the

Sbl@ (and/or#4.) radioactivityin the e@nparatorsample that WE@

&ed in.the same manner 8s the test sampti.

S!lYmJs

, T@ methd w develop@ @ is USed

.Iaboratory tu determine .@cimony in metals

adapted for the determination of microgram

smthony la @her materials.

in the QFU’tLIhiclear Analyses

and alloys. It.can be

and Suhmlcrogmm mmunta of

For the procedurewhich uses the Sbm (n,y )Sbm rea@ion, the

Mmit of measurementis about 1 .xlo-8 g; this quantityis the smallest
. .

weight of anttiny that cam bq determinedquantitativelywhen the test

prtion is fiadiated at a neutron flux of 5.0 x 10U neuGrons/cm2/see,

f~ 62 b.
tin”

123(n,7 )SbThe Lboit of measurement by the.Sb. reaction,

for which a one-week irradiation at the same nmxtron flux is used, la
,“

-7almut 1.0 x 10 g. These lhits & measurementcan be extendeddown-

wsxd by the use of higher neutron flux. The choice of the neutron

reaction to be used is governedby the the availablefor the analysis

and by the nature of tie test sample. hewn interferencescau result

if the sample contai& iodine as 1~ d tin as S#’4. !Chefast-

neutron reaction (n,a)orIIm produces Sb124 (60 d). tie ~low-neutron

reactiom on SnU4 till produce SbM5 (2.7 y); the reaction is Snwk(n, Y)
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PROCEDURE8 (Continued)

SUW5 ~~ S’1+5 (2.7 y). If &33 or #35 is preaeti in a sample,

a number of radioactive Isot opea of ant tiny will & T@oduced by fiaaicm.

The use of the .ccssperator ample eliminates the necessity of con-

trolJlng rigidly such factors as neutron flux, position of the sample

in the reactor, duration of irradiation, and efficiency of the radio-

act iv-it y measurements. The radiochemical s~psration procedure has been ‘

shown to be reproducible, and it gives adequate decontaminate ion of the

ant tiny frcm other. rmiioact ive component a in the a~le. It iS

advisableto scavengeat least twice for contmsinantradioelements.

The chemicalyield should be at least 70~ of the added inactiveantimony

c-ier; a recovery of less than 50$ 10 regarded aB unsatisfactoryand

requires that the analysesbe repeated. It iB assumed that negMgible

mmnts of sulfur and mtimony pent =uMidej n@5) =e f med in the

final precipitationstep in which the sntimny carrier ariiradioactive

antimony&-e precipitatedas antimonytrisulfide.

SAMPITNG
,.,

If the sample is a solid, weigh out to the newest O.COl g, a

test portion”that

use a 5- to 25-ti

cate portions i%r

weighs o.1o to o..m g; if the sempie is a liquid,

pofi”itin.In etih instance,prepare at least du@l-

mslysiti. As a ‘ctaupsrtitorsample use”spectrogram

“icaUy pure antimonymetal; weigh out to the’nearest 0.0001 g dupllcate

test portions thht veigh 0.025 to 0.030 g. These suggestedsizes of

the test portions are those arbitr=ily establishedfor use by the CEWiL

Nuclear Analyses Gro@ and exe umalJ.y governedby the type of container

and the facilitiesused for the irradiation.

PROCEDURE

Make Ml analpes for antimonyon at least dqpllcateportions of

the teat and cooperatorsamples.
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PROCEDUFW8 (Catinued)

A. Preparation of Test hrtions for Irradiation

1.

the teat sample

2.

quartz tubes or

3.

Weigh out ted porticmw of the comparatorsample and of

~ instructedin:S~ll~ above.

Place te8t portione of eolid materla10 in cork.~tioppered,

wrap them in alunlnti foil.

Place portionB of liquid samples in polyethylenebottles

equippedwith polyethylenecaps (sealedquartz smpoules

for the polyethyleneImttles).

may be subatitutad

B. Irradis.tion,ofTest Portions

1. Irradiatecomparatorand test samples stiultaneously

under identicalconditions.

c. &epmation of Irradlatec”Test PortLons for halyeia

1. By whicheverof the followingproceducegapplie8,Prepme

the portions for =alyais:

a. Anthmy CanpsratorSample

(1) Quantitativelytransfertheirradiatedteet portion”of

the comparatorsample from the quextz tube or alminum wr@ to a 50-ml

volumetricflask. Mssolve the test portion In a small> measured volume

of aqua regia; then dilute the solution to 50 ml with water. Mix the

solutionwell by shakingit carefuIly.

(2) Bymeaus of a volumetricpipet, pipet a l.00-ml aliqubt

of this solutioninto a second 50-ml volumetricflask; then dilute the

allquotto 50 ml with distilledwater.

(3) -e the solmonttiro@QJ then pipet a 1.03-ml

allquot of It -to a 100-ml distillationflask. By means of a volumetric

pipet, add to the same distillationflask 2.00 ml of a standsxdcarriw

solutionof & antimony concentrationand 1 ml each of holdback carrier

solutionsof the ions of arsenic,cobalt, copper, Iron, scdium, strontium,

and tin (lVotea). Eva~rate”the solutionto a volu@ of approximately3 ml.

Continuewith Part D below.
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PRUXDURE 8 ‘(C~tinued)

b., Solld Test semples

(1) If the sample Is a met+, or alloy, quantitatively

transfer the -adiated test portion from the quertztube or aluminum

wrap to a 103-ml distillationflaBk, and then add, by means of a

volumetricpipet, to the same +istil&tion flask 2.00 ml ofa standazfi:

c~i.er solutionof known sntlmopyconcentration. Also mid 1 ml each of

hddback ~iers of arsenic,aobalt, copper> iron> s@iuJ str~nti~;

and tin (Note a). To this mkture, mid dropwise enough concentrated

mineral acid to completelydissolvethe sample. Evaporatethe solution

to a volume of approximately3.ml. Continueyith Part D below.

c. LLquld Test samples

(1). Pipqt amallquot of the irra@iatedportlon into a

100-ml distillationflask., By meansof .svolumetricpipet, mid to the

same distillationflask 2.00 ml of a standardcarrier solutionof lmown

antimony concentration.a@also @d,l gl each of holdback csrriersof

arsenic, cobalt, copper, iron, sodium,stronti~, and tti (N@e a).

Evaporatethe solutionto:a volume of approximately3 ml; ,thenenntinue

with Part D belOW. ..

D. RadiochemicalSeparationof Antlmon~

1. To the m~ure in thedistilJ-ation.flask,.@ 2 ml

of cone. HC1 and 3ntLof ~.

,2. Attach a tiater-cooledcondenserto the distillation

flask. Place the dellvmy tube of the condenserin a distillate

collectionvessel khat is set in M ice bath. Bymeans of a hose,

apply a gentle stream of ah to the flask in order to minimize

bumping.

.3. llistillthembrt~e in the flask untilthe temper,at~e

of the ndxture reaches 11O*C. @ until o@.y approxbnatily5 ml of the

.901utionremains in

distillation flask,

the flask. Add an additional3-ti

and then continuethe distillation
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PRamKlm 8 (continued)

appro-tely 5 ml of the solutionremains.,,

4. DiHcerd the di.stildateand quantitatively transfer the

contents of the distillation flask’to a“@-ml centrlf%ge tube. kia25ti

of a 8aturkted sOlution of OXSMC acid; then heat tie mitiure to bear

Ix)illxlg. Saturate the solutionwith H@ in order to precipitante the

antimony‘aBaritho~ tristiide, Sb@3. Centrifugethe ndxture’- :

discard the”supernatantliquid.
,.’ .

5. Dlstiolvethe fi.#3 by mrmihg it ii a Wure of 2 &

of cotic.HC1 “&d 2 “dropsof co”nc.‘HN03.” ~ 1 ml e=h of ‘holdba&

cexrier SQIUtiO~ of iron, Cdpp~, strcintiwh, ezui130dium;~ecipitate
..

.. .
sb#!3 by _ 10 ml of”“COilc. Ht?03and then boiling the Solutiori.

Centrifugethe mi&ture ahd disc~d the Bup&nakant llquid. Wa6h”the

precipitatewith “three10-ml portionb of hot, cone. HN03. After each
@

washing,:“centrifugethe mitiure and discard the supa%ataut l&i&.

6. Dissolk the Sb93 precipitate“in“2ml of cone.“HC1.

Add to the solution30 ml of a saturatedsolutionof”oxalic &id and

1 ml of tin holdback,carrier solution. Heat the ~lutiog to bbillng

(theboiling helps to coagulatethe precipitate);then precipitate

Sb#3 by saturathg the solutionwith H2S. .. .

7. Filter off the Sb#3 through a tared filter paper

that is held in a Hirsch,funnel; wash the precipitateonce with 3- to

5-ml yortions each of ~0, ethyl alcohol,”CS2, and ethyl ether in that

order. Dry the precipitatefor one minute. Weigh the Sb#3 precipitate

and filter paper on an analyticalbalance. Mount the precipitateand

count its activity.
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IX. NEU2RON ACTTVATTOH~IS

la
With B thermal ReutI’Onfln of ‘~x 10 ,.n/cm 2/see., the theoretical

106
aensititityof this techniquefor antimony is reported as 0.CX34ug

based on *.M SbW and 0.03 w based on @ m
124 .ftm en induced

actltity of @d/a at aatwation. Because of the lung irradiationttie

magnlttie getiter. b the other hand? an dV8.UtESeOf a re~tive~ 10=

lived ,=tivity to decay. Gamma spectra of neutron activation isotopes

104 105 @ BroQlst3bank
are given by Heath , Crouthamel , ~. For spectra

that cannot be resolved due to other actlvitieathe methods described

in SecticmVIII -e recommendedfor chemic~ aep~ati~.
8V!

Table 2 La a partial Ilst of material; tiich ~ve ken -*

for antimony by thez’malneutron activation WBiS. A typical method

is describedin Procedure8, sectionVIII. ,’

TABLE II. ACIICVA~ONANALYSIBOF AR’KCMORY—— ——

!i!!=!E Remarks Reference

zro~ sens. 0.5 ppm I-08

Al 109, U3

61 sens. 1 x 104 ppm

f=sxlolp
llo

111

Ge sens. 10-5 ppul log, 115
f= 3 x 101=’

Iiquid Metah 1 x 10-3 ppm 112

BiologicalMaterials 114

Pb U6

M3 IJ7

Water 0.04 ppm determined IJO

48



REFERENCES

1. Sidgwick,N. V., “The ChendcalElemerits@ Their CompoundE”,

Oxford Press, London (1950).

2. Iatimer,W. M., “OxidationPotential”, Ftrentice-Hall,New York

(1952) .

3. McAlpine R. K., Soule, B. A., “Wescott and Johnson’s~tative

ChemicalAn&aia”, D, lTanNostrand,New York (1932).

4. Kjelberg,A., Pappas: A., Rivate Caummnicationto W. W. Meinke/

W. J. Maeck (Aug. lx).

5. Robinson, J. D., ~, Milton, J. Am. Chem. Sot., ~ ~4-6 (1953).

6. Reynolds, S. A., U. S. Atomic Energy Con&lsalonReport, QRF&15~

(1953).

7. Ice, D., Cook, G. B., U. S. Atomic Energy CommissionRepti =

C/R-430 (1955). ~

8. Ldngane,J. J., “Electroanal@ical chemistry”,2nd Ed., Interscience

Iiiblishers,NewYork (1958).

9. JOV8110viC,,M. S., Bull. *C. Chti. Belgrade~ 39-45 (1955).

10. Tanaka,M., Bu.naeki&gaku~ 2~-300, 631-6 (1958).

11. Hayakawa,H., Ibid., ~, 360-2’(1958).

12. Herr, Wilfred, Z. AnOrg. Chem. ~, 94-8 (1949) [~&3730~

13. Cook, G. B., U. S. AtcunicEnergy Commia6ion

14. Abelson, P. H., Phya. Rev. ~ 1 (1939).

15. Grunlmit,w., Wilkinson,G., CamdiEUIAtomic

(1945)

49

Report AJIRE-C/R-424(1949).

Energy Report MC-167



,,, .
I-6.

17.

la.

19.

2Q.

a.

22.

23.

24.

25.

26.

2’7.

H.

29.

30.

31.

32.

33.

34.

35.

Hahn, O., Strasaman,F., Naturwissenschaften & 499 (1943).

Reid, A. l?.,Wetl, A. S., U. S. Atomic Energy CommissionReport

-2324’ (@8).

Sand, J. S., Grant, J., Analyst,

Kolthoff,1. M., Idngane,J. J.,

PubMshers, New York (1952).

I.eve,D. L., U. S. Atomic Energy

= 6X (1928).

“Pol=ography”, Vol. II, Interscience

ConzuissionReport USKRDLTR-225 (1958).

Meinke, W. W., U. S. Atcm&En~.& u&aionReport AECU-4k3d (1959).

Ho@nan, C. D., (=.), “Handbookof chemistryand ~iCS”, 39th ~.,

ChemicalRubb= PubHshing Co., Cleveland (1958).

-e, N. A., “Handbookof Chemistry”,Hedbook Publishers,Inc.,

Sandua@, ohiO (1956).

SeideU, A., “SolubKLltiesof Inorganic@ Metal “OrganicCompounds”,

3rd EWtion, D. VanNostrandCo., Inc., New York (194.0).

Norwltz, G., AnB1. Chem.~ 386 (1951).‘
.,

~lletcrand,W. F., Lundell, G. E. F., “Appkkd InorganicAnalysiE”,

Wiley, Hey York .(1950).

SP8CU, G., Pop, A., Z. Anal. Chem.,~ 254 (1938).

Flagg, J. F., “OrganicReagents Used In Gravtietricand Volumetric

Analysis”,IntersciencePublish=a, New York (@-8).
,,.

Dwyer, F. P., Gibson, IV.A., -St, E =1’(1950).

IY.ggis,B., Gibson,N. A., Anal. Chlm. Acts,L 313 (1952).,,

Feigel, F., Z. Anal. Chem.,~ 41 (1924).

Lundell,G. E. F., Hoffman, J. 1., “Outlineof Methods of Chemical

Analysis”,Wiley, New “York(1951).
. .

Welcher, F. J., “OrganicAnalyticalReagents”,Vol. 1, 2, 4, D. Vkn

Nor3trandCo., New York (1947).

Feigel, Fritz, “Spct Tests, Vol. &, Inorganic

Elmvier PublishingCo., Amsterdam (1954).

Ballar, J. C., “Ch.miOtryof the Coordination

Mew York (1956).

AppUcations”J

Compounds’r,Reinhold,
,. .,



36.

37.

*-

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53,

54.

55.

56.

57.

58.

Kitah=a, w. Imt. P’@s. Chem. Research (Tokyo)”~ 165 (1949).

Eeck, R.. ~, M., Z. AnOrg. U. AI&s. Chemie, 284, 288 (1956).

Wilson, C. L., Wilson, D. W., “ComprehensiveAna~ical Cherdstry“

C!hapt.7 by G. Morrison and H. Freiser,Elsevier,.Amsterdam (1959).

l&rison, G. H., Freiser,H., “SolventErtracthn In Analytical

Chemistry”,Wiley, New York (1957).

Morrison, G. H., l?relser,H., Anal. Chem.,& No. 5, 37-47R (Q60) .

Edwda, F. C., Voigt, A. F., Aaal. Chem.,+ 1.204(1949).

Goto, H., Kakita, Y., Furukawa,T., Nippon Kagaku, zas~hi~

1513-zO (1958)also U. S. Atomic Energy CcmmlaslonReport, UCFUF

Tr=s. -54l (L).

Schweitzer,G. K., Btorma, L. E., Anal. -. Acts., Q, 154 (1958).

Kuznetsov,V. I., zhw. ~. -. ~, 179-81 (1947)

Popov, M. A., &VOdSk.8y8Iab. ~ 178-~1 (1948).

Goto, H., Kakita, Y., J. Chem. Sot. Japan, Pure Chem.

339-42 (1952)

White, C. E.,

White, J. C.,

(1956) .

Khorasani,S.

(1958).

Rose, H. J., Anal. Chem. q 351 (1953).

U. S. Atamlc Energy CommissionReport, CF-56-9-I-8

S. M. A., IUIundkr,M. H., W. Ckdm. Acts ~ 24-zkl

Coombe,D. J., U. S. Atomic

(1953) .

Bock, R., Kuache, H., Bock,

Iming, H. M., Rossotti,F.

Energy CommissionReport,QRIJL1639 (WI. )

E., Z. W. C%=., Q, 167 (1953).

J. C., Analyst,~ 801 (1952).

West, P. W., H.md.lton,W. C., Anal. Chem.,&, 1025 (1952).

Bock, R., z. hal. Chem., g Xl-o (1951).

OniBhi, H., Ekdell, E. B., Analyt. Chti. Acts, > 444 (1954).

Coppins,W. C., l%ice, J. W., MetaUurgia, ~ I-83 (1956).

l?mdrick,W. G., Anal. Chem.,q, 922 (1941).

Jean, M., Anal. -. Acts, IJ_,82 (1954).

51



59.

60.

61

62.

63.

64.

65.

66,

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Bewlllerd,P., Compt. rendi,& 711 (1953).

Cdo, H., Kaklta, Y., J. Chem. &c. Japan,~ 152 (1958).

L=e, Y.”Y., Zeglcdina,T’.V., ZavodskayaIab. ~ (2), 133 (1958).

Furman, N. H., Maeon, W. B., Pekola, Anal..Chem.,~ 1325 (1949).

Iapin,L. N., Zranalatedfor Ios Alamcm ScientificIaberatorytram

Voprosy Med. Khlm.,~ 309-15 (1956).

Pappas, A. C., U.S. Atomic Energy C-cmmlasionReport ~-2806 (1953).

Sudo, E.,J. Chem. Sot. Japan, Pure C’hem.Sect.,n, M91 (1954).

VanAman, R. E., Ho~baugh,

& 1783 (1959)”.

Kraw, K. A., Michelson,D.

Lure’,Y. Y., Fillppova,N.

p42, E@.

F. D., Kamzelme~, J. H., Anal. Chin.,

c .} Nelson, l?.,J. A.C.S. ~, 3204 (1959).

A., ZavmiskayaIab. ~, 159 (1*)

IUrmma, K., Saito, N., ~ana, H., Ishimori,T., J. Chem. Sot.

Japan, Pure Chem. Sect.~ 305-308, (1953) LW ~ g85~ ●

Saito, N., ICLba,T., ICLmura,K., “SecondUnited Nations International

conferenceon the Peaceful Uses of Atomic Energy” Paper A/Conf.

15/P/1323 (1958).

I&aus, K. A., Nelson, F., “Proceedingsof the.~rst International

Conferenceon the Peaceful Uses of Atomic Energy”Vol. 7, p. 113,

United Nations, New York (1956);

Sasekl, Y., W. chin. sec. Japan= 615-M (1955) ~~z, 75653.

Faris, J., Ahal. Chem.,~, 520 (l@).

Smith, G. W., Reynolds, S. A., M. Ch3m. Acts, ~ 151 (1955).

Dswson, J., Megee, R. J., Mikrochim.Acts, & 325-% (1958).

IUement,R., Kuhn, A., Z. AnaI-.Chem.,~ 1~ (1956),

E%zrain,H. H., “Chromatogaphic AdsorptionAnalysis”,Interscience,

New York (1945).

fknith,O. C., “InorganicGmomatography”, D. VanNostiand,New York

(1953) .

Iederer, E., hd~er, M., “~Om8tOWaPhY”,

52

luJWVler,Amsteraam (lg53).



80.

81.

82.

83.

84.

85.

86.

87.

88.

89,

9.

91.

92.

93.

94.

95“

%.

97.

98.

99.

100.

101.

102.

F-is, J., Bucbnan, R. F., Paper presented at the kth Gatllnburg

_icd conference (l@).

Hoffman, J. I., Lun&ll, G. E. F., J. ResearchNatl. Bur. Standards,

~ 465 (1939).

Scherrer,J. A.,=., ~ 95 (I-938).

Heuss, W., Rev.

hbwell, R. D.,

J. Chem. Phye.,

Saudell,E. B.,

Tech. SuJzer~, UO (1945).

Haymond, H. R., Garrison,W. M., Hamilton, J. F.,

g 1340 (1949).

“ColorfietricDeterminationof Traces of Metals”,

Interscience,New York (1959).

McCheaney,E. W., Anal. C’hm.,~ 14-6(1%).

Clarke,S. G., -tz, 373 (1928).

Luke, C. L., ka.1. Chem.,*

tilthoff,I. M., Belcher,R.,

New York (1957).

Willard, H. H., young, P., J.

Khop, Jo, Z. And”. Chem.,Q

1680 (1959).

‘Wohmetric Analyeis”, Intemcience,

Am. Chem. *C. ~ 3.%8 (1933).

96 (1923).

Holness,H., Cornish,G., Analyst,~, 221 (1942).

Iove, D. L., URNRDL, Private Communication, Jan., 1X1.

Nervick, W. E., UCRL, WIvate Ccmmuuication, Oct., 1960.

Hernes, J. W., U. S. Atomic Energy Commission Report IA4-17ZL,

2nd Ed., (1958).

Flymn, K. F., Glendenin,L. E., Steinberg,E. P., ML Ftrivate

Cortununicatio&Oct., l@.

Newton, A. S., and McDonell,W. R., (W.W. Meimke &.), U. S.

Atomic Energy CommissionReport uCRL432 (1949).

lRlnston,H. L.j ErookhavenNat. lab., Rivate CommunicationOct., @O.

Barker, F. B., Kahn, M., J. Am. Chem. %C. @ 1317 (1956).

Fkmner, N. A., J. Am. Che?n.*C. & 3909 (1949).

Meland=, L., Acts. Chem. Scti. ~, Z09 (1X).

m, M., J. Am. Chem. SOC. ~ 479 (1951).

53



103.

104.

105.

106.

107.

108.

109.

1-1o.

u.

IJ2.

113.

114.

lJ5 .

U6.

117.

m.

Ug.

W@l, A. C., l?mner, N. A., “RadioactivityAPPlied to ChtiBtry”,

Wiley, New York (1951).

Heath, R. L., U. S. Atomic Energy CommissionReport I~16@3 (1957).

CrouthemeL,C. E., “AppliedGeama—Ray Spectrometry”,Pergemon PresB,

New York (1960).

Ieddicotte,G. W., Reynolds,S. A., Nucleonics ~, No. 3, 62 (1951).

Bruolmtmk, W. A., U. S. Atomic Energy Ccmd.mien Report -22.%

(1956) .

Hudgens, J. E., Ca13, P. J., ~. Chem., ~ 171 (1952).

Plumb, R. C., Lewis, J. E., Nucleonlcs~, No. 8, 42 (1955).

Kant, A., Cu, J. p., -son, H. D., w. che%~ M7

(1956).

!l?hampaon,B. A., Strauae,B. M., Let@ef,M. B., Anal. Chem.,z,

io23 (1958).

&nal.et3,A. A., Proc. Intern. Conferenceon the PeacefUl Uses of

Atamic Energy, U. w., NewYork, 1956, VO1. IX, Paper 766.

Iredale, P., Atomic Energy Re~~ch Eatabld.slunent,Hazwe~, Report

- E@ 96 (1957).

Hall, T. A., Nucleonlcs12, No. 3, ~ (1954).

Jakovlev, J. V.j Rroc. Intern. ConferencePeacei%l Uses of Atmic

Energy, U. N., New York, 1956, Vol. 15.

Sue, P., BuU. &c. Cblm. fiance, @ (1951).

Atchinson,G. J., Bewner, W. H., Anal. Ckn., &

Bhnchard, R. L., Ieddlcotte,G. W., U. S. Atomic

1812 (1952).

Energy Cwnniasion

Report CIRH1-2&0 (1959).

Leddicotte,G. W., QRRL, I?rivateCcmmnmlcation, July, 1*.

U.%4ECom= Of Tdmkl I-10. Eldmlm, M Rl+, l—


	THE RADIOCHEMISTRY OF ANTIMONY
	TABLE OF CONTENTS
	TABLE OF CONTENTS (CONTD)
	I. GENERAL REVIEWS OF THE INORGANIC AND ANALYTICAL CHEMISTRY OF ANTIMONY
	II. GENERAL REVIEWS OF THE RADIOCHEMISTRY OF ANTIMONY
	III. TABLE OF ANTIMONY ISOTOPES
	IV. GENERAL CHEMISTRY OF ANTIMONY
	V. ANALYTICAL CHEMISTRY OF ANTIMONY APPLICABLE TO SEPARATIONS AND YIELD DETERMINATIONS
	VI. DISSOLUTION OF ANTIMONY CONTAINING COMPOUNDS
	VII. COUNTING TECHNIQUES
	VIII. COLLECTED RADIOCHEMICAL PROCEDURES FOR ANTIMONY
	IX. NEUTRON ACTIVATION ANALYSIS
	REFERENCES


