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FOREWORD

The Subcommlttee on Radlochemlstry 1s one of a number of
subcommlttees working under the Commlttee on Nuclear Sclence
within the Natlonal Academy of Sclencee - Natlonal Reseerch
Councll. 1Its members represent government, lndustrial, and
unlverslty laboratorlies 1n the areas of nuclear chemlstry and
analytical chemlstry,

The Subcommlttee has concerned 1tself wlth those areas of
nuclear sclence which lnvolve the chemlst, such as the collec-
tlon and distrlbution of radlochemical procedures, the estab-
lishment of specificatlons for radlochemlcally pure reagents,
avallebllity of cyclotron time for service lrradlations, the
place of radlochemlptry in the undergraduate college program,
ete.

Thils series of monographs has grown out of the need for
up-to-date compllations of radlochemlcal informatlion and pro-
cedures. The Subcommlttee has endeavored to present a serles
which wlll be of maximum use to the working sclentist and
which contains the latest avallable informatlon. Each mono-
graph collecte in one volume the pertinent information required
~ for radiochemlcal wark with an individual element or a group of
~ closely related elements.

An expert in the radlochemistry of the particular element
hae wrlitten the monograph, followlng a standard format developed
by the Subcommittee. The Atomlc Energy Commisslon has spongored
the printing of the seriles.

The Subcommittee 1s confldent these publications will be
ueeful not only to the radlochemlist but also to the research
worker in other flelds such ae physlcs, blochemlstry or medicilne
who wishes to use radiochemical technlques to solve a speclfilc
problem.

W. Wayne Meinke, Chalrman
Subcommlttee on Radlochemlstry
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INTRODUCTION

This volume which deals with the radiochemistry of phosphorous
13 one of a series of monographs on radiochemlstry of the elements.
There 1ls lncluded a review of the nuclear and chemlcal features
of particular interest to the radiochemlst, a discusslon of prob-
lems of dissolution of a sample and counting technlques, and
finally, a collection of radiochemical procedures for the element
as found in the 1iterature.

The serles of monographs will cover all elements for which
radlochemical procedures are pertinent. Plans 1lnclude revisilon
of the monograph perilodic¢ally as new techniques and procedures
warrant. The reader 1s therefore encouraged to call -to the
attention of the author any published- or unpublished material on
the radlochemistry of phosphorous which might be included 1n a re-
vised version of the monograph

iv
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The Radiochemistry of Phosphorus

W. T. MULLINS and G. W. LEDDICOTTE
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RADIOACTIVE NUCLIDES OF PHOSPHORUS

The radlocactive nuclides of phosphorus thet are of interest in the radio-

chemistry of phosphorus are given in Teble I. This fable has been complled

*Opera.ted for U, 5. Atomic Energy Commission by Unlon Carbide Corporation. .



) a.nd. by

- fram iﬁfc_mnation appearing in reports by Stromlnger, et sal.,
Hughes and Harvey.(z) .
TABLE I
: _ ' THE RADIOACTIVE NUCLIDES OF PHOSPHORUS
Radio- Half- Mode of Energy of
nuclide life Decay Radiation "~ Produced By
s 4.6 8 gt y 1.28, 2.42  Si-p-n, Si-d-n, P-y-2n
P 2.55 m gt gt 3.4 abs Al-grn, Si-p-n, Si-Heo-p,
: . P-n-2n, P-y-n, S-d-a,
Cl-y-c,n
32 . - - 23
P 14.3 4. B .. p 1.70 8i-d-y, Si-d-p, Si-He”-p
. : p-4-p, P-n-y, S-n-p, S-d-q@,
Cl-n-¢, Cl-y-a,n, Cl-d-pa
p33 25.hd g 0.25 abs ‘S-n-p, S-7-p, Cl-y-@
3 1248 g g 5.1, 3.2 S-n-p, Cl-n-q

ITT. THE GERERAL CHEMISTRY OF PHOSPHORUS
‘Phosphorus 1s never Found in neture as the element. The chief sources
of phosphoris ere phosphate rock, Ca (PO, ),, and apatite, Ca.Fz"SCa3(P0h)_2.

' It 1s usually obtained from these sources by mixing coke and sand with the
cru.she;i. rock or__ore and heating the mixture in a.u:elec'tric. furnace. Since.
the temperature of the reaction 15 ‘quite high, the pbosphorus distills awey
fi'an the reaction mixture a.nd 1s trapped and condensed under water as yellow
or white phosphorus. |

A. Elementary Phosphorus

Phosphorus é.xiata .in at least three allotropic foﬁns. The white I;hos-
phorus (or yellow phasphorus, 1f 1t is impure) obtained by a distillation
of phosphorus has a melting point of LL°C. It dissolves in organic liquids,
erystallizes in the cubic form, and burns sponta.nedusly in air. .When heated
in the absence of air to a temperature of 2500- C, 1t is converted to
red phosphorus. The color end physical properties of red phosphorus
depends upon the temjerature and the length of the heating period. It -
will erystallize in the rhombohedral form, and it is stable in a.ir.a'b
room tempersture. Red phoéphonm 18 insoluble :Ln organic liquids. A

black allotropic form of phosphorus is obtained by heeting white

2



phosphorus at 200° C end at a pressure of sbout 13,000 etmospheres. It
is rhombohedral in form and is a good electrical conductor. Black
phosphorus cén be converted to red phosphorus by heating at temperatures
above 5000.

B. The Chemical Compounds of Phosphorus

Phosphorus exhibits oxldation states of -3, -2, +1, +2, +3, +4, and
+5. The principle oxidation stete of phosphorus 1s +5; however, +3 cam-
pound.é are not uncommon. Phosphorus can form compounds with hydrogen, oxygen,
sulfur, the halogens, and nitrogen. It can react with certein metals to form
phosphides. Table IT liete many of the phosphorus compounds and glves infor-
mation on their solubllity in water and other agents. Some general Informa-
tion about these and other phosphorus ccmrpoimd.s 1s glven below. More specific

information has been given 1n reviews by Ven Wa.zer(3) and Hutchinson.(h)

Table IT. Bolubility of Fhosphorus Compounds

Water Bolublilt
O ———— . — Otter Bolvemts

Compoutd Yormula — 1o
Bromides Fhry Decanposes Deconposes in aleohol) Boluble
in ether, chlorofara, C8p and CCl)
FBry " Decamposes Soluble in CBp, COl, aud beuszens
Chloridaa K1, Hytolyves
PCl, Decamposes Decanposes Boluble in ether, benzene, chloro-
fara, CS8, and CCly,
m:l., Decomposes Decomposes in acid; solubhle in
CCl, aod CBg .
Fluorides I’:l‘3 Teconposes Decomposes in alkeli; solubls in
alochol .
H, Decamposes .
Iodidas PEII; Decamposes Boluble fu CB,
l’I5 Deconposas Decoxposes Very solubls 1n CBp
Hitrides P,l Iusoluble Very slightly Insoluble any solvent
>3 soluble;
Decoposes
Oxldes PED, Decomposes
L) x,m,
onk Very solubls Dacaaposes
0 1151’05
PED, Decamposes Decanpodes Boluble in ] losoluble in
acetone and
Oxy Salts mm, Decoaposes Boluble in EpSDy, , ethar,
; bensene and chlorofarm
POBrOl, Deocmposes
POCLy Decoxposes Decanposes Decoxposes in alochol and acid
PEOflb Decamposes
meﬂ Decomposes
le Decamposes Dacosposes in alcohol
by | Insaluble Insoluble Iosaluble in acid and alkmli
PyOgh), Decauposes Solubhle in ca,



1. Reactions with Hydrogen

-The hydrogen compounds of phosphorus_ cennot be prepa.red by a direct
union of the elements. Phos;g.h:l.ue » PHy, and diphosphine, 'P2Hh_, ‘are usually
formed by heating white phosphorus in the presence of aqueous sodium hydroxide
or by uydrolyziug aluminum phqsphide with sulfuric acid. PH3 ig extremely
volatile and is inflammable in air. .Phosphine is a toxic compound and is
consid.éi'a.‘bly less soluble in water than i ammonia. It is a much wea.ker.
base than emmonie, forming only a few phosphonium,PH,*,salts with the halides.
These salts are strongly hydrolyzed in solution and exhibit'stréng.acid
characteiistics. Diphosphdme is not basic end forms no salt campounds

"2. Reactlons with Oxygen

Phosphorus Forms three oxide compounds with oxygen: the trioxide,
P50, the tetroxide, Peoh, and the pentoxide, P05. The tiioxide and
the pentoxide are the most important of the oxygen compounds. Freguently,
the formmlaes are written as Pl|. 6 and Ph_O bgcause_of the de.nslitiea of
their vapors. '
. The trioxide is produced by burning white phosphorus in a limited
supply of o:qgen. Ph°6 is & colorless solld w‘h:Lch melts at 24° and bolls
.at l"(3 PLl-olO’ ‘a colorlega 1ic_r_u:|.d sublimes a'h tempera.'burea above 360°

Phosphorus tetroxide, h 8’ 18 formed by heating Pll-06 to 'bemperatures

above 200°. Tt is a aolid ‘having & melting point higher than 180 The
pentoxide is formed by burning ph.oaphorus in o:qr_gen. .

15408 reacts vigorously with water to form the oxyacid, phosphorous
acid, H3P03. ' E[:;PO3 cén also be fdmd very Blowly by rea.ctiné P,_I_O6 with

cold water. In hot water, the H_PO_ that forms rapidly decomposes to pro= .

373
duce phosphoi:'ic ‘acld and pgosghine_. . B,_l_O 8lso.reacts vigorously with

vater to first produce meta-phogphoric acid, ]IPQ and then by a further

3}
. . 3-PQI4.: .
.-Phosphordus acid, H3P03, can also be formed by reactlng phosphorus

hydrolysis rea._ctipu, ortho;ghoaphoric acid, H

3 PBr and 'PIa'wdth water. H3PO3 is 8 colorless

‘crystalline solid which melts at 730. When heated -gbove 200 5 1t decom=-

h.alidea, i. e., PCl

poaes to glve phosphine and LSL ric acid. Phosphorous acid is an active

reducing agent becguse 1t can be readily oxidized to phosphoric acid. Ite



alkali salts (such es NaH2P03) will lose water when hested to 160° to give

a pyrophosphlte salt, e.g., N52H2P205.

3P02, s produced'a.a transparent erystals by

the reaction of barlum salte of phosphorus with st°-!+' The crystals melt

Hypophosphorous acid, H

at 2_6.5°. H31’02 ‘and 1ts salts, the hypophosphites, are strong reducing

agents (P has an qxldation state of P+1 in these compounds) and can be

+3

used to reduce such elements as the helogens and Fe'~ ions, e.g., chlorine

to chloride end ferric ions to iron.

Metaphosphoroug acid, HI_’02, can be formed by burning phosphine in a

limited supply of oxygen. Pyrophosphorous acid, HuPeos' is a colorlessl

solid that 1s formed by heating alkaline hypophosphites, e.g., _Na.E2P03,

at 160°. |+P O_ melts at 38° and it will decompose when 1t is heated

above 130 EPO and Hh- 205, are rapidly converted to H3P0 :Ln the presence

3
of wvater. The Eosphomus aclds contain phosphorus in the +3 oxidation
state., All o:E these acids and. thelr salte are reduci:_ng agents.

Pll-olo’ a:t_'. various degrees of hydration, reacts to form the series
of oxyacids of phosphorus known as the phosphoric acids. Orthog}:_los;ghoric )
acid, _H3P0h_, is formed by reacting Pu_o wit.ln.a.n a@eg_uate supply of weter.
H3P01|_ is e colorless solld that melts at 142°¢. It e .vezfy soluble :ll.n

water. It will react with most of _the metals to form orthophosphate salts,

clespified either as primary, secondary, or normal phosphates. The primary,-
or dihydrogen, phosphates, e.g., Na.EePO,'I_, are soluble in water and yleld
Blight.ly acld solutions. The Becemia.ry or monohydrogen, phosphates, e.g.,

NazEPOh, although only slightly soluble in water y'.l.eld alkaline solutions

The normal, or triphosphates, e.g., Na.3P0,+, are more completely hydrolyzed

in aqueous solution to yleld alkaline solutions. The primary end secqnd.a.ry_

phosphates decoiupos_e rapldly when heated into -meta.phospha.te_s and pyrophosphates.
The triphosphates are stable towa.rd heat. .

HaPOh loses water as it is heated to 250° C, and 1t is gradually
converted to pyrophosphoric acld, HhP2C.)7.. Pyrophosphoric acid wili

crystallize from the melt as a colorless soldld. The solld melts at
55, H,P,0, can also be produced by strongly hesting N, HPO). It

yielde two series of salts in its reactlions with other elementas;



namely, normal salts, such as Na,_I_PEO,.( or M52P207, and dihydrogen salts,
such as Na2H2P207. The alkall metal selts of both series are soluble
in most reagents; however, only the dihydrogen salts of other metel

ions are readily soluble. P_0.,, magnesium pyrophosphate, is an
0, Hagne ophosphate,

accepted gravimetric welghing form for the quantitative determination
of elther phosphate ions, P04-3', or magneslium,in many dlfferent typea
of sample ma.terials.(s) The insoluble compound, MgNHh_PO,_l_, is first
precipltated and then converted by heat Into the pyrophosphate compound.
It HHP 0., is heated to 200° ; 1t will lose water to form metaphosphoric,

27

or glacial phosphorie, acld, HPO ‘The acid is very soluble in water and

3

it wi111l chenge slowly in cold water into orthophosphoric acid,'H3P0h_. In

hot water (lOOOC) this change is very rapld. The salte of this acld are

the metaphosphates, e.g., (NaPO3)3 or (NaPO3)6. Other complexes, having
the formula, (Na.PO3)x, are also known. The hexs metaphosphates, such as

(NaPO3) 6 form soluble complexes with many maltivalent catlons, e.g., Na.QGaaPéDi 8*

3. Reactions with Sulfur

Phosphorus and sulfur can combline directly with each other to form
sulfur compounds. If white phosphorus is used, an exploslve reaction occurs.
When red phosphorus and sulfur are mixed, chemical combinetion occurs and
proceeds q_u_‘Letiy, and, according to the proportions used for each element,

will form elther Ph_S3, Pl{-SS’ Phs,?, or Ph_SlO. Tetraphosphorus trisulfide,

P)_l_S3 , 1s the most important of the phosphorus sulfide compou._nd.a., belng
‘used chiefly in the manui‘actﬁ:e of "strlke-anywhere" matches. FPhosphorns

nte.sujfide, Pll-slo’ can be hydrolyzed to H PO,_I_, and this reaction with

3
water mekes 1t possible to use Phslo to introduce the group SH in the place

of the hydroxyl group into organic compounds.

L. Reactions with the Eﬂogms

Trivalent phosphorus cen combine d;l.fec‘bly with all of the halogens

to form the trihalides, PF3, PCl1 PBr3, and PI Pentavelent phosphorus

3 3
w1ll only form pentahalides with fluorine, chlorine, and bromine. The
pentalodide is not known; however, a tetralodide, Pth_, can be formed by
dissolving hydrogen end lodine in carbon disulfide. Several mixed halides

.of the type PFzBr are also known.



The trihalide compounds react reedilj with water to form hydrogen

halides a.nd hypophosphorous a.cid H3 3° Since 'bhe trihalides contain

phosphorus in the +3 oxidation state, they are easily oxlidized. For
example, ]E‘Cl3 reacts with alr to room temperature to form the oxyhalide

POCl3 or mixed oxyhalides of the type, POFZCI. PCl3 and PBr3 can react

with chlorine end bromine, respectively, to form the penta.valen'b halides,

PCl5 and P:Brs.

The pentahalide comiaou.nd.e are all rapldly attacked by water to form

hydrogen halides and phosphoric acid, H Poh PF. is stable toward heat

3 5

but PCl5 and PB:L-5 can easlly dissociate into free halogen end the trivelent

phoaphorus halide when heated. The phoephorus pentahalide compounds can

and POBr

underge hyd:colyais to form o:q'halides of the type, POF POCl3, 3°

5. Reections with Nitrogen

Phosphorus and nitrogen do not combine directlyj however, a nitride,
P3N5‘ can be formed by heating Ph-slo in an ammonia atmosphere at &

temperature of 2300. is a colorless solld which can be decomposed

P4l
at 800° to give nitrogen and another nitride, PN. Hot water will

hydrolyze 'botn ni_tridee to form emmnnia. and oxyaclids of phosphorus. The
- reactions of the phosphorus pente.ha.ﬁ.‘[dee with ammonie wlll produce phos-
phorus~-nitrogen hallides of the type, PN012 All of these compounds will

hydrolyze to produce ammonia and oxyacids of phosphorus.

6. Reactions with Metals

Phosphorus can also react directly with metals to form phosphides,

e.g., NaaP. Several metal phosphides, such as Cd.P,, can be prepared

32
by reducing the corresponding phosphate with carbon The metal phosphides
are rapldly hydrolyzed by water or decomposed by acids to form phosphine -

and metallic ions.

1v. THE ANAIITICM. CHEMISTRY OF PHOSPHORUS

Phoephorue, after its separation from other chemical elements ». 18 moat
frequently converted to orthophosphoric acid, and the orthophosphate lon:
determined gravimetrically. Such precipitating agents as magnesia mixture,(5)

ferric chloride and ammonium acetate, (6,7) zirconyl chloride, 8 and moly-



bdic acid,(5’9)-. barium acetate, (10) thallium acetate and gilver nitmte,.(l_l)

and o:c.1.1:te(:|'2J have been used to precipitate POu_""—. The precipitation of

. P207

the grav:lmetric determination of phosphorus.(la-ls) The compounds resulting
. : . 3 .

the pyrophosphate ion, 7, with zinc sulfate has also been used in

from the rgactibns of these agents with POM__ are as follows: ammonium

megnesium phosphate, NHuMgPOh-6H20; iron posphate, FePO,; zirconyl hydrogen
_phoaphate, .(ZIO)E.'POu; ammonium phosphomolybdate, (NHh)?’(MQO '

3)12
barium phosphate, Ba.E?Ou;_ silver thallium phosphate, 'A.gET].POlI_; ‘oxinium

Poh';

2h4-molybdo-2-phosphate, 609H.70N'P205-21|M003'11H20; and inc_‘_phos&te,
ZniPo) . . . .

. Any one of the ebove grav:imefzd.d forms cen be used 1n e carrier
ra.diocnemi_ca.i procedure for radiocactive phosphorus. However, :I..'b is not -
always necessary to obtaln the phosphorus carrier and the radiocactivity
in & precipitible form before the radioactivity measurements. One of
the phases obteined in a solvent extrzction method or am alié_l_lot- of an
eiua.te from an ion-exchange separation column cou.'l_.d' be used. Thus, the
information that follows generally reports on current analysis ideas
- used in isolaeting and determining nonradioactive phosphorus. The same
‘techniques can Be easily applied to analytical determinations of rsdio-

active phosphorus.

A. Separation by Preclpitatlon

A complete separation of phos_phorus from many other elements can be
obtained by precipiﬁating_ phdsphoru.s in nitric .a.c:‘ld solution as ammonium
phosphomolybdate. (%) soaium hydroxide sill precipitate and completely
sepéraiae izﬁn; nj.ck'el,. cobe.lt.-, trivaelent éh:rom:l.tm, ti'l;“.a.niuxp., apd zirconium
from p_hosp};orus_. " The a'.;::;l..t.i-sulfide elements can be easily separated by
saturating a miﬁera.l acld solution with hydrogen sulfide. .The volatility

- of arsenic end germanium chlo.fides can be used to separate these elements
from phosphorus. .

The ammonium phosphomolybdate precip;Lta.tion is usually considered &

‘preliminary seperation method, since & stoichiometric -composition of the

phosphomolybdate compound is difficult to achleve. Thus, thie compound



.18 subsequently treated and the phosphorus precipitated in some other form.
The most frequently used method imvolves a precipitation as magnesium

ammonium phosphnt’e, MgNHhPOh-GHZO, vith magnesia m:l.xtu.':'e.(5 ) The phosphate

compound 1s then ignited to Hmsium pyrophosphate, Mgz o 7, in e mffle -
furnace at 1050 to 1100° c.

Arsenic, snd mod.era.te amounts of iron, aluminum, va.na.dim, zinc, tin,
selenium, tellurium, titanium, or zirconium can interfere in the phosphate
precipitation. ' However, ax;éenic may be removed by ad.d:l.ng solid ammonium
bromide to the solutions and boiij.ng the solution to near dryness. The
other elements can be complexed by adding citric acid to the solution before
the eddition of an excess of the magnesias mixture. Molybdemm, vanadium, and
tungsten can also be separated from phosphorus by precipiteting it with
magnesia mixture at a low 'bemperature and in the presence of tartrates.

Complete separations of iron, MW, z:l.féonium, titanium, niobium,
ta.hta.ldm, and gallium fram phoaphorus can be obtalned by precipitat:l.ng these
elements from ice-cold solutions containing free mineral. or orgsmic acids

(16-

with cupferron. 18) Aluminum, beryllium, boron, manganese, nickel, and

uranium can interfere in this sepa.ra.tion.

B. Separation by Electrolysis

Although phosphorus cannot be separated from solution by electrodeposi-
tion, 1t can be effectively separated by elect?olysis 'with a mercury ca.thode.(19'23)
Chraeium, iroﬁ, cobalt, nickel, copper, zine, gallium, germanium, molybdenum,
rhodium, pallsdium, silver, cedmium, indium, tin, Thenium, iridium, plat:.umﬁ,
gold, mercury, thallium, and bismuth are readily deposited upon the mercury
cathode from dilute sulfuric acid solutions. Phosphorus (and sluminum,
titanium, vensdium, zirconium, and urenium) will not depoeit on the

cathode.

' C. Separation ‘gLVolatil:l.ty

Phosphorus can. be 1iberated from an acid solution (HC1) as phosphine
(2k,25)

in a sweeping atmosphere of argon. Generally applied to the deter-
mination of phosphém in elumimm metal or its alloys, this separation

_frees phosphorus from meny of the elements. Silicon and organic matter



are the chlef interferences ; hoﬁever, these can be removed by dehydration

with perchloric acid.

D. Solvent _Ex‘braction Separations

P' can be partially extracted (about 15%) from s 21 M MAF solution with

(26) In such & system only Nb+5, 'l‘a.+5, and Re'F7 are extracted

2 gt as3, as2, me™, ce™, s, V43, v, wo*6,

ethyl etht_ar.

+!
greater than 50%; Sn' ., Sn

+

" and Sb*3 w111 also partially extract. F'2 as (¥g, )P0, is partially extrac-

ted (about 21%) from an 8 M HNO, into ethyl etber.'2!) Under these condi-

3
tions, A 1s completely extracted while U0, zr*, m**, m*3, mg*?, or*é,
Cé+h, B1+3, and Aa+3 -are extracted 1n varled concentrations.

Phosphorus as the heteropoly acid molybdephosphoric acid complex can
be separated from moiybdosiiicie .e.cid by extractions withl ethyl a.t_:etoaceta.te ’ (28)
ethyl acétate,(ag) or butyl acetate. P} Tt can also be extracted from steels
with a mixbure of l-butanol (20% by volume) in chloroform. ) Btner(3®) ana
isobdt_anoi(33) have also been used to extract phosphorus heteropoly aclds from
other elements. . |

The solubility of H_PO, (end E_80,) in ether can be used for the
In Yy _ :

. 3
separation of phospha‘i:e.(su) PO, can be quantitatively extracted by
converting it to H3P°i|. by the addition of concent_ratt_:d. Hasou and extrac-
+ting the H3P0h_ with excess nzsou ini';o ethyl ether. As, Sb, V, Zr, Mo,
and U are partielly or completely dissolved in the solvent mixture. Ag,
Pb, Bi, Cu, C4, 8n, Cr, Al, T4, Th, Ca, Ba, Sr, Ni, Co, Mn, Zn, Mg,:Na.,
K, and the rare earths are practically insbluhle under these conditions.
A butanol-chloroform m:lxture has been used to ex;tra.ct P from a |
5M BIW03 aolufion.(35) Mn, 51, Cr, end V do not Interfere 1n this extrac-
tion. '
Solvenf extraction methods hm;e also been used in the carrier-free

separation of p3 (4.3 4) neutron-irradisted sulfur térgets.(%_BB)

E. Chramatographic Separations
1. Ipnorganic Absorbents

Poh_"'3 has been separated fram a mixture of at least 12 othei- anions

by use of alumina columme pre~treated with nitric ac1d.(39) gupya(4)

10



has also extended this method to the separation of PO,*> from many other
anions. .
Carrier-free P2 (1k.3 d) has been peparated from neutron-i:radiated
elementary sulfur by sdsorption elther on a silica gel colum from a 082
solution(hl) or on alumina from an alkali solution.(ha) The efficiency of

adsorption of P2 vas about 95%.

2. By Ion Exchange Resins

Samielson and Ru.nneberg(u3) report that meny applicetions using ion-
exchange resin columns are possible for elther the quantitative determina-
tion of phosphate ions on thelr separation from other elements and anions.
These extensive étudies should be consulted. In addition to these studies,
exchange resin methods have heen developed elther to determine phosphate
in rock,(w'") phosphorus in copper end ferrous a:lloys(hs) or to separate
cations previous to the determination of phoephates.(hé'hg) Phosphorus
(and sulfur and arsenic) have been separated from nickel and copper by
ion exchange.(so) Theoretical studles on the elution of orthophosphate,
pyrophosphate, tri-, meta-, and trimeta~phosphate from = Dowex 1-X10 resin
column with different Cl~ concemtrations and at different pd have been
made by Benhenkang, et el. (52 ) !oahino(5 3) has separated orthophosphaetes

from arsenates by a similer method.

3. By Paper Chromatography

Phosphate ions, Poh'3; show a distinct rate of movement in peper
chromatography systems using such solvents as butanol-HCl m:lxtures,(5 %)
alcohol-ENO, mixtures, (35) ang butanol-EBr mixtures.(56) Ehosphate ions
have been separated from ferrocymnide, ferricymnlde, sulfide, arsenate,
and iodide ions by use of butanol-ethanol-weter mixtures as solv.\en'l'.s.(:57 )
Fumberous anions of P*2 have been separated by Ebel and Volmetr(5 8) using
filter paper washed with HCl or treated with 8-hydroxyquinoline, Phospbates,
phosphites, and hypophosphates have separated on HCl-washed paper using
equal volumes of n-butanol, dioxan, and 1 N NHlI_OH as a solvent.(sg) Other

studies concerned with phosphate mixtures included those investigated by
(60-62)

Ebel, Ya.ma_.guchi,(sa) Gauthier, (6%) Meissner, (65) Crowther,(66) and

11



68) m1(69) has separated phosphor-organic compounds, e.g.,

phosphonous, phosphinic, and phosphinon aclds, by paper chramatography.
(2)

othera.(sT’
Marinette, et al., 79T Bengen, et a1.,(™) ana Benson(™) nave

used gllicic acild-impregnated paper and solvents such as phenol-distilled

weter (100gto LO g) and n-butancl-propionic acid-water mixtures to

T2) 2na Benson(T3)

separate phosphorus as phosphatides. Benson, et al.,(
have separated the phosphatide camponents of a mixture on paper prior to

an activetion in a nueclear reactor.

Y. DISSOLUTION OF SAMPLES CONTAIRING PHOSPHORUS

Most of the methods used to decompose phosphorus-bearing materials
produce phosphorus in ‘l'.he orthophosphate forn.(Tu) Most of the phosphorus
cheyrical salts are resdily soluble in water or dilute acid. Most mata.:l.a
and alloys containing phosphorus must be put imto solution with a stromg
axidizing acld such as B]O3 in order to prevent its loss as phosphine.

If EF is used, it should be removed after dissolution by evaporation.

Rocks anfl minerals are usually fused with sodium carbonate or peroxide,
and the melt extracted with wvater. Prolonged fusions wvith pyrosulfate can
result in some loss of phosphorus by volatility.

Biological materials, such as tlssues, body fluids, vegetation, ete.,
can be decomposed vith HCL, HNO,, HNO,-H,80,, or ENO,-ECO, mixtures. (77,76)
Compounds of phosphorus mixed with organic material must not be ignited in
platimm unless good oxidizing conditions are maintained. (T4)

If any of these dissoclution techniques are used in a radiochewical sepa-

ration of phosphorus radloactivity, the addition of inactive phosphorus carrier

to the solubllizing mixture would assist in achleving an lsotopic exchange

betveen the radioactive and inactive phoaphorus atoms.

VI. SAFETY PRACTICES
Chemical decamposition and processling of any semple materisl can be

hazardous. Adequate safety precautions for processing any semple material
()

have been recently described by Pleters and Creyghton. Thls manual,
as well as others on lsboratory safety, should be comsulted before.amy

analysis is undertaken.



Whenever radioactive material is processed in a laboratory area, the
needs for qa.fe leboratory practices are greatly magnified. A discharge
of radicactivity into a laboratory area by efo]_.ution or splllage can
result in hazardous conditions for personnel and possible wide spread con~
taminatlion throughout the laboratory area. Safe handling practices for
processing ragioacti_ve materials appear in such sources as the Oak Ridge
Natlonal Laboratory's Master Analytical Ma.m.m.l(Te) and in the International
Ataomic Energy _Agency's pu'b.'_l.:l.catiou, entitled, "Safe-Handling of Radioisoto-
pes."(79-) Many other similar sources of informatlion exist and should be

consulted.

VII. COUNTING TECHNIQUES FOR THE RADIOACTIVE PHOSPHORUS ISOTOPES
The nuclear characteristics of the radiocactive isotopes of phosphorus
are summarized in Teble I of this monograph.
The most frequently measured phosphorus rediocisotope 1s p>2 (1k.3 4).
It emits 1.70-Mev beta radiations in its decay, and its radiocactivity can
be measured by such counting techniques as Gelger-Mueller cc;unting or propor-

(80,81)

" tional counting. Generally, the sample material conteining P32 mst

be processed radiochemically before the radiocactivity measurements are made,

VIII. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES FOR FHOSPHORUS-32

Most of the radiochemical procedures that follow have been developed

either to obtain 14.3 day P32 as a tracersaa) or to separate 1t from fission

products, (83) or to use P32 in the determination of stable phosphorus in a

variety of sample materials by the radloactivation analysis method.(a)"" 85)

This analyels method has already been used to determine phosphorus in

86)

alumimm alloys, (67) niobium, (86) lea.d,( alunina, (86,87) aluminum phos-

shate, (86) biological mtertais, 39T grapnite, (%) 10a1ne, (99) s111con, (100s201)
:IIOn,(loz-J'OS) nickal(los) magnesiunm, (206) and organic cm_(m)

Both carrier and carrier-free techniques have been used in these

procedures. This information, as well as that comcerned with the type of
material analyzed, nuclear bombardment, method, time required for separation,
and decontamination of P32 from other radioac¢tivities, appears as part of

each procedure.

13



Moet of the procedures mentioned in the references are generally the
same in that the phosphorus is first precipitated as the phosphomolybdate,
and the final precipitate as MghH,PO, 610 vith mgnesis mixturs. The

32rad.lochm:l.cal

procedures chosen for this monograph as 1llustrations of P

geparations were based mostly on the matrix of the sample, the reactor faci-

1ity used for irradiation, and the dissolution of the irradlated samples.

The procedures used by Odeblad sod others,(329) Reirre1(%) sommetser ant

Jercne1(93) Spencer -and others, ) Tobias and Dumn,(95296) Lyov and Eaumova, (%)
(20) pppgon, (205)

use techniques similar to thosa'- glven in the procedures in this

gerr, 1%2) overman and Swartout,{193) Talvot and others,

and Dow!(106)

section.

'ROCELURE 1
Procedure Used In: Preparation of 1'32 tracer

Method: Precipitation

Type Material Analyzed: Copper

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

b. 184" cyelotron (388 Mev al; 5 348 Mev
protons, 194 Mev deuteroms

Procedure By: Batzel (Reported by Meinke(ea))

Beparafion Tme: 2 hours
Chemical Yield of Carrier: 60%

Decontamination: Factor of 100 from all activities present except vanadium;
probably a factor of 50 from vanadium.

Equipment Needed: Standard

Procedure:

3

1. Diesolve.target in HRO_. Add 5 mg P as Po,; and neutralize most

3
of free acld with !EII_OE.

2. Make 1 N 1n HRO, and add ammonium molybdate to the warm solution

3
(50° €) (add 6 ml of molybdste for every 4 mg of P).

14



PROCEDURE 1 (Continued)

3. Allow to settle for 15 minutes. Centrifuge and wash with 1% HRO,.

4. Dissolve with NHH_OH ‘cltrate solgtion and add HCl until the ppt that
forms dilssolves with difficulty.

5. Bubble 802 through the solution to reduce V03- to VOH'. Add 2 ml
of cold MgCl2 mixture - allow to settle 5 minutes and add conc. NHuOH until
solution is 1/1|- of original volume. Allow to settle for 15 min. Centrifuée
and wesh precipitate with 1:4 NH, OH:H,0.

6. Add 5 mg venadium holdback carrier and repeat step (5).

7. Dissolve ppt in 1 N H1T03.

8. Repeat (2) and (3).

9. Welgh as ammonlum phosphomolybdate.

Remarks:

Venadium co ppts with phosphorus if 1t is in V+5 state. It should be

reduced to VO™ state and the cycle repeated two times in order to Temove

vanadium completely.

PROCEDURE 2
Procedure Used In: Separation from fission products
Method: Precipitation |
Type Materlel Anslyzed: Sepatation of phosphorus _from fission products
Type of Nuclear Bombardment: P3l(n,7)P32 trom PT in fuel

Procedure By: Bonner, N. A., and Potretz, H. A., in report compiled by
Klelnberg

Separation Time: T hours
Chemical Yield of Carrier: 70-80%
Decontamination: Complete frocm fiﬁsion .prod.ucts
Equipment Required: Standard
Procedure:
1. To the sample in & LO-ml Insterold cemtrifuge tube (Note 1), add

20 ml of 6 M HNO, and 1.0 ml of (NH,) AP0, carrier solution. Heat the solu-

3
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PROCEDURE 2 (Continued)

tion on a steam bath and add 2 ml of Zr carrier to precipitete zirconium
phosphate. Continue heating for 3 to 5 min. Centrifuge and discard the
supernate. Wash the preclpitate with H20 and discard the washings.

2. ' Diesolve the precipitate in 0.1 ml of conc. HF and add 5 ml of H20,
10ml of 6 M HN03, 5 drops of 0.1% aerosol solution, and 5 ml of emmonium
molybdate reagent. Heat the mixture on a steam bath for 2 to 5 min. Centri-
fuge and discard the supernate. Wash the ammonium phosphmolyvdate precipi-
tate with 10 ml of H20 containing e few drops of aerosol (Note 2).

3. Dissolve the precipitete in 0.5 ml of conc. NBLOH, add 10 ml of H20
and 4 drops of 301; H202 (Superoxol) and stir thoroughly. Add 10 ml of conc. HC1
and 2 ml of Zr carrler (Note 3), and heat on a steam bath for 5 min. Centrifuge

snd discard the supernate. Wash the precipitate with H, O and dlscerd the washings.

2
L4, Dissolve the precipitate in 0.2 ml of cone. HF and add 10 ml

of 3 M HC1, 0.5 ml of As carrier and a few drops of aerosol solution. Heat

on a steam bath for 15 min. while bubbling st through thé solutlod. Centri-

fuge and transfer the supernate to e clean 4O-ml Lusteroid centrifuge tube.

Wesh the precipitate with 1 to 2 ml of H. O containing & few drops of aerosol

2
solution. While the precipitate is being washed, psss HQS through the
original supernate which 1s being heated on a steam bath. Comblne the super-
nate from the washing with the original supernate. Dilscard the A.5285 precipi-
tate.

5. Add 2 ml of Ia carrier to the solution from Step k4. Centrifuge )
transfer the supernate to a clean 4O-ml centrifuge tube, and discard the I.a':i‘3
precipitate.

6. To the supernate, add I ml of conc. HNO_, and 5 ml of ammonium molybdate

3
reagent. Heet on e steem bath for 2 to 5 min., centrifuge, and discard the
supernate, Wesh the precipitate with 10 ml of 320 contalning a few drops of
aerosol and discard the washings.

T - 14. Repeat Steps 3 - 6 twice more.

15. Dissolve the ammonium phosphomolybdate precipitate in 1 ml of conec.

NH)0H end edd 2 ml of ciltric acid solution (0.5 gn/ml). AAdd 10 ml of magnesia

16



FROCEDURE 2 (Continued)

mixture and conc. NH,OH (dropvise) until the salution is Just alkaline, then
add 10 drops more. Swirl the solution for ebout 1 min. and if a precipitate
does not begin to form, add an additional 5 drops of conc. hOE. After preci-
pitation begins, swirl the mixture for at least 1 min. and then add L additional
mi of conc. EELOH. Allow the mixture to svand with occasional stirring for at
least 10 min. Filter through a 15-ml fine, sintered glass furmel and wash the

precipitate with a email amount of 1:20 hOH. Dissolve the precipitate in a

fev drops of conc. HCl end a few milliliters of E2°' Collect the filtrrate
in & 100-ml beaker.

16. Add 10 ml of magnesia mixture and jJust enough come. NH,0H to
neutralize the HC1 in the mixture. {(One drop of FH,OH in excess should
cause the precipitate of Hg’NELPOL-G‘HEO to start forming.) 8wirl for about
1l min. and then add 3 ml of conc. !H.LOH. Allow the mixture to stand for
at least 10 min. Fllter onto a weighed FNo. L2 Whawman filter eircle, 7/8"
dlameter, using a ground-off Hirach funnel and filter chimney. Wash the
precipitate with emall portions of 1:20 NH,OH, 50% ethanol, and 95% ethanol.
Pual]l air through the filter for 5 min, allow the precipitate vo stand in
the balance case for about 30 min., weigh, mount, and count (Note L).
Botes:

1. If lerge amounts of 301'-, ion are present in the sample, the precipita-
tion of zirconium phoaphate is not complete.

2. If the mmmonium phosphomolybdate precipitate shows a tendency to
peptize, dilute m-hma solution should be used- for the wash.

3. The reagents should be added in the indicatved opder. If HC1 is added
before dilution with 1120, ammonium phosphomolybdate reprecipitates.

L. 1L;14 P32 is the 1sotope determined. This has & 1.71-Mev:-beta and

no gamma. . - . - .-
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FPROCEDURE 3
Procedure Used In: Radiocactivation enslysis (Note 1)
Method of Separation: Preciplitation

Element Separated: p¥ (14.3 4)

'I‘ypé of Material Bombarded: Niobiumssé) lead, (86) aluminia, aluminum

phosph.ate,(%) and blologlcal ma.terj.als.(es)

(86)

Type of Nuclear Bombardment: P--(n,y)Poo
Procedure By: Ied.dicotte(loﬂ
’Chemica.l Yield of Carrler: At least 65%
Time of Separation: 3 hours

Equipment Required: Standard

. Procedure:

A. TIrradiation of .Sample Material

1. Irradiste known amounts of test (Note 2) and comparator (Note 3)
samples in a neutron flux of at least 6.5 x 101t n/cmz/eec for one (1) week
longer (Note 4). Prepare the 'Lest and comparator sample for the irrsdiation
either by wrapping each epecimen in aluminum foll or placing it in quartz

ampoule. TIiquid samples should be irradiated in polyethylene bottles (Note 5).

B. Preparation of Irradiated Materials for Analysis

I. The Comparator Sample

1. After the irradiation, quantitatively transfer the comperator sample

(Note 3) to a 25-ml volumetric flask. Dissolve the sample in water, and dilute
to volume. Mix the solution well by caretully shaking it.

2. By means of a volumetric pipet, pipet a 1..00-ml aliquot of this solu-
tion into a 50-ml volumetric flask; then dilute the eliquot to 50 ml with water.
3. Sheke the solution thorocughly; then pipet e 1.00-ml allquot of it
into a 50-ml glass centrifuge tube. By means of a volumetric pipet, add to

the same tube, 2.00 ml of e stendard carrier solution of known phosphorus.
. concentration (Note 6). Also, add 1 ml each of holdback cerriers of cobalt,
copper, iron, and sodium (Note 7). Dilute the solution and adjust it to

1.0 M 1n HKO Continue with Part C below.

3-

II. Solid Test Semple

1. If the sample 1s a metal or alloy, quantitetlvely transfer the.
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PROCEDURE 3 (Continued)

1rra.d:|.ated test portion from the quarEz tube or aluminum wrap to a 50-rn1

glass centrifuge tube, and then add, by meaﬁs of a volumetric pipet, to the
. same centrifuge tube 2,00 ml of a standard- carrier a_olutidn of known phosphorus
concentration (Note 6). Also add 1 ml each of holdback carriers of cobalt,
copper, ‘iron, and sodium (Note 7). To this mixture, add dropwise enough
concentrated mineral acid to completely dissolve the sampie (Note 8). Dilufe
3"
ITTI. 1liquid Test Samples

the solution and adjust it to 1.0 M in HRO Continue with Part C below.

1. Pipet an aliquot of the irrediasted portion iqto.a 50-ml glass centri-
fuge tube. By means of & volumetric pipet, add to the same centrifuge tuﬁé
2.00 ml of a standard carrier solution of known phosphorus concentration (Note 6).
Algo add 1 ml eé.ch of holdback carriers of cobelt, copper, iron, and B.od:i.um .

(Note 7). Dilute the solution and adjust it to 1.0 M in HNO,. Continue with

3
Part C below.
IV. Organlic Test Samples:

l. If the sample 1s a tissue, vegetation, or a slmilar materiel, quantita-

tively transfer the irradiated test portion from the irradiation .container to a

50-ml beaker. By mea.ps of a volumetric pipet, add to-the same beaker 2.00 ml
of a standard carrier solution of known phosphorus concentration (Note 6).

Also add 1 ml each of holdback carriers of cobalt copper, iron, and sodium

(Note 7). Then add 3 ml of conc. H,80, and 4 ml of come. END3. Cover the
beaker with a watcl; gla.ss ; then boil the solution for 15 minutese. Cool the

solution, add to 1t 3 ml more of conec. HNO_, and boil"bhé solution for 15:

3}

minutes (or to fumes of so3). Repeat the addition of HNO, and the bolling

3
_ until the sample is 4issolved. Dilute solution to meke 1t 1.0 M in HNO,.
Transfer to a 50-ml centrifuge tube; then continue with Part C below.

C.  Radiochemical Separation '6f P32
1. Add 15 - 20 ml of moly’odié'a.cid.rea-gent and heat with stirring
over a flame u.ntil t.he ;rellcw amonium ph.oaphomlybd.ate precipitate
(1:111,+)3 r(Mo °1p)u “decurs (Note 9 and 10) Centrifuge, dlscard the super-

nate, and wesh the precipitate with 20 ml of 1L M EN03.
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PROCEDURE 3 (Continued)

2. Dissolve the precipltate with 1 ml of conc. NHII_OH, adjust to a

volume of 10 ml to 1 M HNO,, and repeat step 1 twice for purity.

3

3. Dissolve the precipitate in 1 ml of conc. NE,0H. Dilute the solu-
tion to 10 ml with vater and make 1t slightly acid with HCL. Add 1 grem of
citric acid (Note 11), stir well, and cool in an ice bath.

L. Add 10 - 20 ml of megnesia mixture (Note 12) and make basic with .
NEH_OE to precipltate MgNHh_POLL-SHZO. Add 10 ml of.l:l‘NHhOH in-excess, Allow
to digest in ice bath for 30 minutes. Centrifuge and discard the supernate.
Wa.sh the precipitate w-.’l.th dilute NE[h_OH. '

5. Fllter the preclpltate on a tared filter d_1.sc of #42 Whatmans filter
pa.per using a hirsch fu.nnel Wesh with 95% . alcohol, ether, and dry in & d.'rying
oven for 10 m‘.’Lnutes at a tem;perature of 110° C.

6. Weigh the precipita.te and mount for beta radioactivi‘ty measurement. -

D. Measurement of P32 Radioactivity and Calculation of Stable
Phosphorus Content of Test Sample :

32

1. _The P~ radioactivity in both the'teét apnd comperator sém_ples are
a.s's'_ayed 'by beta measurement only, using a Geiger-Mueller cc.>un"be.r. A 30 mg/t:m2
Al absorber 1s used to shield sulfur end weaker beta; 'eneréies. .

2. Foﬂoving the ra.dioéc'ﬁivity neasurenents , correct the p32 rediocactivity
for deca.y (Note 13), dilution volume(s), and the sample weights (or volumes)
of both the test and canpamtor samples. A s:mele ratio of these radioa.ctivi-
ties becomes a meaaurement of the amount of stable phospho:ma in the test
_ sample: ' . '

Corrected P> radicactivity in test sample
Corrected P> radioactivity in comparator sample

% P in Test Sample = X 100

Hotes: |

1. This procedure can only be used tq_deteminb phosphorus in materials
'tha.t.a‘re soluble in oxidizing reagents or in eamples in which the pﬁosp'horus
is in the form on Poh_'" for if the phoépﬁofus ia :Lﬁ a phosph:l.d.e form, it is

' likely to go aa a gas, 3, befors ion excha.nge with the phosphorus carrier.
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PROCEDURE 3 (Continued)

2. Bollid test amies should welgh from 0.10 = 0.20 gram; liquid samples
should have a volume of from 5 - 25 mlililiters.

3. Use 0.025 to 0.030 grams of spectrographically pure (El..)zmh'

L, The limits of messurement for stable phosphorus by this procedure
18 k x 1078 grem.

5. Irradiations of liquid, vegetation, or simllar type sample materials
st be made in an air-cooled or water-cooled reactor irreadiation faclility.

6. Standardized to contain et least 10 milligrams of phoaphorus per
milliliter.

7. BSolutions of the ions of other elements may be added as holdback
carriers; concentration equal to 5 miliigrams of element per milliliter.

8. 8oils, clays, and similar materials may require addition of ENO,
or fusicn.

9. Molybdic acid reagent 1s prepared by dissolving 25 grame of ammonium
molybdate (mh)znbo,' in 1 liter of water.

10. If the solution 1s too acid, the precipitate will not form. Use
NH; O to make adjustment.

1l. The citric acld is used to complex the Fe and prevent its precipita-
tion with LOH.

12. Magnesia mixture is prepared by dissolving 50 grams of MgCl2 and
lOOmmsof!E‘*Clinlnterofnter.

13. Decay measurements may be followed, 1if required.

PROCEDURE
Procedure Used In: Radloactivation analysis
Metnod of Separstion: Precipitation
Element Separated: P> (1L.3 d)
Type of Material Analyred: Alumimm and alumimm oxide(E7)

Type of Ruclear Bombardment: Po(n,7)P>
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PROCEDURE 4 (Continued)

‘Procedure By Foster and Gaimis(sﬂ
- Separation Time: Several hours
Chemical Yield of Carrier: No statement made by authors ")
Decontamination: No data presented by authbrs &7y
'Equipment Needed: Standard
Procedure:

A. .Irradiation of Sample Material

1. The samples and phosphorus standard were lrradlated for 1 week
in the graphite reactor at Oak Ridge, Temies’see. They were placed 1n the
14-Z position where the fast neutron population is very low. This minimizes .

the n,p production from 532(n,p)P32_.

B. Chemical Separation

‘1. 1 gram of aluminum oxlde activated sample, 0.013 gram of nonradio-
active moncammond um dihydrogen phospbate carrier and 6 grams of boraxcerbonate
flux mixture vere added -bo a platimm crucible and _heate& for 30 minutes at

- the highest temperature of a Meker blast burnmer. After cooling the melt was
d.isa.qlved in dAlute nitric ac:_l.d.; . .

2.. For the alumimum alloys, 2 grams of the metal, 0.25 grems of mercurous
nitrate, and 0.013 gram of the carrier were ‘dissolved in 100 ml of 1 to 1 nitric
acid (Fote 1). '

3. For the alunimm oxide samples, the acidity was adjusted and the
phosphorus wes oxidized to phospbate with KMnO,. The phosphorus vas then
precipiteted as phosphomolybete using amnonimn molybdate-cltrate solutidn.

This preclpitate was dried and weighed; the::t" 0.1 gram was transferred to
a planchet and th-e beta radiocag¢tivity measured. After counting, the
precipltate was dissolved and the phoephorus precipifated as mé;n.esi\m
ammonium phosphate which wes ignited in that form.-

L, For the aluminum alloys, after dissclution, most of tﬁe. acld was
removed by 'boili_ng, the solutions were gaésed with Has, filterec_i., and

boiled. The acidity was adjusted and precipltated as Phosphomolybdate.
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PROCEDURE 4 (Continued)

Notes:
1. No mentlon was made on the part of the author of any possible loss
of PH, in the aluminum alloys. The HNO

3
wlthout loss.

3 probably oxidized it to Poh"-

PROCEDURE 5
Procedure Used In: Radioactiw}atibn t.xné.lysis
Method of Separatlon: Precipitation
Element Separated: p32 (1k.3 4)
Type of Material Bombarded: Iodine
Type of Nuclear Bombardment: Po-(n,y)P™
Procedure By: Jemes and Richards(99)
Separation Time: Several hours
Chemicel Yleld of Carrier: Not glven by authors(gg)
Decontamination: No informatlon given
Equipment Needed: Standard
Procedure: |

A. Irradlation of Sample Material

1. Approximately 0.5 grams samples of iodine were sealed in silica
ampules and irradiated for 1 week in the pile at Harwell, together with

0.030 grame of diammonium hydrogen phosphate to act as e standard.

B. Chemicel Separation

1. After one dsey of decay, the émpoﬁles were crushed with a ﬁercussion
mortar and the mixture transferred to 20 ml of H20 contalning 55 mgm of .
redphosphorus (Note 1) in suspension. The .1od.1.ne 18 dissolved.. The solution
was warmed on a water bath until the iod.‘Ln_e coloration diéappea.red. The
residual red phosphorul.s was dissolved by adding an excese _of inactive iodine
and digesting on a weter-bath overnight.

2. The fragments of sillca was filtered off and the filtrate treated
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PROCEDURE 5 (Continued)

with E202. The iodine crystals formed were filtered off and the excess iodine
was extracted into chloroform.

3. The phosphate wvas then dstermined as the magnesium pyrophosphats.
Their 1imits of detection is sbout 0.003 parts per million on a gram of

sample.

Notes:
1. The amount of red phosphorus used was calculated beforehand in

order 0 have an excess for the required reaction and to act as a carrier.

PROCEDURE 6
Procedure Used In: Radiocactivation analysis
Mathod of Separation: Precipltation
Blement Separated: P> (14.3 d)
Type of Material Bambarded: Silicom
Type of Fuciear Bombardment: P>i(n,y)Poo
Procedure By: Jemes and Richards(1%0)
Separation Time: Several hours
Chemical Yield: Hot stated by suthors(1%0)
Decontamination: Bo information given by authors
Equipment Feeded: Standard
Procedure:

A. Irrediation of Sample Material

1. On irrediation of a silicon sample, the following reactlon takes

81,30 (n,7)8131 —L) p3t

P (n,7)p®
Due to the fact that P32 is formed from the reaction on's:l.'l.'l.eon, the authors
derived an expression by irradiation at a certain position for a certain

time (1 week) tna amount of phosphorus that would be formed. The equation
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PROCEDURE 6 (Continued)

used 18 found in the original :puper.(loo) .

B. Chexrical Separation

1. After the silicon activity has decayed, the sample is dissolved in
hydrofluoric-nitric acid mixture with dlsodium hydrogen phosphate presemt
as a carrier. After camplete removal of the silicon as the gmseous silicon
tetraflucride, the solution is Teduced to amll bulk, HCLO, 1s added and
' taken to fuming to remove the EF. Dilute HCL 1s nadeo.;othe-olutionm
the phosphate is precipitated as MgiH, 7O, -6H, with magnesis mixture. The
precipitate is allowed to digest 24 hours and 1s redissolved and reprecipitated
as before in the presence of citric acid. It is centrifuged, filtered, ignited
in & miffle furnace at 1,100° C to Mg P,0.. The Mg,P,0, is weighed, mounted,
and counted for P> redioactivity.

Procedure Used In: Radioactivation analypis (Note 1)
Method of Separation: Radiochromatographic
Elenent Separated: P2 (1k.3 4)
Type Material Bowbarded: Biologlcal
Type Nuclear Bombardment: P>i(m,7)P¥% - =~ - -
Procedure By: Benson, et al.(ae)
Beparation Time: Beveral hours
Chemical Yield of Carrier: Carrier tecimique not used
Equipment Needed: Standard
Procedure:

Bovine blood serum, bovins spermatozoa, and green algane were axtracted
axhaustively with hot ethanol. The pooled extracts wvere concentrated to
a smll volume and taken up in chloroform. The solution wves passed drop-
wise several times through a column of wvater to remove water asoluble

mterials. An aliquot portion of the chloroform containing 100 ug of P
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PROCEDURE T (Continued)

was eveporated to dryness at room temperature end the residue taken up in
0.1 ml ethanol and 0.1 ml toluene. An eq_ual.volume of 0.2 N KOH in dry
methanol wes sdded and the solution warmed to 37° C for 15 minutes.
Alcoholysis wes complete in this time for the plant phospholipids. The
animal phospho.lipids were treated with equeous acetic secld and alcohol for
2k hours before alcohplysis in order to split plesmalogens (acetal lipids)
which resist alkaline 'clee.va.ge. The alkaline solution was acidifled ahd
decationized by edding acidic cetion exchange resin (Dowex-50 H;") after
adding a drop of weter. The suspension was aepa.ra_.ted by centrifugation.
The resulting glycerophosphoryl esters were chromatographed two-
d.'l_men.sionally by acending or decending chromatography on 50 cm x 50 cm
Sand S 589 White Ribbon anelytical filter paper.

One microgram quantities of P31 es ammonlum phosphate were placed
at edges of the papers which were sealed in 150 cm polyethylene tubes.
" After 7 hours in the 5 x 101t n/sec/cm2 flux and six days decay, radio-
autographs were prepared. The reversed single coated x-ray film was
exposed one to ten days to give the d.es:l.re_d record of the locatlon and

relatlive intensity of the phosphate esters.

Notes:
1. This detefmina.tion of phosphorus is unique due to the fact that
the author not only determines phosphorus quantitatlvely, but also the

phosphatides that are present.

26



PROCEDURE 8
Procedure Used Tn: Radiocactivation a.na'-lyﬂs
Method of Separation Ton exchange chromatography
Flement Separated: P32 (14.3 d) '
Type Material Bﬁmbarded: Bioibgical tissue ash
Type Nuolear Bombardment: Po-(n,y)P o
Procedure By: Helwig, et al.(59)
Chemical Yield of Carrier: Not mentioned by the author
Equipment Needed: Standard
Procedure:

A. Preparation of the Itn-Exchange Columms

500 grams of commercially avellable anlon-exchange res.:‘l.n_wa.a.' placed
in a 9 cm dia éolumn and weshed with several liters of 0.5 M HCL, -followed
by several liters of 5.0 M HCl. The reain.was stored in 5.0 M HC1 until
ready for use. The columns of sbout 1.4 em cross-sectional area were packed
dovn by air pressure with 12 to 24 cm of resin and equilibrated .w'.l.th _

12,0 M HCL.

B. Application of Semple on Columns

The carrier salts were prepared by dissolving 0.625 g of Fe, 0.625 g of Zn,
and 0.125 g of Co in moderately strong HCl. Radiocactive tracers of Fe, P, Zai,
and Co were then added to these salts and the solution heated to near dryness.

A drop or two of HRO_ wes added to insure complete oxidation of fhe matals.

3
The oxides were converted to chlorides with a few drops of conc. HCL and
heated to drymess. _'I'he salts were then taken up in a 25-ml volumetric flask
and diluted to volume with 12 M HCL. '

A 2-ml aliquot of this solution was. pipetted on to the :;e'ain bed
~_and the P, Co, Fe; and Zn eluted from the column with 12 M, 4 M, 0.5 M,
and 0.005- M HCl. The acid vas fed to the folumn at e flow rate of 10-ml
per cm per hour. ZElution curves for P, Co, Fe, and Zn were obtalned by
ccﬁlecting 1.67 ml .aJJ.q_liots of eluate continuously with an autamatic
sample couectof, dried at 60° C in an oven, and counted.

Measurements were made by gross beta and gamma, using sodlum iodide

crystal for gamma measurements of the Fe , Co, and Zn and Geiger-Mueller.
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" PROCEDURE 8 (Continued)

cdunter for beta measurements of the P. The rediocactivity méaaureménts
of the tracers were better than 98% recovery. B

The phosphorus was eluted in the first 50 ml of 12 M HCl; nothing was
elmd'_in the 6 M HCl; cobalt was _elutet_'l in the 4 M HCl between 150-175 ml;
iron wes eluted in the 0.5 M .HC1 between 210-2k0 ml; and zine ves eluted
in the 0,005 M .301 between 260-275 ml with no cross contamination between
tbe Co, Fe, or Zn. However, there seemsd to be a slight contamination in

the phosphorus fraction of same long-life components.
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