Discovery of Radium

Discovery of radiumisagl oriouschapterinthehistory of science, representingthetriumphof humanspirit.
Itwasmadeagainst several odds—insufficientfunds, andlack of |aboratory spaceand proper equi pment.
Sinceradiumwaspresentinminutequantitiesintheore, extractingit wasmoredifficultthanlookingfora
needleinthehaystack.

Becquerel had al ready establishedthat uraniumrayscould dischargean el ectroscope. Initially, Marie’'s
assighmentwastomeasurethepower of ionizationof theserays. UnlikeRoentgenand Becquerel whoused
photographicplatesandfluorescent screensto study theserays, Marieemployed adifferent technique, which
contributed, enormously toher success. Sheset upanionizationchamber coupledtoanel ectrometer and
apiezoel ectric quartz balancedesigned by her husband, Pierre Curieand hisbrother. Theexperimental
procedureconsisted of spreadingathinlayer of uraniumsalt ononeof thepl atesof theioni zationchamber
and measuring theionization current by applying asuitablevoltageacrosstheother plate (seeFigureinthe
insideback cover). Shefoundthat for agivenamount of activematerial, thecurrentincreasedwiththeplate
separationandvoltage, attai ning saturationat 100volts. Under optimal conditions, shemadequantitative
measurementsof theionization power of uraniumrays. Her measurementsshowedthat theionization current
wasproportional tothequantity of uraniumintheore. Thenshediscovered somethingmorefundamental:
that, unlikephosphorescence, uraniumrayswerenot aff ected by thechemical stateof theuraniumsalt or
physical factorssuch astemperature, ambient lighting, etc. Further on, shemadeanother surprising
observationthat not just uraniumbut thoriumal soemitted similar rays(thiswasindependently discovered,
aroundthesametime, by aGerman physicist G C Schmidt). Thissuggestedto her that thespontaneous
emissionof radiationby theseelementsisan‘ atomic’ phenomenonand shegavethename*radioactivity’.
Wenow know that radioactivity isa‘ nuclear’ phenomenon. However, theexistenceof theatomicnucleus
wasunknownat that time. Later, radiumwasto play abigroleinthedevel opment of such concepts.

After examiningall thecompoundsavailabletoher for radioactivity, MarieCurieturned her attentiontothe
minerals. Thiswasaturningpoint,for, thisled hertoradium. Of thefifteenmineral sinvestigated, shefound
that thosecontai ninguraniumandthoriumwereradioactive, whichby itself wasnot surprising. However,
whatwassurprisingwasthat theradi oactivity inthosemineral swasmuch morethan expected based ontheir
uraniumor thorium content. For exampl e, theradioactivity of pitchblende, theuraniumore, wasfourtimes
morethan expected. After repeating her measurementsto confirmthosefindings, she specul ated that
pitchblendemay contain, inadditionto uranium, oneor moreelements, yet unknown, but radioactive. Since
thecompositionof pitchblendewasreasonably well knownat thattime, nonew el ement coul dhaveescaped
theattention of thechemistsunlesspresentinextremely minutequantities. Inthat case, shereasonedthat
theunknown element(s) hasto behighly radioactive.

Thenext stepwastodeterminetheidentity of thenew element(s). Atthisstage, PierreCuriejoinedhiswife
todoubletheir effortstoisolatethenew element. Inthewordsof their daughter Eve Curie*they began
prospecting patiently, usingamethod of chemical researchinvented by themsel ves, based onradioactivity:
they separatedall el ementsinpitchblendeby ordinary chemical analysisand measuredtheradioactivity of
thebodiesthusobtained. By successiveelimination, they saw the‘ abnormal’ radioactivity takerefugein
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certainpartsof theore. Theradioactivity wasconcentrated principally intwodifferent chemical fractions
of pitchblende. For Pierreand MarieCurieitindicated theexistenceof two new elementsinstead of one”.
They analyzed oneof thesefractionsand discovered anew element, whichwassimilartobismuthinits
analytical properties. They calledit‘ polonium’, after Marie Curie’ s beloved homeland—Poland.

Afterabrief holiday,in September 1898, they were* back tothedampwork roomsanddull minerals’. They
subjectedtheother sampletoaseriesof chemical separationmethodsincludingfractionation. Thisyielded
anew radioactivesubstance, which co-precipitatedwith bariumsul phate. What was theidentity of thisnew
compound?Althoughitwassimilartobariuminitschemical properties, itschloridewaslesssolubleinwater
thanbariumchloride. Usingthisproperty, they further enriched thesampleto 900timestheradioactivity
of anequal amount of uranium, but couldgonofurther, sincethequantity of thematerial wastoosmall to
handle. Spectroscopicanalysisshowedanew lineat 3814.7 A confirmingtheexistenceof anew element.
WritingtotheFrench Academy of Scienceson December 26,1898, they stated“ thenew radi oactivesubstance
containsanew element towhichweproposeto givethenameRadium”. Theradioactivity of radiumwas
enormous—amilliontimesmorethanthat of uranium. However, physicistsand chemistsof that timewere
not preparedtoaccept theexistenceof anew el ement unl essitwasavail abl einpureformanditsatomicweight
determined.

Thereweremany problemsinundertaking the extractionof sufficient quantity of radiumfor physical and
chemical analyses. Firstly,itrequiredtonsof pitchblendetobeprocessed. Pitchblende, theorecontaining
60per centuraniumwasvery expensive. They couldnotaffordtobuythatintons. Alternatively, they decided
toobtaintheresidual orefromwhichuraniumwasalready extracted for they believedthat thenew radioactive
substanceswouldstill bepresentintheresidue. TheAustrian Government, whichownedamineobligedto
supply atonof theresiduefreeof cost.

Itwasastupendoustask. Thecoupledividedthejobbetweenthemsel ves—Pierretostudy theproperties
of radiumandMarie, theharder task of devel opi ng chemical methodstoextract saltsof pureradium. The
firststageof operationconsi sted of extractingradiumwithbariumintheformof sul phates. Thenthesul phates
wereconvertedto chloridesandfractionally crystallized fromwater. Eachstepyielded crystalsricherin
radium (seeFlow chartfor details). By repeatingtheprocessagreat number of times, MarieCuriewasable
toisolateabout 100 milligramof pureradiumchloridefromaton of pitchblenderesidue! Itwasadull white
powder, whichcouldeasily bemistakentotheubiquitouscommonsalt. Shedeterminedtheatomicweight
of radiumas225.9, closefor thecurrent valueof 226.02.

Inthefollowingyearsradiumbecamethemostimportant sourceof radioactivity. Thetremendousamount
of energy spontaneously pouringout of radiumandother radioactiveel ementsgreatly puzzl edthescientists
of that time. Whatwasthesourceof thisenergy ?Toanswer thisquestionRutherford, Soddy, Geiger, Marsden
andotherscarriedout somefundamental experiments. I ntheprocess, they unl ocked someof theprofound
secretsof natureand|ai dthefoundationsof nuclear physics. Inthehandsof medical men, radiumsymbolized
thegift of sciencetothesufferinghumanity. Itbecameatool to curethedreaded cancer.
M S SMurthy
B-104, TerraceGarden A partments, 2nd MainRoad, BSK 111rd Stage, Bangal ore-560085, I ndia.
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Flow Chart of the Major Stepsin the Separation and Purification of Radium from Pitchblende
(BasedonProceduredescribedinMarieCurie’ sThesis)

Pitchblende ore

v

| Crush and treat with sodium carbonate |

| Wash with warm water and dissolve in dilute sulphuric acid |

# Yield: 1 ton; Radioactivity:
4 times that of uranium

Supernatant contains
uranium

small amounts of Cu, Bi, Zn, Co, Mn, Ni, Va, Sbh, Th, rare
earths, niobidium, Ta, As, Ba, etc. Radium present as

sulphate

| Boil with sodium hydroxide solution to remove sulfuric acid

v

| Treat with hydrochloric acid |

!

¢ Residue: Sulphates of Pb, Ca, silica, alumina, iron oxide,

Processed for uranium

v

Solution Insoluble part
(Po. Ac)
¢ Wash with water and boil with sodium carbonate to
For separation of convert Ra and Ba sulphates to carbonates

Po. Ac *

Wash with water, then with dilute hydrochloric acid

v

Precipitate with sulphuric acid (contains Ra, Ba, Ca, Pb, Fe, etc.)

Yield: 10-20 kg; *
Activity: 30-60
times of uranium Boil with sodium carbonate, treat with hydrogen sulphide,

oxidize with chlorine and precipitate with pure alumina

Continued ...
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Yield: 8kg: Activity: 60 times more
active than uranium

v v

Supernatant: Precipitate with sodium carbonate
(Carbonates of alkali earth, Ra, Ba, etc.)

v

Wash the precipitate; convert carbonates to chloride solution

v

Fractional crystallisation (FC) with pure water

v

# Crystals enriched in Ra by
Supernatant (B)| | afactoroffive (5). Repeat

FC with both A and B
Evaporate to
dryness, FC

Supernatant | | Crystals

Evaporate
& FC More active part
of Bis combined
with less active
part of A
Supernatant | [ Crystals
¢ FC FC

Supernatant | | Crystals |

Precipitate (Ac)

Crystals (A)

Crystals

Supernatant

Crystals

Supernatant

| Supernatant| | Crystals |

Supernatant | | Crystals

v

<.

v

<
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— FC continued for 6 stages; — Activity of the most soluble fraction decreases each time, when it becomes
negligible, itis discarded; — At some stage the most active crystals are withdrawn from further FC and pooled;
— Final yield was nearly 100 mg of pure radium chloride; — Activity nearly 2" 10° times that of equal weight of

uranium.
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