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Experiments With Radon, 

.... .... P. R. Fields, L. Stein, and M. H. Zirin 

Abstract 
~ 

It has been shown in tracer experiments that radon 

fluoride can be prepared by heating mixtur.es of radon 

and fluorine to 400°C. The compound is very stable and 

distills at 230 to 250° at a pressure of approximately 

10-6 mm Hg. It can be reduced with hydrogen at 500° to 

recover elemental radon. · 

Attempts to prepare a radon chloride by thermal and 

photochemical methods have been unf'IUC_cessful thus 'far. 

No chemical reactions have been detected in mixtures of 

radon and ox~gen irradiated with ultra-violet light or 

passed through a Berthelot type ozone generator. However, 

it has been observed that the high-voltage electrical 

discharge used to produce ozone causes some radon to be 

strongly fixed on Pyrex surfaces. Microwave discharges 

have also been found to be very effective in fixing radon 

on quartz and Pyrex. In experiments with a metal micro-. 
wave _ cell,_ radon ~as been fixed on a central brass antenna 

and subsequently released by heating the brass to the. 
~ .. .:.. .. 

softening point (- 900°). 
( Conference on Noble Gas 

----------------~f· compounds 
1 

Argonne , Illinois 
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After the existence of fluorine compounds of xenon 

had been clearly demonstrat_ed by Bartlett (2) and 

Claassen~ S~lig, and Malm (3), it was showrt in tracer 

.experiments ( 4.) that radon·:· also forms a stable com~ 

pound with fluorine. Radon-fluoride was first prepared· 

in a-metal vacuum line of the type ·shown in Figure lo 

Gaseous ~adon-222·,. obtained from 2 mg_ of radium chloride 

1n aqueous solution, was passed·through a magnesium 

perchlorate drying tube·into a ]..00 cc-Pyrex bulbo The 

bulb was then attached to the prefluorinated nickel and 

·Monel vacuum lin~,. and part of the radon was condensed 

in trap Bat -195°o When the trap was warmed to -78°, 

·it was demonstrated that the radon moved readily under 

vacuum into other ~arts of the line which were cooled 

to -195° o .Since radon decays by emission of alJ?ha 

particles, which cannot penetrate heavy-walled vessels., 

the radon position was determined by counting the l.o8 

MeV gamma activity·of a.~ubsequent daughter, Bi214 • The 
. . . . 226 206 . ' 

radioactive decay scheme, from Ra to Pb · , is shown 
'.!\, • • ' 

in Figure 2. The .. Bi214 gra'~ into equilibrium wi ~h ra~on 
\ 

wherever the latter appeared and decayed where it dis.-

appeared, within several hourso The gamma col,lnt~ng was 
. . 

done .. with sodium iodide scintillation detectors, ,shielded 
. . I . 

. bY lead bricks, .and a 400-channel pulse-height analy~er • 

. Radon fluoride was. prepared in several experiments 



by condensing 5 to 100 microcuries of radon in a 5 cc 

nickel reaction yessel.at ~195°, adding fluorine to 

300 mm pressure,. and heating the mixture. to 4Q0° for 

30 minutes.. When the vessel was cooled to· -78° and 

the excess fluorine was pumped off, it was found· that 

the radon remained ·fixed in the reaction vessel. The 

compound which had been formed did not distill in a 

3 

·-5 -6 . vacuum of··lO to 10 mm -until heated to a temperature 

of 230° or highero In some instan~es, ~ reaction 

·vessel with a capillary inlet tube was·used, and the 
., .. 

" . 
compound could then be·concentrated in a small·section 

of the metal capillary.by distillation ~t 230 to 250°o 

In one experiment, a mixture of xenon and radon was 
I 

fluorinatedj the xenon fluoride product was distilled 

at 50° into a cold trap at ~195°, leaving the. less 

volatile radon.fluoride behind •. 

. R..adon.fluoride can be .:reduced with hydrogen at 

' 500° to recover elemental ··raqon o At 200° the compound' 

does not appear to react with hydrogeno The composition 

o,f.'. the compoun~ has not yet been determined,'. but 
" 

attempts are being ·made to vapori,ze .samples inside a 
. ' 

time-of-flight mass spectrometer fo~ stoichiometric 

analysis. The tracer CJ.Uantities of rado.n :fluoride pre-
' -

pared: thus .far have shown no evidence of radiation de-
. . 

composition from alpha particle emission. However, the 

' compound h"as been present i'n very dilute form on t ... he 

\ ~·..J 
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inne·r surfaces of the container vessels, and mos"t of 

the energy of the alpha particles has therefore .been 

absorbed by the metal walls rather than by the compound. 

Attempts have recently been made to prepare other 

radon compounds by thermal, photochemical, and electrical 

discharge methods, using 2 t.o 260 microcurie· amounts 

of radon and milligr.am or gram ··amounts of other chemicals. 

Whereas elemental radon disti~ls in vacuum from a cold 
' trap at -78°; it is assumed.~ ~hat radon compounds in 

·~ 

general will not distill at this temperature·:· . Reduction 

in volatility of the radon has therefore been·used as 

a simple crite.rion for compound formation, although it 

is recognized that·very vo+atile compounds may not be 

detected by this method. In the first attempt to pre-
.. 

pare a radon chloride, 16 microcuries of radon was mixed . 

. with chlori·ne at 150 nun pressure in a quar~z u~tube, and 

the mixture was heated to·. 400° .for 45 minutes. The U­

tube was cooled to -195° to condense all the radon and 

chlorine, then warmed to -78~; at this temperature both. 

the radon and chlorine distilled into a cold trap at 

-195°, indicating that no compound of low volatility. was 

formed.. When the same mixture was heated to 800° for 
'f . 

I 

90 minutes and rapidly quenched in liquid nitrogen,· 

similar results were obtained. A mixture of 2.8 micro-. '• •. 

' 

.curies. of ·radon. and ~approx.imately 0.3 .. ml of iodine mono-. 

chlori~e, .heated to 500° for ·20 minut.es, a:lso gave no 

J. 
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evidence of reaction. The effect of ultra-violet light·· 

on 9.8 microcuries of radon and chlorine at approxi­

mately 150 mm pressure was studied i.n a quartz cell of 

4-inch path length. ~he mixture was irradiated with 

light from a high-pressure mercury arc for 64 hours, 
" 

with the gas circulateq through the cell by a convection · 
''.• 

loop operating betwee·n 0~ and. 80°.. Again ·no compound 

appeared to be formed. 

The effect of ozone on radon was first studied 

photochemicallyo The quartz 9ell .was f.illed with 18 

microcuries of radon 'and oxygen at 165 mm pressure, then 

irradiated tor 40 hours at room temperature with in-
. 0 

tense light, pred'ominantly..of 2537 A wavelengtho Al-

though a small amount of o~one was.produced, no ev1~ence 

of reaction with ·radon was obtained. The effect of. 

higher concentrations of ozone was then studied with the 

apparatus sho~n in Figure 3. Ozone was generated by 

circulating ox~gen at 50 to 5.00· mm pressure· through a 

Pyrex Bert~elot tube (5), which was immersed in dilute 

copper sulfate solution with the electrodes oonnected·to 

a 15,000 volt transformer. In some instances a heating 

tape·· was used .above the cold trap t.o. prod~ce ·gas con-

.vection through the ozone generator; in others, liquid 

oxygen. was ·condensed in the supply bulb ·and distilled 

slowly through the generat.or to. the cold tr.ap.. A mix­

ture of ozone and. oxygen was collected in the· trap at 
·' 
> 



.. 

:• ,. 

-195°, and.most of the oxygen was then pumped off, 

leaving the less volatile ozone_in the trap. With 

Halocarbon grease on the stopcocks, the ozone decom­

posed very slowly, even at room tempei'ature. Several 

experiments were tried in ·w~ich radon w~s mixed with 

th~ .oxygen .beforehand and c ir,Qula ted through th~ : 

ozonizer. to the cold tr.ap, which was ei-ther at -195° 

6 

or .... 78°o The radon in the trap appeared to.b.e unchange~, 

since it remained volatile at· -78°. In Other experi­

ments, radon was !'rozen· initially in the trap at -195°, 

ozon~. was then generated and collected in the t·rap, 

· and the mixture was allowed .to warm to room temperature 

overnight. Again. no evidence of compound formation 

was obtained. 
-

. It was observed, however, .that whenever .radon~ 

oxygen mixtures were. circulated -through the oz.c~me 

· generat_or, approximately 5 to 20% of the radon. was. fixed. 

inside the generator within several hours. Tpe tracer 

rad()n was bound to the glass of the Berthelot·tube very 
' .. 

strongly and could not be removed by vacuum ·~istillat_ion 

a~-450° or by heating ·the tube with hydrogen at 5000,~ 

When the ozone ·generator was cut from the line and the 

inside was washed with .c·old di_s;tilled water, 2 molar 

nitric ac.id,. and 6 m~lar n:1.:~ric ac.:i.d, very little of the 

fi?Ced radioact~vity was removed. · Ho.t 6 molar nitric acid 

.removed approximately 50.percent of the radon daughters, 

wi.th little .effect .on the ~ixed radon, since the gamma 
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activity grew back within several hours. Cold 6 molar. 

sodium hydroxide removed both radon and daughters, 

probably by. dissolving a thin layer .or the glass. 

The effect of microwave discha~ges was investigated 

with the apparatus shown in Figure 4. Approximately 

260 microcuries or radon was first ... condensed in a small·: 

quartz bulb, oxygen was added to' 5 mm pressure, ·and 

the bulb was placed near the director or a Raytheon 

Model CMD4 d~athermy unit, which generates microwaves 

of ·12.3 em wavelength. A discharge was started with a 

Tesla coil and allowed to continue for 145 minutes.-

When the oxygen was pumped out at -78°, all or the 

radon remained in the bulb. It was found to be dis-

tributed over the bottom Aalf of the bulb in the region 

where the glow discharge had o~curred. When the bottom 
,,. 

section was strongly heated in vacuum, the radon 

daughters di.stilled out.of-the bottom at approximately 

· ' 600° an'd condensed in· a·~ ring on the cooler upper 

·section. It was c-lear that the radon did not move, 

however; the gamma activity or the. ring decayed when 
. . . 

the system was left overnight at r9om temperature, and 
' .. : . 

·the activity grew back into. the bottom s_ection. The 
... 

process was repeat~~ at a temperature or 970° with . 

·similar results. The radon deposit was also heateq 

·with hy~og_en at 970° ,_.but. very. little radon was removed . ' . . ... . . . . 
. ,· 

_by this process • 

.. ~1rice the .. tracer quantity or radon had a negligible 

------~""-'"'"'-



partia~ pressure in each experiment 1 it was necessary 

to add another gas to produce an ionizing discharge. 

The radon was fixed when the diluent gas was oxygen 1 

nitrogen 1 or helium at about 5 mm pressure. Quartz 

bulbs were generally used 1 but ·the r~sults were the 

8 

I· 

same when Pyrex·· bulbs_ were su.bsti t~t.ed. ·.With discheu'ges 

of 30 t6 145 minutes duration 1 the percentage of radon 
' flxed varied from '10 to 100 percent.in different experi-

•• ;o 

menta. The. effecti venes.s of water and solutions of 

nitric acid and sodium hy~roxide in washing off the 

activity was t~e same as described for the ozone 

generator. 

The m~crowave cell shown in Figure 5 was devised 

so that d~~cnarges could be produced in a. metal system. 

A 3/4~inch O.D. nickel test tube was attached by a 

standard tapered joint to: a brass chamber 1 which was 

connected to the. vacuum line by a side-arm. Another 

·side-arm1 fitted with a11 insulated vac.uum. seal; trans­

mitted energy from the microwave generator to a 

.threaded }?rass·rod1 which served as an internal antenna. 
.. .. 

A mixture of radon and another gas could be added to ·. ·. 
J . . . 

"the cell at low pressurel and a discharge .could be pro-. 

duced in the region betweeri the bottom of.the. brass rod 

and the. nickel test tube.- A Pyrex window at the .top of 

.. the.:. cell wa_s used to watch. tbe discharge, and the system 

. was tuned .bY. adju!3.ting· .the position of the rod 1 which 
.· . .. .· . ! ·. . . 
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was approximately two wavelengths long. It was found 

that.the efficiency was low, since the ionization was 

produced in only a small fraction of the total volume. 
'i' '". 

In one experiment, a 30 minute discharge with 23 micro-

curies of radon and oxygen at approxima.tely 2 mm 

pressure fixed 25 percent of the radono In a second 
""")'•, 

trial, no rad~n was fixed, apparently as the resul~~f 

too high a .Pressure of oxygen (> 10 mm)o Other results 

were: 42 micro curies or rado.n and 4 mm oxygen. pressure, 

22 percent fixed in one.hour; 122 microcur1es of radon 

and 2 mm oxyg~n pressure, 37 percent fixed in -one hour • 

. Almost all of the fixed radon appeared on the 

bottom of the brass antenna rod; very little was.found 

on the walls of the nickel test tubeo The vol~a~e 

gradients produced by the microwave field apparently 
·-caused radon ions to be p~eferentially driven into the 

.antennao The. bound radon was present. in a thin surface 

layer, since it co~ld be removed by etching the brass 

with 6 molar ni tz:oic·· acid o At the conclusion of the 

experiments with this apparatus, the bottom section of 

.the brass antenna wit~ a vadon deposit was cut into 
.. 

small pieces and gradually heated in vacuumo At 

approximately. 900~, near the ·Softening point of the 

brass, the radon escaped and moved to a cold-trap on 

the vacuum line. 

·From·the .foregoine;·experiments it·can be concluded 

that only the reaction·of radon and f~uorine yielded. a, 
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definite compound ~n the present investigation. Chlorine, 

iodine mono chloride 1 oxygen, and o.zone gave no evidence 

or reaction with radon under the condi,tions which were 
~ 

used. The results obtained with high-vo;ltage and m:t,cro-. 

wave discharges can probably be attributed to physical 

processes involving ion bombardment o£ the walls, since 

~~milar results with other isotopes have been reported 

by previous inv:.~stigatorso (6-9) However, the :p.ossibility 

of .:chemical stabilization of the radon by formation of 

an oxide or s.ilicate cannot be entirely discounted. The 

stability of radon imbedded in quartz is quite remark­

able, c6ns:Lder.ing that radon daughters such as Bi214 or 

its pre·cursors,. Po218 and Pb214, can be removed at 600° 1 

leaving the radon firmly bound. No uuubt practical 

applications of the electrical 4.ischarge me.thods can be 
.. 

found, such as··the preparation of radon sources for 

medical· .and·: other purposes. 

5~15-63/Jcw 
., 
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Fig. 2. 226 Radioactive decay of Ra and subsequent 

daughters • 

. •. 

; 
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Fig. 3. Apparatus for:experiments with ozone and 

radon. 
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Fig. 4. Apparatus for producing microwave discharges 

in quartz. 
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Fig. 5· . Metal microwave cell· 
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