Electrodeposition of radon daughters on a charged rubber balloon

There are two purposes to this demonstration.  The first is that by showing that a charged rubber balloon left hanging becomes radioactive, a reasonable inference would be that the radioactivity had originated in the air.  The second is that by monitoring the count rate from the balloon fragments over a period of about 3 h, the count rate is seen to drop by a sort of exponential decay, being the compound decay of more than one short-lived radionuclide.

Method

Inflate a rubber balloon, tie it at the neck, attach a nylon thread, rub the balloon on your head until you hear the crackling that you get with static electricity and you feel your hair standing out, then suspend the charged balloon from a support so that it touches nothing.  Next start logging background radiation with a count period of one minute.  After 30 minutes, burst the balloon, place the rubber fragments on a sheet of paper under the GM tube window (Fig. 9) and note that the count rate has increased many times over.  Keep watching and the rate decays with a sort of exponential decay with a half-life of about 50 mins (Fig. 10).  Presumably the activity is that of 214Pb (26.8 min) and 214Bi (19.9 min) - progeny of 222Rn.  The demonstration nicely shows that the natural world is quite radioactive.  While it also shows radioactive decay, the decay curve is not analysable with school-level maths.

From the simplified list of emissions in the Uranium/Radium (4n+2) series (Table 2), energies of beta and gamma emissions from 214Pb are moderately high and those from 214Bi are very high.  These would be readily detectably by a GM tube sited a few centimetres from the rubber fragments.  The count is mainly caused by emissions from these two nuclides.

There may also be a minor contribution from the daughters of thoron (220Rn), whose relative abundance is very much lower than radon (222Rn).

	Nuclide
	Half-life
	Alpha energy

(MeV)
	Beta energy

(MeV)
	Gamma energy  (MeV)

	Radium-226
	1620 y
	4.8
	-
	0.19

	Radon-222
	3.8 d
	5.5
	-
	-

	Polonium-218
	3.1 min
	6.0
	-
	-

	Lead-214
	26.8 min
	-
	0.65
	0.35

	Bismuth-214
	19.9 min
	-
	3.3
	2.4

	Polonium-214
	1.6 x 10-4 s
	7.7
	-
	-

	Lead-210
	22.3 y
	-
	0.06
	0.05

	Etc.
	
	
	
	


Table 2.
Uranium-238 decay series from 226Ra onwards.

Electrostatic puzzle

According to the triboelectric series, when rubber is rubbed with fur, the rubber gets negatively charged.  This has been confirmed by checking with a coulombmeter.  Since radon decays by alpha emission, its daughter, 218Po, would be negatively charged also.  Why then does 218Po deposit on a negatively-charged rubber balloon?

The answer is that the 222Rn atom decays with the emission of an alpha-particle having an energy of 5.49 MeV.  The resulting 218Po atom has a recoil energy of 101 keV, sufficient to produce a recoil range of 72 µm in air. The freshly generated radionuclide interacts with the air molecules during its recoil path (the duration of which is of the order of nanoseconds), loses its charge and tends to be positively ionised with a single positive charge after

thermalisation. 
Here are some results when we carried out the experiment, using a very sensitive GM tube:
	Background activity        (Counts per minute)
	
	
	

	count

37
	
	
	

	31
	
	
	

	38
	
	
	

	29
	
	
	

	48
	
	
	

	55
	
	
	

	35
	
	
	

	36
	
	
	

	
	
	
	

	
	
	
	

	Time (mins)
	
	
	Activity (counts per minute)

	0
	
	
	

	1
	
	
	522

	2
	
	
	503

	3
	
	
	539

	4
	
	
	553

	5
	
	
	555

	6
	
	
	558

	7
	
	
	518

	8
	
	
	552

	9
	
	
	556

	10
	
	
	548

	11
	
	
	533

	12
	
	
	555

	13
	
	
	530

	14
	
	
	522

	15
	
	
	530

	16
	
	
	468

	17
	
	
	515

	18
	
	
	523

	19
	
	
	487

	20
	
	
	521

	21
	
	
	489

	22
	
	
	485

	23
	
	
	454

	24
	
	
	446

	25
	
	
	457

	26
	
	
	487

	27
	
	
	423

	28
	
	
	482

	29
	
	
	452

	30
	
	
	426

	31
	
	
	414

	32
	
	
	426

	33
	
	
	448

	34
	
	
	428

	35
	
	
	430

	36
	
	
	442

	37
	
	
	423

	38
	
	
	392

	39
	
	
	420

	40
	
	
	389

	41
	
	
	387

	42
	
	
	361

	43
	
	
	350

	44
	
	
	357

	45
	
	
	345

	46
	
	
	378

	47
	
	
	357

	48
	
	
	335

	49
	
	
	308

	50
	
	
	358

	51
	
	
	348

	52
	
	
	328

	53
	
	
	341

	54
	
	
	350

	55
	
	
	309

	56
	
	
	376

	57
	
	
	297

	58
	
	
	298

	59
	
	
	297

	60
	
	
	320

	61
	
	
	286

	62
	
	
	316

	63
	
	
	288

	64
	
	
	275

	65
	
	
	258

	66
	
	
	274

	67
	
	
	253

	68
	
	
	251

	69
	
	
	242

	70
	
	
	231

	71
	
	
	264

	72
	
	
	237

	73
	
	
	250

	74
	
	
	234

	75
	
	
	260

	76
	
	
	231

	77
	
	
	239

	78
	
	
	221

	79
	
	
	234

	80
	
	
	206

	81
	
	
	176

	82
	
	
	236

	83
	
	
	198

	84
	
	
	207

	85
	
	
	183

	86
	
	
	199

	87
	
	
	201

	88
	
	
	188

	89
	
	
	167

	90
	
	
	187

	91
	
	
	175

	92
	
	
	162

	93
	
	
	182

	94
	
	
	163

	95
	
	
	164

	96
	
	
	177

	97
	
	
	173

	98
	
	
	157

	99
	
	
	159

	100
	
	
	145


This experiment is unlikely to give a typical half life graph because there are several substances adhering to the balloon that are simultaneously decaying. Sources available to Scottish Schools that demonstrate half life are:
The protactinium generator

The barium eluting source

The Cooknell ionisation chamber and gas mantles.

These all have a mechanism allowing the decay of a single substance to be studied.

SSERC should always be consulted before you buy a source.

Here is another data set:

	
	Background activity (counts per minute)

	
	

	Background 1
	16

	Background 2
	18

	Background 3
	19

	Background 4
	13

	Background 5
	22

	Background 6
	18

	Background 7
	10


	Time (mins)
	Activity (counts per minute)

	0
	139

	1
	127

	2
	122

	3
	154

	4
	148

	5
	122

	6
	112

	7
	123

	8
	96

	9
	126

	10
	107

	11
	123

	12
	128

	13
	101

	14
	114

	15
	122

	16
	97

	17
	103

	18
	107

	19
	96

	20
	125

	21
	105

	22
	88

	23
	102

	24
	113

	25
	100

	26
	94

	27
	110

	28
	96

	29
	107

	30
	99

	31
	99

	32
	95

	33
	75

	34
	90

	35
	77

	36
	85

	37
	84

	38
	91

	39
	94

	40
	78

	41
	80

	42
	82

	43
	90

	44
	82

	45
	80

	46
	90

	47
	78

	48
	64

	49
	81

	50
	69

	51
	85

	52
	70

	53
	81

	54
	68

	55
	75

	56
	63

	57
	69

	58
	57

	59
	56

	60
	70

	61
	66

	62
	59

	63
	48

	64
	59

	65
	47

	66
	57

	67
	61

	68
	57

	69
	57

	70
	49


