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TABLE OF CONSTANTS

10 cm secﬂl

2.99776x10
96500 abs coul per g equiv.
4.8025%x10710 abs esu
1.60203%x10-12 abs coulombs
6.624x10-27 erg sec
6.0228x1023 mole~l
9,.1066x10"28gm

5.4862x10~% (physical scale)
1.66035x10~24 gm

1.4x10° 13

1.00814
4.00387
1.00899

931 MeV
1.49x1073 erg
3.56x10~11 cal

0.510 MeV
1.07x10"3 amu
1.60x10°°
3.82x10-14

erg
cal
23.06 kcal/mole

4
7

5
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8.766x10

Al/3 (A=mass number)
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APPENDIX IT ANSWERS

Part I
64
3020 (d)
1
lH {e)
1
2 oh (£)

Am = + 0,01140 amu
Q= ~10.61 MeV
Am = + 0,025 amu
Q = - 23.28 MeVv
Am = -0.0083 amu
Q=+ 7.73 MeV

Am = -~ 0,0002

Q =+ 186 keVv

1 1 _ 24
12 lH + 12 o = 12Mg

Am = -0,21300 amu
BE = + 198.30 MeV
BE/A = 8.26 MeV

1 1 60

27 lH + 33 ot = 27Mg

Am = ~0,56390 amu
BE = + 524,99 MeV

BE/A = 8,75 MeV

61

28Nl

y ray



1 1 197
(c) 79 lH 4+ 118 oft = 79Au
m= - 1.67630 amu

BE = 1560.64 MeV

BE/A = 7.92 MeV

1. SHe 2.22 fm 1820 7.68 fm
% 3.52 fm 20%en 8.27 fm
SeFe  5.36 fm 5% 8.68 fm
13AS  5.90 fm 220 Fm 8.89 fm

112

48Cd 6.75 fm

5. The radius doubles as the mass triples; i.e., there is very

little change in size.

6. (a) z_ =92
z, = 1 E, = 13.12 Mev
R = 8.68 x 10713 em
R, = 1.40 x 10713 cm

(b) 2z, = 26
ZH = 1 EB = 5.53 MeV
_ . -13

Ry, = 5.36 x 107> cm
Ry = 1.40 x 10743 em

27 13

7. Radius of “'Al = 4.20 x 10 ~° em

37

Volume of 27A1 nucleus = 4/3 nr3 = 3.10 x 10 Al atoms cm3



Density = 1.44 x 10+14 g/cm3
Part I1I
1. (a) E(g7) = -5.03 Mev E(gH)
(b) E(8) = 1.68 MeV E(8T)
(¢) E(g7) = 559 KeV (™)
(d) E(g8) = 6.61 MeV E (8T
(e) E(87) = 1.10 MeV E(gh)
90, _
2. M (3§Y) = 89.9017 amu
115 g 115 -
3. 49In — 505N E(B)
115, gt 115 +
50Sn > 49In E(8)
4. M (zggu) = 235,0439 amu
5. Isotope (min~1) N (atoms)
(a) §§c1 4.39x1071% 5. 05x102°
(b) ;gAs 4.18x10"%  s5.30x10%2
(c) giCr 1.73x107>  1.28x10%4

6. A_ = 1.96x10%cpm

7. t1/2 parent = 23.5 m-;’c.,_]_/2 daughter

= 1.77 MevV

= = 1.11 MeV

= -~ 3.44 MeV

= 3.54 MeV E(a) = 10.43 MeV
= 553 Kev E(a) = 8,00 MeV

599 keV spontaneocus

= - 599 kev

mass (g)

3.02x10 2

6.70x10 10

1.09%x10 8

= 3.4x10° m

(none of the daughter decays before all of the parent has
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decayed )

6.9x10dpm

It

From Graph: component (B) t 12 hr

1/2
component (A) tl/2

!

3 hr

Weight of 2%Th = 1.44x1078 g
weight of 144pr/g 14%ce = 4.21x107% g

Part III

2.3x105 ion pairs
68 kev

Al: 8.2 mg/cm?
air: 4.9 cm (Compare with Curve II, figure 11, Section III

(7))

Since the same dependence on velocity exists, il.e., (%%)

o 1
VZ’

be much less for electrons than for heavy particles.

the specific ionization per unit path length will

The ratio of energy lost by radiation and ionization is
n 1, This implies that a 10 MeV electron will loose energy

at approximately equal rates by both processes.



From Fig. 9, Pb: mostly pair production with some Compton

effact

Fig. 10, Al: Compton effect only

50 mr {a) = 1 rem
100 mr (g) = 0.1 rem
150 mr {y) = 0.1 rem

25 years - 35 rems
45 years - 135 rems

60 yvears - 210 rems

Part IV

1.6x10° ion pairs

Because of the smaller mass a g particle may loose a

large fraction of its energy in one collision. When this
happens the primary electron will be deflected through a
larger angle and have considerably lower energy. They in

turn will cause secondary ion pair formation.

N Eff (%) The rate of energy loss (_dE/dX)

1 63 for such particles is in the order
2 86 e>B>y. Therefore, the number of

3 95 primary ion pairs formed is least
4 98 for v's. G.M. counting should be

5 99 100% efficient for e's, and B8's



As N>6, Eff(%) > 100% since N>>6 but <100% efficient for

4, AV = 0,94V

14

5. 2.73x10° coulombs

6., R =5.8 mg/cm2

7. (a) 2.22x10° dpm.

(b) 2.22x10° dpm.

(c} 22.2 dpm.

(@) 22.2x10°dpm.

vy's since N can be very small.

Count 8 wusing G.M. or proportional counter.
Count rate too high for G\M. Also weak

8~ probably wouldn't penetrate G.M. window
(see Fig. 10)

Use windowless proportional counter.

Very low count rate. Can use icnization
chamber on windowless proportional counter.
Possible thin window proportional counter
could be used.

Proportional counter for R or count Y's

by NaI{Tl) scintillation counter.

Part V

l. By precipitation via

Agt + I” 5> AgT (insoluble in H,0)

-3

Agt + PO,

-

-+ AgP042 {(soluble in acidic solution)



(a) No, one would need 40M sulfate ion

(b) 8.2x10" 10

solvent 1 - 4.9x10™ % g/m1

solvent 2 - 2,4x10™° g/ml

solvent 1 = 43 cpm

solvent 2 1707 cpm

The vapor pressures of the two substances are considerably

different and that of one is large enough +to be useful.

Ton exchange chromatography using Dowex-50 and concentrated

HCl.
Zn - Zn+2 + 2e

Fe + Fe 2 4 2e (cathode)

Sn -» Sn+2 + 2e

H)0 > 1/2 0, + 28" + 2¢” (anode)

The voltage which must be applied to cause deposition

E v

app( )

Zn + 2.19
Fe + 1.87
Sn + 1.57

Part VI

o = 387; 149,613 — 150,387 counts

RS = 560 + 6 cpm

Ignoring the contribution of the background error
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R = 560 + 6
S —

Probable error = + 4

t =13.6m t, = l6.4 m
s b

0g = + 2 cpm or 3%

3,2,4

tGM ( tprop’ therefore G.M, will require less time for the

same error

3080, and 3580 should be rejected
shielded - 4.8 mj;unshielded - 7.9 m
No; yes

4.5x10°, 1.8x10%, 4.5x10%, 180, 45, 1.8
R
Use. egn. 1l and assume Ry << R+ therefore (l+2§§) > 1 and

Rg > Ry

(a) yes (b) not operating normally

2 Part VII
4E
E = —V
€ 4E +1
b
(a) 0.79 Mev for EY = 0,986
= 1.314

1,10 MeV for EY
(b) 0.342 MeV

(c) 0.022 MeV

(a) EY = 1.314, Compton



b
|

10

Ey = 0.9863Compton, some photoelectric
(b) Compton with considerable photoelectric

(¢c) Primarily photoelectric, some Compton

Pair Production EY > 1.5 MeVv
(a) Full energy peak: due to multiple processes

(b) Single escape peak: E = 1.78 - .51 = 1.27 MeV

(¢) Double escape peak: E 1.78 - 2(.51) = 0.76 MeV

(d) Annihilation peak: E = .51 MeV

For constant EY as the size of the crystal increases the
percent total absorption increases. For a constant crystal
size, typically 3x3, the percent total absorption decreases

with increasing EY'

From a graph, % resolution = 7.1%

energy of x-ray escape peak = Yl_Ex—ray
140 keV - 100 keV = 40 keV = Ex—ray

(a) EYl = 1.33 MeV

{b) EY2 = 1.17 MeV

(¢) 1.12 MeV Compton edge for 1.33 MeV Yy-ray

(d) 0.96 MeV Compton edge for 1.17 MeV y=-ray

Part VIII

24708 = 43,2 Mev

66.8 MeV

Ca. 236 MeV
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{a) 3.44 MeV

(b) 17.87 MeV

4.8 vy
815 b
3x10°s
Part IX
-3t . -it
(a) t »>> t%, e + 0, thus the saturation factor, (l-e )} -+
1; the activity of the product nuclide reaches a maximum.
(b) t <« t%, e_)‘t can be approximated by (1 - Aat}, therefore,
the saturation factor becomes 1-(1-it) = it. The activity
of the product nuclide increases proportionally with the
irradiation time.
(a) 8.58x106 dpm Use: A, = X(g)cf@
(b) 2.68x10° dpm
(c) 1.58x106 dpm Where M is molecular weight of de-
(d} l.67x106 dpm sired element
9
3.3x107 dpm
Irradiation time 2 t;5 + 75% saturation = (1 -e _At)
Actual disintegration rate = 5.6x108 dpm = AY
Ay = Nx0¢ {(.75)
20
Nx = 1,3x10 atoms
1271 = 2.8x107% g originally present

& = 9.39x10ll neutrons/cmz/sec
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Weight of unknown sample = 5.29:{10_6 g

Correct for efficiencies of the counters used

Isotope Decay Mode Mode of Production
lg;Cs B reactor
lgc B reactor
lgZPm B reactor or fission
23Co B+ accelerator
igs B_ reactor
lggHg EC accelerator
igCI B~ reactor
g£Co B reactor
1600y, 2.06x1011 dpnm
16lpp:  7.86x101%pm
17%
8.5 yr.

Part X
M2Cl6 143 cpm
295 ml
132 mg
-4
2.2x10 mg

5 mg



Pb = 0.058 mg/l

5,73x10" M

(a) 76%

(b) 3660 dpm

454 + 7 cpm

4. 7590 cpm

39: 14910 cpm

750 mg.

A-13

Bi = 0.0l mg/l

Part XT



APPENDIX IIT

Common Radioisotopes Listed According to Half-1ife

Production Method

Maximum
Specific

Half-life* Isotope Actlyvity* Radiation Reactor Cyclotron
123 h 130] ~40 Cifg I 8.7 (n,v)
1236 h 2K =450 mCijg K 8,7 (n,v)
12,80 h $4Cu  ~25Cijg Cu EC, 87, 8% {n,7)
13,47 & 0Spd 6 Ci/g Pd B,y (n, 7}
14.12 h 1Ga ~2Ci/g Ga 8, (1)
14.96 It 24Na ~10 Ci/g Na By (n,7
174 h 194]r  »30Cijglr 8,y (r,7)
19.2 h MPr 10 Cijg Pr B, {n.7)
23.9h 1YW 10 Cijg W 8,y 7
24 h $97mHg  ~500 mCi/g Hg EC,y (n, v)
26.4 h 7%As  ~4 Cifg As 8.7 (n,7)
3534 h 2Br 1 Ci/g Br 8.y (n.7)
38.7h 77As  CF 8,y (n, 7}, B—
40,22 h “olg ~9Ci/glLa 8.7 (n, )
46.8 h 153Sm ~40 Ci/g Sm B, (n,v)
S535h 1sCd  ~50 mCijg Cd 8,y {n, 7}
64.0 h Y CF, =1 Cifg A Fission, 84—

(n,7)

64.728 h 19AY  ~60 Ci/g Au B,y {n, )
65h 9IHg ~1 Ci/g Hg EC, vy 7
66.7h *9Mo 140 mCi/g Mo B, (n,7)
67.2h 1225b  ~2 Cijg Sb A,y (n, v)
3.154d 19%A0  CF 8.7 )
3.70d 186Re  ~15 Ci/g Re EC, 48,7 (n,v)
4.535d 4Ca  >150 mCijg Ca 8,y (n,7)
5013 d 210Bi  ~-50 mCi/g Bi B, (n,7)
5,270 d 133%e  CF B,y Fission
6.7d 1Ly ~20 Cijg Lu 8,7 (n, v}
7.5d mAg CF B, (n,7), B~
8.05d 1] CF 8.7 (n,7), B~
9.3d 168Er  ~1 Cijg Er 8.7 (n,7)
1106 d 4'Nd CF B,y Fission
12.0d 131Ba ~10 mCi/g Ba EC, v {n, 1)
12.80d 149Ba  CF B,y Fission
13.59d 14Ipr  CF EC,y Fission
14.28 d 2p  CF 8 325(n, py*:p
15.0d 19105 400 mCi/g Os 8,y (7
16.0d 48y CF BT EC, vy 45Ti(p, )tV
18.66 d 8Rb ~1Ci/g Rb By (n 7}
27.8d SICT. ~500 Ci/g Cr EC, ¥ (n, )
325¢ 141Ce 2 Ci/g Ce B, (n,7)
350d #MNb  CF B, Fission
35.1d 31Ar CF EC 40Ca(n, o) 3TAT
39.5d 13Ru CF B,y Fission
42.54d IMHF 2 Ci/g HI B,y (1)
43d HmCd - ~100 mCi/g Cd 8,y (. )
45.6 d 9Fe  ~20Ci/g Fe B,y (n, v3
46.9 d 203flg  ~1 Ci/g Hg B,y {n,7)
50.0d dmln  ~1Ci/gln v (n,7)
52.7d 25r CF A Fission
53d "Be CF EC TLi(p, n} "Be
58.8d 9Y CF B,y Fission
60.2d 1235] CF EC,v (n, ¥), EC—
60.4d 1248h  ~2 Cifg Sb B8, {n, 7}
64 d BSr  CF EC, v BSRb{p, n} B58r
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Production Method

Maximum
Specific
Half-life* Isotope Activity® Radiation Reactor Cyclotron
6554 »Zr CF B, Fission
72d s2Co  CF EC, ¥ sENi{p, n) **Co
75d 185W  ~500 mCifg W EC, B8,% (n.v)
8394d 465c  >5Cijg Sc B,v (n, 7
87.9d kL CF 8 335Cln, p) S
1067 d ssY CF EC, ¥ SSr{p, m Y
1094 127mTe  ~500 mCi/g Te B,y [ %]
115d 138n  ~-300 mCi/g Sn EC, vy (n,7)
115.1d i82Ta > 500 mCifg Ta B.v {n,7)
120.4d 8¢ ~-500 Ci/g Se EC, v (n, )
134d 170Tm  ~600 Cijg Tm B, {n,v)
140 d 133Ce  CF EC,y 139La(p, n) 13%Ce
144 d 2Dy  ~1 Cifg Dy EC, v {n, 1)
165d +3Ca ~10Ci/fgCa B8 {n, v)
183 d 1954y CF EC,y 195Pt(p, ) 195Au
| 2424 15Gd  ~3 Ci/g Gd EC,y (7
245d 67Zn ~3Ci/jgZn EC, 8%, v (n,v)
CF 8SCu(p, n) $*Zn
255d nomAe  ~1Cijg Ag B,y (n,v)
270d s1Co CF EC, ¥y ssFe(p, v) 37Co
280d ¢8Ge CF B+ EC, v $9Ga( p, 2n) 5°Ge
284 d 144Ce  CF B,y Fission
303d s4aMn CF EC,y S4Fe(n, p) S*Mn
330d Yy CF EC ~Ti(p, n) °V
368d 10sRu CF 8 Fission
453 d eCd  ~1 Cifg Cd, CF EC, 7 (m 7 103Ag(p, n) 199Cd
700.8 d 1MTm CF 8 (n,m), 8~
205y 138Cs  ~25CijgCs 8.7 (n, )
26y $5SFe  ~12 Ci/g Fe, CF EC () ssMn(p, n) 35Fe
262y 1Wpm  CF B,y Fission
2.62y 22Na  >1mCi/mgNa, CF 8+ EC,y 24Mg(d, a) 12Na
271y 125§ CF 8 (n,7), B~
381y 24T}  ~1Ci/g Tl EC, 8 (n,7)
5263y o ~50Ci/g Co B, 7 (n,v)
72y 133Ba ~1Ci/gBa EC,~» (r,v)
10.76 y sKr ~21Cijg Kr B,y Fission
12.262y H CF B sLi{n, a) 3H
127y 152Fy  >250 mCi/g En EC, 8,7 (n,7)
16y 154Fy =250 mCi/g Eu B,y {n, v}
217y w8r CF B Fission
300y 131y CF 8 Fission
30.2y 207Bi CF EC, v 207Ph(p, n) 207Bi
48 y “4Ti  CF EC,v 455c(p, 2n) 4TI
87y 151§Sm 25 Ci/gSm B,y Fission
2y 6Ni ~10Ci/gNi B8 {n,v)
1.2 x 107y 1sémHo  ~1 mCi/g Ho 8,7 (1,7}
5730y “wC  >2CilgC <] WN(n, p) *C
2 x 10y 9Nb 0.2 mCi/g Nb B.v (n, v)
B x 104y ¥Ni ~10 mCi/g Ni EC (n,v)
2,12 % 105y »Te 20mCifg Te B Fission
3.08 x 105y 36Cl ~10 mCi/g Cl a {rn, v}
74 % 105y 16A1  ~1 pCifg Al B8y 27Ap, pn) 28AL
27 x 105y 10Be  ~15 uCifg Be B8 (n, v)
1.7 x 107y 125] ~260 uCifgl Biv Fission
*h = hour, d = day, y = year
Cf = carrier-free
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3. P. Kruger, "Principles of Activation Analysis? John Wiley 1
& Sons, New York, 1971. |
i

I. Applications of Radionuclides

1. "Selected Topics in Radioassay", Searle Analytic Inc., |
Amersham/Searle, Oxford Laboratories.

2. T. Braun and J. Tolgyessy, "Radiometric Titrations", Pergamon
Press, Oxford, 19%67.

3. H.J.M. Bowen, "Chemical applications of Radioisotopes",
Methuen Press, London, 1969.

4. "Nuclear Techniques in Environmental Pollution", Inter-
national Atomic Energy Agency, Vienna, 1971.

J. Liquid Scintillation Counting

1. J.B. Birks, "The Theory and Practice of Scintillation Counting",
Pergamon Press, Oxford, 1964,

2. D.L. Horrocks, "“Applications of Liquid Scintillation Counting",
Academic Press, London, 1974,

3. A, Dyer, "An Introduction to Liquid Scintillation Counting",
Heyden and Sons, New York, 1974.

4., "Liquid Scintillation Counting", Vol. I (1971), II (1972) and
ITI (1974), Heyden & Sons, New York.

5. Also trade bulletins, etc. from manufacturers of chemicals,
counters and accessories for LSC, such as (not all inclusive
list): Millipore Corp; Res. Prod. Internat. Corp; New England
Nucl. Corp.; Isolab, Inc; Amersham Searle Corp.; Fisher Sci.
Co.; Packard Instru. Co.
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K. Monographs of the Subcormittee on Radiochemistry of
the Committee on Nuclear Science,NAS-NRS.

Copies of the monographs listed below are available fram the Clearinghouse for
Federal Scientific and Technical Information, National Bureau of Standards, U.S.
Department of Commerce, Springfield, Viginia 22151. The minimum price is
$3.00 for either one, two or three randomly selected publications. 2Additional
individual copies will be sold in increments of three for $3.00.

a)

Cadmiun

Arsenic

Francium

Thorium

Flwrine, Chlorine
Bromine, Iodine

Arericium and
Curium

Chremium

Rhodium

Molybdernum

Barium, Calcium,
ard Strontium

Zirconium and
Hafnium

Astatine

Beryllium

Indium

Zinc

Protactinium

Iron

Manganese

Carbon, Nitrogen,
and Oxygen

Rare Earths—

Scandium, Yttrium,

and Actinium
Technetium
Vanadiun
Tin
Magnesium
Rare Gases
Mercury
Rhenium
Ruthenium
Selenium
Transuranium

FElements
Aluminum and

Gallium
Antimony
Titanium
Cesiun

Radiochemistry of the Elements

NAS-NS-3001 (1960)
NAS-NS-3002 (Rev.) (1965)
NAS-NS-3003 (1960}
NAS-NS-3004 (1960)

NAS-NS-3005(1960)

NAS-NS-3006 (1960)
NAS-NS-3007 (Rev. ) (1963)
NAS-NS-3008 (Rev.) (1965)
NAS-NS—-3009 (1960)

NAS-NS—-3010(1960)

NAS-NS-3011 (1960)
NAS-NS-3012 (1960}
NAS-NS-3013(1960)
NAS—NS-3014 (1960)
NAS-NS-3105(1960)
NAS-NS-3016 (1960)
NAS-NS-3017 (1960)
NAS-NS-3018(1960)

NAS-NS-3019 (1960)

NAS-NS-3020(1961)
NAS-NS-3021 (1960)
NAS-NS-3022 (1960)
NAS-NS-3023(1960)
NAS-NS-3024 (1961)
NAS-NS-3025 (1960)
NAS-NS-3026 (1960)
NAS-NS-3027(1961)
NAS~-NS-3028(1961)
NAS-NS-3029 (1961)
NAS-NS-3030(Rev. ) (1965)

NAS-NS-3031 (1960)

NAS-NS=3032(1961)
NAS-NS-3033 (1961)
NAS-NS-3034 (1961)
NAS-NS-3035 (1961)




Radiochemistry con't.

Gold NAS-NS-3036(1961.)
Polonium NAS-NS-3037(1961)
Tellurium NAS-NS-3038(1960)
Niobium and

Tantalum NAS-NS5-3039(1961)
Iead NAS-NS-3040(1961)
Cobhalt NAS-NS-3041(1961)
Tungsten NAS-NS-3042(1961)
Germanium NAS-NS-3043 (1961)
Platinum NAS-NS-3044 (1961)
Iridium NAS=NS-3045 (1961)
Osmium NAS-NS-3046 (1961)
Silver NAS-NS-3047(1961)
Potassium NAS-N5-3048(1961)
Silicon NAS-NS-3049 (Rev,) (1968)
Uranium NAS-NS-3050(1961)
Nickel NAS-NS-3051 (1961)
Palladium NAS-NS-3052 (1961)
Rubidium NAS~-NS-3053 (1962)
Sulfer NAS-NS-3054 (1961)
Sodiunm NAS-NS-3055(1962)
Phosphorus NAS-NS-3056 (1962)
Radium NAS-NS-3057 (1964)
Plutonium NAS-NS-3058(1965)

Recent Proc. for As,At,Be,Mg,Ni,Ru and Se

Neptunium

A-22

NAS-NS—-3059 (1974)
NAS-NS-3060 (1974)

b) Radiochemical Techniques

Liquid-Liquid Extraction with Highmolecular-weight Amines NAS-NS-3101 (1960)
Separations by Solvent Extraction with tri-n-octylphosphine

Oxide NAS-NS-3102 (1961) e
Iow-Level Radiochemical Separations NAS-NS-3103(1961) '
Rapid Radiochemcal Separations NAS-NS-3104 (1961)
Detection and Measurement of Nuclear Radiation MNAS-NS=-3105(1961)
Paper Chromatographic and Electramigration Techniques in

Radiochemistry NAS-NS-3106 (1962}
Applications of Camputers to Muclear and Radiochemistry NAS-NS-3107(1962)
Application of Distillation Techniques to Radiochemical ‘

Separations NAS-NS-3108(1962) |

Processing of Counting Data

Activation Analysis with Charged Particles

Chemical Yield Determinations in Radiochemistry

Absolute Measurement of Alpha Emission and Spontaneous !
Fission NAS-NS-3112(1968) ;

Cation-Exchange Techniques in Radiochemistry NAS-NS-3113(1971) f

NAS-NS-3109 {1965)
NAS-NS-3110(1966)
NAS-NS-31111960)

Neutron Activation Technicques in the Measurement of Trace Metals
in Envirormmental Samples
Users' Guides for Radiocactivity Standards

NAS-NS-3114 (1974)
NAS-NS-3115(1974)
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