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This mass of manganese in the form of manganese dioxide 

was dissolved in nitric acid with the help of hydrogen 
+ peroxide and then diluted with distilled water to 1000 -

0 . 30 ml in a Pyrex volumetric flask. Care was taken to 

i nsure that the flask and its contents were at room t emper -

ature ( an air conditioned 20° C) before the level of the 

solution in the flask was brought up to the calibration 

l ine . The analysis of the nitric acid and the hydrogen 

pe r oxide is given in Appendix C. In addition, approximately 

250 A of the distilled water was irradiated and analysed 

( Fig . 23 ) . As a result of these ana lyses , it was judged 

that the distilled water, the nitric acid and the hydrogen 

pe r oxide did not contribute significantly to any activity 

which coul d be mistaken for the standard and thereby intro-

duce an error . 

The actual standard was produced by pipetting 100 A 

of this s olution into a polyethylene capsule . Kimax micro-

pi pets with a publ ished tolerance of 0 . 3% at 20° C were 

u sed ( 26 ). Since this is the volume contained and not 

delivered, a careful wipe and triple rinse technique 

described in Chapter V insured that the total volume con-

tained was delivered. To allow for possible human errors, 

a value of 1% was assigned to the pipe tting uncerta i nty . 

To insure that solutions were homogenous, first a 

check was made for any obvious precipitate. I f any was 
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found, a different compound and/or reagent was used to 

insure complete dissolution of the standard material . 

Sec ond, all solutions were shaken well prior to use. 

The dilution and micro-pipetting described yield a 

s tandar d with the following weight and uncertainty 

{wt + flwt)std = 

( 27) 

( 0 . 0232 )( 0 .100 ml) [ + ~0 . 0001) 2 
+ (o. 30) 

2 
+ (-~-Y = 1 -1000 ml 0 . 0232 1000 100 

= 2 . 32 x io-6 (1 + Js x l o- 5 + 9 x 10-9 + 1 x 10- 4j 
{wt + .tiwt ) std = ( 2 . 32 + 0 . 09) x lo-6 gm -

While it may be argued that part of the standard might 

have been lost during the drying process , the amount lost 

was considered to be negligible, because the standards are 

nonvolatile and the drying or evaporation took place at a 

very s low rate . Precautions were also taken to i nsure that 

dust and particulate matter did not settle from the air and 

into the standards during the drying process . To further 

insure that no contamination that might produce gamma rays 

at the same energies as the standards took place, clean 
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polyethylene g l oves were worn during encapsul ation and 

samples were handl ed on l y with a forceps freshly cleaned 

in acetone . 

The glassware used in this analysis was cleaned by 

Ames Lab personnel using the f ol lowing standard technique : 

I tems are first dipped in alcohol to remove any grease . 

Th is i s followed by a soaking period in a sol ution of hot 

sulfuric and nitric ~cid which is then followed by a rinse 

in t ap water . The glassware is t hen inspected f or any 

stubborn deposits which are then r emoved by hand brushing 

wi th 11BAB0 11 a commercial cleanser . All pieces are then 

rinsed with distilled water and put on a rack to dry . This 

procedure appeared to be satisfactory since no unusual 

activity which might be attributed to contamination from 

the glassware was noted. 

The weight of the crystal and the uncertainty in the 

·weight are found in the same way as the standard yielding 

(wt + Awt ) 
- u crystal = 0 . 2421 + 0 . 00014 gm 

During an irradiation the number of parent nuc lides 

decreases as the products are formed . During a long 

i rradiation the number of parent nuclei may be reduced 

enough to r educe the r eaction r ate and give an erroneous 

quantitative analysis. Using a cross section of 13 .3 b for 

manganese , a maximum f l ux of 3 . 4 x 1013 n/cm2sec and a maxi -

mum irradiation time of 3 hrs , the sample calculation which 
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follows shows the decrease in the number of parent nuclei 

i s not significant . 

N = Norg ( cr) (T) ( ¢ ) 

N = Norg (13 .3 x lo-24 )(3 .4 x 1013)( 3)( 3600) 

N = 4 .8 x 10-7 Norg 

where 

N = the dec r ease in number of parent nucle i, 

= t he original numbe r of parent nuclei . 

Since the decrease is negligible , no uncertainty has been 

calculated . 

During irradiation the sample s are adjacent to one 

another as shown in Fig . 24 , yet they may be exposed to 

different fluxes due to spacial flux variations . 

Sample A Sa mple B Sample C 

0 . 5 cm 
3 .9 cm 

BC ...----AC 

\ 
Fig . 24. Flux variation versus position 

flux 
gradient 
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Th i s variation was measured by placing 11 identical 11 

s tandards A and C on either end of the magnesium oxide, 

sample B, during irradiation . The ratio of the flux at C 

to t hat at B 

= ( 28 ) 

ma y be found by measuring the same full-energy peak areas 

in s tandards A and C, and appl ying the ratios of the distances , 

to t hese peak areas to obtain a predicted peak area f or sampl e 

B. Because the 

( full- energy peak area ) «(activity ) Q (¢ ), the ( 29 ) 

flux r atio i n Equat i on 28 may be f ound as 

¢c = --
¢13 

= ( 30) 

wher e 

and 

Her e 

AC = full- energy peak a r ea of sample C corrected for 

decay and counting times 

i t can be readily shown that 

AB AA BC + Ac AB (31) = --p:c- --p:c-

AA = f u l l - energy peak area of sample A cor rected for 

decay and counting times, 
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~ . = r atio of distance between samples A and B to 

the distance between samples A and C (See 

Fig . 24), 

~g = ratio of distance between samples B and C to 

the distance between samples A and C. 

The decay and counting corrections to the photo peak 

areas and their uncertainties, may be found by applying 

propagation of errors theory to 

Area = 

where 

ta = decay time, 

tc = counting time 

K = A 

K = constant including saturation factor, 

detection efficiency, number of parent 

nuclei, etc . 

The flux, ¢, is propqrtional to the spec ific area 

which is given by 

= 

The specific area and its uncertainty is given by 

= A A. 
[ 1 ~ J~ 

( 32 ) 

( 33 ) 

4 
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To illustrate the treatment of the flux variation between 

the sample and standard , the following data and assumptions 

will be u sed : 

1) Data taken from Exp 8-27-69 , counts 2, 3, and 4; 

( two manganese standards and a magnes ium oxide 

crystal). 

2 ) The 1.81 Mev full ene r gy peak of manganese -56 is 

u sed . T 1/2 = 2 . 576 ± 0 . 0005 hr, A = 0 . 2690 ± 
0 . 00005 hr . 

3 ) Peak areas and uncertainties are given by ICPEAX . 

4) Uncertainties in the counting and decay times are 

0 . 0003 and 0 . 0083 hr respective ly, ( to be dis-

cussed later ). 

Using this data and the se a ssumptions , Equation 34 

gives a specific area for standard A of 

( 2240) ( 0 . 2690) 
( A ~ M )c = ( 1 _ e - ( o . 269 ) ( o . 278~ ( e - ( o . 269 )( 1. 20 )) 2 . 32 

+ ? 45 ) 2 ( 0. 09 ) 2 + ( 0 . 9282 \ 2 ( ( 0 00007) 2 
V{224o + 2 . 32 o . 011s; · 

= ( 2240)(0 . 2690) [ +) 4 5 --'-----<-->-----'~--- 1 - 4 . 0 x 10 - + 8 . 0 x 10 -
( 0 . 0720)(0 . 968 )( 2 . 32 ) 

+ 2 . 5 x 10-7 + 4 x 10-10 + 4 x lo-8 ] 
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= 3730 ~ 75 counts/hr ug 

The specific activity of the same peak in sample C is 

[ ~ 
2 2 

- + - ( 794) ( 0 . 2690 ) + v. 25 ) (0 . 02 ) 
(A - ~A)A = ( 0 . 0720 )( 0 . 477) ( 2 . 24) l - ~794 + 2 . 24 

+ ( 2 . 2 x io-3)] 

~ 2670 [ 1 ~ J 9 . 9 x lo-4 + 8 . o x lo- 5 + 2 . 5 x lo- 7 

(A± 6A)A = 2670 ~ 87 counts/hr ug 

Now applying propagation of errors theor y to Equations 

30 and 31 , the flux r atio and its uncertainty can be written 

as 

Ac 
( 35) -- = 

(AA(~~2 [(t 2 + (~) 2 + (~) 2] 
[ A A ( ~g) + Ac ( ~~) 1 2 

6 



+ 

= 

+ 

6¢R 
- = 
~R 

6¢R = 

ti¢R = 

¢R + -
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3730 

2670 ( ~ : ~ ) + 3730 

(( 3730 ) ( 3 . 4))\2 [ 75 2 
\ ( 3 . 9 )_ 3730 + 

(~) 3 . 9 

2 0 . 05 
3.4"" 

= 3730 
3600 

0 . 05 2 0 . 05 2] 
0.5 + 3 , 9 

3 . 4 ]
2 

3 ,9 

0 . 0 5 
+ 3 , 9 

( 1.1 x 105) [0 . 0001 + 0 . 01 + 0. 0002] 

· i. 3 x io7 

( 1. 1 x 10 7) [ 0 . 001 + . 0002 + . 0002] 

v 0 . 002 = 0 . 045 

( 1. 0 ) ( 0 . 045 ) 

0.045 

t!¢R = 1. 0 + 0.05 -
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The above development points out that the l argest 

contribution to the uncertainty in the flux r atio, ¢R, 

arises due to the uncertainty in the measurement of the 

area under the full-energy peaks and to the uncertainty in 

the measurement of the position of the samples during 

irradiation . 

Another factor which may introduce uncertai nty i s se l f -

shielding . The self-shiel ding factor is defined as the 

limit of the ratio of the specific activity of the sample 

t o i ts specific activity as i ts mass a pproaches ze ro. Nisle 

( 35) approximates the self - shielding factor f ( v ) as foll ows 

where 

and 

f(v) 

v 

v 
s 

= 

= 

= 

= 

4v~ 

s 

sample volume, 

sample surface, 

total macroscopic cross. section . 

( 37) 

The magnesium oxide crystals used wer e in t he for m of 

rectangular solids 0 . 38 x 0.38 x 0 . 74 cm on a side . Since 

they were better than 99.9% pure, on l y the magnesium oxi de 

in the matrix is cons ide r ed . It has a macroscopic cross 

section of 0.0027 cm-l ( 21) . Using the above dimens i ons 

the sample vol ume is 



v = 
v = 

while the 

A = 
A = 

so that 

. v = 

and 

f(v) 
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(0.38)(0.38)(0.74) cm3 

0.107 cm3 

surface area of the sample is 

(0. 38) (0. 38)(2) + (0.38)(0 .74)(4) 

1.42 cm2 

4VI: 
s = 

v 

.( 4) ( 0. 107) ( 0 . 0027) 
1 . 42 

= 8 . 15 x io-4 

-8 15 x lo-4 
1 - e · 

8 .15 x l o-4 

f(v) = 1.0 

This demonstrates that self-shielding for the MgO crystal 

is negligible. Since· the comparitor standards represent 

only approximately 1 ug of each of the several impurities 

present in the crystal, and because the material is spread 

over the surface of the capsule bottom, the self-shielding 

factor of the standards departs even less from unity than 

i t.does for the crystal. Therefore, the self- shielding 

factor in this analysis was judged to be 1.0 and assigned 

an uncertainty of zero . 

One of the more obvious sources of error in any experi-

ment dealing with radiation counting is the counting geometry . 

Counting is often done at a fixed position on a sample holder 
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which is at a fixed distance from the detector . Thi s creates 

an identical counting geometry providing the samples are 

identical . In this work the samples were no t identical . 

The standards consisted of a dried solu tion on the bottom, 

with an unknown portion extending up the sides, of the 

i rradiation capsule, while the MgO sampl e was in the form 

of a r ectangular solid in the bottom of a similar capsule . 

Thi s situation created an uncertainty in the source-to -

detector distance which was removed by rotating the sample 

a s discussed in Chapter III. Any spacial variations not 

r emoved by this technique were judged to be small and were 

ignored . 

It is possib le that a systematic error or uncertainty 

may be int roduced in the counting time by the automatic 

timer associated with the ana lyzer . This i s especially 

true if the analyzer is operating with high "dead " time . 

Since all counting u sed in the quantitative analysis was at 

zero "dead " time , and since it will be shown that the uncer-

tainty in the counting time is not significant ; it was 

a ssigned a conservative value of ± 1 sec for this example. 

The uncertainty in the decay time, or time since 

irradiation, is somewhat greater for several reasons . Firs t , 

the time of the end of the irradiation was r ead by the 

r eactor operator introducing several seconds of uncertainty . 

Second, the clock used to r ead the time of the end of 
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irradiation is not the same clock as u sed to r ead the decay 

times, and third, t he decay times are read by the experi-

menter i ntroducing another uncerta inty . Because, as will 

be shown, the uncertainty in the decay time is not a 

significant factor i n the overall uncertainty, a conserva-

tive value of ! 30 sec was assigned to t he decay time 

uncertainty . 

An uncertainty related to the counting and decay time 

is t~e uncertainty in the half-life . For this work the 

half-life values tabulated in Lederer, Hollander, and 

Perlman (28 ) are used . The uncertainty is considered to 

be ± one -half of the last significant figure . 

The determination of the area of the full - ener gy peak 

produces an uncertainty which is a function of the count 

r ate , the number of accumulated counts , the background count , 

and the presence of adjacent full-energy peaks . The area 

and the uncertainty in the area u sed in this work was ob-

tained from the data by a computer program ICPEAX (Appendix 

A) . It was empirically verified that the a r eas given by 

this program gave more consistent r esults than the results 

of "hand " cal culations discussed in Chapter II. 

Applying the propagation of errors theory as given in 

Chapter II to t he manganese exampl e r eveal s the relative 

contribution of each of the uncer tain ties discussed above . 

I gnoring the self-shielding and counting geometry factors 
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for the r easons discussed , Equation 16 becomes 

= 

+ (38) 

The mass of the manganese standard as computed earlier in 

this chapter is 

{m: 6m)s = (2 . 32 ± 0.02) x io-6 gm 

The peak area r atio between the unknown, Au , and the standard, 

As, is given as 

= (b::) 2 

] (39) 

Inserting the peak areas and uncertainties as provided 

by ICPEAX, Equation 39 yields 

[ (2~~5 ) 2 
] 4489 1 : \~4~~9) 

2 
(A ~ ~A)R + = 2245 

(A ± t.A)R = 1. 990 [ l + - J 4 .5 x io-4 + 4 x ·10-4) 

(A ± !lA)R = 1.990 + 0.058 
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The ratio of the decay of the standard to that of the 

unknown is given as 

- >..ta 
[ l + J t ) 2 (D + tiD)R 

e s 
- = 

- Atd \ti ds 
e u 

+ {ta_ub.A.) 2 J ( 40) 

wh ere 

T 1. 2.576 + 0 . 0005 hrs = 
2 

and 
0. 69315 

( 0 . 2690 + 0 . 0001) 
1 

>.. = = - hr ( 2.576) 

so that 

e - 0 . 269 ( 1. 2) l l ± Vco . 269)(0 . 0083) (D ± L\D)R 2 
= 

e-0.269 (1. 5 ) 

(120) ( 0 . 0001 ) 
2 

( 0 . 269 )( 0 . 0083) 2 + 

+ ( 1. 5 ) ( 0. 0001) 2 ) 

1 ~ v 4 . 6 x ( D' ::- l\D ) R 
0 . 726 

10- 6 + 3 . 6 x 10- 5 = 
0. 660 

+ 4. 6 x 10-6 + 5 . 6 x 10- 6 

(D ± .ti.D )R =" 1.101 + .0 . 001 -
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The ratio of the count ing time of th e s t andard to that 

of the unknown is given as 

here 

ts + -c 

tc ± u 

( 1 - e - Atc s ) 

( 1 - e - >..tcu ) 

Llts = 1000 
c 

ti. tc = 4000 
u 

(41) 

± 1 sec = 0.2780 ± 0 . 0003 hrs 

~ 1 sec = 1 . 11 ± 0 . 0003 hrs 

[ 1 ~ ( C ± 6C)R = 0 . 0720 l6 : ;~~0~ 
2 

[(co .27s )( o .0001V 
2 

0.2580 

[(< 1. 11)(0 .0001 ~ 2 + ~ 0 . 269 )( 0 . 0003 v 2] ] 
( C ~ L\C )R = 0 . 2790 [ 1 ~ v( 16 . 5) [ 6 . 9 x 10- 9 + 6 . 5 x - 9] 

+ (8 . 6 ) [ i.11 x i o-9 + 6 .5 x i o-9 1) 

( C ~ t C)R = 0 . 2790 + - 0.0001 . 
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Putting all of the factors calculated above into 

{m + am )u = m5 AR¢RDRCR [ 1 ± J(~) \ (LI~: ) 2 

+ ( ~: f + {L\~r+ (LI~:) 2 1 
yields the mass and the uncertainty in the mass of the 

unknown. 

(m ± t.m ) u = ( 2 . 32 ) ( 1. 990 )( 1. 0) ( 1. 101)( 0 .2790 ) [ 1 :!: 

1/(0 . 025) 
2 + 

2 . 32 

+ ( 0.001) 
2 + 

1 . 101 

(m ± ~m)u = 1.4 ~± 1/i.15 

+ 2 . 0 x io-3 

(m + t.m ) = 1. 4 ± 0 .1 ug u 

( 0 .058) \ 
1 . 990 

( 0 .045) 
2 

1 .0 

(0 .0001) 
2 

0 . 2790 J 
x 10- 4 + 8.5 x l o-4 

+ 1.0 x i o-6 + i. 28 x io-~ ] 

To find the concentration in ppm, the mass of the 

i mpurity is divided by the mass of the crystal. 

mu 
[ 1 ± ~~~) 2+ 

2 ] ± ( Ll:: ) ppm £\ppm = ms 

= 1.4 [ 1 ± J(~) 2
+ (0.00011 2 

] 
0.243 1.4 0 . 243 

(.42) 

( 43 ) 
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[ io-7.1 5 .9 1 + ../2 . 1 x lo- 3 + 1.7 x -

±- .6,ppm 5 .9 + 0 . 3 ppm = -

Equations 42 and 43 show that the largest uncertainties 

in order of decreasing size are in the determination of the 

flux r atio, the peak area ratio, and the mass of the 

standard . The uncertainty in the determination of the flux 

r atio, which is about ten times larger than the other two, 

has been shown to be comprised of two things : 

1) A contribution from the uncertainty in the location 

of the two flux calibration standards with respect to the 

magnesium oxide crystal ; 

2) A contribution from the uncertainty in the full-

ener gy peak areas . 

The operational characteri~tics associated with a 

.particular detector, analyzer, and data hand l ing system 

are also possible sources of error which are hard to 

evaluate . Since t he same system was used for each associ -

a ted pair of experiments , each of which is complete in it-

self, this error is assumed to cance l . Since there was no 

evidence that this uncertainty should be considered, it was 

neglected. 

Summa rizing the error analysis , it appears t hat the 

l argest sources of uncertainty in the qualitative analysis 

are interfering full-energy peaks at approximately the same 
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ener gies , peaks too small to be statistically significant , 

i mpr oper ca l ibration and contamination prior to irradiation . 

The chances for error are i ncreased as the sensitivi t y l imit 

i s approached . Quantitatively, the largest sources of uncer -

t ainty listed in descending order are in the deter mination 

of t he flux r atio between the sample and standard, the full -

ene r gy peak area, and the mass of the standard . Since about 

ha lf of the uncertainty i n the f l ux ratio comes from the 

unce r tai nty i n the peak areas used, improvement in this 

f actor wi l l do much to i mprove the accuracy of the quantita-

tive ana l ysis . Another suggestion is to rotate the samples 

about one another during i rradiation exposing both to the 

same f l ux a nd eliminating t he uncertainty in the flux ratio 

al together . 

Three recommendations for f urther study are : 

1) Deve l op a more accurate method of determi ning the 

ful l - ener gy peak a r eas . 

2) Eliminate the f lux gradient by rotating the sample 

during i rradiation or by some other technique . 

3) Deve l op a technique for the analys i s of the 

ca~ c ium, a common impuri ty in magnesium oxi de , and other 

shor t lived activities . 
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CHAPTER VII . SUMMARY 

A technique for the qualitative and quantitative non-

destructive analysis of a solid magnesium oxide specimen has 

been developed . The ability to quantitatively determine 

trace impuritie s in the ppb range using specimens i n an "as 

i s 11 form has been shown . 

The technique utilizes neutron activation and gamma ray 

spectrometry to detect impurities whose half - lives are 

greater than one hour . Comparitor techniques are used for 

t he quantitative analysis and have been shown to give an 

accuracy of ± 5%. A detailed error analysis is given . 

A comparison of the value of the Ge (Li) versus the 

NaI(Tl) detector system and between the qualitative results 

u sing activation analysis and emission spectroscopy is made . 

The technique as deve loped has two obvious shortcomings . 

First , isotopes whose activi ties have half-lives on the same 

order of magnitude as the magnesium matrix could not be 

detected and second, the technique i s time consuming . A 

minimum of four weeks must be allowed for a complete quali -

t ative and quantitative analysis . 
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APPENDIX A. ICPEAX 

"ICPEAX-7 11 1 is a FOR'I1RAN IV program written for the IBM 

360/65 computer. I t automatically de t ec t s full-energy peaks 

in Ge (Li ) spectra, determines the peak pa rameters, and can 

p lot the spectra . While the program was designed to be used 

with the Ge (Li ) detector , it also works with the NaI (Tl ) 

detector . 

The input for "ICPEAX" is 1600 or less channels of r aw 

da t a punched on cards . The program detects full-energy peaks 

by analysis of a smoothed second derivative of the spectrum. 

All negative minima are considered fu11-energy peaks if two 

conditions are met : The width of the peak must be between 

3 t o 15 channels, while the magnitude must be at least 0.35 

t imes t he standard deviation. After this preliminary search , 

t he r esults of which are printed, a gaussian fit i s attempted 

.on all peaks . The f ull- energy peak background is appr oxi-

mated by a s t r a i ght l ine subtracted before the anal ysis . At 

th is point the peaks are checked fo r a gauss i an fi t u sing 

e ssenti a lly the program written by Heath ( 18 ) . The peaks 

a·re c onsidered real only i f they satisfy t he gau ss i an fit 

rout i ne . 

The pr ogram uses t he coefficients of t he linear and 

quadr at i c calibration l ines of the detector to ass i gn 

1Hau stein , Peter, Ames Lab , Ames , I Oi·ra . I CPEAX- 7 . 
Private communication . 1969 . 
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energies to each of the peaks it considers real . The 

foll owing information about each real peak is printed : 

location ( Kev ), standard_deviatlon, width, he i ght , area, 

s tandard deviation of the area, line slope , line intercept , 

fi t, and the energy (using both l i near and quadratic cali-

brations ). In a ddition, the program will yield either a l og 

or l inear plot of t he spectrum on which each of the peaks 

is labeled with its appropriate energy ( quadrat ic cali-

bration ). 
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APPENDIX B. PRESTO 

11 PREST0 111 is a FORTRAN IV program written for the IBM 

360/65 computer which converts data in the form of IBM 7-
track magnetic tape to punched card format and/or listed 

data on the computer output . Data in the form of punched 

paper tape from the multichannel analyzer system is first 

recorded onto magnetic tape. This tape is then submitted 

to the computer with the program to obtain list i ngs and 

decks of the data. The program was originally written for 

1600 channel spectra but has been modified to accept 256 , 

512, and 1024 channel spectra . Now, as before , the program 

will accept any number of such spectra . For each data set 

either listings, card decks, or both may be obtained from 

the program . If errors occur during the transfer of the 

data from tape to cards or l i stings , the program indicates 

the type of error on the computer output. 

1Haustein, Peter, Ames Lab, Ames, Iowa . PRESTO . 
Private communication . 1969 . 
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APPENDIX C. ELEMENTS AND REAGENTS 

Specifications of Elements and Reagents 
Used as Standards 

1 . Ammonium Hydroxide (NH40H) 

Manufacturer .. . Allied Chemical Corporat ion 

Ana l ysis ..... Ma teria1 

Cl 

I • 

Fe 

2 . Antimony ( Sb ) 

Form .. . ... . Sb2o3 
Manufacturer . . . Baker Chemical Company 

Ana lysis . .... Material 

Cl 

Heavy Metal (Pb) 

Fe 

3. Barium (Ba ) 

Form . . . . . .. Ba02 

0 . 00005 

0 . 00004 

0 . 0001 

0 . 00005 

0 . 000010 

99 , 7 

0 . 01 

0 . 10 

0 . 015 

0 . 001 

0.01 

Manufacturer . . Allied Chemical Corporation 
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Analysis . . . . .Materia l ~ 

Fe 0 . 03 

Pb 0.002 

Cl 0.01 

Ca 1.0 

4. Cale ium ( Ca) 

Form .. .cao 
Manufacturer . . Mallinckrodt Chemical Works 

Analysis .... . Material 

Pb 

Cl 

Fe 

5 . Cesium ( Cs ) 

Form . . . . . . . CsN03 
Source . . . .. . Ames Lab 

0.01 

0 . 005 

0 .10 

1.0 

0 . 05 

0.1 

Analysis . . . no specifications given 

6. Chromium (Cr) 

Form . ... .. . Cro3 
Manufactur e r . . . Baker Chemical Company 

Analysis . ... . Material 

Cro3 
Insolubles 

99.1 
0.005 



7 . Coba l t (Co ) 

Form . .. 

Source . 

Ana lysis . 

8 . Copper ( Cu ) 

1 36 

Material 

Fe , Al, Ba 

. .metal foil 

.Ames Lab 

. . pur ity grade 

Form . .. . . .. CuO (powder ) 

Manufacturer . .. Baker Chemical Company 

Ana l ysis . . .Material 

Insol ubles 

Cl 

N03 
S04 

Fe 

9 . Glac i al Acetic Acid (cH3COOH ) 

Manufacturer . .. Dupont Chemical Company 

Ana l ysis . ... . Materi a l 

Cl 

S04 
Fe 

Heavy Metal (Pb ) 

% 
0. 003 

0. 050 

0. 003 

0. 004 

0.015 

% 
0 . 01 

0.005 

0 . 001 

0 . 0 1 

0.06 

0 . 00005 

0 . 00005 

0 . 00002 

0 . 00005 
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10. Hydrofluoric Acid (HF) 

Manufacturer . 

Analysis ... 

. Mallinckrodt Chemical Works 

. Material 

As 

Cl 

H2SiF6 

Heavy Metal (Pb ) 

Fe 

P04 

S04 

so3 

0 . 000005 

0 . 0005 

0.01 

0 . 00005 

0 . 0001 

0 . 0001 

0 . 0001 

0 . 001 

11 . Hydrogen Peroxide (H202) 

Manufacturer . .. Baker Chemical Company 

Analysis . . .. . Material % 

12 . Iron (Fe ) 

Form .. 

Source . . 

Analysis. 

H202 30 

Cl 0 . 0003 

N 0. 0008 

P04 0 . 010 

Pb 0 . 00005 

Fe 0 . 00001 

Cu 0 . 00002 

Ni 0 . 00002 

.metal 

. Ames Lab 

. purity grade 
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13 . Manganese (Mn) 

Form ... . Mn02 

Manufacturer. 

Analysis . 

. Mallinckrodt Chemical Works 

. . Material 

Mn02 

Alkalis and Earths 

Cl 

Insolubles 

N03 
S04 

14. Molybdenum Trioxide (Moo3 ) 

Manufacturer ... Baker Chemical Company 

Analysis ..... Material 

15 . Nickel ( Ni ) 

F orm .... 

Mo03 

I nsolubles 

Cl 

N03 
P04 . 

S04 

NH4 
Pb 

Manufacturer . . . Baker Chemical Company 

% 
99 , 5 

0 . 2 

0 . 01 

0 . 05 

0 . 05 

0 . 05 

99,5 

0 . 002 

0 . 001 

0 . 003 

0 . 0002 

0 . 01 

0 . 008 

0 . 002 
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.Material 

Insolubles 

Cl 

N03 
Pb 

Cu 

Co 

Fe 

Alka lis and Earths 

16 . Nitric Acid (HN03) 

Manufacturer . . . Bake r Chemical Company 

Analysis .. ... Mate rial 

17. Phosphoric Acid 

Pb 

Fe 

Cr 

Ni 

Manufac turer ... Baker Chemical Company 

Analysis . . . . None given 

0 . 003 

0 . 0003 

0 . 005 

0 . 001 

0 . 001 

0 . 06 

0 . 001 

0 . 20 

70 . 0-71 

0 . 000008 

0 . 00008 

0 . 0000005 

0.00001 

0.00001 

0 . 00001 

0.00002 

0.000005 

0.000005 
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18 . Scandium ( Sc ) 

F orm . . . . . . metal 

Source . . . . Ames Lab 

Ana l ysis . . . purity grade 

19 . Sulfur ic Acid 

Manufacturer . . .Bake r Chemi ca l Compa ny 

Ana lys i s . . . . . Material % 
Cl 0.00001 

N03 0 . 00005 

NH4 0 . 0001 

S04 0 . 0001 

As 0. 00001 

Pb 0 , 0001 

Fe 0 . 00001 

Cu 0 . 00005 

Ni 0 . 00005 

·20 . Titanium (Ti ) 

Form . . . . . . . Ti02 
Manufacturer . . . Matheson, Co l eman , and Bell, Inc . 

Ana lys i s . . . . Mate ria l % 
As 0. 0002 

Fe 0.01 

Pb 0 . 02 

Zn 0 . 01 
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APPENDI X D. EXPERIMENTAL EQUIPMENT 

Make , Model, and Serial Number 
of the Experimental Equipment 

Description 

Output typewriter 
and paper tape 
punch 

Te letype drive 

Master control 

Analog to digital 

Tape transport 

Reduce/integrate 
unit 

Memory 

Oscilloscope 

High vo ltage 
power supply 

Preamp, amp, and 
discriminator 

Preamp 

Ampl ifier 

Ge (Li) detector 

NaI (Tl ) detector 

AEC bin and 
power supply 

6V power supply 

Make 

Te l etype 

Nuclear Data 

Nuclear Data 

Nuclear Data 

Nuc l ear Data 

Nuc l ear Data 

Nuclear Data 

Model no . 

33TC 

2200 

2200 

Hewl ett Packard H77-120B 

Nuclear Data 

Nuc l ear Data 

ORT EC 

ORT EC 

ORT EC 

Harshaw 

Nuc l ear Data 

Nuclear Data 

537 

520 

118A 

435 

8201-0335 

12Sl2 

510 

Serial no . 

67-33 

67-168 

67-232 

67-14 

67- 4 

67-141 

601-111~-0 

67-39 

66-204 

625s 

82 

9 -P421 

DE354 

711150 

67-147 
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Descri ption Make Model no . Serial no. -
High voltage Fluke 405B 1692 
powe r suppl y 

Electr ometer Ke i th l ey 610B 34819 
a nd 1000 : 1 pr obe I nstruments 


