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STABLE ISOTOPE SEPARATION AND CALUTRON OPERATIONS 
A. E. Cameron 

I N T R O D U C T I O N  

Three special calutron separations have been 
made during thepast sixmonths in addition to  those 
contributing to replenishment o f  the inventory. 
High-purity Si28 was col lected in a single-pass 
operation, and very-high-purity Ca40 was similarly 
produced. The isotopes of boron and of l i thium 
were separated, anda very high purity was ottained 
by a second-stage operation i n  which enriched 
charge material was used. 

The inventory of chlorine, lead, antimony, and 
palladium isotopes has been replenished. Isotopes 
of dysprosium were separated and placed in inven- 
tory for the f i rs t  time. An experimental run de- 
signed t o  evaluate vanadium metal charge i n  the 
high-temperature source has been completed. At 
the end of th is  report period, platinum and tin 
were being processed. The estimated total weight 
of the 46 separated isotopes produced by processing 
11 elements i s  592 3. 

Imminent fai lure o f  the recirculated cooling- 
water system forced a shutdown of a l l  bui lding 
operations for s i x  days la te  in  June. During th is  
period the cooling tower was cleaned and repaired 
for the f i rs t  t ime in  eight years. The stoppage of 
production gave an opportunity for the commutator 
of the XBX motor generator t o  be dressed and for 
the XAX tanks, vacuum manifolds, and dif fusion 
pumps to  be cleaned. 

The new motor generator in  Bui lding 9736 has 
been enclosed, and the instal lat ion has been 
connected to the XAX magnet. It i s  now possible 
to secure a higher magnetic f ie ld  than before, and 
the stabi l i ty o f  the f ie ld  i s  greatly improved, The 
smoother operation result ing from better f ie ld  
regulation w i l l  produce an over-all increase i n  
both the output and purity of separated isotopes. 

C A L U T R O N  O P  E RATIONS 

L. 0. Love 
W. A. 8ell, Jr. 
G. M. Banic, Jr. 
W. K. Prater 
K. A. Spainhour 
C. V. Ketron 
R. L. Caldwell 

W. W. Davis 
G. J. Fisher 
0. M. Garrett 
F. G. K i l l i a n  
J. W. Raleigh 
C. W i  I l iams 
T. B. Wilson 

Chlorine, Series HY-XBX' 
The separation of chlorine isotopes was com- 

pleted on May 24, 1956. Operating character- 
i s t i cs  were discussed in  the report2 of the las t  
six-months' period. A to ta l  o f  1580 separator- 
hours wasused in col lect ing the fol lowing metered 
amounts o f  chlorine isotopes: 

I sotape Amount ( 9 )  Isotopic Purity (X) 

~ 1 3 5  21.26 97.5 
CI 37 6.74 67.0 

Total 28.00 

Ion-reception time totaled 1015 hr, with eff iciency 
of the process being 2.9%. (Process eff iciency 
i s  represented by that percentage of charge ma- 
terial which was metered as separated isotopes.) 

Lead, Series HZ-XAX 
The separation of lead was started on Apr i l  26, 

1956, and was completed on May 24, 1956. An 
increase i n  isotopic purity over that attained i n  
previous separations was desired. Even i n  48- 
in.-radius equipment the separation between 

'The suffix XBX or X A X  indicates that separation 
was performed in equipment having a 24-in. or 48-in. 
collection radius, rcspecti vel y.  

'L. 0. Love et a[., Stable Isotopes Semiann. Ptog,  
R e p .  May 20, 1956, ORNL-2114, p 26. 
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adiacent ion beams at the collector i s  only 0.245 
in. In previous separations, isotope collectors 
had rejected either the 207 ion beam or both the 
206 and 208 ion beams because o f  space l imi- 
tations. In this col lect ion an attempt was made 
to receive a l l  beams by using a sectionalized 
copper pocket to co l lect  masses 206, 207, and 
208. Erosion of the separators between 206 and 
207 and between 207 and 208 was so severe that 
holes were cut through the copper. Th is  erosion 
plus the possible contamination by material re- 
jected from other sections of the pocket, as indi- 
cated in  Fig. 1, made the use of such a receiver 
quite questionable. Assays of separated material, 
Table 1, indicate that product purity did not de- 
crease materially and that the increased per- 
centage of total beam collected would warrant the 
use of th is  receiver in future separations. 

A total of 1327 separator-hours was devoted to 
the series. Ion reception was maintained for 
906 hr at an average rate of 11.3 ma, the maximum 
being 24.0 ma. Eff ic iency of the process was 

UNCLASSIFIED 
ORNL-LR- DWG 17531 
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X -  POINT OF CONTAMINATION BY MATERIAL DROPPING OFF 
DEFINING FACEPLATE AFTER BEING REJECTED FROM 
POCKETS ABOVE 

Y -  POINT OF MOST SEVERE BEAM EROSION 

Fig. 1. Cross Section of Copper Pocket Used 
to  Receive Pb206, Pb207, PbZo8, 

7.4%. 
material were collected: 

The fol lowing metered amounts of isotopic 

Isotope Amount (g) 

Pb204 2.44 
P b206 18.5 
Pb207 19.7 
P b208 38.8 

Total 79.4 

Silicon, Series IA-XAX 
Th is  separation was started on May 24, 1956, to 

produce 99.9% Si28 from normal (92.27% Si28) 
SiCI, charge material in  a single-pass operation. 
The in i t ia l  13 runs of  the series were made with 
the S i28  ion beam collected in  either pur i f ied 
graphite or i n  water-cooled copper collectors. 
Retention of S i28 in each was approximately 75%; 
however, the assay of material col lected on copper 
was 99.61% Si28 in comparison with 99.90% for 
that collected on graphite. Th i s  difference i n  
purity suggested that the cold copper was, i n  
some way, trapping un-ionized sil icon. Subsequent 
runs were made i n  which the ion beam f i rs t  passed 
through a conventional graphite beam-defining 
plate and then through two uopper plates each 
cooled withalcohol  a t  -5OOC. The beam impinged 
on the inner surface of a cyl indr ical  p iece of 
graphite contained in a water-cooled copper pocket. 
Th is  faceplate and collector arrangement i s  shown 
in Fig. 2. Product purity of col lected material 
was 99.9% Si28, but retention upon th is  graphite 
insert was 20% instead o f  the 75% encountered 
with the conventional graphite receiv ing pocket. 
A l l  subsequent runs were made with the S i28  col-  
lected i n  standard graphite pockets pur i f jed in the 

TABLE 1. COMPARISON OF ISOTOPIC PURITY OF LEADSAMPLES COLLECTED 
IN VARIOUS TYPES OF RECEIVERS 

Isotopic Purity of Collected S a m p l e  (%) 

P b204 Pb206 P b207 P b208 
I sotopes Collected 

. 

AI I 40.04 79.80 60.06 95.42 

Pb20A and Pb207 38.48 66.54 

Pb204, Pb206, and PbZo8 36.89 83.12 95.90 

. 
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WATER COOLING 1 0 1 2 3 

SCALE I N  INCHES 

Fig, 2. Section of Si28 Receiver Pocket and Faceplate Assembly. 

carbon tube furnace. (Contaminants, such as 
s i l icon and iron, i n  graphite must be reduced by 
high-temperature chlorination before the graphite 
can be used for col lect ing the isotopes of these 
elements; otherwise the purity o f  the isotope i s  
altered greatly.) 

Separator t ime for the series tofaled 2352 hr 
with ion reception being maintained for 1638 hr. 
Peak separation rate was 18.8 ma, the average 
per reception-hour being 11.4 ma. Eff iciency of 
the separation process was 2.4%. The fol lowing 
metered amounts of isotopic material were 
separated: 

I sotope Amount (9) 

si28 18.3 
si 29 0.82 
si 3' 0.47 

I sotope Amount (9) 

si28 18.3 
si 29 0.82 
si 3' 0.47 

Total 19.6 

Dysprosium, Series 16-XBX 
This, the f i rs t  calutron separation of dysprosium 

isotopes, was started on June 15, 1956. The 
starting material was two batches of D y 2 0 3  sepa- 
rated from other rare earths by chemists in  th is  
d iv is ion working under the direction o f  Boyd 
Weaver. Spectrographic analysis showed that 
293 g of the material was terbium-free but that i t 
contained approximately 5% holmium. The re- 
maining 490 g of Dy20, contained only 2.2% 
holmium, but the terbium content was increased 
to 2.1%. Neither holmium nor terbium i s  isobaric 
with dysprosium. 

These two batches o f  oxide were converted to  
DyCl  3, and isotope separation was performed, 
wi th  the samples collected in purif ied graphite. 
The proximity of one ion beam to  the next (0.158 
in.) made mandatory the omission of certain col- 
lector pockets. Thus ions produced from terbium- 
free charge were collected i n  a receiver which 
rejected masses 160, 162, and 164, while masses 
158, 161, and 163 were rejected during the use of 
charge having low holmium content. As operations 
progressed and recycle became necessary, the 
two charges were combined. 

The use of DyCI, as charge required a high- 
temperature ion source and the use of a graphite 
charge container. Operation was accompanied by 
considerable high-voltage sparking and erosion 
o f  the ion-exit sl i t .  A moderate amount o f  ma- 
terial deposited on the inner periphery o f  the 
col l imating s lo t  and i n  the interior o f  the arc 
chamber. Focus of the ion beams a t  the receiver 
was very poor. None of the beams curved the 
normal amount, and, in addition t o  being nearly 
straight, they were thick at  the ends. Th is  effect, 
plus frequent shorting of  one pocket t o  another, 
made correct monitoring of the beams extremely 
dif f icult .  To  enhance purity under these con- 
ditions, the ion-exit s l i t  length was reduced 
from 6 in. to  3 in., and the s ize of the beam-defining 
s lo t  in  the receiver faceplate was reduced from 

'/8 in. to t 6  in. in  width. These changes reduced 
by 60% the ion current actual ly received. Run 
terminations were caused primarily by fai lure of  
the arc filament after approximately 19 hr of ion 
production. 
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In this series 1129 separator-hours was required 
to separate a metered 19.4 g of material. Ion 
reception was maintained for 578 hr a t  an average 
received rate (50% of  total) of 5.5 ma. Dysprosium 
was consumed at  a rate of 1.1 g per hour of ion 
production, with efficiency o f  the process being 
3.0%. The following metered amounts of isotopic 
material were collected: 

Isotope 

Dy156 
Dyl 58  
Dy 6o 

Dyl 62  
Dy163 
Dy164 

D p 1  

Amount (9) 

0.083 
0.243 
0.502 
3.80 
4.74 
4.79 
5.26 

Total 19.4 

Antimony, Series ICXBX 
Separation of the isotopes o f  antimony was started 

on July 6, 1956. Both metal l ic antimony aiid 
Sb,O, were used satisfactori ly as charge materials. 
Metal l ic antimony contained i n  a graphite bott le 
was ionized i n  the M-14 source having a t 6  x 51/, 
in. ion-exit sl it. Maximum output achieved was 
65 ma and process eff iciency was 6.3%. In com- 
parison, the Sb,O, was processed i n  the M-12 
ion source with a 5/16 x 7 in. ion-exit sl it. Peak 
output was 61 ma wi th  an eff iciency o f  9.3%. 

Ion beams passed through \-in. defining slots 
placed i n  front of the receiving pockets. Because 
of the d i f f icu l t  task o f  recovering antimony from 
the copper pockets used i n  previous separations, 
an attempt was made t o  co l lect  the separated 
material in graphite pockets. Retention of material 
was the lowest ever encountered - almost zero. 
Further col lect ion was on copper or  on aluminum 
turnings contained in aluminum or in carbon 
pockets. The ion beam melted the aluminum 
turnings contained i n  graphite pockets. Th is  
globule, on solidifying, caused the graphite to 
crack, and useful receiver l i f e  was l imi ted to  one 
run. The aluminum pocket did not erode badly; 
however, an area of approximately 1 in.2 con- 
sistently melted out o f  the leading edge of the 
pocket. In  view o f  these dif f icult ies, retention 
of material in  these col lectors i s  expected to  be 
approximately 50%. 

A to ta l  of 1533 separator-hours was devoted to 
this separation. Ion reception was maintained for 
1129 hr a t  an average rate o f  32.5 ma, the peak 
rate being 65 ma. Maximum reception time in any 
one run was 91 hr. The fol lowing metered amounts 
of isotopic material were separated: 

I sotope Amount (g) 

Sb12, 69.2 

Total 166.7 

Sb’” 97.5 

Calcium, Series ID-XAX 
Th is  separation of the isotopes of calcium 

(Ca40 and Ca4’ only, the others being reiected) 
was started on July 13, 1956, t o  produce h igh ly  
enriched samples from normal calcium feed material 
without resorting to  second-pas s operati on. 
Meta l l ic  calcium charge was ionized i n  the M-12 
source, the ion-exit s l i t  length being reduced 
from 7 in. to 4 in, in  order to obtain a higher 
degree o f  beam resolution. Sparking i n  the 
electrode system was unavoidable even when 
stainless steel was substituted for graphite for 
fabrication o f  ion-exit sl its, arc chambers, and 
accelerating electrodes. The sparking was so 
severe that drain f ins and ground shields above 
the f ins were burned, L a v i t e  shields protecting 
the high-voltage insulators were melted, and 
stainless steel clamps posit ioning the arc chamber 
practical ly disappeared. Calcium deposited on the 
ion-exit s l i t  and electrodes. The net result of 
such operation was that beam resolution was 
frequently compromised i n  order that  accelerating 
voltages could be maintained. The use of CaCI, 
and Cal, as charges did l i t t le, i f  anything, to 
improve operating conditions. 

The ion beams of Ca40 and Ca4* were col lected 
after they were passed through three defining 
slots i n  the receiver faceplates. Th is  receiver 
arrangement i s  shown in Fig. 3. It w i l l  be noted 
that i n  order to attain the 9-in, separation neces- 
sary between the Ca40 and Ca48 col lectors they 
were assembled on separate support barrels, 
which permitted individual adjustment of each 
pocket as wel l  as adjustment i n  the separation 
between pockets. 

The Ca4’ beam was col lected in i t ia l l y  in the 
same general pocket arrangement as was indicated 

. 

4 



..-- ... -. -.. 
achieved being 24.5 ma. Calcium charge feed was 
consumed at the rate of 0.5 g per hour of ion 
reception. Process efficiency was 2.0%. The 
following metered amounts of calcium isotopes 
were separated: 

Isotope Amount (9 )  

ca4' 12.34 
ca4* 0.025 

Total 1 2.36 

,,GI IUIIIICU III I I E  IVI-IL ion source moairiea 
so that the charge oven temperature could be 
accurately controlled i n  the 100 to 2OOOC range. 
The arc chamber consisted of a 5/16 x '/2 in. 
channel, the ions emerging through an ex i t  s l i t  q 6  in, wide and 4 in. long. In operation, temper- 
ature control was qui te crit ical, some d i f f icu l ty  
being experienced i n  keeping the charge from 
overheating. Normally the B'' ion beam was 
wel l  resolved but concentrated heavi ly in  the 
center of the receiving pocket. To prevent undue 
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heating a t  the point  of beam impact i n  the pocket, 
ion output was l imi ted to 15 ma. 

As designed, the receiver col lects B'O only, 
the 6" str ik ing a water-cooled copper plate as 
indicated in  Fig. 4. Three beam-defining s lots 
were used to coll imate the neutral matertal which 
could enter the B'O collector. The s lo t  sizes, 
varying from /16 to /4 in., were chosen to give 
optimum ion-to-neutral-particle ratio. Collector 
pocket material was graphite pur i f ied in  the 
carbon tube furnace. 

7 1 

A total of 1035 separotor-hours was devoted to  
the series. Ion reception was maintained during 
772 hr at an average rate of 13.2 ma. Themetered 
amount of  6'' separated was 3.79 g, the purity of  
which has not been determined. 

Boron, Series IF-XBX 
This  was a high-purity B" separation starting 

wi th BF, CaF, charge containing boron enriched 
in  B' '. The ion source and operation wereidenti- 
cat to those discussed above ("6oron, Series 
IE-XBX"). The receiver collected only B , 
the B'O str ik ing obliquely on the water-cooled 
copper plate positioned below the B" beam- 
defining slots as shown in Fig. 5. The separated 
material was collected in a g-in.-high, 3'/,-in.-deep 
graphite pocket. 

1 1  

The series required the use of 1265 seporator- 
hours, during which time ion reception was main- 
tained for 983 hr at  an average rate of 16.3 ma. 
A metered amount of 6.57 g of  B' was collected; 
the material has not yet  been assayed. 

Fig .  4. 6'' Receiver Assembly with BeamDef ining  Faceplates Removed. 
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source3 developed i n  1953 for use i n  separating 
the isotopes of the platinum group of elements. 
This  source contains a graphite block x 1 x 6 
in. in  length which has a 46-in.-dia x 5-in.-long 
hole to contain the charge. Adjacent to  th is  
cavity and connected to it by a t2  x 5 in. s lo t  i s  
a cyl indrical x 5% in. arc chamber cavity that 
has a t 2 - i n .  ion-exit sl i t .  Th is  graphite block, 
supported i n  suitable graphite shielding, i s  heated 
to approximately 175OOC by electron bombardment. 

The ions produced in th is  un i t  were collected 
in graphite receiving pockets positioned behind 
k-in. beam-defining slots. Since beam separation 
at the receiver was only 0.239 in., the collector 
far mass 105 was omitted in  one receiver and 
those for masses 104 and 106 were omitted i n  the 
other. Thus the weighted percentage of the total 
ions col lected was 71.6%. 

Operation never reached i t s  1953 level. Sparking 
was severe in  a l l  runs, with resultant changes in 
bombardment heating and ion output. Burning” 
of the graphite block by bombarding electrons 
eroded into the chargecavity and produced unstable 
vapor densit ies and erratic negative-electrode 
drains, Extremely high arc current, 7 to  8 amp, 
was required to  achieve maximum output, Nitrogen 
support could never be withdrawn from the arc 
without result ing i n  complete loss of ion output. 
Focus of the beam was never really good, always 
being broad at the ends and being shif ted sl ightly 
from the center l ine  of the tank. 

A total of 981 separator-hours was devoted to 
th is  series of runs. Ion reception was maintained 
during 507 hr at an average rate of 6.1 ma (71.6% 
of total). The fol lowing metered amounts o f  
isotopic material were separated: 
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Isotope Amount (9) 

Pd104 1.15 
Pd105 1.84 
Pd106 2.78 
Pd108 4.56 
Pd’  l o  1.83 

P d l o 2  0.200 

Total 12.3 

3W. A. Bell, Jr., L. 0. Love, and C. E. Normand, 
A 280OoC Calutron Ion Source Unit and Its Use in 
Separating the lsotopes o/ P d ,  P t ,  Ru, and It, ORNL- 
1767 (July 30, 1954). 

L ithi um, Series I I-XAX 
This  separation was started on October 16, 1956, 

to separate at  high output a sample of very pure 
Li7. Charge feed consisted o f  L iC l  plus Li i n  the 
rat io of 5 to 1, both materials being enriched in 
L i7 and the charge being recovered for chemical 
recycling. Equipment and operation were es- 
sential ly  as described above (“Lithium, Series 

A total of 192 separator-hours was used in the 
separation. Ions were received during 123 hr at 
an average rate of 508 ma, the maximum attained 
being 770 ma. A metered amount of 15.9 g of Li’ 
was collected. The purity o f  11 g of th is  m o u n t  
i s  expected to approach 99.995+% Li7. 

IG-XAX”). 

Tin, Series IJ-XAX 
This  separation was started on October 24, 1956, 

to replenish isotopes depleted i n  the inventory and 
i s  approximately 50% completed. 

An SnCI, charge i s  being fed in to  an M-12 ion 
source from a flask external to the vacuum system. 
Operation has been good, being characterized by 
very infrequent f l i c k  sparking. The only d i f f icu l -  
t i e s  encountered have been in  maintaining even 
vapor f low through the leak va lve in  the charge 
feed l ine and wi th  the copper tube feeding SnCI, 
into the arc region eroding through. 

The separated material i s  col lected in  puri f ied 
graphite pockets placed behind ’/,-in. beam-defining 
slots. Pocket separation i s  0.416 in. Peak pro- 
duction achieved has been 18.6 ma, and the esti-  
mated total col lect ion of a l l  tin isotopes to date 
i s  60 g. 

Platinum, Series IK-XBX 
This  col lect ion of platinum isotopes was started 

on October 28, 1956, and i s  s t i l l  i n  progress. 
The separated material w i l l  be used for inventory 
replenishment. Metal l ic platinum charge i s  being 
processed in the bombardment-heated ion source 
as described i n  “Palladium, Series IH-XBX” o f  
th is  report. 

Operation has been characterized by considerable 
sparking in  the electrode region, seemingly 
triggered by negative-el ectrode drains. lncreasi n y 
the cross-sectional area of the heated graphite 
block from x 1 in. to l k  x 1 in. has permitted 
the bombarding electron streams t o  be further 

. 
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removed from the charge cavity, which has re- 
sulted in  more even heat distribution and less 
fluctuation in output. 

Ions are being collected in  puri f ied graphite 
pockets positioned behind k-in. beam-defining 
slots. Focus of these ion beams has been ex- 
tremely poor, and the graphite p la te i n  which the 
s lo ts  are cut has been run a t  red heat between the 
pockets. Beam separation, 0.130 in., i s  such 
that certain masses cannot be collected; one 
receiver col lects masses 190, 192, 195, and 198 
(41.7% of the total), whi le the other col lects 
masses 190, 194, and 196 (58.2% of the total). 
To date, an estimated 12 g of platinum isotopes has 
been separated. 

P R E P A R A T I O N  O F  C A L U T R O N  
C H A R G E  M A T E R I A L S  

C. W. Sheridan 

The act iv i t ies  in  the charge preparation labo- 
ratory fa l l  in to  three general classifications: 
drying commercia I l y  acquired charge compounds 
by heating a t  reduced pressure; synthesizing 
charge compounds from more readi ly avai lable 
chemicals; and recycl ing calutron wash solutions 
to form again the original charge compound, In  
this reporting period, charges for 11 elements were 
supplied t o  theoperations group. In Table 2 these 
materials are grouped according to the treatment 
they received in  the charge preparation laboratory. 

T A B L E  2. SUMMARY OF CHARGE PREPARATION 
LABORATORY ACTIVITIES 

Purchased Product Formed Synthesized 
Commer ci all y by Recycling 

PbCI2 From Dy203 to DyC13 Li6CI  

SiCl, From Ca to Ca12 L ~ ~ C I  

Sb From Ca to G C I 2  DYCl3 

Ca From Fe  to F e c i 2  P i  

Sb203 From Sn to SnCI4 Pd 

CU2CI Re207 
Ir 

H38’003  

Eight  of the eleven charges in columns 1 and 2 
were dehydrated and outgassed. Dysprosium 
chloride, i n  addition to  being made from Dy203, 
was recycled during operation, In i t ia l ly ,  1067 g 
of DyCI, was available; recycle operations per- 
mitted 1789 g to be supplied as calutron charges 
before the series was scheduled for termination. 
The f inal chemistry performed on dysprcrsium w i l l  
leave the material as Dy203, from which future 
charges can be made. 

Stannic chloride was prepared by the direct 
union o f  t i n  and chlorine in the apparatus shown 
in Fig. 6. The vertical reactor i s  f i l l ed  to  ap- 
proximately two-thirds i t s  height with mossy tin. 
Chlorine fed into the bottom of the reactor forms 
l iqu id  SnC14, which runs down over the metal and 
reactor wal ls  and quenches the hot reacting zone. 
The production rate i s  such that 500 g of SnCI, can 
be withdrawn from the bottom of the reactor per 
hour. 

U N C L A S S I F I E D  
O R N L -  LR-  DWG 17533 

TO HOOD 

C‘ 2 -= ,MAXIMUM AND MINIMUM 
SnCI, LEVELS 

Fig. 6.  Pyrex Reactor Used to Form SnCI,. 
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Recycle operations included a cleanup of the 
rhenium processed i n  the las t  reporting period. 
Ir idium recycle was init iated to  get some large 
i r  idium scraps from metal I urgical experiments back 
in to  the spongy form suitable for use as charge 
material. Recycles of Li6, Li’, Pd, Pt, and B 
are s t i l l  in progress. 

D E V E L O P M E N T  A N D  PROCESS I M P R O V E M E N T  

W. R. Rathkamp A. E. Cameron 

Work on the thermal dif fusion process for the 
separation o f  the isotopes of rare gases and of 
oxygen has continued. The oxygen columns are 
now ready for separation tests t o  be made on 
individual columns. The major effort during th is  
period has been expended in  getting the hot 
central wire columns for inert gases in to operation. 
The Nichrome central wires are heated with direct 
current to avoid vibration in  the combination of 
the earth’s magnetic f ie ld  and the stray f ie ld  from 
the X A X  magnet which i s  i n  close proximity to 
the dif fusion columns. Unrel iable operation of 
the power supply has considerably delayed attaining 
the necessary uninterrupted operation. The Cetron 
203 recti f ier tubes were operated well  w i th in  the 
rat ing of 300-v d-c output and 500-v peak inverse, 
but arc-backs occurred. Th is  happened even with 
a full-wave three-phase rect i f ier  c i rcu i t  in  which 

the peak inverse voltage was only about 140 v. 
The supply w s  designed t o  deliver 30 amp a t  
130 v. Replacement o f  the Cetron recti f ier tubes 
by surplus FG-172 Thyratrons connected as diodes 
has produced a supply which operates reliably, 
even though the tubes are being somewhat 
over1 oaded. 

During this 
period it was necessary to  bypass the sixth 
column because of a water leak which developed 
i n  a jo in t  i n  the cold wall. The bottom four 
columns were pumped out tw ice  during th is  period 
and ref i l led with fresh argon. Approximately 
250 mi of argon enriched from 0.36% to  17% in 
the A36 isotope was removed from the f inal column. 

The cascade has now been sp l i t  into two units 
of four 20-ft columns each, and both sections are 
fed from a 10-liter reservoir. End columns of 
500 ml are attached at  the two light-isotope with- 
drawal points. The feed reservoir i s  periodical ly 
pumped out and ref i l led to maintain an effect ively 
in f in i te  reservoir. A run of suff icient duration i s  
planned to produce 1 l i ter  o f  highly enriched A36 
before the cascade i s  again connected as an 
eight-column uni t  for krypton isotope separation. 

Three additional hot wire columns are under 
construction to  provide a small un i t  for experi- 
mental investigation or for additional processing 
o f  enriched product from the other ossembly. 

A 20-day run was made with argon. 
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ISOTOPE CHEMISTRY AND UTILIZATION 

P. S. Baker 

I N T R O D U C T I O N  

Chemical refinement of 78 lots of 17 elements 
was completed. By obtaining rough mass assays 
on homogeneized isotopic material from the col-  
lector pockets, it was possible t o  reduce by about 
20% the number of individual lots which required 
processing. Several special techniques were de- 
veloped for producing targets of elemental enriched 
isotopes. 

C H E M I C A L  R E F I N E M E N T  O F  ISOTOPES 

R. L. Bai ley 
F. B. Thomas 

F. M. Scheit l in 
W. C. Davis 

The refinement chemistry during th i s  period 
included work wi th isotopes of the fo l lowing 26 
elements, some of which were reprocessed samples 
returned by borrowers: B, Si, 5, CI, K, Ca, Ti, 
Fe, Ki, Cu, Zn, Gel Rb, Sr, Mol Ag, Cd, In, Sb, 
Te, Ba, Nd, Dy, W, TI, and Pb. Of these, dys- 
prosium (three isotopes) was inventoried for the 
f i r s t  time. With the exception of Dy, the fo l lowing 
discussions deal only wi th those completed series 
o f  elements for which refinement procedures have 
been markedly changed. Dysprosium i s  included, 
although refinement has not been completed, be- 
cause it was run for the f i rs t  time. 

Silicon 

Si l icon isotopes were col lected on carbon, 
part ia l ly  as elemental s i l i con  and part ia l ly  as 
s i l i con  carbide. The deposit on the surface of 
the pockets was scraped of f  wi th a file, and the 
resul t ing mixture of si l icon, s i l i con  carbide, and 
carbon was burned i n  0, at  700 t o  80OoC. After 
the residual Sic and SiO, mixture had been fused 

w i th  Na,CO,, the fusion cake was dissolved in 
water and the solut ion was f i l tered into a platinum 
dish. The solut ion was acidi f ied wi th an excess 
o f  HCIO, and then heated to  dense fumes of 
HCIO,. The dehydrated S i 0  was f i l tered off, 
washed with water un t i l  free o fsod ium salts, then 
washed with HNO,, and f ina l l y  ignited a t  1100 
to  1200°C for several hours. The use of graphite 
pockets and the subsequent scraping and igni t ion 
o f  the col lected material provided two advantages: 
It permitted rapid assays of the sample t o  give 

a l so  al lowed combinations of pocket material of 
similar assay before refinement. Production data 
are given in Table 3. 

I , ’  in-run” information on separation ef f ic iency and 

Sulfur 

Sulfur isotopes were col lected as copper sul f ide 
on copper turnings i n  copper pockets. The 
turnings were heated a t  1000°C in a stream of 
hydrogen un t i l  free of sulfur, and the H2S which 
formed was col lected in  ammoniacal CdCl The 

to 
remove most of the residual CdCI,. The washed 
precipitate was placed i n  a pressure f lask t o  
which was added enough 3 iz.1 HCI t o  dissolve the 
CdS and more than enough FeCI, t o  oxidize the 
released H,S t o  free sulfur. The sulfur was 
filtered, washed with water, and then washed with 
ethanol. It was dissolved in CS, and was re- 
crystal l ized by evaporating off the CS, a t  room 
temperature. 

Unfortunately, wi th th is  procedure a portion of 
the H,S i s  oxidized to  sulfate, which must be 
recovered by precipitat ion as BaSO,. Table 4 
shows the production data for these isotopes. 

resul t ing CdS was washed by centr i fugation 2 :  

TABLE 3. PRODUCTION DATA ON SILICON ISOTOPES 

Impurities Found (%)* Weight of SiO, 
I sotope L o t  No. 

(9)  C a  c u  Mg Na N i  F e  

28 I A  973(0) 13.0 0.03 0.1 0.2 0.01 0.05 

29 I A  974(a) 1.49 0.05 (0.05T 0.05 

30 I A  975(a) 0.75 (0.05T (0.02T 0.02 (0.02T 

* T  indicates trace. 
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S T A B  LE I S O T O P E S  Pi? O G R E S S  R E P O R T  

TABLE 4. PRODUCTION DATA ON SULFUR ISOTOPES 

Weight of Sulfur Weight of Sulfur Impurities Found (%)* 

a s  Element (9) o s  BaS04 (9) Na Mg Ca cu Fe Si 
lsotope Lot No. 

32 HH 902(a) 2.320 
0.221 

32 HH 902(b) 0.356 
None recovered 

<0.02 <0.05 
0.03 c0.05 c0.02 c0.05 

No impurities detected 

33 HH 903(a) 0.301 co.01 <0.05FT 
0.058 c0.05 0.05 0.05 

34 HH 904(a) 0.397 
0.062 

36 HH 905(a) 0.023 
0.006 

<0.05T 
Not  tested 

No impurities detected 
c0.05 C0.05 0.02 0.1 

* T  indicates trace; FT, faint trace. 

Dysprosium 

Dysprosium isotopes were col lected on carbon 
and were recovered by ignit ion o f  the pockets a t  
7Oo0C in oxygen. The resul t ing ash was dissolved 
in  di lute HNO,, the solution was fi l tered, and the 
dysprosium was precipitated from the f i l t ra te  by 
addition of saturated oxal ic  ac id  solution. After 
ignit ion to Dy,O, a t  700°C, those lots containing 
appreciable amounts of rare-earth impurit ies were 
dissolved in d i lu te  HNO, and purif ied by passage 
over a Dowex 50 ion-exchange resin. Then the 
samples of comparable isotopic abundances were 
combined and refined by a double precipitat ion of 
the hydroxide wi th  N H 4 0 H ,  followed by re-solution 
in  HhO,, and precipitat ion of the oxalate wi th  
oxal ic acid. The oxalate was ignited to  Dy,O, 
by heating slowly t o  500°C and then heating a t  
950°C for 4 hr. 

Barium 

Barium isotopes were co l lected on carbon. The 
crushed carbon pockets were leached wi th  6 M 
HNO, and then diluted. After the suspension was 
filtered, the residual carbon was ignited in oxygen 
a t  600°C in  Vycor. The residue was dissolved 
in 6 M HNO, and added t o  the original leach 
solution. Lead and copper were removed by 
simultaneous electrodeposition on platinum elec-  
trodes. The solut ion was then evaporated to  
crystal l izat ion, and the speci f ic  gravity was 
adjusted t o  approximately 1.44 by adding 90 t o  

100% HNO,. The solut ion and precipitate were 
st irred for about 30 min and then al lowed t o  stand 
for another 30 min or more. The crystals of 
Ba(N0,) were f i l tered on a sintered-glass funnel 
and dr ie j .  When spectrochemical analysis showed 
appreciable strontium, the lo t  was subjected to a 
double precipitat ion of BaCr0, from ammonium 
acetate solution, wi th  (NH4),Cr,0, used as the 
precipitant. The resul t ing BaCrO, was dissolved 
in HNO, and the speci f ic  gravity of the solut ion 
adjusted t o  1.44 wi th  90 t o  100% HNO,, as in- 
dicated above. The crystals were f i l tered off, 
redissolved, and reprecipitated w i th  concentrated 
HNO,. The production data for the barium 
isotopes are shown in Table 5 .  

Si l icon Reprocessing 

In preparing elemental s i l icon by the reduction 
of SiO, wi th  magnesium (ref l ) ,  the steps by which 
unreacted Mg, Mg,Si, and SiO, are decomposed 
and/or removed are leaching f i rs t  wi th  HCI and 
then wi th  HF-H,SO,. The resul t ing f luos i l icates 
are d i f f i cu l t  compounds from which t o  recover the 
isotopic s i l icon.  It has been necessary therefore 
t o  work out a special procedure t o  recover the 
enhanced material. The two solutions from the 
leaching steps are treated separately i n  steps 1 
and 2 below and are then combined for the 

' P .  S. Baker e t  a l . ,  Stable l s o t o p e  R e s e a r c h  and 
Product ion Semiann. Prog.  R e p .  Nou. 20, 1954, ORNL- 
1829, P 42. 

t 
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T A B L E  5. PRODUCTION DATA ON BARIUM ISOTOPES 

. 
Isotope Lot No. Weight of Ba(N03)* Impurit ies Found (%)* 

Mg Sr A I  Ca Fe Pb c u  K No Si 

0.51 6 0.05 0.02 <0.02FT <0.05FT <0.05FT 0.01 0.03 130 HJ 914(c) 

132 HJ 915(c) 0.973 <0.05FT 0.2 0.05 0.02 0.1 

134 HJ 916(a) 1.726 0.03 0.04 0.01 

135 HJ 917(a) 5.758 0.1 

91 7(b) 13.430 <0.05FT 0.02 <0.02T < 0.05FT 0.03 

136 HJ 918(a) 7.01 5 0.03 0.01 0.02 

0.5 0.01 0.03 915(fp) 0.164 <0.05FT 0.3 0.05 

916(b) 4.119 < 0.05FT 0.05 (0.05FT 

0.01 0.02 

91 8(b) 13.993 <0.05FT 0.03 <0.05T 

91 9(b) 16.967 0.02 
91 9Up) 4.452 < 0.05T <0.02T 0.01 

137 HJ 919(a) 4.700 <0.05T 0.1 < 0.01 T 

138 HJ 92O(a) 40.144 <0.02T <0.05T 
0.03 <0.05T 920(fP) 17.013 < 0.05T 

* T  indicates trace; FT, faint trace. 

remainder of the processing. The procedure i s  
as follows: 

1. Make the solut ion a lka l ine in a p last ic  
container wi th  NH,OH, and then add an ammo- 
n iacal  solut ion of ZnC0,. 

2 .  Digest  on a steam bath overnight, or until 
free ammonia is  gone. F i l te r  on paper. Repeat 
step 1 w i th  fi l trate, co l lect ing any addit ional 
precipitate on the same paper. Wash w e l l  w i th  
2% NH,CI solution. 

3. After ignit ing the precipitate and paper in 
platinum a t  800°C, leach the so l id  wi th  1:1 HNO,, 
evaporate almost t o  dryness, and extract any zinc 
sa l ts  wi th  di lute HNO,. F i l te r  o f f  the SiO, on 
paper and ignite in  platinum. 

4. Fuse the SiO, wi th  twice i ts  volume of 
Na,CO ; cool, dissolve the melt in  water, and 
f i l ter  t i rough paper on a p last ic  funnel. If there 
i s  any residue, repeat the Na,CO, fusion. 
5. Make the f i l t ra te  ac id  w i th  HCIO, i n  

platinum, add an excess of HCIO, plus a small 
amount of HNO,, and evaporate t o  fumes of HCIO 
6. Fi l te r  through paper on a plast ic funnel, ,a& 

wi th  d i lu te  HNO, followed by water, and heat in  
platinum to a t  least 95OOC. 

T A R G E T  P R E P A R A T I O N  A N D  S P E C I A L  
S E R V I C E S  

E. B. Olszewski P. S. Baker 

The requests for special isotopic forms and for 
elemental targets of various shapes have con- 
tinued. The needs during the period covered by 
th is  report made it necessary not only t o  develop 
new techniques but a lso t o  re-employ procedures 
such as those previously described., 

Target Preparation 

Targets of L i b  and Li7 metal, $ x $ x 1 in., 
were prepared for Brookhaven National Laboratory. 

Targets of Sr860, Sr8*0, Rb85F, and K"F, 
encapsulated i n  silver, were prepared for the 
ORNL Van de Graaff t ime-of-fl ight group. 

Four isotopes of zirconium as ZrO, and one 
sample of isotopic metal were compressed into 
targets for Los Alamos Scienti f ic Laboratory. 

2P.  S .  Baker e t  al.,  Stable I so tope  Research  and 
Production Semiann. Prog. Rep. Nov. 20, 1954, O R N L -  
1829, p 42; Stable Isotope Research  and Production 
Semiann. Prog. Rep. May 20, 1955. ORNL-1908, p 42; 
Stable f s o t o p e s  Semiann. Prog. Rep .  May 20, 1956,  
ORNL-2114, P 38. 
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S T A B L E  I S O T O P E S  P R O G R E S S  R E P O R T  

One-gram metal l ic pel lets of three t i tanium 
isotopes and a 17-g metal l ic Ge74 target for B e l l  
Telephone Laboratories were prepared by pro- 
cedures previously described. 

Targets of elemental Sn116 and Sn120 were 
fabricated for Brown University, and metal l ic 
targets of Pb206, PbZo7, and Pb208 were prepared 
for the ORNL Electronuclear Research Div is ion.  

Metal l ic targets of CrS0, Cr54, and Nib0 were 
prepared for Westinghouse Research Laboratories. 

Conversions and Special Procedures 

A 20-9 batch of L i b  was converted t o  Li2S04 
for Argonne National Laboratory. 

Requests for extremely th in  (0.1-0.4 mi l )  z i r -  
conium, copper, and n icke l  fo i l s  led t o  the de- 
velopment of a routine procedure for electroplating 
them on graphite-coated molybdenum electrodes 
by using cyanide plat ing solutions. The mo- 
lybdenum cathodes were prepared by rubbing 
Aquadag on the surface, then wiping of f  the excess 
w i th  a tissue. The back sides of the cathodes 
were masked wi th  plast ic paint. Current densit ies 
were 3.5 amp/dm2 for zirconium and 4.5 amp/dm2 
for copper and nickel.  P la t ing  rates varied from 
about 8 to  23 mg/cml/hr. The f i lms were stripped 

from the cathode by washing wi th  water whi le  
separating the f o i l  with a spatula. 

A request for thin layers of ir idium metal re- 
sulted in the evolut ion of an e lect ro ly t ic  pro- 
cedure, suggested by A. E. Cameron, i n  which 
g lac ia l  acetic acid, sodium chloroiridate, and a 
small amount of HCI were used t o  obtain the proper 
current density. By using a graphite anode and 
a s i lver  cathode a t  a current density o f  3h 
amp/dm2, it was possible t o  obtain a bright plate. 
T h i s  gave a plat ing rate o f  about 4 mg/cm2/day. 
A t  current densit ies greater than those specified, 
the plate was black and nonadherent. 

Cooperative Calutron-Cyclotron Program 

The &-in. cyclotron was in operation much of 
the time during th is  six-month period, and evapo- 
rated targets of normal magnesium were prepared 
for study of the production of Na22 and A126. 
A target o f  evaporated normal calc ium for the 
evaluation of the Ca48(p,pn)Ca47 reaction was 
prepared, and data should be avai lab le shortly. 
Information i s  being accumulated as t o  the number 
of potential users of Ca47  so that  enough material 
can be prepared in a s ing le bombardment of en- 
r iched Cad8 t o  satisfy the probable needs. . 
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RARE-EARTH CHEMISTRY 

Boyd Weaver 

A. C. Toppl  F. A. Kappelmann 
L. T. Royer 

F U N D A M E N T A L  D A T A  

Experience in  the application of l iquid-l iquid ex- 
traction to  the separation of rare earths has shown 
that the behavior of these elements in  a t r ibuty l  
phosphate-nitric ac id  system i s  very complex. 
Therefore it i s  necessary t o  determine the effects 
of acid concentration, element concentration, and 
atomic number by means of a long series of single- 
stage distr ibution experiments. Since the heavier 
elements are the least abundant, the most d i f f i cu l t  
t o  separate, and the most needed in  the isotope 
separation program of th is  division, the study of 
extract ive behavior i s  being l imited t o  the elements 
beginning wi th  samarium. Since yttrium, the major 
constituent of a l l  sources o f  the heavier lanthanide 
rare earths, must be separated from them, i ts  
behavior i s  being studied wi th  equal detail. Some 
attention has been given to  thorium, which occurs 
as an impurity in most sources of rare earths and 
interferes w i th  their separation by extracting in to  
t r ibuty l  phosphate. 

Experiments consisted in equil ibrating, i n  sepa- 
ratory funnels, solutions of individual rare-earth 
nitrates of various concentrations, and containing 
various concentrations of n i t r i c  acid, w i th  pure 
t r ibuty l  phosphate which had been previously 
equil ibrated wi th  n i t r ic  ac id  of the same concen- 
tration. The temperature a t  which most of the 
experiments were conducted was very c lose t o  
25'C, and the widest variation was only +5"C. 
Experimental detai ls have been progressively 
changed to  favor s impl ic i ty  but not t o  sacri f ice 
accuracy. For example, complete separation of 
phases has been replaced by al iquot sampling. 
This  a lso eliminates the necessity of careful 
measurement of the in i t ia l  volumes and eliminates 
errors from volume change during equil ibration. 
The laborious task of precipitating, igniting, and 
weighing samples has been replaced by simple 
alkal imetr ic titration.' Excel lent  agreement has 
been found in results by the two methods. 

'Summer employee, Georgia Institute of Technology. 

'F. A. Kappelrnann, L. T. Royer, and Boyd Weaver, 
Stab le  Isotopes Semiann. Prog.  R e p .  May 20, 1956, 
ORNL-2114, P 36-37. 

Data from the experiments wi th  solutions of 
several nitrates which contained no n i t r i c  ac id  
are plotted in  Fig. 7 as equil ibr ium distr ibution 
l ines. Concentration ranges extend up t o  satu- 
rat ion of the aqueous phase a t  equil ibrium. Uni ts  
are equivalents per l i ter. It can be observed that 
thorium is  much more readi ly extracted than the 
rare earths and that it i s  d i f f i cu l t  to  wash from 
the tr ibutyl phosphate by water. None of the rare 

UNCLASSIFIEO 

0 t 2 3 4 5 6 7 8 9 I O  I I  t2 

NORMALITY OF METAL IN AOUEOUS PHASE 

Fig. 7. 
and Water. 

Distr ibution of Nitrates Between TBP 

earths extract w e l l  un t i l  their aqueous concen- 
trations exceed 1 N.  From that point u n t i l  the 
aqueous concentration reaches approximately 4 N, 
the extraction i s  highly dependent on element 
concentration. Beyond th is  point, saturation of 
the organic phase i s  approached rapidly. There 
i s  l i t t l e  difference among the elements i n  th is  
system, though gadolinium (element 64), whose 
nitrate i s  least soluble in water, i s  extracted 
better than samarium (element 62) and dysprosium 
(element 66). Yttrium (element 39) has an anoma- 
lous behavior in comparison to  the others. 

An earlier study3 of the distr ibution of samarium 

3 A .  C. Topp and Boyd Weaver, Dis t r ibu t ion  of Rare -  
Earth N i t r a t e s  Between Tributyl  Phosphate and N i t r i c  
A c i d ,  ORNL-1811 (Nov. 23, 1954). 
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and gadolinium nitrates a t  various ac id i t ies  
covered only a l imited element concentration range. 
These data are plotted i n  F ig .  8 along wi th  data 
a t  14.2 N HNO, extended t o  aqueous saturation. 
Facts  t o  be noted are the great dependence of 
extraction on ac id i ty  and the increasing curvature 
of equil ibrium lines wi th  atomic number and wi th  
increasing concentrations of rare earths and of 
acid, 

The mapping o f  the behavior o f  individual 
elements was begun wi th  yttrium. In order that 
separation factors w i l l  be determined at  common 
acidit ies, i t i s  planned t o  investigate the behavior 
of other elements a t  the same ac id i t ies as those 
used for yttrium. Dis t r ibut ion data for yttr ium are 
in F ig.  9. At high ac id i t ies  the curves are similar 
to those in  F ig .  8 except for having been extended 
t o  aqueous saturation. At  3.8 N HNO, the l ine 
i s  nearly straight over a rather wide range of 
concentration. At  lower ac id i t ies  the ac id  inter- 
feres wi th  the extraction caused by the rare-earth 
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concentration, except when the concentration de- 
creases suf f ic ient ly  for the sa l t ing effect t o  be 
very low. 

UNCLASSIFIED 
ORNL- LR- DWG I6708 

NORMALITY OF YTTRIUM IN AQUEOUS PHASE 

Fig. 9. Dist r ibut ion of Yttr ium Between TBP 
and HNO, of Various Concentrations. 

UNCLASSIFIED 
ORNL-LR-DWG 1 6 7 t O A  
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. 

Fig. 8. Distr ibution of Samarium and of Gadolinium Between TBP and HNO, of Various Concentrations. 
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The study of ac id  systems has thus far pro- 
gressed only through samarium, gadolinium, and 
yttrium; except for yttrium, only 14.2 N HNO, has 
been used thus far. From the data given in  F ig .  10 
it i s  evident that separation factors between the 
elements are much greater a t  lower concentrations. 
A t  a given aqueous concentration the separation 
factor for two elements i s  the rat io  of the organic 
concentrations . 

UNCLbSSlFlED 
ORNL-LR-DWG 16709 

2.0 , , , , , , 

I 
0 0 2  0 4  0 6  0 8  I O  1 2  44 16  48 2 0  2 2  

NORMALITY OF METAL IN AQUEOUS PHASE 

Fig. 10. Distr ibution of Samarium, Gadolinium, 
and Yttrium Between TBP and 14.2 N HNO,. 

S E P A R A T I O N  OF R A R E  E A R T H S  

Liquid-L iqu id Extraction 

Ac t iv i t ies  i n  the f ie ld  of separation of rare 
earths from mixtures have included the development 
o f  extract ive devices and their operation on an 
experimental basis in order t o  determine their 
separabil ity in multistage countercurrent systems. 
Comparison of experiments in mixer-settlers wi th  
those i n  pulsed sieve-plate columns has demon- 
strated that the latter are very ineff icient for the 
undiluted t r ibuty l  phosphate-nitric ac id  system, 
in which there are only small differences in 
densities. The two 12-ft columns i n  series in 
th is  laboratory have been found to give about the 
same separation as an 11-stage mixer-settler, It 
i s  concluded that equi l ibr ium stage heights i n  the 
columns are between 2 and 3 ft, rather than the few 

inches found in  studies of ideal systems. Never- 
theless, these columns, by which multiki logram 
quanti t ies of several rare earths have been sepa- 
rated wi th  considerable effort, are s t i l l  being used 
for the s i  mu I taneous production of exper imen ta I 
data and concentrates o f  the heavier rare earths. 
A considerable fraction of the ytterbium and 
lutetium contained in a large quantity of gadolinite 
has been removed by operation a t  about 10 N HNO, 
concentration and w i th  a highly concentrated 
nitrate feed solution a t  a f low rate very small 
compared wi th  the total f low. The extracted 
product has been used in  productive experiments 
in mixer-settler equipment. 

The pulsed columns have now been equipped 
wi th  addit ional pumps, reservoirs, and l ines so 
that material in both effluents may be recycled 
to  the system. Th is  external ref lux i s  expected 
t o  add greatly t o  the separating power o f  the 
machine. Addit ional ytterbium and lutet ium are 
being stripped from the aqueous product of previous 
operations . Equ i I i br i urn separation re lo t i  on sh ips 
have not been established yet. The heavy earths 
w i l l  be introduced into the mixer-settlers a t  an 
appropriate location, so that the two devices are 
operated as parts of a cascade system. An 
aqueous stream from the mixer-setrler can a lso  
be returned t o  the column system. 

L i q u  id-L iqu id  Exchange 

The mixer-settler system has been extended to 
14 stages and equipped with means of concen- 
trat ing and ref luxing process streams. This  makes 
i t  possible t o  maintain an essential ly constant 
concentration of rare earths throughout the whole 
series of mixer-settlers. Recent operations have 
been a t  14 t o  15 N HNO, and rare-earth concen- 
trat ions near saturation. Single-stage data i n  
F ig .  10 indicate that these are the most un- 
favorable conditions for separation. However, 
when the organic phase is  saturated, the re la t ive 
distr ibution of two rare earths may be a function 
o f  the relat ive strengths of their complexes with 
t r ibuty l  phosphate. The term “l iquid-l iquid ex- 
change” i s  suggested for processes taking place 
in  such systems. In the current experiment the 
rare-earth content of the organic effluent i s  being 
to ta l ly  refluxed, whi le  material i s  taken from the 
aqueous ref lux stream a t  a rate equal t o  the feed 
rate. F low rates were chosen wi th  the intention 
of d iv id ing the material a t  approximately the 
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posit ion of thulium and obtaining an increasing 
concentration of ytterbium and lutetium throughout 
the system. Analyses of oxides obtained from 
the  reservoirs a t  opposite ends of the system are 
given in  Table 6. It appears that the object of 

TABLE 6. ANALYSES OF END CONCENTRATES 

Amount (%) 
Concentrate 

In Aqueous Phase In Organic Phase 

'2'3 85 15 

Trace DY203 

Ho203 0.3 

3.2 Trace Er203 

Tm203 1.1 0.7 

Yb203 6.6 55 

Lu203 Trace 29 

the experiment i s  being real ized wi th in  the l im i -  
tat ions set by the number of stages possible from 
the equipment. The d iv is ion i s  near thulium, and 
the quantity of ytterbium lost  from the system i s  
low compared wi th  the removal of yttrium. Other 
analyses, wi th  organic eff luents containing a 
measurable amount of erbium, indicate that yttr ium 
and erbium behave essential ly a l ike.  Th is  i s  an 
unusually high posit ion i n  the lanthanide series 
for yttr ium resemblance. Although th is  places 
yttr ium only two elements away from ytterbium, 
there i s  s t i l l  a separation factor of 50 between 
these elements. 

A l l  single-stage distr ibution data are for in- 
d iv idual  elements. The behavior of elements in 
exchange systems cannot be predicted from such 
data. Therefore it w i l l  be necessary to  obtain 
exchange data from single-stage experiments w i th  
mixtures of two or more elements. The necessity 
of analyzing fractions obtained from such d is t r i -  
butions mult ipl ies the work t o  be done, and the 
data obtained w i l l  be very complex. 

c 
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MASS SPECTROMETRY AND RELATED TECHNIQUES 
Russell  Baldock 

. 

c 

I N T R O D U C T I O N  

Fundamental research is  conducted in  co l l i s ion  
processes and c losely  related phenomena. This  
work i s  being directed toward neutron cross- 
section studies of special importance t o  reactor 
design. 

Maior accomplishments during th is  semiannual 
period are as follows: 

1 .  An investigation has been made o f  the 
metastable transitions and colt  is ion-induced 
dissociat ions in  the mass spectra o f  methane 
and acetylene. 

2. Redesign and simpli f icat ion of the source t o  
produce posit ive ions from both so l id  and gaseous 
materials have led to  considerable improvement 
in the eff iciency of ion generation. 

3. A 6-in.-radius research mass spectrometer 
(RS-1) has been completed and put in  operation. 

4. Construction of components for the two-stage 
research mass spectrometer (RS-2) i s  nearly 
comp lete. 

C O L L I S I O N - I N D U C E D  DISSOCIATIONS I N  T H E  
MASS S P E C T R U M  O F  M E T H A N E  

C. E. Melton H. M. Rosenstock' 

The mass spectrum of methane was investigated 
in the pressure range of 1 x to  5 x mm 
Hg. Several metastable-type peaks had been 
observed previously i n  methane by Mattauch2 
and Henglein,' but neither of these workers 
determined whether the dissociat ions were produced 
by single or mult iple co l l i s ion  processes. Kolo- 
tyrk in  et aL4 studied the pressure  dependence of 
two of these metastable-type peaks and concluded 
that they were produced by single co l l i s ion  
processes. 

Th is  work was carried out t o  establ ish the 
pressure dependence of a l l  the metastable-type 

'Present address: Operations Research, Inc., Silver 
Spring, Maryland. 

2J. Mattauch and H. Lichtblau, P h y s i k .  Z .  40, 16 

3A. Henglein and H. Ewald, Mass Spectroscopy in 
Physics Research, NBS Circulor No. 522, p 205, 1953. 
,V. M. Kolotyrkin, M. V. Tikhominov, and N. N. 

Tunitskii ,  Doklady Akad. Nauk S.S.S.R. 92, 1193 
(1 953). 

(1 939). 

peaks i n  the methane spectrum, t o  determine 
whether any of the dif fuse peaks are due t o  true 
unimolecular decompositions of ion, and to  obtain 
approximate values for the re la t ive cross sections 
o f  the various co l l i s ion  processes. Also, the 
Bureau of Standards Mass Spectrometer Laboratory5 
reported a metastable transit ion in  CD,. A t  ORNL 
the presence o f  a corresponding transit ion i n  
CH, has been investigated. 

The mass spectrum of methane taken a t  various 
pressures i s  shown in  Table 7. More complete 
data for the dissociat ion peaks are given in  
Figs. 1 1  and 12. 

Arner ican Petr ole urn Institute , of Mass 
Spectral Data, Serial  No. 455, Res:%?$ roject 44. 

UNCLASSIFIED 

o,04 ~ , , , , I , , , , , , P R N i - L - D Y  4F6j4 

W 
$ 0.03 
a a 

m 
a 0.02 

? 

z 

w 

4 
d 0.01 

' 0  4 8 12 46 20 24 28 32 36 ( x  to-') 
PRESSURE lmm Hg) 

MASS 14.26 w 
Figo 11. Collision=lnduced Transitions in 

Methane at Mass 14.06, 12025, and 11.26. 

UNCLISSIFIEO 
ORNL-LR OWG 17h88 

0 04 

0 008 A MASS (056 - 

w A MASS 960  
z 

0006 

m U 

Y 
A w 

5 0004 

0 002 

' 0  0 5  10 15 2 0  2 5  3 0  3 5  4 0  4 5 ( X d )  
PRESSURE imm Hg) 

Fig. 12. C oilision-tnduced Transitions in 
Methane at b a s s  11.26, 10.56, 9.60, and 9.0. 

19 



S T A B L E  I S O T O P E S  PROGRESS R E P O R T  

TABLE 7. MASS SPECTRUM OF METHANE AT VARIOUS PRESSURES* ( X  IO6 rnrn Hg) 

Intensity a t  Various Pressures 

0.17 0.29 1 .o 1.9 2.7 6.6 9.7 17 33 42 Mass 

0.0005 0.00092 0.0014 9.0 
9.6 0.0004 0.00092 0.0016 

0.00065 0.001 2 0.001 6 0.0037 0.0037 10.56 

1 1  -26 

12 

12.25 

13 3.82 3.82 (3.82) (3.82) (3.82) (3.82) (3.82) 

13.06 

14 9.35 9.35 9.31 9.32 9.31 

14.06 0.0051 0.013 0.017 

15 83.29 83.20 

0.001 95 0.0023 0.0042 0.0072 0.0092 

1.292 1.291 1.290 1.293 1.296 1.295 1.293 (1.295) (1 -295) (1 -295) 

0.0021 0.0026 0.0055 0.0092 0.017 0.029 0.037 

0.0038 0.0049 

16 (100) (1 00) 

17 1.10 1.10 

* T h e  figures i n  parentheses were used to normalize to a re la t ive  abundance of mass 16 = 100. 

A plot of re lat ive abundance v s  tube pressure 
should give a straight l ine passing through the 
origin for a process ar is ing from a single co l l is ion.  
These results c lear ly indicate that  a l l  these 
transitions are dissociat ions induced by single 
col l is ions.  The results seem to paral le l  those of 
Kolotyrkin et al.,, who studied the pressure 
dependence of the CH' + Ct + H (mass 11.07) 
and CH,' .-, C +  + 2H (mass 10.28) dissociat ion 
peaks. It i s  somewhat disconcerting that in the 
present study, under apparently qui te s imi lar  
conditions, these transitions are part ia l ly  obscured 
by more obundant transitions at  masses 11.26 and 
10.56 (see Fig.  13). 

The transition CD, .-, CD, + D reported i n  the 
CD, mass spectrums corresponds to  the CH, .-, 

CH, + H (mass 14.06) transi t ion i n  the mass 
spectrum of CH, and was the most abundant 
coll ision-induced transi t ion found in  th is study. 
It i s  probable that the t ransi t ion found in CD, 
was a Is0 col  I i s  ion-induced. 

A n  interesting comparison may be made be- 
tween coll ision-induced and electron-impact- 
induced dissociation. If equal co l lect ion ef- 
f ic iency is  assumed for the primary ions which 
pass through the field-free region and the secondary 

ions formed there by col l is ion,  the approximate 
cross sections for the various co l l i s i on  processes 
can be calculated. They are simply a ra t io  of the 
re la t ive abundance of the dissociat ion peak t o  that 
of the parent peak. The mass spectrum formed by 

UNCLASSIFIED 
ORNl -LR-DWG 17744 

I I 

Fig. 13. Typica l  Scan of the Mass 7-13 Region 
of Methane a t  a Pressure of 1 x lo" mm Hg. 

L 
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electron impact may a lso be regarded as a tabu- 
lat ion of cross sections. The two cross sections 
are compared i n  Table 8. The absolute cross 
section for the reaction CH4' + CH3* + H was 
found to  be of the order of cm'. Th is  value 
i s  in agreement wi th  that determined by Kolo- 
tyrk in  et aL4 

M E T A S T A B L E  A N D  C O L L I S I O N = I N D U C E D  
DISSOCIATIONS I N  THE MASS S P E C T R U M  OF 

A C E T Y L E N E  

C. E. Melton M. M. Bretscher6 
Russell  Baldock 

Data from work on methane indicate that  there 
i s  a correlation between col l ision-induced and 
e lectron-impact-induced dissociat ion. Th is  in- 
vestigation was carried out t o  determine whether 
a similar correlation exists in  acetylene and a lso  
t o  look specif ical ly for transitions result ing from 
a rupture of the tr iple carbon bond. 

Table 9 shows the mass spectrum of acetylene 
as a function of pressure. No attempt was made 
t o  dist inguish between the CHt and the C2HZtt 
contributions in  the mass-13 region. 

It is  interesting t o  note the re la t ive abundance 
of the ion appearing at  mass 12.5. Since the 

6Summer research participant from Alabama Poly- 
technic Institute, Auburn; present address: Department 
of Physics, Valparaiso University, Valparaiso, Indiana. 

re la t ive abundance of this ion is independent of 
pressure and is probably not  due t o  impurities, 
it was concluded that the ion arises from the 
doubly charged C,Htt ion in  acetylene. Henglein7 
studied doubly charged ions i n  acetylene but 
fa i led t o  report the C,Ht' ion. Other workers8t9 
a lso fai led t o  report it. 

Another interesting observation concerns the 
mass-14 peak which has been attr ibuted at  ORNL 
t o  the CH,' ion. Since there was no background 
i n  the mass-14 region and since it could not be 
attributed to  doubly charged mass-28 ions, because 
the s l ight  increase in  the mass-28 peak height 
could be accounted for by the C13 isotope effect, 
it was concluded that the principal portion of th is  
peak must be attributed to  the C"HZt ion. 

expected to  occur, since C,H, i s  a linear sym- 

metrical molecule of the form H-C=C-H. Ap- 
parently the CH,' ion is formed by some type o f  
rearrangement process. 

A typ ica l  scan of the mass-23 region is shown 
in Fig. 14. Carbon dioxide was del iberately 
added to  produce CO," ions for a mass marker. 

Ordinarily, ions of the type CH, t would not be 

7A. Henglein, Z .  Natur/orsch. 70,  165 (1952). 
8 F .  L. Mohler cnd V. H. Dibeler, P h y s .  Rev. 72, 

158A (1947). 
9 F .  L. Mohler et al., J .  Research Natl. BUT. Standards 

48, 188 (1952). 

TABLE a. RELATIVE CROSS SECTIONS FOR COLLISION PROCESSES 

Re la t ive Relative 
Cross Section for Cross Section* 

Collision Reaction for Electron Impact 

Relative Abundance Electron Impact Ion-Molecu le 

React ion at 8 x mm Hg Process 

CHt+ CH3' + H 0.05 

CH'+ CH,' + (2H) 0.008 

CH4'-* CH'+ (3H) 0.001 

CH3'-, CH, t + H 

CH4'+ Ct + (4H) 0.0003 

0.006 

0.002 CHt -, CHt + (2H) 

CH3'+ C f +  (3H) 0.0003 

100 

11 

t 100 CH4+CH3 + H + e  

16 CH4 -* CH2 + (2H) t 

2 CH4 + CH' + (3H) + e 5 

1 CH4 + Ct + (4H) + e 2 

14 

1 

1 

*Simply the relative abundance of ions in the methane mass spectrum obtained with 75-v electrons normalized to  

mass 15 = 100. 
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TABLE 9. MASS SPECTRA OF ACETYLENE AT VARIOUS PRESSURES* ( X  IO6 mm Hg) 

Intensity a t  Various Pressures 
Mass Ion 

5.50 

5.76 

6.0 

6.50 

7.54 

10.29 

11.08 

12 

12.5 

13 

13.5 

14 

23.04 

24 

25 

26 

27 

C2H2+ + C+ + CH2 

C2H++ C++ CH 

C2'+ C++ C and Ctt 

C2H2'+ CHt+ CH 

C2H2'+CH2 t + C  

CH2'-+Ct+H2 

CHt+ Ct + H 

c+ + c2++ 

C2 H " 

CH++ C2H2'+ 

c13 c12 H2++ 

CH2' 

C2Ht+ C2+ + H 

c2 

C2Ht 

C2H2+ 
c13 c12 + 

H2 

0.23 0.24 0.30 0.74 1 .o 2.0 2 -4 2.8 3.1 

0.96 

0.01 9 

4.42 

0.074 

0.1 9 

0.0082 

5.67 

20.72 

(1 00.00) 

2.24 

0.96 

0.01 5 

4.39 

0.073 

0.1 9 

0.0081 

(5.67) 

20.79 

2.27 

0.0002a 

0.00028 

0.97 1.01 

0.01 6 

4.44 

0.073 0.071 

0.20 (0.20) 

(5.67) 

2.21 

0.00016 

0.00020 

o.ooo4a 

0.00036 

0.000059 

0.00036 

1 a03 

0.01 6 

0.067 

(0.20) 

0.00028 

0.00041 

0.00064 

0.00072 

0.0001 1 

0.000087 

0.00040 

1.01 

0.068 

(0.20) 

0.00037 

0.00052 

0.00078 

0+00086 

0.0001 7 

0.000084 

0.00044 

1.01 

0.069 

(0.20) 

0.00040 

0.00053 

0.00084 

0.001 00 

0.0001 7 

0.000094 

0.00046 

0.98 

0.066 

(0.20) 

0.00050 

0.00055 

0.00089 

0.1 001 1 

0.00020 

0.0001 0 

0.00047 

0.99 

0.063 

(0.20) 

* T h e  figures in parentheses were used to normalize to a relat ive abundance of mass 26 = 100. 
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Fig. 14. Metastable Transit ion in Acetylene, 

The relat ive abundance of th is  peak is  essential ly 
independent of pressure as shown i n  Fig. 15. 
Furthermore, the relat ive abundance i s  quite 
large even a t  pressures as low as 3 x mm Hg, 
where co l  I is  ion-induced dissociat ions wou Id not 
be expected to  occur. For these reasons, it was 
concluded that the transit ion C2H+ + C,' + H i s  a 
unimolecular dissociat ion and not a co l l is ion-  
induced reaction. It should be noted, however, 
that on the basis of the quasi-equil ibrium 
theory' O,'  ' of mass spectra, unimolecular decom- 
posit ions would not be expected t o  occur i n  
molecules as small as acetylene. 

In view of this surprising result, it was thought 
advisable t o  careful ly re-examine the mass-23 
region of the acetylene spectrum t o  exclude the 

'OH. M. Rosenstock et al., Proc. Natl. Acad. Sci. U . S .  

"A.  Kroph, doctoral thesis, Univ. of Utah, 1954. 
38, 667 (1952). 
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Fig. 15. Mass Spectrum of Acetylene Showing 
Relat ive Abundance of the Peak To B e  Essent ia l ly  
Independent of Pressure. 

poss ib i l i ty  of it result ing from poor instrumental 
geometry. As a check, the spectrum of acetylene 
was examined with two other mass spectrometers. 
Identical spectra, wi th in  experimental error, were 
obtained wi th  the three different instruments. 

Absolute cross sections for the co l l i s ion  
reactions could not be determined accurately 
because of insuff icient knowledge of the absolute 
pressure and the lack of information regarding 
co l lect ion eff iciency for ions scattered through 
small angles. Nevertheless, rough calculat ions 
for the C,H,+ + CH' + (CH) reactions show the 
absolute cross section t o  be of the order of 
cm2. 

The approximate relat ive cross sections can be 
calculated without the absolute pressure being 
known. These calculations are based on the same 
assumption that was used for the methane calcu- 
lations. A comparison for the various cross 
sections is  shown in  Table 10. 

It is interesting t o  compare the re la t ive abun- 
dances for the various fragments of acetylene 
shown i n  Table 9 in  terms of bond energies. 
Based on the assumption that there is  equal 
col lect ion eff iciencies for the ions formed i n  the 
ionization chamber, it has been found a t  ORNL 
that the probabil ity for breaking the two C-H 
bonds giving the resultant C2+ ion at  mass 24 is  
signif icantly greater than it i s  for the rupture of 
the CIC bond result ing in  the CH' ion at  mass 13. 
The bond energy for the C-H bond is  given as 
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TABLE 10. RELATIVE CROSS SECTIONS FOR COLLISION PROCESSES 

Relat ive Relat ive 
Relat ive Abundance E lec tr on-Impact Cross Section for 

Ion-Molecu le Cross-Section f a  
React  ion ot  2 x mm ~9 Process Electron Impact 

Col l is ion Reaction 

C2H2'+ CH'+  (CH) 0.00072 100 C ~ H ~  + CH+ + (CHI + e 100 

C2H2' + C t  + (CH2) 0.0002 8 40 C ~ H ~  + c+ + ( c H ~ )  + e 22 

C2H2'+ CH2 t + C 0.0001 1 15 C ~ H ~  + c' + c + e 4 

90.5 kcaland the value for (CsC) is  145 kca1.12*13 
Since the nature of the molecule changes after 
breaking one C-H bond, the energy required t o  
rupture the second C-H bond i s  not necessarily 
90.5 kcal. However, i f  the mass spectrum of 
acetylene i s  interpreted in terms of bond energies 
alone, the intensity from the CH' ion should be 
greater than that from the C2' ion; actually, the 
reverse i s  true. 

A brief investigation was undertaken in an 
effort t o  learn more about the detai led mechanism 
of coll ision-induced dissociations. It was thought 
that perhaps upon electron impact the parent ion 
was formed in a h igh electronic state, thereby 
requiring very l i t t l e  addit ional energy t o  cause 
dissociation. Thus, in the  ensuing co l l i s ion  
w i th  the neutral molecule, only a very small amount 
of k inet ic  energy need be transferred for d is -  
sociation. The interaction could then proceed 
without appreciable transfer of k inet ic  energy t o  
the residual gas molecule, and the co l l i s ion  
i t se l f  would not change the direct ion of f l ight  
of the fragment ions, in agreement wi th  experi- 
mental observations. 

Acetylene lends i tse l f  we l l  t o  th is  investigation 
because of the high activation energy required t o  
produce the fragment ions. The  ionization po- 
tential of the acetylene molecule i s  11.2 v, 
whereas the appearance potential for the CH' 
fragment ion is  22.2 v. If the col l ision-induced 
dissociat ion corresponding to  the reaction C2H2' + 

CHt + (CH) results from an interaction between a 
C2H2' ion in  a highly exc i ted electronic state 
and a residual gas molecule, the peak a t  mass 

12G. E. Coates and L. E .  Sutton, J. Chem.  S O C .  

I3T. J. Cattrel l ,  T h e  Strengths of Chemica l  Bonds .  

1948, 1 187. 

Academic Press, New York, 1954. 

6.5 would disappear when the electron ion iz ing 
energy i s  lowered to  about 12 ev, producing C,H,' 
ions wi th  l i t t l e  excitat ion energy. Furthermore, 
the abundance of the fragment CH' ion re la t ive t o  
the parent C2H2t ion should increase a s  the 
electron-impact voltage i s  increased. In the 
present study the rat io  o f  the abundance o f  the 
mass-6.5 peak t o  that of the mass-26 peak was 
examined as a function of the electron impact 
potential as it was varied from 12 t o  75 v. Within 
experimental error th is  ra t io  was found t o  be 
constant and was independent o f  the electron 
accelerating voltage. It i s  concluded therefore 
that the mechanism of the col l ision-induced 
dissociat ion process involves a n  interaction 
between a residual gas molecule and an unexcited 
ion rather than an excited one. Th is  does not 
preclude, however, the poss ib i l i ty  of dissociat ion 
of excited ions i n  col l is ion. 

MASS S P E C T R O M E T E R  SOURCE S T U D I E S  

G. F. Wells J. R. Walton 

A study of the mass spectrometer ion source 
was begun during th is  period wi th  two goals in 
mind. The primary objective was the development 
of an eff icient source for solid-sample analyses 
a t  elevated temperatures for use in RS-2, the two- 
stage, 12-in.-radius mass spectrometer. A second- 
ary objective was s impl i f icat ion of the ion lens 
system to  eliminate unnecessary e lect r ica l  leads 
in to the vacuum system. 

The source in  general use a t  present is a modi- 
f ied Nier14 type of source as shown schematical ly 
in Fig. 16. It requires 12 e lect r ica l  connections 
and presents a complex lens system of several 
interacting f ie ld  gradients between successive 

14A. 0. Nier,  R e v .  Sci. Ins f r .  11, 212 (1940). 

. 
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A L L  DIMENSIONS ARE IN INCHES 
TOLERANCE O N  A L L  DIMENSIONS IS f 0,001 in. 
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Fig.  16. Schematic Diagram of Modif ied Nier  Source. 
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plates. The ionization chamber was modified 
from Nier’s gas source t o  provide a un i t  block 
chamber w i th  provision, for electron filament, 
electron trap, and sample oven subassemblies as 
shown i n  Fig. 17. The sample oven” i s  re- 
sistance-heated to  vaporize so l id  samples into 
an electron stream, where they are ionized in the 
conventional manner. Ion repel ler voltages may 
be applied to the oven also. Ions may be produced 
direct ly from the hot surface of the oven if work 
function vs ionization potential conditions between 
the oven material and sample i s  appropriate. 
However, it is believed that the ef f ic iency of 
th is  source for thermal ions can be improved, 
as others have shown,16 by better geometry of 
the ion-emitting surface and of i t s  relat ionship 
t o  the accelerating field. 

has developed the fol lowing equation 
( identical in  form with the equation of an opt ical  
lens) for the lens action of a single s l i t  aperture 

Barnard 

as shown in  Fig. 18: 

E b  - Ea 1 1 1  

’ : 
. .  

Fig. 17. Unit  Block Ionization Chamber. 
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where E, denotes the f ie ld  strength between 
B and C, Ea the f i e ld  strength between A and C, 
Vc‘ the potential of plate C with respect t o  A, 
da and d,  the separation between A and C and C 
and B, respectively, and l//c the focal power of 
the s l i t  lens. 

If E, and E a  are considered to  be linear such 
that 

-I-- 
IC -- 6 A ~/----- k---=.==.= ---it x 

4-7 t-4- --*--------- 

I 
‘B - ‘C ‘C 

db db 
Eb = = --(vB = 0) - Eu 

and I 

the above equation may be used t o  derive an 
equation relat ing the spacing rat io  D = da/db  t o  

15J. R. WaIton, High Temperature Mass Spectrometer 
Owen, ORNL-1473 (Jan. 8, 1953). 

16M. G. Inghram and R. J. Hayden, Mass Spec- 
troscopy, p 30-31, National Academy of Sciences, 
Washington, 1954. 
17G. P. Barnord, Modern Mass Spectrometry p 69-85, 

Institute of Physics, London, 1953. 

Fig. 18. S l i t  Aperture Lens. 

the voltage rat io  V = V,/Vc: 

1 - v  
3 - 2v 

D =  

Figure 19 shows a plot of D vs V. Since practical 
mass spectrometry accelerating voltages dictate 
that  V must be posi t ive and greater than 1 and 
since d ,  and da from Fig. 18 are measured posi- 
t i ve ly  and negatively, respectively, from plate C, 
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. 

making D negative, the region from V = 1 to  
V = g, D = 0 to  D = -00, i s  the applicable region 
of th is  curve. Th is  indicates that from an ion 
optical point of v iew the lens spacing i s  not 

UNCLASSIFIED 
ORNL-LR-OWG 17750 

I 
1 
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+ 2  +:I 

Fig. 19. Spacing Ratio, D,  vs Voltage Ratio, VI 
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cr i t ica l ,  since a small voltage change on V c  
can change the V ra t io  adequately between 1 and 
% t o  bring a beam t o  focus for any D ra t io  from 
0 t o  --m. Barnard indicates, however, that for 
practical attainment of the proper f ie ld  interaction 
t o  g ive th is  focusing action, the da spacing 
should be greater than the aperture in  s l i t  C. To 
attain maximum transmission o f  ions, the opening 
in s l i t  C should be as large as possible while 
the beam is  s t i l l  being focused in  the co l l imat ion 
reg ion. 

Th is  approach indicates that by proper selection 
of spacing and voltages a l l  other plates than the 
ion chamber e x i t  plate, focusing plate, and 
col l imating plate in the Nier source can be e l imi -  
nated. A plate-by-plate el imination of plates in 
the present source is being investigated t o  study 
the changes in  beam intensity and resolution. 
The f i rs t  plates t o  be removed were the “beam 
center” plates i n  the col l imation section. An 
adequate beam was obtained wi th  such a source 
i n  the alignment period of RS-1, the 6-in.-radius 
single-stage research spectrometer. No com- 
parative data are yet available. The mercury 
spectrum i l lustrat ing the resolving power of RS-1 
was taken wi th  th is  source. 

Preliminary tests have been made on the ion 
source shown schematically in Fig. 20 in which 
major changes in accelerating plate spacing were 

U N C L A S S I F I E D  
O R N L -  L R -  D W G  17654 

SOURCE OVEN ASSEMBLY IONIZATION CASE 

ION EXIT SLIT 

FOCUS PLATES 

DRAWING OUT S L I T  

PRIMARY EXIT  SLIT 

SECONDARY EXIT  SLIT 

A L L  DIMENSIONS ARE IN I N C H E S  

Fig. 20. Schematic Diagram of RS-2 Source. 

27 



S T A B L E  I S O T O P E S  PROGRESS R E P O R T  

made and the beam center plates were omitted. 
Comparison of beam strengths between the modi- 
f ied Nier source and the RS-2 source was made 
by using a Ga,O, sample and monitoring the 
thermally produced Gat ions. In four examinations 
the RS-2 source produced comparable peak heights 
of Gat  a t  lower oven temperatures, which indicates 
a better source efficiency. 

SING LE-STAGE R E S E A R C H  S P E C T R O M E T E R  
RS-1 

G. F. Wells C. E. Melton 

The RS-1 spectrometer has been constructed t o  
carry out various research projects which can 
eas i ly  be done i n  a single-stage 6-in.-radius, 
60-deg sector type of instrument w i th  dif ferential 
pumping. It is  now i n  complete operating condition 
and has the fo l  I ow ing characteristics. 

Dual  Pumping System. - A three-stage Martin' 
mercury dif fusion pump capable of a pumping 
speed of 80 Iiters/sec in the mm pressure 
range evacuates the source t o  a base pressure of 
2 x mm Hg. The tube and receiver chamber 
are evacuated by a two-stage Martin mercury 
dif fusion pump capable of a pumping speed of 
8 liters/sec in  the mm pressure range to  an 
equal base pressure. Each of these pumps uses 
liquid-nitrogen trapping. The only aperture con- 
necting the two systems is  a '/4 x 0.005 in. s l i t ,  
which is  the f ina l  ex i t  s l i t  of the ion source. 

A regulated leak has been provided i n  the 
receiver chamber so that the tube pressure may be 
regulated w i th  a known gas dif ferent from the 
sample ga5. A study of the variat ion of source 
chamber pressure w i th  tube pressure indicates 
that a pressure dif ferenrial of between one and 
two orders of magnitude may be maintained be- 
tween the two. Argon was used as the tube gas 
and the mass-40 peak was monitored while the 
tube pressure was increased. A subsequent check 
of the mass-40 peak intensity when argon was 
admitted through the sample-system leak indicated 
a 7% contribution of gas from the tube t o  the 

30:l. The source chamber pressure was 5 x 
mm Hg. 

Resolution. - A mercury spectrum was obtained 
as shown in Fig. 21. Resolution, R ,  i s  generally 
reported in two different ways. The c lass ica l  

source at  a pressure rat io  (P ,ube  /Psource  ) of 

18H. S. Martin & Co., Evanston,  111. 
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Fig. 21. Mercury Spectrum Illustrating Reso- 
lution for RS-1. 

method i s  t o  report a value of R = M / h M  for 
D = W,/?,  where M i s  mass, AM change in mass, 
D the dispersion, and W l I 2  the beam width at  '/2 peak height as described in Fig. 21. Since D i s  
defined from the theoretical mass spectrometer 
ion trajectory equation t o  be D = r ( A ~ / ~ ) ,  where 
t i s  the radius of the analyzer section, R may be 
writ ten R = r /D = Y / W , , ~ .  From Fig. 21 

1 
202 

W , / ,  = 0.270 = 0.27 (6) - = 0.0082 in. 

Th is  i s  a constant for a l l  beams and depends 
only on geometrical constants of the given 
spectrometer when scanning electromagnetically. 
Hence R = r/WlI2 = 6/0.0082 = 730. 

c 

28 



P E R I O D  E N D I N G  N O V E M B E R  30,  1956 

A practical method of reporting resolut ion is t o  
give the rat io  of the val ley between two adjacent 
masses t o  the peak height of the smaller of the 
two expressed as a percentage when the receiver 
s l i t s  are closed so that not less than 95% of the 
maximum value of the peak is  being received. On 
th is  basis and using masses 201 and 202 the 
resolut ion would be 0.00%. 

Sensitivity. - The sensi t iv i ty  of the spectrometer 
is  an expression of i t s  ab i l i t y  t o  develop a 
measurable peak from a given sample pressure 
and is  expressed in mi l l i vo l ts  per micron of 
sample pressure in the sample reservoir per 
microampere of ionizing current. RS-1 developed 
a peak of 842-mv intensity wi th  an ionizing current 
of 7.2 pa a t  a sample pressure of 26 p. This  
gave a sensi t iv i ty  of 4.5 mv-p- ' .pa- l .  Th is  
figure is superior t o  that for MSB, the G-E ana- 
ly t ica l  spectrometer which has a sensi t iv i ty  of 
0.28 mvmp' ' .pa- 

Other Special Features. - The tube has a 
wrapped Nichrome ribbon bake-out system which i s  
controlled in the source region t o  a temperature of 
225'C. Provision has been made t o  u t i l i z e  either 
a vibrating-reed electrometer or an electron multi- 
pl ier and counting technique at  the receiver. The 
alignment and the testing work conducted to  date 
have been done wi th  the vibrat ing reed. Other 
electronics for providing the 2000-v accelerating 
voltage and for the magnetic f ie ld  current are 

standard regulated power supplies wi th  s tab i l i ty  
and noise figures of 0.01% long-term dr i f t  and 
0.001% ripple. 

TWO-STAGE MASS S P E C T R O M E T E R  RS-2 

J. R. Walton Russel l  Baldock 

The power instal lat ion for the RS-2 spectrometer 
i s  complete. The two main magnets have been 
placed i n  operating position, and preliminary 
measurements have been made of the f lux as a 
function of the excit ing current. Nuclear magnetic 
resonance equipment, Numar19 model 103, was 
used as a f lux meter. Since it is  highly important 
that the two magnets have the same f lux for 
successful operation of the machine, an exact 
knowledge is required of the f lux in the respective 
magnets for the same current. It was found that a t  
1854 gauss the f lux in the two magnets differs by 
only 1.4 gauss. This can eas i ly  be corrected by 
shunting a portion of the current i n  the magnet 
w i th  the higher flux. 

The electron multiplier and counting c i rcu i t ry  
t o  be used for ion current measurement has been 
tested on another mass spectrometer. The gain 
of the 14-stage electron mult ipl ier i s  a t  least one 
mil l ion. The vacuum system is  essential ly com- 
plete and test ing of components has begun. 

19Nuclear Magnetic Corp., Boston, M a s s .  
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APPLIED MASS SPECTROMETRY 
J. R. Sites 

I N T R O D U C T I O N  

In addition to the continuing effort in  analyzing 
the calutron separated isotopes, the Applied Mass 
Spectrometry section has applied i t s  equipment 
and techniques to a wide variety of ORNL p r o b  
lems. 

Over 100 cyl inders of argon of very low (ppm) 
oxygen content were analyzed for use as inert 
cover gases i n  the Metallurgy Division. A check 
has been made on the progress and successful 
production of the N'' columns i n  the Chemical 
Isotopes Separations Group. The problem of the 
so lub i l i ty  of xenon i n  fused sa l t  i s  under study. 
The existence of various polymer vapor species of 
fused sa l t  i s  being determined. 

The relat ive isotopic abundances of a hot sample 
of f ission-product krypton were determined. The 
U238 content o f  some HRT fuel batches was 
checked. Some work was done on the determina- 
t ion of small amounts of rare earths. The nitrogen 
and oxygen isotopic rat ios of some spiked nitrates 
for dif fusion experiments were determined. Quite 
a bi t  of preliminary work was done on checking the 
vacuum tightness of welded vessels by means of 
i sotopi c d i I ution techn i ques. 

S T A B L E  I S O T O P E  A N A L Y S E S  

H. B. Green E. J. Spitzer 

Analysis of the re la t ive isotopic abundances of 
calutron enriched isotopes has continued. During 
the period o f  May through October, 135 analyses 
were made on samples o f  21 elements. The com- 
pound used for each element and the specif ic ions 
measured are shown i n  Table 11.  Al l  samples 
were run from a tantalum fi lament oven. 

RCSUMC OF MASS S P E C T R O M E T R Y  A N A L Y S E S  

L. 0. Gilpatr ick C. E. Prather 
M. M. McMahan 

The total number of mass spectrometer analyses 
The performed from May through October i s  1015. 

distr ibution among the main categories i s  given 
be I ow: 

Total Number 

of Analyses 

Stable Isotopes Division 135 
Chemical I sotope Separations 47 1 
Chemistry Division 17 
Metallurgy Division 226 

Miscellaneous 116 
Reactor Proiects 50 

TABLE 11. IONS MEASURED I N  STABLE 
ISOTOPE ANALYSES 

Ions Measured 
Atomic 

No. 
Element Compound Electron 

Produced 

3 

12 

14 

17 

20 

22 

30 

32 

37 

38 

40 

42 

47 

48 

52 

60 

62 

66 

74 

82 

L i t h i  urn 

Magnesium 

Si1 icon 

Chlorine 

Cat ci um 

T i tan i  urn 

Z inc  

Germonium 

Rubidium 

Stron t i  urn 

Zirconium 

Molybdenum 

Si I ver 

Codmium 

T e l  I urium 

Neodymium 

Samari urn 

Dysprosi um 

Tungsten 

L e a d  

L i SO4 

M g 0  

S i 0 2  

N a C l  

Cal 

T i 0 2  

ZnO 

G e 0 2  

RbCl 

Sr(NO3l2 

Z r 0 2  

M o o 3  

Ag CI 

CdO 

T e  

Nd203 

Sm203 

DY203 

wo 3 

P b C r 0 4  

L i  + 

s i o +  

TiO' 

Rb' 

Sr+ 

ZrO + 

NdO+ 

Sm 
+ 

DY + 

Ms + 

CI + 

C O l +  

Zn + 

G e +  

MOO' 

Ag + 

Cd' 

Te+ 

+ 
w02 
Pb' 

30 



P E R I O D  E N D I N G  N O V E M B E R  30, 1956 

. 

. 
e 

. 

ANALYSIS  F O R  C O N T A M I N A N T S  I N  V E R Y  The mass spectrometer must be cleaned before 
PURE ARGON i t  i s  used for argon so as to have the mini- 

C. E. Prother M. M. McMahan mum of residual background ion peaks, as their 

Over 100 commercial cyl inders of argon were 
sampled and checked on a mass spectrometer for 
contaminant gases in  the ppm range. It i s  desired 
to sort out the cylinders which have less than 
10 ppm of oxygen in them. In  order to analyze 
re l iab ly  for contamiiiants in the ppm range, a l l  
sampling must be very careful ly done to prevent 
any addition o f  contaminant gases, most especial ly 
air in-leakage. The technique used here involves 
the use o f  an auxi l iary vacuum system. 

The cylinder o f  gas to be tested i s  placed next 
to the auxi l iary vacuum system and i s  connected 
to it through a vacuum-tight pressure reducing 
regulator and a double-ended gas sample bulb. 
With the cylinder’s own valve s t i l l  closed, a l l  the 
other valves, including the regulator, are opened, 
and the entire system i s  evacuated to  at  least 
1 x mm Hg. After th is  pressure i s  reached, 
the sample bulb i s  isolated from the vacuum sys- 
tem; then argon i s  carefully l e t  into i t and flushed 
through it to the atmosphere through a side stop- 
cock. After 2 or 3 min o f  flushing, the two stop- 
cocks on the sample bulb are closed. Th is  sample 
of argon at  atmospheric pressure i s  then put on the 
sample in le t  system of the gas mass spectrometer. 
After appropriate evacuation o f  the in le t  system, 
the pressure in the expansion volume i s  increased 
unti l  the A36 ion peak i s  nearly f u l l  scale on the 
%OX scale o f  the vibrating-reed electrometer. 
The VG-lA ion gage r ises from a base pressure of 
4 x lo’* mm Hg to  about 1.5 x mm Hg. The 
scanning of the ion peaks i s  then made i n  the 
normal way, switching to  the appropriate intensity 
ranges for each on the str ip chart recorder. The 
fol lowing ion peaks are scanned slowly: H, at  
mass 2, He at mass 4, CH at mass 16, H,O at  
mass 17 (doubly charged A3’ precludes the use of 
mass 18 for H,O), hydrocarbon at  mass 27, N, at  
mass 28, 0, at mass 32, A at mass 36, and CO, at 
mass 44. Great care i s  taken not to  le t  the enor- 
mous ion peaks o f  argon mass 40 and doubly 
charged A40 at  mass 20 fa l l  on the receiver s l i t ,  
as their very large currents w i l l  cause unwanted 
effects in  the 10”-ohm electrometer input resistor. 
The CO, peak i s  on the very large ta i l  of the A40 
peak. 

in tens i t ies must- be subtracted from the mass 
spectrum obtained from the sample. The mass 
spectrometer has been cal ibrated for these con- 
taminant gases, and the correction factors for 
their differences i n  ionization have been deter- 
mined. An important feature of th is  method i s  that 
the re la t ive abundance o f  the A36 isotope gives a 

lever” of a factor of over 200 for the total amount 
o f  argon, 

A cylinder that has about 10 ppm o f  0, has been 
set aside as a control, and it i s  run every few days 
in  order to check the del icate sampling technique 
and to  check on the day-to-day and week-to-week 
reproducibi l i ty of the mass spectrometer. The 95% 
confidence interval for 20 dif ferent loadings of 
th is  control i s  t 2  ppm out of 11 ppm. This  in- 
cludes data taken when the mass spectrometer 
background was not so low as usual because o f  
running other samples from which residual ion 
peaks remained. Table 12 shows a typical analy- 
s is  as reported. In the mass spectrometer used, i t 
i s  impossible to  separate N2 and CO, both of which 
have a mass of 28. 

A few samples o f  helium have been analyzed in 
this same manner, and the results are equally as 
good. In th is  case the electrometer input resistor 
i s  switched to  one wi th  100 times less resistance 

mass 4. 

I 1  

for a I 1  lever” on the very large helium peak at  

TABLE 12. TYPICAL ARGON ANALYSIS 

Relative Amount 
Mass Ion 

Per Cent PPm 

2 H2 
4 He 

16 CH4 

17 H 2 0  
27 Hydrocarbon 

6 

1 

28 N, f CO 42 

32 O2 13 

36 A 99.994 

44 co2 
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SPECTROSCOPY RESEARCH LABORATORY 
J. R. McNally, Jr. 

I N T R O D U C T I O N  

Major accomplishments during this semiannual 
period are as follows: 

1. The infrared spectra of the isotopic mole- 
cules NT,, NT,H, and NTH, were observed with 
the use of up to 150 curies of trit ium. 

2. Attempts at synthesis o f  the cyanic and 
thiocyanic acids invo lv ing attempted deuterium 
substitution using KDSO, and KSCN (or KOCN) 
proved conclusively that the reaction involves 
hydrogen from moisture present rather than from 
the KDSO,. 

3. A preliminary energy level scheme for pluto- 
nium has been determined which involves approxi- 
mately one-third o f  a l l  Zeeman effects measured. 

4. The nuclear magnetic moment and quadrupole 
moment rat ios of U233 and U235 have been ac- 
curately determined. 

5. A summary o f  x-ray dif fract ion data (ORNL- 
2092) for 74 compounds has been prepared. 

MOL E C U L AR SP E C T R  OSCO P Y 

Infrared Spectrum of NT, 

J. H. Goldstein’ 

The infrared spectra of the molecules NT,, 
NT,H, and NTH were observed in  the region 
5000 to 450 cm-? Frequencies were measured 
with a Perkin-Elmer single-beam double-pass 
spectrometer equipped w i t h  LiF, NaCI, and KBr 
prisms. Improved re la t ive intensit ies were ob- 
tained at  somewhat lower resolut ion wi th  a Perkin- 
Elmer Model 21 double-beam spectrometer em- 
ploying LiF, NaCI, and CsBr prisms. Approxi- 
mately 0.002 mole (150 curies) of NT, was 
synthesized, al lowing a maximum pressure of about 
10 cm Hg in a 10-cm absorption ce l l .  

The NT, was prepared by the reaction of T,O 
and magnesium nitride. The tr i t iated water was 
synthesized i n  a manner previously described, 
and Mg,N, was made by the reaction of coarse 
magnesium powder wi th  nitrogen gas i n  a tube 
furnace a t  6OOOC. To prevent the formation of 

P. A. Staats H. W. Morgan 

’Consultant, Emory University,  Atlanta, Georgia. 

,P. A. Stoats, H. W. Morgan, and J. H. Goldstein, 
J .  Chem. Phys .  24(4), 916 (1956). 

oxide, the reaction was carr i  d u t  i n  a platinum 
boat. It was found that the reaction of T,O wi th  
an excess of the best n i t r ide so produced gave 
only about 60% of the theoretical yield. Thus the 
synthesis was performed in  two steps, wi th  the 
unreacted T,O being recovered after each reaction 
by heating the nitr ide sample. The NT, was found 
to contain no detectable T,O but did contain 
approximately 5% hydrogen which allowed observa- 
t ion of the mixed species. Recovery of the t r i t ium 
was accomplished by the use of metal l ic uranium, 
as has been previously described. 

The NT, i n  the gas phase at approximately 
10 cm Hg pressure underwent an estimated 20% 
decomposition in a period of 120 hr. Some fract ion 
of th is  resulted from reaction w i th  the AgCl 
windows, producing free si lver and lowering the 
transmission of the ce l l .  Strong “window” bands 
were produced, among which are believed to  be 
the absorptions of NT,CI. 

Analys is  of the observed spectra i s  not yet com- 
plete, part icularly for the mixed species where 
isotopic substi tut ion removes the degeneracies of 
two o f  the NT, fundamentals. The tentative fre- 
quency assignments for NT3 are given in Table 13 
(the convention of Herzberg i s  used in  the number- 
ing). No splitt ings, arising from the molecular 
inversion, were observed in the v 2  and v4 bands of 
NT,; nor were any v3 fundamentals observed. 

3 

3P. A. Stoats, H. W. Morgan, and J. H. Goldstein, 
Siable Isotopes Semiann. Prog. R e p ,  May 20, 1956, 
ORNL-2114, p 1. 

TABLE 13. VIBRATIONAL ASSIGNMENTS I N  
TRIT IATED AMMONIA 

ul v2 v4 Mo I e t  ul e 

2190.5 654.0 997.0 NT3 
NT2H 748.0 1401.0 a*  1077.5 s* 

1075.0 s* 743.5 

NTH, 867.0 
851.0 

~~ 

* a  and s refer to the vibrations asymmetric and sym- 

metric with respect to a p lane of symmetry passing 

through the nitrogen and hydrogen atoms. 

. 

. 

32 



P E R I O D  E N D I N G  N O V E M B E R  30 ,  1956 

. 

The magnesium nitr ide samples, which now con- 
tain tr i t ium as the trioxide, w i l l  next be reacted 
wi th  D,O t o  produce the mixed species ND,T and 
NDT,. By further d i lu t ion wi th  NH, it i s  hoped 
to observe the species NHDT. 

Vibrational Spectra of Ca(BH),, 

W. R.  Busing4 H. W. Morgan 

Attempts to observe the Raman spectrum of 
single crystals of Ca(OH), yielded l imited data. 
Approximately 20 small single crystals, immersed 
in bromobenzene, were mounted in a special ly de- 
signed Raman tube. The spectra were photo- 
graphically recorded wi th  the use of a Lane Wells 
spectrometer and source unit, w i th  exposures 
ranging from 2 to  72 hr. The OH stretching vibra- 
tion, corresponding to  the symmetric motion of the 
two groups i n  the uni t  cel l ,  was measured as 
3617 +_ 3 cm- '. Attempts t o  observe f ine structure 
yielded only two very weak satel l i tes, which could 
not be measured wi th  precision and could not be 
unequivocally assigned as arising from the Ca(OH), 
c<ystals. With the use of the recently extended 
range of infrared instrumentation (Perkin-Elmer 
Model 21 with CsBr optics), further work w i l l  be 
performed on this spectrum. 

T h e  Infrared Spectra of Cyanic  Ac id  and 
Thiocyanic Ac id  

J. R. Lawson' H. W. Morgan 

The vibrational spectra of HNCS and HNCO 
have been reported in the l i t e r a t ~ r e , ~ ' ~  and force 
constants have been computed based on certain 
assumptions.8 In these molecules the stretching 
vibrations o f  the CN and the CX (X = 0 or S) 
groups interact strongly, so that the resultant 
normal modes of motion are not characteristic of 
the bonds involved. The degree of interaction i s  
sensit ive to  the force constants and to the masses 
involved, and thus the substi tut ion of deuterium or 
of N'' would be expected to cause measurable 
frequency shifts3 These, in principle, al low a 

4Chemistry Division. 
5Research Participant, Tennessee Agricultural and 

6C. Reid, J. Chem. Phys. 18, 1512 (1950). 
Industrial State College, 1956. 

7G. Herzberg and C. Reid, Discussions Faraday SOC. 
9, 92 (1950). 

'W. J. 0. Thomas, Trans. Faraday SOC. 49. 855 (1953). 

definite assignment of the fundamental frequencies 
of these molecules. 

The mathematical techniques developed for 
solving secular equations on the Oracle were used 
to test the va l id i ty  o f  the assumptions used i n  the 
reported force constant analyses. The method 
employed, developed by Torkington, assumed no 
strong interactions between the normal modes of 
motion. Since th is  was not true for these mole- 
cules, the two interacting modes were rewrit ten i n  
terms of an additional parameter, p ,  which was 
assumed to contain the degree of interaction. By 
calculat ions on the Oracle it was determined that 
th is  assumption was reasonable for small values 
of p ,  that i s  for HNCS, but led to  serious error for 
values of p greater than 0.5, including HNCO. 
The normal coordinate analyses were carried out 
with the parameter p omitted, and numerous com- 
putations were made i n  order to determine the 
dependency of the force constants on isotopic 
frequency sh i f ts  and on the structural parameters 
of the molecule. 

Synthesis of the free acids was attempted by 
many methods which al lowed the convenient sub- 
st i tut ion of deuterium. It was concluded that the 
best preparation employed the intimate mixing of 
KSCN (or KOCN) and KHSO, powders. Reaction 
occurs only when a trace of moisture i s  present, 
and thus by secondary reactions traces of OCS, 
CO,, and HCN are found. In one series of experi- 
ments it was determined by reaction with KDSO, 
that an appreciable fract ion of the ac id  hydrogen 
came from water in the KSCN. By al lowing care- 
fu l ly  dried KSCN to  absorb D,O and then mixing 
it with KHSO,, concentrations of up to 60% DNCS 
were attained. The d i f f i cu l t ies  in obtaining high- 
puri ty DNCS and DNCO have prevented accurate 
determinations of the isotope sh i f ts  on the single- 
beam infrared spectrometer. The measurements 
w i l l  be performed on the double-beam spectrometer 
in  the near future. 

Infrared Spectra of the Deutero-Substituted 
Ethyl  Alcohols 

H. W. Morgan J. G. Burr' 

The deutero- substituted a I coho1 s CD ,CH ,OH, 
CH,CD,OH, CH,CHDOH, and CH,CH,OD were 
prepared in high purity and together with CH,CH,OH 

~~ ~~~ ~ 

9Chemistry Division. 
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were studied in  absorption over the region 2 to  
25 p, with both a single-beam and a double-beam 
infrared spectrometer. The observed isotope 
sh i f ts  allowed definite assignments to  be made 
for a l l  the stretching modes of vibration. Reason- 
able assignments were made o f  the various bending 
modes. A simpli f ied normal coordinate analysis i s  
now being made in order to obtain approximate 
values for certain o f  the force constants and, from 
the calculat ion of isotope shifts, to  provide veri- 
f icat ion for the assignments of the bending modes 
i n  these molecules. 

ATOMIC S P E C T R O S C O P Y  

Spectrum of Singly Ionized Plutonium, Pu(ll) 

J. R. McNally, Jr. P. M. Gr i f f in  

A survey of wavelength data on the plutonium 
spectra has been made avai lable lo for spectro- 
chemists and for purposes o f  a preliminary classi- 
f icat ion of the spectra, Issuance o f  the report has 
resulted in additional wavelength data being sup- 
p l ied on 1076 l ines by the Zeeman Laboratorium at 
Amsterdam. ' '  The latter data wi II be incorporated 
into a revised I i sting shortly. 

'OJ. R. McNal ly ,  Jr., A Survey of Plutonium Spectrum 

"M. Schenck-Van den Berg, private communication, 

Data, ORNL-2154 (Aug. 28, 1956). 

Nav. 2, 1956. 

More than 330 Zeeman patterns obtained at 
24,136 oersteds and wi th  an Echel le  spectrograph 
were computed by Oracle least-square routines 
developed by Vander Sluis, Griffin, and Vander 
Sluis. l 2  No resolved patterns for any neutral or 
doubly ionized plutonium spectrum l ines were 
recognized, indicating very marked se lect iv i ty  of 
excitat ion o f  Pu(l l)  i n  low current arcs in magnetic 
f ields. Th is  i s  analogous to  the excitat ion selec- 
t i v i t y  for the II spectra of the f i rs t  rare earths o b  
served by Harrison and others at  Massachusetts 
Inst i tute of Technology using f ie lds as high as 
90,000 oersteds. 

A preliminary energy level scheme for Pu(lI)  has 
been establ ished based on the Zeeman measure- 
ments. Table 14 l i s t s  the low energy states of 
Pu( l l )  determined to  date, together wi th  electronic 
configurations, number of Zeeman patterns ana- 
lyzed, average Land6 g factors, and theoretical 
Russell-Saunders (LS) and g . .  factors. The 
analogous spectrum, Sm(ll), shows much closer 
LS coupling and f i t s  Merri l l 's intermediate COU- 

p l ing scheme13 very exactly. l 4  Racah and 

11 

12K. L. Vander Sluis, P. M. Griffin, and J. H. Vander 
Slui s, Stable  I s o t o p e s  R e s e a r c h  and Product ion Serniann. 
P tog .  Rep .  Nov. 20, 1955, ORNL-2028, p 6. 

13R. A. Merrill, P h y s .  Rev .  46, 487 (1934). 
14W. A. Albertson, Ast rophys .  I .  84, 26 (1936). 

T A B L E  14. LOW ENERGY LEVELS IN Pu(l1) 

g . .* gLs**  
Leve l  Number of 

Term I (cm-') Patterns gobs gL 5 I1 

0.0 16 3.139 4.000 2.000 4.007 8F '/z 
8F 92 

' F  '/2 
8 F  72 

' F  I2 

8 F  I2 

6F '2 

2015.0 24 1.883 2.000 1.667 2.002 

3235.8 26 0.304 -0.667 1.333 -0.671 

3969.9 19 1.668 1.714 1.600 1.716 

3 5502.1 20 1.168 1.067 1.400 1.067 

7 5718.0 13 1.579 1.619 1.571 1.620 

5 7498.5 7 1.304 1.314 1.429 1.315 

*Pure LS i s  assumed to be in  the parent term. 

'**Based on anomalous g factor correction (see J. R. McNally,  Jr., Stable  I s o t o p e  R e s e a r c h  and Prodt lc t ion Semiann. 
Prog. Rep .  Nou. 20, 1955, ORNL-2028, p 7). 
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. McNal ly”  attempted to f i t  part of th is  low6#*  F 
group t o  the intermediate coupling scheme but met 
with l imi ted success presumably because of the 
impure LS coupling in the parent ion. Addit ional 
evidence for impure parent ion coupling i s  indi- 
cated by g sums based on the parent ion term 
deviating from theoretical (see Table 15). 

TABLE 15. g SUMS FOR LOW TERMS IN Pu(ll) 

J gtIle.0 * 

\ 3.443 3.336 +O. 107 

3 

5 

3.051 3.069 -0.018 12 

12 2.972 3.03 1 -0.059 

*Pure LS i s  assumed to be in  the parent term. 

Table 16 gives pertinent spectroscopic data on 
high odd-parity energy levels. Levels  designated 
A are based on two or more resolved Zeeman 
patterns, S indicates one Zeeman pattern plus 
Ri tz  combinations, and C indicates one Zeeman 
pattern or R i tz  combinations only. The large 
number of high levels suggests mixing of several 
configurations, for example, 5f67pl 5f7, 5f57s2, 
5f56d7s, and possibly states involving the 5g 
electron. 

15Discussions ot Joint Commission for Spectroscopy 
Meeting, Ohio State University,  June 1956. 

Rat ios of the Nuclear Moments of U233 and UZJ5 
K. L. Vander Sluis 

Interest i n  the algebraic sign and magnitude of 
the rat io of the quadrupole moments of U233 and 
U235, for nuclear alignment and alpha emission 
anisotropy work i n  the Phys ics Division, has led 
to a reinvestigation o f  uranium hyperfine structure 
patterns used previously to  determine the nuclear 
spin moments. The transit ion h 5915 (169, - ’ L 6 )  
was selected for measurement. The assumption 
(substantiated by the small structure in other 
transitions to  the ’ L ,  leve l )  was made that a l l  
the structure was i n  the 169, level. 

The components, a, of the hyperfine pattern are 
related to the center of gravity, ao, of the pattern 
by the expression 

where 

C = ( E  + I+)F - ](] + 1) - I(I + I ) ,  
F = / I  + 11, 
1 = 7 for the level 169,, 
I = 7/2 for U235, 

= 5/2 for U233, 
A ’V t~ d m ,  p = magnetic dipole moment, 
B -Q, Q = electr ic quadrupole moment. 

TABLE 16. HIGH ENERGY LEVELS IN Pu(ll) 

J gobs 
Leve l  Leve l  

Quality (cm-‘) J gobs 
Leve l  Leve l  

Quality (cm-’) 

5 

A 

A 

A 

A 

C 

A 

C 

C 

B 

22,038.8 

24,206.6 

24,366.0 

24,386.9 

24,700.7 

24,839.7 

25,064.1 

25,40 3.6 

25,574.0 

26,595.0 

A 

C 

A 

C 

C 

B 

A 

A 

C 

A 

29,95 1.9 

30,057.6 

30,193.1 

30,284.6 

30,56 1.8 

30,727.2 

30,759.4 

30,794.8 

30,994.9 

30,999.8 

P 

1.166 

1.019 

1.358 

1.00 

2.66 

1.202 

1.199 

1.085 

0.365 

1.694 
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TABLE 16 (continued) 

J g o b s  
L e v e l  L e v e l  

Quality (crn-l) 

B 

A 

B 

A 

B 

B 

A 

B 

B 

A 

B 

B 

A 

C 

C 

B 

A 

A 

A 

A 

A 

A 

A 

C 

C 

A 

B 

B 

A 

C 

B 

B 

26,669.8 

26,766.4 

26,829.8 

27,162.2 

27,165.7 

27,305.1 

27,466.1 

27,523.4 

27,829.1 

27,879.1 

28,110.43 

28,225.8 

28,252.8 

28,398.2 

28,728.7 

28,773.1 

28,801.9 

28,809.8 

29,026.5 

29,040.0 

29,197.6 

29,259.6 

29,393.8 

29,78 3.3 

35,075.5 

35,332.2 

35,43 1.8 

35,545.7 

35,614.1 

35,659.5 

35,725.9 

35,738.7 

3 /2 
% 
'/2 
92 
7 

5 

3 

12 

12 

12 

4. 
'/2 

'/2 
92 

p2 

k 
'/2 

72 

?? 

5 

3 
12 

5 

5 

3 

5 

3 

4 
4 
12 

12 

4 
'/2 
'/2 

3 

5 

3 

12 

12 

12 

I2 

12 

4 

'/2 

k2 

3 

1 

5 

1.34 

1.062 

0.000 

1.055 

1.724 

1.045 

1.812 

0.940 

1.204 

0.800 

0.9 1 1  

1.187 

0.922 

0.657 

1.157 

1.106 

0.800 

1.251 

1.115 

1.443 

1.01 

1.254 

0.501 

2.613 

0.32 

1.238 

1.181 

0.928 

1.54 

0.32 

1.547 

0.964 

i gobs 
L e v e l  L e v e l  

Quality (crn-l) 

B 

B 

A 

A 

B 

C 

B 

B 

B 

B 

A 

B 

B 

A 

C 

C 

B 

B 

A 

B 

A 

B 

A 

C 

B 

C 

8 

C 

A 

C 

C 

B 

31,051.7 

31,160.0 

31,197.1 

3 1,255.8 

31,618.1 

3 1,778.4 

32,041.9 

32,555.6 

32,557.7 

32,670.8 

32,8 20.8 

32,900.9 

33,052.7 

33,189.6 

33'6 19.4 

33,629.2 

33,720.8 

34,048.4 

34,077.6 

34,559.9 

34,630.6 

34,844.4 

34,902.4 

34,9 10.8 

35,902.5 

36,349.4 

36,544.9 

37,104.7 

37,904.0 

38,242.5 

38,358.8 

38,530.0 

72 

72 

p2 

92 
3, 5. T2 

'/2 

'/2 
72 

'/2 

'/2 

92 

% 

3 

3 
12 

/2 

5 

5 
4 
4 

12 

12 

5 

5 

? 

3 

3 

3 

7 

3 

3 

5 

5 

9 

7 

9 

3 

5 

12 

4 
4 
12 

12 

!2 

4. 
4. 
12 

12 

12 

12 

4 

1.182 

0.979 

0.752 

0.9 17 

1.70 

2.910 

0.964 

1.299 

1.429 

1.351 

1.335 

0.437 

1.15 

1.089 

1.499 

1.239 

1.228 

0.2 ? 

1.67 

1.153 

1.173 

1.546 

1.17 

1.257 

1.597 

1.695 

1.182 

1.199 

1.243 

1.647 

1.0 19 

1.243 

. 
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. The constants o f  proportionality in ecrch case 
depend upon the wave functions o f  the energy 
levels involved. These wave functions are not 
known; hence the magnitudes of p and Q can only 
be approximated. However, since these propor- 
t ional i ty  constants are invariant wi th  isotope, 
accurate values o f  the rat ios of these moments may 
be determined. 

In the case of U235 the pattern consisted of 
three resolved components and an unresolved 
composite o f  the remaining four components. The 
measured separations were 

Q ~ ~ / ~  - D ~ ~ / ~  = 0 . 0 5 7 6 ~ m ’ ~  , 
Q ~ ~ / ~  - 517/2 = 0.0445 cm” , 

= 0.0680 cm’l . a17/2 - q o m p  

The pattern was completely resolved for U233, 
and the measurements i n  th is  case were 

Q ~ , , ~  - D ~ ~ / ~  = 0.0635 cm” , 
c ~ ~ / ~  - = 0.0694 cm” , 
517/2 - 515/2 = 0.0689cm” , 
a15/2 - w 1 3 / 2  = 0.0666 cm’l , 

= 0.0577 cm“ . “13/2 - Q11/2 

When these data were f i t ted to  Eq. 1, the fol- 
lowing values were obtained for the constants 
A and B:  

8.60 x -41.0 x u233 

u235 - 3 . 9 2 ~  -51.0 

These results permit the conclusion that the 
magnetic dipole moment of U235 i s  negative in  
algebraic sign and that the magnetic dipole moment 
of U233 i s  posit ive. Independent calculations by 
Racah and McNally gave a negative value for 
3 cos2 8 - 1, the actual value ranging between 
-0.2 and -0.4 depending on the coupling assumed 
for the f 3 d s  (4/)  state. Thus, the electr ic quadru- 
pole moment of u~~~ i s  pos i t ive in  sign, as i s  
that of U233.  Furthermore the desired rat ios are 

A 2 3 3  5.7/4 - p 2 3 3  - - - 2/7.9/4 = -1.6 , 
p 2 3 5  * 2 3 5  

Zeeman Spectroscopy 

P. M. Gr i f f in  K. L. Vander Sluis 

Work has continued on the study of the spectrum 
o f  tellurium. Observations of the zero f ie ld  and of 
the Zeeman spectrup of Te( l l )  i n  the wavelength 
range 2600 to 9200 A are progressing. 

The source of a serious systematic error in  
wavelength measurements made wi th  an Echel le- 
L i t t row spectrograph was uncovered. It was found 
that any reasonable plate holder curve would cut 
the target pattern of the instrument at different 
posit ions re la t ive to  a “true focal curve.” By 

true focal curve” i s  meant that curve which 
intersects the target pattern in such a manner that 
the posit ion peak density of spectrum l ines of 
known wavelengths w i l l  lead to  a single value for 
the calculated grating constant. By disregarding 
l ines appearing at the ends of the plate and meas- 
uring only the middle 170 mm of the plate, results 
are obtained which exhib i t  errors that are con- 
sistent wi th  the l imitat ions of the method o f  meas- 
urement. 

I 1  

A P P L I E D  S P E C T R O S C O P Y  

Ana I yti  ca l  Summary 

Z. Combs H. W. Dunn 
J. J. Mundzak 
J. A. Norris 

P. A. Stoats 
S. J. Ovenshine 

A total of 1,578 samples comprising 16,600 
deter mi nat ions was corn p I eted by spec troc h em i ca I, 
x-ray, and infrared methods of analysis. 

Rare- Earth Spectrochemical Development 

5. J. Ovenshine J. A. Norris 

Preliminary results on the “spark-in-spray” 
method l 6  show no better reproducibil i ty than the 
regular porous-cup method and thus far show much 
greater variations i n  intensity from exposure to  
exposure. 

X- Ra y Anal  yt i ca I Devel  opment 

W. F. Peed H. W. Dunn 

The l imi ts  of detection of several elements have 
been determined for application to problems such 
as analysis of oxide f i lms from metals. In the 
case o f  uranium, 40 pg i s  readily detectable, 
whereas, for elements in  the atomic number range 

16H. V. Malmstodt ond R. G. Scholz, Anal. Chem. 27, 
88 1 (1955).  
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26 (Fe) through 42 (Mo), less than 5 pg i s  de- 
tectable. 

The investigation o f  x-ray fluorescence as o 
method of analysis o f  yttr ium previously re- 
portedI7 has been extended. It hos been deter- 
mined that the concentration range i n  solutions 
from 1 to  30 g/Iiter con be analyzed with a preci- 
sion of 1% of the amount of yttr ium present wi th 
uranium used os  an internal standard. Thorium 
and elements of the rare-earth group do not inter- 
fere. The method can be extended to higher con- 
centration wi th no dif f iculty; however, lower con- 
centrations of yttr ium can be analyzed with less 
precision. Solid samples of concentration range 
1.0 to 100% Y,03 can be analyzed with the same 
precision, F1% of  the amount present; lower con- 
centrations can l i kewise  be analyzed less pre- 
cisely. Time required per analysis i s  less than 
15 min. 

Opt ica l  Developmeni 
18 G. K. Werner F. R. Duncan 

A problem encountered i n  reactor design in- 
volving a gamma-roy col l imator was referred to 
the Spectroscopy Group, since such a problem 
could be solved by opt ical  analog. The problem 
involved a determination of the tolerances in 
alignment that need be held in  a col l imator system 
consist ing o f  two 1-in.-dia holes 6 in. long and 
spaced 400 in. apart in order for the transmission 
of radiat ion through the holes t o  be within 1% of 
the value obtained with perfect alignment and of 
the method that can be used to achieve the align- 
ment and to check the alignment after the system 
i s  i n  operation and i s  sealed off and radioactive at 
one end. 

By mathematical analysis i t  was found that the 
effect ive aperture of a single &in. cyl inder i s  
reduced by 1% a t  any point 1.2 in. of f  axis in  a 
perpendicular plane 400 in. from the cyl inder. 
Since the second cyl inder receives radiat ion over 
a 1-in. circular area instead o f  at a point, a simi- 
lar integration was made graphical ly with a p lan im 
eter. This showed that a 1-in. c i rc le  in  the plane 
400 in. from the f i rst  cyl inder receives 1% less 
than maximum radiat ion i f i t s  center i s  1 in. off  
axis. This corresponds to a 9-min angle of the 
arc. These computations were confirmed by 
photographic and photoelectr ic measurements of 

l7W. F. Peed, stable Isotopes Serniann. Prog.  Rep. 

181ns+rumentotion and Controls Division. 

May 20. 1956, ORNL-2114, p 9. 

a fu l l -s ize analogous opt ical  system. 
It was concluded that the al lowable error would 

be reached i f  either cyl inder were rotated by an 
angle o f  9 min or i f  one element were displaced 
paral lel to i t s  correct posit ion by Y,, in. 

Since these tolerances could be met without 
great di f f icul ty,  it was recommended that normal 
precision surveying techniques be used to check 
alignment. A simple pinhole type of j ig  was de- 
signed to a id  in  the i n i t i a l  alignment. 

Electronic Development 

0. B. Rudolph 

An a-c-d-c power supply for arc or spark opera- 
t ion and w i th  automatic starter for analyt ical gap 
use was designed, fabricated, and tested. The 
c i rcu i t  diagram i s  given in  F ig .  22. 

Redesign of a 4-kc square-wave generator for 
microwave spectroscopy and also of a 150-Mc 
power osci l lator for gaseous tube excitat ion is  
nearing completion. 

X - R A Y  S P E C T R O S C O P Y  

Germanium Internal Bremsstrahlung 

W. F. Peed H. W. Dunn 
G. L. Rogosa” 

Attempts t o  measure internal bremsstrahlung 
associated with the electron capture decay o f  
Ge71 were unsuccessful due to low luminosity o f  
the x-ray spectrometer. The luminosity was found 
to be  based on the fluorescence y ie ld  of 
30%, on the absorption i n  the sample estimated a t  
50%, and on the known ac t iv i t y  of the sample. 

Gamma background was approximately 100 
counts/sec, and the K l i ne  intensity o f  the daugh- 
ter Ga71 was about 500 counts/sec; internal 
bremsstrahlung intensity was below the l imi ts o f  
detection. 

X-Ray Dif fract ion 

H. W. Dunn 

A report2’ recently issued contains x-ray dif- 
fraction data for 74 uranium compounds, making i t  
possible for project personnel to ident i fy these 
compounds when they are encountered. It i s  ex- 
pected that these data w i l l  be published sometime 
in 1957 i n  the ASTM data cards so that they w i l l  
become avai lable to the general scient i f ic  publ ic. 

Con s uI tan t, F I or i d a State Un i ver si ty, Tal  I oh as see; 
now with U. S. Atomic Energy Commission, Washington, 
D. C. 

2oH. W. Dunn, X-Ray Di//raction Data  /or Some Ura- 
nium Compounds, ORNL-2092 (Aug. 2, 1956). 
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STABLE ISOTOPE DISTRIBUTION 

P. S. Baker 

The transit ion from a loan policy, exclusively, 
to  a sale-or-loan pol icy '  for domestic users of 
enriched stable isotopes has been proceeding 
re la t ive ly  smoothly, wi th  one signif icant change 
in  po l icy  having been introduced since inception. 
Whereas it was original ly planned that a l l  loans 
would entai l  a use charge o f  4% per annum, it has 
now been decided by the Commission that on-project 
users w i l l  not be required to  pay th is  fee. The 
handling and assay charges, however, are s t i l l  
appl ica ble. 

As was anticipated, the number of users desir ing 
to  purchase isotopes i s  far greater than the number 
requesting loans. For the past three months, during 
which time the new loan pol icy  was in  fu l l  effect, 
there have been 121 sales and 19 loans, whereas 
a year ago there were no domestic sales but 91 
loans during the comparable three-month period. 
Table 17 shows a monthly comparison of the sales 
and loans for the period June 1, 1956, through 
November 30, 1956. 

'P. S. Baker, Stable Isotopes Semiann. Prog. R e p .  
May 20, 1956, ORNL-2144, p 39. 

P. V. Arow 

Table 18 indicates the distr ibution of shipments 
as w e l l  as the shipments by months for th is  same 
period. It w i l l  be noted that those shipments re- 
quir ing special services again make up about 12% 
of the total. Furthermore, the number of off-project 
users, including foreign, continues t o  exceed the 
number of on-project users. The number of foreign 
shipments i s  less than for the previous period. 
During the period, 15 off-project and 14 foreign 
organizations became new customers for enriched 
stable isotopes. 

On October 29, 1956, a letter from S. R. Sapirie 
of the Oak Ridge Operations Off ice of the Atomic 
Energy Commission was sent to  each borrower 
holding stable isotopes obtained under the former 
loan pol icy  on Form AEC-100. They were offered 
the fo l lowing options, to  be effected wi th in  90 days 
from the date of the letter or from the date o f  
expiration of the loan period, whichever is  later: 

1. to purchase any or a l l  o f  the loaned items at  
the current catalog pr ice less the $50.00 loan 
fee already paid; t i t l e  t o  items l is ted a t  $50.00 
or less i s  to  be transferred automatically to  

TABLE 17. COMPARISON OF SALES AND LOANS - JUNE 1, 1956, THROUGH NOVEMBER 30, 1956 

Rat io Cumulative Rat io  

(SaIes/L oan s) (Sal e s/L oan s) Month Soles Loans 

June 

July 

33 

52 

10 

16 

August 46 15 

September 20 

October 39 

November 

T o t a l  

7 

6 

62 6 - - 

3.3 

3.3 

3.1 

2.9 

6.5 

10.3 

3.3 

3.3 

3.2 

3.2 

3.5 

4.2 

c 

252 60 
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the holder without further cost in the case of  
Federal agencies, and by submission of  amended 
Form AEC-391 by non-Government agencies; 

to return items held on loan, in  which case 
information cal led for on Form OR-629, “Cer- 
t i f icate of Isotope Accountabi l i ty,” i s  to  be 
supplied; 

to renegotiate the loans under the new loan 
procedure. 

In response 
being returned, 
number o f  lots 

months. These returns are requiring considerable 
effort in  the revis ion of records, chemical re- 
processing, chemical analysis, and mass analysis 
before the returned isotopes can be replaced in 
stock. 

Table 19 is  a detailed l i s t  of  the isotope ship- 
ments during the period from June 1, 1956, through 
November 30, 1956. Since September 1, 1956, the 
tabulation of boron and l i th ium shipments (other 
than those i nvo Iv i ng electromagnet ica I l y  enriched 
material) has been kept separately, and the data 
are not considered i n  compiling the general infor- 

to this letter, many isotopes are 
and it i s  anticipated that a large 

w i l l  be received over the next few 

mation already mentioned. The boron and l i th ium 
shipments since September 1, 1956, are given in  
Table 20. 

TABLE 18. TOTAL SHIPMENTS OF ISOTOPES - JUNE 1, 1956, THROUGH NOVEMBER 30, 1956 

Targets and 
Speciol Services Month On- P ro jec t Off-Proiect Foreign Tota l  

June 15 17 1 1  43 5 

July 25 40 3 68 10 
August 34 

September 7 

20 

10 

7 61 

10 27 

3 

3 

October 17 18 10 45 3 
November 28 36 4 68 1 1  

Tota l  126 141 45 312 35 
- - - - - 

c 
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TABLE 19. SUMMARY OF ISOTOPE SHIPMENTS - JUNE 1, 1956, THROUGH NOVEMBER 30, 1956 
~~ ~ 

Request Quantity 

(mg) Requester Isotope L o t  No. 

404 

407-5 

408 

409 

410* 

41 1-S* 

412-S* 

413-S* 

414-5 

415 

416-5 

419-S* 

420-S* 

431-S* 

417-5 

418-5 

42 1 

422 

423 

424 

425 

426 

427 

428-5 

429 

430 

432 

433-5 

434-5 

435 

436 

438* 

439 

440 

Naval Research Laboratory 

Oak Ridge National Laboratory (Stelson) 

Bartol Research Foundation 

Massachusetts Inst i tute of Technology 

Bell Telephone Laboratories 

Oak Ridge National Laboratory (Zucker) 

Oak Ridge National Laboratory (Zucker) 

Oak Ridge National Laboratory (Zucker) 

Brookhoven National Laboratory 

Carnegie Inst i tut ion of Washington 

Argonne National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhoven National Laboratory 

L o s  Alamas Scientific Laboratory 

L o s  Alamos Scientific Laboratory 

University of Leeds, England 

Tata Institute, India 

Tata Institute, India 

Tata Institute, India 

University o f  Michigan 

University of Michigan 

University of Michigan 

Argonne National Laboratory 

University of Michigan 

I l l i no i s  Inst i tute of Technology 

The Rice Ins t i tu te  

Oak Ridge National Laboratory (Harvey) 

Oak Ridge National Laboratory (Harvey) 

Ohio State University 

Ohio State University 

Yale University 

Institute for Theoretical Physics, Copenhagen 

Institute for Theoretical Phvsics. CoDenhaaen 
I . .  

cu63 
100 Mo 

Hg202 

~a~~ 

Ti48 

Mg24 

Mg25 

Mg26 

Te122 

Gd156 

Pt192 

Li6 

~i~ 

~i~ 

Rb85 

Rb8’ 

BIO 

BIO 

BIO 

B l 1  

Ni64 

FeS4 

zr9’ 
i i 6  

B lo 

B’O 
54 

151 

153 

Fe 

Eu 

Eu 

Ga69 

Ga7’ 

Li6 

Sm 

Eu 

149 

151 

FJ  673(a) 

H F  895(a) 

DR 490(b) 

F F  653(0) 

GA 754(a) 

DZ 519(a) 

HM 929(a) 

HM 930(a) 

DX 506(a) 

GK 801(a) 

GH 777(a) 

SS 5(a) 

Special  

Spec i a  I 

GX 862(a) 

RS 50(a) 

SS l(b) 

SS l(b) 

DAG-1 

SS 2(b) 

GT 848(a) 

FN 685(b) 

GQ 835(a) 

SS 5(a) 

SS l(a)-46 

SS l(a)-46 

E 14(a) 

H L  926(a) 

H L  927(a) 

E l  554(a) 

RS 26(0)  

SS 5(a) 

GM 816(a) 

H L  926(a) 

100 

150 

10 

35 

1,000 

543 

513 

384 

4 

15 

3 

4,400 

5,000 

10,000 

1,000 

500 

3,700 

7,400 

30,000 

3,700 

200 

20 0 

100 

20,000 

2,000 

2,000 

20 

500 

500 

50 

50 

21,000 

10 

25 

. 

*Special services (see P. S. Baker and F. R. Duncan, Stable Isotopes Resenrch and Production Serniann. Prog.  Rep .  
NOW. 20, 1955, ORNL-2028, p 43). 
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TABLE 19 (continued) 

Quontity Request 

(mg) No. Requester Isotope Lo t  

44 1 

44 2 

443 

444 

445 

446-5 

447 

448-S* 

449-s* 

450-S* 

45 1 

452-5 

4534 

454-5 

455-5 

4564 

457-s* 

458 

459 

460-5 

46 1 

462 

463-5 

464 

465 

466 

467 

468 

469* 

470* 

471-S* 

472-S* 

473.s* 

Institute for Theoretical Physics, Copenhogen 

Institute for Theoretical Physics, Copenhogen 

Institute for Theoretical Physics, Copenhagen 

Institute for Theoretical Physics, Copenhogen 

University of I l l i no i s  

Phil l ips Petroleum Co. 

Manchester College (X-10 for irrodiotion) 

Oak Ridge Notional Laboratory (Zucker) 

Oak Ridge Notional Laboratory (Zucker) 

Ook Ridge Notional Laboratory (Zucker) 

University of California (Berkeley) 

Brookhoven Notional Laboratory 

Brookhoven Notional Laboratory 

Brookhoven National Loborotory 

Brookhoven Notional Laboratory 

Brookhoven Not ional  Laboratory 

Oak Ridge Notional Loborotory (McGowon) 

University of Wisconsin 

University of Wisconsin 

Oak Ridge National Laboratory (Murray) 

National Research Council (Conodo) 

Radiation Counter Lob, Inc. 

General Electric Company 

Massachusetts Inst i tute of Technology 

George A. Work 

N. Wood Counter Loborotory 

The Horshow Chemical Co. 

I l l i n o i s  Inst i tute of Technology 

Bell Telephone Laboratories 

Bell Telephone Loborotories 

L o s  Alamos Scientific Laboratory 

Los  Alamos Scientific Laboratory 

L o s  Alomos Scientific Laboratory 

E u ’ ~ ~  

GdlS8 

Gd 160 

Re 18’ 

Pb208 

Te12’ 

Sn12’ 

Mg24 

Mg2’ 

Mg 25 
w180 

Li6 

Mg26 
w183 

ELI”’ 

EulS3 

Ag109 

Li6 

~i~ 

~i~ 

BIO 

BIO 

B’O 

6’0 

BIO 

B’O 

Li6 

HgZo1 

Ti46 

TiS0 

zr90 

zr9‘ 

~r~~ 

HL 927(0) 

GK 803(0) 

GK 804(0) 

CP 356(0) 

AQ 138(a) 

HC 879(b) 

FS 717(0) 

DZ 519(0) 

HM 929(a) 

HM 929(0) 

CL 340(or) 

ss 5(0) 

HM 930(0) 

RS 55(0) 

HL 926(0) 

HL  927(0) 

RS 52(a) 

F Y 745( bd ) 

CE 767(1) 

FI 668(d) 

SS l(a) 

SS l(b) 

ss 1(0)-42 

SS l(b) 

SS l(b) 

SS l(b) 

ss 5 ( 0 )  

DR 489(b) 

HK 921(0) 

HK 925(0) 

RS 198(c) 

RS 199(c) 

RS 200(b) 

25 

25 

25 

25 

800 

200 

20 

3 

4 

450 

10 

15,000 

25 

500 

600 

600 

200 

530 

100 

20,000 

10,000 

150,000 (complex) 

100,000 

10,000 (complex) 

20,000 (complex) 

400,000 

50,000 

5 

1,000 

1,000 

9,946 

(grams) 

3.000 

4.672 

*Spec i o I services. 
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TABLE 19 (continued) 

Quantity 
Requester I sotope L o t  (grams) 

Request 
No. 

474-5’ 

475-s* 

476-5 

477.5 

478-5 

480 

48 1 

482 

483 

484 

485-5 

486-5 

487-S 

488-S 

489-5 

490-5 

4914 

492-5 

493 

494 

496 

4974 

498-S 

4994 

500 

501-5 

503 

504 

50 5 

50 6 

507 

508 

50 9 

L o s  Alamos Scientific Laboratory 

L o s  Alamos Scientific Laboratory 

Oak Ridge National Laboratory (Peed) 

Oak Ridge National Laboratory (Binder) 

Oak Ridge Nationol Laboratory (Norris) 

University of Arkansas 

University of Arkansas 

University of Arkansas 

University of Arkansas 

University of Arkansas 

Oak Ridge National Laboratory (Lyon) 

Oak Ridge National Laboratory (Lyon) 

Oak Ridge National Laboratory (Lyon) 

Oak Ridge National Laboratory (Lyon) 

Phi l l ips Petroleum Co. 

Phillips Petroleum Co. 

Phi l l ips Petroleum Co. 

Phi l l ips Petroleum Co. 

Massachusetts Institute of Technology 

Massachusetts Institute of Technology 

Massachusetts Institute of Technology 

Ames Laboratory 

Ames Laboratory 

Oak Ridge National Laboratory (Harmotz) 

McMaster University 

Oak Ridge National Laboratory (Gillette) 

Bel l  Telephone Laboratories 

Massachusetts Inst i tute of Technology 

Massachusetts Inst i tute of Technology 

University of Michigan 

University of Michigan 

Minerais, Alliages, Produits, Chimiques 
(France) (MAPCI) 

Columbia University 

~r~~ 

Pt194 

B l 0  

M~~~ 

Ge7’ 

Ni58 

94 

96 

98 

Mo 

Mo 

Mo 

Mo l o o  
70 Ge 

Ge74 

Ge76 

~r~~ 

Nd 145 

Gd 157 
149 Sm 

113 In 

B l o  

sr88 

w182 

,+,186 

Re’87 

K4 

Ni58 

si 28 

sm15’ 

8 2  Se 

Eu15’ 

Eu153 

BIO 

BIO 

RS 201(d) 

GA 778(a) 

HP 938(a) 

SS l(a)-42 

GT 844(a) 

RS 6(c) 

FP 696(a) 

AW 166(a) 

AW l68(0) 

AW 169(a) 

BD 205-210(a) 

BD 208-213(0) 

BD 209-214(a) 

GZ 870(a) 

GI 786(a) 

GK 802(a) 

GM 816(a) 

ER 594(a) 

SS l(ac) 

HG 901(a) 

HG 900(a) 

HN 932(a) 

RS 57(0) 

CP 357(a) 

E l  626(e) 

GT 844(a) 

IA  973(a) 

RS 156(a) 

FG 659(a) 

HL  926(a) 

HL  927(0) 

SS l(a)-42 

SS l(a)-42 

4.273 

5.996 

0.139 

100.000 

1.100 

0.020 

0.014 

0.020 

0.035 

0.020 

0.020 

0.020 

0.020 

0.020 

0.500 

0.500 

0.423 

0.727 

0.175 

0.100 

0.040 

0.500 

0.500 

0.020 

0.005 

0.500 

5.000 

0.100 

0.050 

0.030 

0.030 

100.000 

620.000 

e 

. 

. 

*Special  serv ices.  
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TABLE 19 (continued) 

Request Quantity 
Requester Isotope L o t  (grams) No. 

510 

51 1* 

512* 

513 

514 

515 

516 

517 

518 

519 

520-S* 

52 1 

522 

523 

524-5 

525 

526-5 

528 

529 

530 

53 1 

532 

533 

534 

495 

537-5 

538-5 

535 

536 

539 

540 

54 1 

54 2- S 

543.5 

University of Pennsylvania 

Brown University 

Brown University 

Brown University 

North American Aviation, Inc. 

Naval Research Laboratory 

Naval Research Laboratory 

Indiana University 

Indiana University 

Indiana University 

Oak Ridge National Laboratory (Blasser) 

Rabertshaw- Fulton 

BartoI Resecrch Foundation 

Sarabhai Agencies 

Arnes Laboratory 

Johns Hopkins University 

University of California Radiation Laboratory 

California Inst i tute of Technology 

California Institute of Technology 

California Inst i tute of Technology 

California Inst i tute of Technology 

California Inst i tute of Technology 

California Inst i tute of Technology 

Washington University 

The Rice Institute 

University of California Radiation Laboratory 

University of California Radiation Laboratory 

Massachusetts Institute of Technology 

Massachusetts Inst i tute of Technology 

Columbia University 

University of Michigan 

University of Michigan 

University of  California Radiation Laboratory 

University of California Radiation Laboratory 

Hg202 

Sn1I6 

Sn120 

Sb121 

B lo 

Ru lo4 

Pd' lo 

Pb206 

Pb207 

Pb208 

Pb208 

B l 0  

B'O 

L i b  

w184 

Hg204 

Cd116 

~a~~ 

K 4 '  

RbE7 

sr86 

Pb208 

Pb206 

B l '  

C"65 

cu63 
cu65 

NiS8 

Ni60 

B lo 

s m l S 2  

Nd146 

Ni60 

Ni62 

RS 37(b) 

FS 713(a) 

EC 534(a) 

RS 70(a) 

DAG-1 

GJ 796(a) 

GG 775(a) 

AQ 136(a) 

RS 123(b) 

EQ 584(a) 

EO 584(a) 

DAG- 1 

HN 934(a) 

SS l(b) 

HE 887(a) 

RS 38(c) 

RS 65(a) 

FG 692(a) 

RS 48(d) 

GX 863(a) 

FL 680(a) 

EO 584(a) 

EO 582(a) 

SS 2(ba) 

DU 498(a) 

FJ 673(a) 

DU 498(a) 

FJ 669(a) 

GT 845(a) 

SS l(a)-42 

RS 156(a) 

RS 43(a) 

GT 845(a) 

GT 847(a) 

0.005 

0.508 

0.517 

0.300 

2.000 

0.020 

0.020 

0.040 

0.040 

0.060 

0.150 

5.000 

0.050 

150.000 

2.000 

0.005 

0.025 

0.005 

0.005 

0.005 

0.007 

0.020 

0.010 

1.000 

0.025 

0.100 

0.100 

0.100 

0.100 

25.000 

0.050 

0.040 

2.500 

2.500 

*Special services. 
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TABLE 19 (continued) 

Quantity 
Isotope Lot (grams) 

Request 
No. Requester 

544-5 

545-5 

546-5 

547 

548 

549 

550 

552-S 

553-5 

554-5 

55 5- s 
556-5 

557.5 

558-5 

559-5 

560-5 

56 1-S 

5624 

563-5 

564-5 

565-5 

566-5 

567-5 

568-5 

569-5 

383 

570-5 

571-5 

572-5 

573 

574 

575-5 

577-S* 

University of California Radiation Laboratory 

University of California Radiation Laboratory 

University of California Radiation Laboratory 

N. V. Philips-Roxone, Amsterdam, Holland 

Bryant and Heffernan, Inc. 

University of Rochester 

University of Rochester 

Argonne National Laboratory 

Argonne National Laboratory 

Ook Ridge National Laboratory (Harmatz) 

Oak Ridge National Laboratory (Block) 

Los  Alarnos Scientific Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

L o s  Alornos Scientific Laboratory 

L o s  Alamos Scientific Laboratory 

Oak Ridge National Laboratory (Vander Sluis) 

Oak Ridge National Laboratory (Block) 

Centre National de la Recherche Scientifique 
(CNRS) (France) 

Oak Ridge National Laboratory (Harrnatz) 

Ames Laboratory 

Ames Laboratory 

California Institute of Technology 

CNRS (France) 

Argonne National Laboratory 

Brookhaven National Laboratory 

54 Fe 

Ni58 
56 Fe 

B l o  

BIO 

Li6 

Li6 

Lib 

BIO 

Gd 155 
147 Sm 

BIO 

Nd 145 

Gd155 

Agl O7 

Ag109 

Nd143 

Gd157 

~m~~~ 

Hf179 

Hf177 

Rba5 

Rba7 
130 Te 
149 Srn 

Cdll l 

GdlS6 

cr5’ 
~r~~ 

sra4 

BIO 

B l o  

Li6 

FN 685(b) 

GT 844(a) 

AZ 184(a) 

SS l(b) 

SS l(b) 

HE 887(a) 

SS 5(b) 

SS 5(b) 

DAG-1 

GK 800(a) 

GM 814(a) 

DAG-1 

GI 786(a) 

GK 800(a) 

HO 936(b) 

HO 937(a) 

GI 784(a) 

GK 802(a) 

GM 8l6(a) 

GP 829(a) 

GP 827(a) 

GX 862(a) 

GX 863(a) 

CA 299(a) 

GM 816(a) 

RS 61(a) 

GK 801(a) 

HA 872(a) 

GZ 870(a) 

EH 548(a) 

SS l(b) 

SS l(a)-42 

SS 5(a) 

2.500 

2.500 

2.500 

50.000 

200.000 

0.500 

0.500 

0.100 

20.000 

0.025 

0.200 

10.000 

0.854 

0.866 

0.800 

0.800 

0.859 

0.868 

0.862 

0.849 

0.848 

1.000 

0.500 

0.025 

0.200 

0.040 

0.025 

0.200 

0.100 

0.002 

560.000 

1.000 

1.6 

*Special services. 
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TABLE 19 (continued) 

Request Quantity 
Requester Isotope L o t  (grams) No. 

578-S* 

527 

579 

580 

58 1 

582 

583 

584-5 

5854 

586 

587 

588 

589 

590 

591-5 

592* 

5934 

5944 

595 

596 

597 

601* 

602* 

603* 

604-S 

605-5 

606-S 

607 

608 

609 

610-5 

613 

615 

616 

Brookhaven National Laboratory 

Max Planck Institute (Germany) 

Massachusetts Institute of Technology 

Massachusetts Institute of Technology 

Massachusetts Inst i tute of Technology 

Massachusetts Inst i tute of Technology 

University of Michigan 

Oak Ridge National Laboratory (Leddicotte) 

Oak Ridge National Laboratory (Gillette) 

National Research Council (Canoda) 

Princeton University 

Princeton University 

Princeton University 

Princeton University 

Oak Ridge National Laboratory (Harmatz) 

Westinghouse Research Laboratory 

Arganne National Laboratory 

Oak Ridge National Laboratory (Warlick) 

Belgian Embassy 

California Inst i tute of Technology 

Columbia University 

Westinghouse Electric Corp. 

Westinghouse Electric Carp. 

Westinghouse Electric Corp. 

Oak Ridge Notional Laboratory (Harmatz) 

L o s  Alamos Scientific Laboratory 

Oak Ridge National Laboratory (Harmatz) 

University of Michigan 

University of Chi cago 

UniversitL de Neuchatel, Switzerland 

Ames Laboratory 

Universitot Zurich 

General Electric Company 

Indiana University 

~i~ 

Li6 

Ag107 

Aglo9 

sn117 

Sn118 

BIO 

BIO 

s33 
Cd l 4  

Mc324 

si 28 

6'' 

B 

Gd16' 

Hg202 

Ti4* 
w186 

B'O 

Sm 

~a~~ 

cr50 

~r~~ 

Ni60 

150 

Gd 15' 
w i a 6  

~m~~~ 

~e~~ 

K4' 

K40 

~i~ 

~i~ 

Te13' 

Pb207 

F I  668(k) 

SS 5(a) 

HO 936(c) 

RS 52(b) 

RS 185(a) 

RS 186(a) 

SS l(a)-42 

SS l (b)  

CX 392(a) 

RS 64(a) 

DZ 519(a) 

AI-AJ 103- 106(a) 

SS l(a)-42 

SS 2(ba)-l 

GK 804(a) 

OR 490(b) 

EN 578(a) 

RS 57(a) 

SS l(a)-42 

FH 664(a) 

CS 375( a) 

GS 840(a) 

GS 839(c) 

FJ 670(a) 

GK 803(a) 

RS 57(a) 

HI 908(a) 

FG 656(e) 

E Y  626(e) 

EX 622(u) 

GE 767(1) 

FI 668(k) 

CA 299(a) 

EO 583(a) 

1.8 

1.0 

0.030 

0.050 

0.080 

0.100 

3.0 

10.0 (complex) 

0.030 

0.050 

0.050 

0.050 

2.0 

1.0 

0.020 

0.0029 

13.6 

0.100 

4.0 

0.050 

0.004 

3.878 

2.882 

5.417 

0.030 

0.050 

0.035 

0.010 

0.050 

0.0022 

0.100 

0.200 

1.0 

0.040 

*Special services. 

47 



S T A B L E  I S O T O P E S  PROGRESS R E P O R T  

TABLE 19 (continued) 

Quantity 

Requester Isotope L o t  (grams) 
Request 

No. 

617 

618 

622-S 

625 

626 

627 

628 

629 

630 

63 1 

632 

633 

634-5 

635-5 

639-5 

640 

6424 

643-5 

644 

645 

646 

647 

648 

649 

650 

655-5 

656 

658 

660-S 

661-S 

662-5 

663 

664 

665 

48 

Uppsala University, Sweden 

Uppsala University, Sweden 

Oak Ridge National Laboratory (Harmatz) 

Universitat Heidelberg 

Universitat Heidelberg 

Universitat Heidelberg 

Universitat Heidelberg 

Universitat Heidelberg 

Universitat Heidelberg 

Stanford University 

Stanford University 

The Rice Institute 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Oak Ridge National Laboratory (Gillette) 

California Institute of Technology 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Naval Research Laboratory 

Naval Research Laboratory 

Naval Research Laboratory 

Naval Research Laboratory 

Naval Research Laboratory 

Naval Research Laboratory 

Naval Research Laboratory 

Brookhaven National Laboratory 

Commissariat c I’Energie Atamique (CEA) 
(France) 

Bartol Research Foundation 

Oak Ridge National Laboratory (Gillette) 

Brookhaven National Laboratory 

Brookhaven National Laboratory 

Universitat Marburg 

Uni vers i t a t  Marburg 

Universitat Marburg 

Sb121 

Re185 

Gd152 

Gd152 

Gd154 

Gd 156 

Gd158 

Gd16’ 

zr91 

si 28 

s32 

D p 1  

s33 
Ba135 

Eu151 

Dy 163 

Eu151 

Eu153 

~n~~ 

Zn66 

~n~~ 

Zn68 

~ n ”  

Go” 

sr86 
Hg204 

Pt196 

cr50 

Eu15’ 
153 Eu 

w180 

~a~~ 

BT 274(a) 

CP 356(a) 

GK 798(a) 

GK 798(a) 

GK 799(0) 

GK 801(a) 

GK 803(a) 

GK 804(a) 

EE 540(a) 

AI-AJ 103-106(0) 

ES 596(a) 

HL 926(a) 

IB 979(a) 

I B  981(a) 

HH 903(a) 

DG 432(a) 

HL 926(a) 

HL 927(0) 

RS 13(a) 

EK 557(a) 

RS 15(a) 

BN 243(a) 

EK 560(a) 

E l  554(a) 

RS 26(a) 

FL  680(a) 

RS 38(c) 

GH 780(a) 

GS 840(a) 

HL 926(a) 

HL 927(a) 

HN 931(a) 

GV 859(a) 

FU 727(a) 

0.005 

0.010 

0.06 1 

0.002 

0.005 

0.008 

0.008 

0.008 

0.040 

0.100 

0.100 

0.050 

2.002 

1.786 

0.010 

0.020 

2.0 

2.0 

0.050 

0.025 

0.010 

0.025 

0.010 

0.030 

0.020 

0.100 

0.010 

0.050 

0.100 

0.030 

0.030 

0.003 

0.020 

0.010 
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P E R I O D  ENDING N O V E M B E R  30, 1956 

TABLE 19 (continued) 

Request Quantity 
Requester Isotope Lot 

No. (grams) 

666 

667 

668 

669-S* 

670-S* 

671-S* 

672-5 

6 73 

6 74 

675 

676 

677 

678 

68 1-S 

683-S 

684-S 

68 5- S 

686-5 

6874 

688 

691 

692 

693 

694 

695 

696-S* 

697 

698-5 

700* 

70 1-S 

702-5 

703-5 

704-S 

70 6 

Bortol Research Foundation 

Carnegie Institution of Washington 

Carnegie Institution of Washington 

Oak Ridge National Laboratory (Gibbons) 

Oak Ridge National Laboratory (Gibbons) 

Oak Ridge National Laboratory (Gibbons) 

Oak Ridge National Laboratory (Vander Sluis) 

The Rice Institute 

The Rice Inst i tute 

Tata Institute, India 

Tata Institute, India 

Tata Institute, India 

Tata Institute, India 

Oak Ridge National Laboratory (Harmatz) 

Oak Ridge National Laboratory (O'Kelley) 

Oak Ridge National Laboratory (Macklin) 

Ook Ridge National Laboratory (Macklin) 

Oak Ridge National Laboratory (Macklin) 

Oak Ridge National Laboratory (Macklin) 

Netherlands Embassy 

The Rice Inst i tute 

The Rice Inst i tute 

The Rice Inst i tute 

The Rice Institute 

Atomic Energy of Canada, Ltd. 

Oak Ridge National Laboratory (Livingston) 

Abbott Laboratori e r  

Oak Ridge National Laboratory (Gillette) 

Bell Telephone Laboratories 

Argonne National Laboratory 

Argonne National Laboratory 

Argonne National Laboratory 

Argonne National Laboratory 

University of California (Berkeley) 

cr50 

Pt194 

P+195 

Sre8 

Rb8' 

Zn6' 

Ti46 

Ti48 
151 Eu 

EulS1 

153 Eu 

Dy160 

zr9' 
~e~~~ 

Re 18' 

Re187 
154 Sm 

Pd lo' 

ca40 

~a~~ 

Ger4 

d4 
Hg202 

~a~~ 

Ti5' 

cr50 

Ge74 

Nd148 

Nd 

s m l S 4  

Gd16' 

Ni60 

GS 840(a) 

GH 778(a) 

GH 779(a) 

HG 899(a) 

FL  682(a) 

GX 862(a) 

EK 559(a) 

RS 191(a) 

BF  217(a) 

HL  926(a) 

HL  926(b) 

HL  927(a) 

HL  927(b) 

I 6  978(b) 

EE 539(a) 

FR 709(a) 

CP 356(a) 

CP 357(a) 

GM 819(a) 

GG 774(a) 

EY 613(a) 

F F  651(a) 

FE 750(a) 

AG 97(a) 

DR 490(d) 

RS 78(a) 

HK 925(a) 

GS 840(a) 

F Z  750(a) 

EQ 592(a) 

RS 45(a) 

GM 819(a) 

GK 804(a) 

GT 846(a) 

0.025 

0.020 

0.020 

2.715 

3.876 

3.668 

0.009 

0.025 

0.025 

0.050 

0.050 

0.050 

0.050 

0.020 

0.100 

0.020 

0.020 

0.020 

0.020 

0.015 

0.025 

0.010 

0.025 

0.025 

0.020 

0.002 

0.005 

0.200 

17.0 

0.015 

0.015 

0.015 

0.015 

0.002 

*Special services. 
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S T A B L E  I S O T O P E S  P R O G R E S S  R E P O R T  

TABLE 19 (continued) 

Request Requester Isotope Lot 
No. 

70 7- S 

70 8 

70 9 

710-5 

715 

716 

717 

718 

719 

723-S 

726-S 

727-S 

728-5 

729-5 

730-S* 

731-S* 

73 2- S 

736 

737 

738 

739 

74 0 

74 1 

74 2 

744-5 

745-5 

746 

747 

748-5 

749.5 

750 

75 1 

753-5 

754- s * 

Brookhaven National Laboratory 

Col um bia University 

University of California (Berkeley) 

University of Ca I i forn i a Radiation Laboratory 

Sylvania Electric Products, Inc. 

University of California (Berkeley) 

Universitat Bonn 

Universitat Bonn 

Massachusetts Inst i tute of Technology 

L o s  Alomos Scientific Loboratory 

Argonne National Laboratory 

Argonne National Laboratory 

Argonne Notional Laboratory 

Argonne National Laboratory 

Oak Ridge National Laboratory (Cohen) 

Oak Ridge National Laboratory (Cohen) 

Argonne National Laboratory 

Bryant and Heffernan, Inc. 

University of California (Berkeley) 

University of California (Berkeley) 

University of California (Berkeley) 

University of Washington 

University of Washington 

University o f  Washington 

Oak Ridge National Laboratory (Lyon) 

Oak Ridge National Laboratory (Lyon) 

University of California (Berkeley) 

University of California (Berkeley) 

University of California Radiation Laboratory 

University of California Radiation Laboratory 

Max Planck Inst i tute (Germany) 

Max Planck Inst i tute (Germany) 

Oak Ridge National Laboratory (Harmatz) 

Oak Ridge National Laboratory (Gibbons) 

Dy16' 

Ni58 

Gd 155 
,,,,186 

97 Mo 
57 Fe 

Gd lS2 

Hf174 
152 Sm 

Ti48 

cub3 

cu65 
Ga69 

Ga7 

PbZo6 

PbZo7 

Ni58 

MgZ5 

Hf 176 

Gd 157 

Eu151 

ca40 

Ni58 

Ti46 

Ge74 
76 Ge 

Hf178 

Hf18' 
130 Te 

In 

102 Ru 
104 Ru 

Gd16' 

K4'  

113 

I B  980(0) 

GT 844(a) 

GK 800(a) 

BG 224(a) 

HF 893(0) 

GU 853(a) 

GK 798(a) 

GP 825(a) 

EM 573(a) 

GA 754(b) 

FJ  673(a) 

DU 498(a) 

E l  554(a) 

RS 26(a) 

EO 582(a) 

BO 259(a) 

GT 844(a) 

HM 929(c) 

GP 826(a) 

GK 802(a) 

HL 926(a) 

EV 6130) 

GT 844(a) 

GA 752(a) 

BD-BE 208-213(a) 

BD-BE 209-214(a) 

GP 828(a) 

GP 830(a) 

CA 299(a) 

CQ 358(a) 

GJ 795(a) 

GJ 796(a) 

GK 804(a) 

GN 822(a) 

Quantity 
(gtams) 

2.0 

0.100 

0.005 

0.010 

0.010 

0.002 

0.002 

0.002 

0.100 

1.50 

0.010 

0.010 

0.010 

0.010 

0.076 

0.050 

0.100 

0.010 

0.015 

0.005 

0.005 

0.050 

0.050 

0.030 

0.020 

0.025 

0.020 

0.020 

0.025 

0.005 

0.050 

0.025 

0.026 

1.605 

*Special services. 
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P E R l O D  E N D l N G  N O V E M B E R  30,  1956 

TABLE 19 (continued) 

Request 
No. Requester Isotope Lot 

Quantity 
(grams) 

755 

756 

757 

758 

759 

760 

76 1 

762 

763 

764 

765 

766 

767 

76 8 

769 

770 

77 1 

772 

773 

775-s* 

776-S* 

777-s* 

778-S* 

779-s* 

780-S* 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Wright Air Development Center 

Oak Ridge National Laboratory (Gibbons) 

Oak Ridge National Laboratory (McGowan) 

Oak Ridge National Loboratory (McGowon) 

Oak Ridge National Laboratory (McGowan) 

Oak Ridge National Laboratory (McGowan) 

Oak Ridge National Laboratory (McGowan) 

Mg24 

Mg25 

Mg26 

si 28 

s33 
CP 

c137 

K 39 

K4’ 

v5 
56 Fe 

Ni60 

cu63 
cu65 
~n~~ 

~n~~ 

Zn68 

~ n ”  

K39 

Sn 

Sn 

Sn 

Sn12’ 

~n~~~ 

116 

118 

120 

P 47(a) 

HM 929(c) 

HM 930(b) 

AI-AJ 103-106(a) 

EB 525(a) 

HH 903(a) 

FW 736(a) 

FW 737(a) 

EY 624( i) 

EY 626(e) 

FB 633(a) 

AZ 184(a) 

GT 845(a) 

DF 426(a) 

GT 850(a) 

RS 13(a) 

RS 15(a) 

BK 243(a) 

EK 560(a) 

GN 830(a) 

EC 530(a) 

EC 532(a) 

EC 534(a) 

RS 189(a) 

FS 719(a) 

0.060 

0.060 

0.060 

0.060 

0.030 

0.005 

0.050 

0.025 

0.020 

0.020 

0.100 

0.200 

0.100 

0.050 

0.050 

0.050 

0.050 

0.050 

0.070 

2.000 

0.174 

0.150 

0.150 

0.150 

0.150 

*Special  services. 
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S T A B L E  I S O T O P E S  P R O G R E S S  R E P O R T  

TABLE 20. SUMMARY OF LITHIUM AND BORON SHIPMENTS (OTHER THAN ELECTROMAGNETICALLY 
SEPARATED) - JUNE 1, 1956, THROUGH NOVEMBER 30, 1956 

Request Quantity 
(9) Requester Isotope L o t  

No. 

598 

599 

600 

61 1-S 

6 12-S* 

614-S* 

619* 

620 

623 

624 

636 

637 

638 

64 1 

65 1 

652 

653 

6544 

657 

659 

679 

680 

682 

689 

690 

699 

70 5 

71 1 

7 12-S 

713 

714 

720 

72 1 

U.S. Naval Powder Factory 

Y-12 (Burkhart) 

Universitat Zurich 

Oak Ridge National Laboratory (Callihan) 

Argonne National Laboratory 

Y-12 (Burkhart) 

Massachusetts Inst i tute of Technology 

Guntherand Tegetmeyer 

General Electric Company 

N. Wood Counter Laboratory 

Anton Electronic Laboratories, Inc. 

Toto Institute, India 

High Voltage Engineering Corp. 

California Institute o f  Technology 

University of Wisconsin 

University af Wisconsin 

University of  Wisconsin 

Brookhaven National Laboratory 

Naval Research Laboratory 

University of Minnesota 

Leeds & Northrup Company 

Leeds & Northrup Company 

General Electric Company 

U.S. Naval Powder Factory 

West inghou se E I ectr i  c Corp. 

Radiation Counter Lab, Inc. 

Rockefeller Inst i tute of Medical Research 

Syracuse University 

Arganne National Laboratory 

Columbia University 

Sylvania Electric Products, Inc. 

Sylvania Electric Products, Inc. 

Sylvania Electric Products, Inc. 

BIO 

E l 0  

t i 6  

B lo 

Li6 

B lo 

B lo 

B lo 

B lo 

BIO 

B lo 

B'O 

Li6 

Li6 

E l 0  

BIO 

B l l  

L i6 

B lo 

BIO 

B'O 

B lo 

BIO 

BIO 

B lo 

B lo 

Li6 

B lo 

B lo 

B lo 

B lo 

BIO 

B lo 

SS l(b) 

DAG-1 

SS 5(b) 

SS l(a)-42 

SS 5(a) 

SS l(ac) 

SS l(ac) 

SS l(b) 

SS l(a)-44 

SS l (b)  

SS l(b) 

SS l(b) 

SS 5(b) 

SS 5(bc) 

SS ] ( a d  

SS l(a)-42 

SS 2(b) 

SS 5(a) 

DAG-1 

SS l(b) 

DAG-1 

SS l(a)-42 

SS l(a)-44 

SS l(b) 

SS 1(0)-42 

SS l(b) 

SS 5(b) 

SS 1(a)-44 

SS l(a)-44 

DAG-1 

SS 1(a)-44 

SS l(ac) 

SS l(b) 

10.0 (complex) 

4.0 

0.200 

1300.0 

875.0 

34.3 (acid) 

2.0 (acid) 

200.0 (complex) 

100.0 

400.0 (complex) 

3.710 

3.710 

2.0 

0.500 

10.0 (acid) 

5.0 

15.0 (complex) 

25.0 

7.0 

52.0 (complex) 

1 .o 
1.0 

100.0 

100.0 (complex) 

10.0 

50.0 (complex) 

0.5 

4.0 

20.0 

0.426 

1.0 

1.0 (acid) 

1.0 (complex) 

*Special services. 
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P E R I O D  E N D I N G  N O V E M B E R  30 ,  1956 

TABLE 20 (continued) 

Request 
No. Requester 

Quantity 
(9) 

I sotope L o t  

10.0 (complex) 722 The Babcock & Wilcox Co. 510 SS l(b) 

SS l(b) 10.0 (complex) 724-5 L o s  Alamos Scientific Laborotory B 10 

725-5 Los  Alomos Scientific Laboratory 

733 Bryant and Heffernan, Inc. 

734 Bryant and Heffernan, Inc. 

735 Bryant and Heffernan, Inc. 

B l l  SS 2(b) 10.0 (complex) 

B1° SS 1(a)-44 50.0 

Li6 SS 5(a) 1.0 

B lo SS l(b) 2.0 (complex) 

743 Un i ver s i t y  of Wash in g ton B10 SS l(a) 1 .o 

774-s* Oak Ridge National Laborotory (Taylor) L i6 ss 5(0) 4.5 

752-5 Argonne National Laboratory Li6 ss ~ ( o c )  20.0 (acid) 

300.0 (complex) 78 1 Reuter-Stokes Electronic Components, Inc. B lo SS l(b) 

*Special services. 
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