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Aupmt 2, 1946 

_-_- 
(iruatire) e i t h e r  an i o d i d e  o r  u i o d s t e  4nly 

rli&tly iaormror the rete o f  s r o l u t i o n  of the aatiro iodine frar 

hewmar, l r  evolved quiakly frcr the solutiaa. Thia saggouts . t  
the aotlve iodine in t h o  urupr1 nitrate r o l u t l o a  daw met a f r t  U 
d t h e r  f o U e  o r  iodate .  h l t h o q h  t h e  s t a t e  In vUoh locline sxirts 
Ln the urrnyl n i t r a t e  ro lut ion i r  not  b r n ,  very IZbly the id loo  
d a t a  in a ocmples ion, m d  In an axidaticl:  s t a t m  Wae tbrn 
(r inoe ounoentmted IWO, or ld lcer  iodine t o  iodrt.). 

(4) Under s h u h t b d  di8601Vter cunditlons Fn the l h o r o t o r y  t k e  reflux 
rmorsd a large rrotr lan (73% t o  SG) of t h e  lodlna f r a  the off-guar.  

(5) &lyre6 of the p l a n t  eolutirxu (Run T-6-03-E-1) tbrmtfi  the o r t r o o t l a a  
s tep  lndioataa (a) that about 4%. (on the b a r l a  of a f i r s ion  y i q l d  of 
2.85 for 8.0 day lbdiab) of tha  iodine ranair18 In che natal solution 
after the se ta l  d i 8 r o h t i m  atup, (b )  that  about 257: o f  @he iodin. 
rraalning i r  apolvbd f m  tb0 uranyl n i t r a t e  8 0 l U t i ~ a  befor. the ax- 
trwticsn s t e p ,  rrrd ( a i  tMt a da=c?ntminet:zr: rcLot.or., with rsrpsot  
t o  i o d i n e ,  of  about 6 0 3 8  obtained i n  the &mot lo8  step. 

the  t ~ q l  nitmte rolutlme   SUA^ O b 6 e ~ l % i ~ ,  t& &dad I d - ,  

A Order of t h e  Reaction r a d  the Reobtioa Rate Comtrs t  - 
Cm the asrunption that  the evolution of Indine would  InvcIve only tho  

8 O B O e B t ~ t i O n  of iodir8e and n i t r i a  mid, the  approprlato data 0btdn.d in 
t h e  expatimonte wero r u b u t i t u t d  in the equatlos - dl/dt  I KxFxXl?%b* If 
v s l w a  f o r  nbn d nb" which raoiiltd ki P c ; x i i l t ~ t  =lut f n r  K anuld bcr d3-  
terninad, the dopsndawy of the  r d i m  involv i4 ,  tho evolution of iodine 
fru6 uranyl n i t n t e  solut13ns durln(: the  d l s s o l u t l a o  o f  netd a u l d  be Wtab- 
l lahed.  
the courae of t h e  nm (at  variaur o ~ a n t m t l o n a  of ladino ,  n l L r l o  m i d ,  
ud uranyl nitzuts)  were p l o t t d  fa Fiturer 1 ,  2, 3, and 4. A t  a @van t k e ,  
t ,  t h e  aanoontt-rtion of Iodine (I), the conoentratlon o f  HA!$, md dI/dt (the 
slope of t h e  oume repreaaating the conoentratlon a i  iodine) war. rubrtituted 
In thm abww equation. Tho t e r u l t r  of this n u b a t l t u t f a ,  uring valucr of 'a" 
fm 1 t o  3 rad ralueo of '%* f w  0 to a, are a h o m  la Table8  la, lb, 10, ud 
Id. &I lxupeatian of the  n h e a  o f  K given in t h e  t cb lcr  show ttmt tmdor all 
tho varied c m d i t l o n a  the mort amrtrnt  rrilue is obtained &ea -an oqurlm 2 ,  
and "b" equaln 0,  that 18, the reactlon 1 6  Ipproximat.ly raond o d o r  d& 
renpout t o  the ooneentration of l a d i n o  and Independent of the oancentrstiarr 
of n i t d o  -Id. 

. 

For t h i o  purpose t h e  oaacontration of iodine md nltrle r a i d  durlxq 

The v . 1 ~ 4 8  af I( o a l c u l o t d  trim the squstion - dX/dt - K12 laok a c o u m q  
bsaaumo of t h e  f t e d a  pernittad by t h o  deta i n  the drawtry of tha  oume rc,- 
r o a a n t i n ~  t h e  amcentrat ion of iodine-  For t h i u  r e u r n ,  J t e t  utabllehiq that 
the raactlon was e o s t  l i k e l y  a 8wopd o r d e r  reaotion,  the t e r c t i m  rate aoartaat  
was d e t w n h e d  by plotting the r c l p m o a l  of the  oancentratlan of iodlns with 
rarpwt  t:, t h o  roaotjon t h e . * *  The r t m l c h t  lines o b t r f n d  u a r e s u l t  ai 
this p l o t  aro 8180 r h m  i n  Fi,%re# 1, 2,  3 ,  a d  4 ,  
o o n r t l n t  datemined f r m  the s l o p e s  of the s t r a l ~ h t  l i a ? a  l a  0.05 l h h i n .  

A t  birhrr c m c s n t r r t i m a  of p m d u c t  In tho 
t i o n t  o f  iodine  

/ dt 

TIIS ~ o r m g e  reactibn mte 

s e t a l ,  and h a m 4  a6 hi,r,her cancontra- 
bhe p a m a n t a  e t a i m i n l n f ,  13 e o l u t f o o  rharld ba ?eaa. 

* *  If - dI/dt = KI', t h e n j  -dI/l$ 2 i;/ & e  Since  theJP-d1/I2 ~ l / f - l / I o  md tho 
t, 1/X 8 Kt 1/1,- H a e n .  thn n l a t  1 1 7  v*- f s- i i ld  h- a stn+fi? 1 4 ~ 9 ,  

' * _  1 t L G , * O  bf k.ia - 1 ~ 1 a  . u3rJ;ULi:- k c  

m 
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Foataota aaatinued f.rm p r s r l o r u  ptp~ 

‘a9’ x 12’ x 0.0059 t 0.26 of I per tan, mtmn a44xm zJi5 
64.4 rmepuatt  days of frrndiatlan per t a n  of natal, 
6.91 
0.88 : oapture to f i r a i m s  mtio 
128 
259 

e 
enma of pmduat per mepmtt; d r y ,  

a v e r n ~ e  moleaul&r uei&t of iodine. 
* nolaoular might of  pmdwt, urd 

0.0069. oaubined M a r f i n  yield.  of the  lone lived d s h b l a  i d h e -  . 
*e* It I s  pieral ly  r w o g n i r d  that the f i s c ion  yield af 8.0 d x y  l o d i m  is not 

d e f i n i t e l y  Imm. The lateat f i e l d  b u d  an erperinsntrrl Sridoaoe l a  2.S$, 
howwet,  that  value 111 detemined w i t h c r u t  the  b a n d i t  of h p m e d  mathbda 
a: i d i n a  u s i i y s i m o  F- amoatheti i i a r i a n  yieici aurqea the yisia f o r  1131 
(8.0 dry) h u  been r r t h n t d  t o  ba f m a  2.7% t o  3.0;‘.. 

In 0330 axperinsnt, dtsr about Ed$ ol the l o d i n s  rhlah kad been add 

-?Sitien a i  tne i od ine  rhould haye a r m l t b d  i n  t h e  e ~ o l u t l m  of mer 98s d t b  
iodine In the s3lutio.n PrithFn 10 aiautaa. 
in the 8 0 l U t i ~ m  -8 arrolred r i t h i a  13 8 h u t e s 0  In 8 r h i l n r  e q e r h u z t .  ahan 
an equal amount of iodine  m patnmiia ioci.te =at &dad, only abazt E$ o f  tba 
i o d h  in the s o l u t i m  war rrolrsti -thin 10 minutas .  In bath  arperimantr, 
however, viuual evidence indioatad that the added iodine M a  quickly aoolrad. 
S l a w  it ha8 bean fa ir ly  d d i n i t e l y  shorm t h e  w o l u t i a r  o f  iodlas frcm the 
r a l u t l ~ n  i r  dapendmt upon +he a m e a t r a t i o n  of iodine to opprazicP.tefy the 
rwaad p a r ,  it foilour that i n k a r c ? ! ! +  hrrtrean the dM i d h e  apd the 
iodine in the roiution was not quickly attalnqd .ad tb.rdor* that  the iodine 
ha the In rdditicm, 
ainom 18bOmtOy e q ~ r i m o n t r  haw aharm t h a t  o o n c s n t r r t d  a i t r i o  mid oxldirm 
iodiar t o  iodate, it rpperrm that t h e  iodine in the u-1 nitrate aolution 
d 8 t d  5.n an axidation a t a t e  hI&er t h l n  12. a d  probably -8 oermplexal in 
Scmr mnmaer- 

Bowever# only rbuut 20s of tho iadinr 

. 
* 

r o h t i o a  uas not pmaaat e l t h s r  aa iodide or a# iod,atab 

gauua %y tb ref’!= h the  paokad c o l u  on tho diarolrar .  E l o t  the kodlne 
i n  ramovad by the reflux h u  bobs r h m  by a laborotory experltr& in rhich, 
durinl :  t h e  first:  ~ k r t  of dlrrolutlon (tha concon t ra t ion  of HI:* ia the dlr-  
801rur solution d m r t r c e d  frcm 11.311 t4 6.2N during t h e  srperinsnt). 70% t o  
50,; af the lodiae mw r m w d  rrun the off-cases. 
be mmctVd fn t h e  pIant r inca  the artsnt of t h s  ruxoval I r  d . p d m r t  upon the 
mlatlis  unoun+.m of the reflux urd tho n l a t i v s  e f f i o i s a a y  of the calrmnn. 
Uolmer, la the plant a large frsction of t h o  i o d h a  i 8  M doubt atuorbed by 
the r a f k x  during the a t i c e  of d l o o o l - J t i o n  whom r igoroue boilin(; O O O U T I -  

%a * m e  f rwt lon  may not 



Solu ti ai Aat id ty  (ou r i e  a) 

4-7M 260+ 
8-lE 220 
8-m 2 19 
a -m 192 
8-4P 3.1 

The value for 8-lK i 8  not h a d  on d i r e o t  neacuraa& but or: 111 Srtr8p- 
e la t las  o f  t h e  data o b t a ‘ n d .  n u r ,  r a r l y r l r  of the 8-U.: .elution on S,’lS, 
S/19, 3/21, m d  3/27 cave va lue r  ( c o r r s o t d  t o  3/5/46) of 1?6 d 177, 161, 
142, and 126 and 124 ouriCA, r e r p t l r e l y .  These r e r u Z t r  l n d l a a t e  t h a t  ihe 
runplo wan loring iodine (porhapc 
o k t o d  t o  3/6 m d  t h e  va lue  af 220 ourlea war obtained. 

evolution), hence t h e  data wmro extrap- 

I$ nu eotimated by I . P e r h u  that the metal (direhareed &or p i l e  .hut- 
ribroc ea l/li3:45) A,irsolvsd far %he m m  T-6-03-B-1, 2, and 3 bad beon i r d -  
i r td  a t  8 rate  of 1250 Kr/ton/ciy for r u f ~ i o i e n t  length of time p r i e r  t o  
rhutdomm of the  p i l e  t o  approaah near squllibr?-a ifirr~eentraiioor of 8.0 d a y  
id l ine .  
d i s s o l u t i o n  (3/5/45 trkm &8 the a ~ m e  date)  would t h e l a f a t e  be 

The act iv i ty  of 6.0 day iodino in  t h r e e  ton8 of metal a t  t h o  of 

1640 w r i e s ,  &err 1250 x 3 x 3.1 x l U l s  x 0.028 
3.7 1010 24 618- 

Since u m l y t l c a l  data rhomd that t h e  one ton proceased In T-5-03-B-1 aontainod 
266 C u r h i  on 3/5/45, the p e f e s a t y , ~  a$ iodine ranriaiay: &tot  t he  d i s s o l u t i o n  
Or thter tons MI 3 x 260 x 1@0/1640 * 48;. 

Act iv i ty  ia that f rhe t ion  (I&) 4-7!: r o l u t i o a  rhioh -8 prooearad in T-6-03-R-1- 3 
** h t a  reported i n  SE-FC-j8 ( P i l o  110. 8-1943) indioote that the w l l r  of Cell 6 were 

contunlaatad by spray fran the setal a o h t i m ,  however, the iodine c ic t i r i t y  present  
vith the o t b r  fission p n d u c t  e lmantr repr6saated L I ~  8nrSchoranb. 



The r a r u l t 6  o f  t h e  rune node . d e r  v * r i m r  conoentrntima of n i t r i o  mid, 
u-1 n i t r a t e ,  md l o d l n e  tm r h o m  In Fi&urer 1. 2 ,  3 ,  r s d  4 .  

A A ~ p h k u a  a n d  Pracodura f o r  the 3atam. lnnt fon  . ____c o f  t h e  Ordvr at t h ~  Reactim 
.- 

With the uee  of theHgb prpsiure, l i q u i d ,  pmr ohmbor, a d a p t  i n  
Rrm 12d(data a h o m  i n  Figure l ) ,  rat ir fmtory  material bafmasr w i t h  roepent 
t o  iodlna were obta ined .  
r w e n l  paiutr  during t h e  mn, dooreasad L S  t h e  run progrerred. - aCt;ritutad t o  :he l u k  o f  ocml;lcte r ' l s o r y t i o n  of the l d l n e  in t h e  sorubber. 
b a * u z o  of t h e  h i f i  rate o f  m o l u t l o n  of t!m aff-r,aran; hdwmer, t h e  ooncsa- 
t r t t l o n  of j o d i n e  i n  t h e  u r q l  n i t ra te  a 3 l u t i o n  was o o n s i d o r d  t3 be of 

In Rua 126, the  Dater ia l  hluu?~, c a l c u h t e d  a t  
Thin deorerae - 8affiofrBt wcuracy ncrertholerr f a t  r a w t i a n  rrCe drcen;iaatlons. 

f b o  piocea  toeether uelched absut 53 i,rmn, u r d  had a totnl  aurf'mo of rhniit 27 en2 
8 0  that tho addltion of  E50-3@CB1 o f  r 3 l u t i o n  rrou1:ed i n  a s u r f m e  t o  v o l m s  rutlo 
o r  0.1082/, l o  

* *  Int*mhP.i.,e between t h o  aotlva rlnd i n a o t l r a  l o d l n o  w u i  rohlersd by oxidation w i t h  

t h e  o t h e r  Ha8 

H2& i n  &a B l k a l i n a  madlm,.  After the  I % had heen c m p l a t e l y  dwmpo6ad by heat- 
tho rolutlon wan r o l d i f i e d  m d  r d d 2  t o  t h o  flask. Tho solutionr of r a d i o -  

OUF l i e d  by r i t o  X .  ON iolutian GLI concoat ra ted  m a n  
acid fn nCl, 
between 1231no end c k l o r f n r ,  ths rrdfo-iodina on tho lat ter  d a r e  nmt~ purl- 

;n ordar bo aroid t h a  oanibi l i t jr  o f  the f a m a t i o n  of a o m -  

i d  & C C l n  oxtrzot1r.r. 





When t h e  abave p m i p i t a t i o a  p m e d u r e  l l ~ s  u r d  for  010 urcllyslr of 
rolutiom of u rany l  n k t t a t o  for iodine ,  e r m t i o  and low r e r u l t r  were ob- 
td.nadb Work a t  S i t e 8  C rad X dim that the erratio rad low n r u I t u  were 
duo t o  lwk o f  l n t o m h q a  b o t w m  t h e  noma1 m d  mdia-iobiae dmnaa 
A pfooedure for e y u i l i b m t i b a  
hu beon doveloped by G l d m h ~ 6 ! b  The procedure o m r i r t r  of tbe oxlda- 
tlen of the carrier a d  cotlre iodine with NaOC1 i~ an alkaline mdlm 
( H q C Q ) ,  m i d i f i o a t i o n ,  reduetior wlth  b i s u l f i t e ,  orldmtioa w i t h  lfdQ 
t o  12.  d a x t m t l o n  with C C t .  Chon s o l u t l a n s  of  urraJ.1 n i t r a t e  ooa- 
t a h a  other r o t i r i t i a r  in ddlt ion t o  iodine ,  the above method is nee- 
errary in ordsr to obtaia  q u a n t i t a t i v e  aaalysls fer t h o  mdio-iodiw5 
However, when the  only ro t l r i ty  la  the ro lu t ion  i r  &io-iedSoe, the 
rOhtiOn 0- a180 be U U l y c b d  by mema Of’ t h e  high Fr988dr0, l i p i d ,  c-8 
Amber. In M a t  oase a oarfaation has  t o  be m a d e  f o r  the rad lr t lon  t o  
tins tEX. 
d l  axpetfmimts invalvink .ctlrLtler due only to iodine 6aci URHe 

.‘.he o a r r i e r  ladins Imd ths radio-iodfne 

Ecoarue of the r t p l i c i t y  of the  ia t ter  mnai;nmi, ii tn~ u r d  l a  

ANfyiis of P l c n t  S o l u t i o n s  fbr 8.0 D 4  I o d i n e  

In older to r e p r a t e  t h o  iodlas fmn the other f18rioa ptcdwt, 810- 
aeatr d in oxder t o  o b t d n  q u a n t i t a t l r s  yie ld ,  tbe p m o  dura developad 
by Glundenln ( b r i a f l y  dosaribed above) f o r  equllibrr~lon of wCire and 
aarrier iodin. h s  u s d .  m e r  srtrrctlan i n t o  CCl4 .ad re-&motim 
i n t o  b i r u l f i t o  wa te r ,  t h e  i o d b e  waa f ir thor  purified by a t  l e u t  t+O 
rbi1.r extraation o y o l ~ .  W # t e  t h i 8  treatmsnt t h e  fiM1 aqueous 
rorution runst inor  eontaind other m t f r i t y  (ma r h a n  & d e o ~ y  neaauyrreuta 
vitb t h e  h i *  F ~ U U ~ ,  Fiquld, emma chylber) t h 4  6.0 &ay iodineo 
0th.r M t l V i t y  -8 m i d a t ,  th 
aalculated frcm the rat. o f  d.cby, tm the a s r m p t i o ~  t b t  tho othor 
aotirlty ru r e p r e e . n t a t i r o  of a11 the other firsios produet elaqutr.. 
boarding t o  Pipro  16, Cl-667 (Chap. 111, P a r t  D,6) t h e  merrll  ref. 
of d m 4  of t l r s lon  prodwt e l a o a t r  produced in - t a l  rhiah har been 
s r r r d i a t e d  f o r  50-60 d y .  d W e b  h u  boaa coaled SO-60 d a y s  i r  abaut 
1.75 per day. On that  barlr, ths m t l t i t y  &e t o  8.0 d a y  i o d i r u  in a 

mu 
Of  8.0 d r y  lbdfae p H w i d  -8 

8 0 l u t i m  -8 0.10Ulatsd tba b Q U r t i Q l l y  

where d 8 period i n  d l y r  durLcg rhioh ths dooay of the rdtirity waa 
~ o l l o r e d ,  X 8 lcpount of  wtlvlty due t o  8 . 0  dry iadiue UCer d dayu, 
A 8 to ta l  a o t l r i t y  a t  the . t a r t  of the period, md A‘ = t h o  t o t a l  aotir- 
l t y  a t  the  end of t h e  period. h a t  t h i s  method of o o r w t i o a  w a w  va l id  
~ t h h  t h o  @cour.ay of the e r p a r l m t r  i r  8hom by t h e  tab la  below: 





Tabla la 

C d u u l a t l a r  of Ordot of Rerotian 

(Data fran BM 126 

(DI 

10 
0.248 
9 .'t 

0,00290 

0.0117 

0.017 

0.19 

0.0013 

0.0062 

O r o z l  

hom in Fiw 
20 

0.224 

7.6 

0.00194 

0.0087 

0.059 

0.17 

0.0011 

0.0061 

0. &2 

so 
0.201 
6.6 

0.00149 

0.6072 

0.056 

0. I7 

0.00u 

0.006S 

0.026 

Tab10 Ib 
Calaulatiam of Order of' Rswtioa 

L fras RM 
10 
0.260 

2.62 

0.00509 

0.0119 

0.046 

0.18 

0.0047 

0.018 

0.M2 

E9 rhara in 
20 

0.252 

2 0 2 6  

0.00267 

0.0111 

0.048 

0.21 

0.m9 

0.OeI 

9 0.095 

'igura 2) 

30 40 
0.208 0.190 
2.03 1- 
0.00212 0.00160 

0.0102 0.0084 

0.049 0.044 

0.24 0.23 

0.0049 0.0011 

0.024 0.025 

0.u - 1  



-1 1- 

ma In ply 

20 
Q I S S  

8.85 

0.3102 

0 .ou  

0.035 

0.060 

0.0026 

0.0048 

0.0088 

1 fra ab 

, 0.49 
4.s9 

0-0180 

0.m 

0.m0 

0.143 

0.0078 

10 

O o O 1 6  

0 . a s  

28 &or 
g 0  
0.s9 

4.19 

0.0068 

0.028 

0.045 

0.116 

0.043 

0.011 

- 

0.028 
I 

zn "'OJ 

SO 

O.fU 
4.00 

0.M62 

O 019 

0.069 

0.18 

0.048 

0. 015 

0.045 
I 

4) 

O S *  

3.68 

0. born 

0.020 

O.OM 

40  

0-27 

0.062 

0.019 

- 
50 
0 .et 
sow 
0- 

0.018 

0.662 

0.n 

O.O(Q 

0.029 

0.10 
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