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Contribution from th e  Chemistry b l r l s io n  J
of the  irgnw H  U stidM tl Laboratory

-rue. nor. a;n. * up mmm\k ik ramcHto mv> sotsucts
R. iijobloTS and J , C. Hindman

Several j«b ilostions )jsv* emphasis'd the appiiofction of absorption 

speotrum oer.surement* in studies involving the solution behavior of the 

aotiolde elements, particu larly  of uranium* and plutonium,*̂ *J Preliminary

J . Sutton, CkC-325# "lonio S o c les  in I'ranyl Solutions".
2
0. S. - 0 0 ro tnd X* A, Kraus, ?npor Ho. 1*22, "The Transuranium Klsnanti", 

7ol. l l ,3 uf the  Plutonium Projeot 1.c-oord of the National Nuclear 
Snergy Je rio s . fcoCraw-Hlll, New York, 19l9»

H. s. Ccnnick, H. Kasha, W. H. UoVoy and Ot l» Shalina, Paper No, '.^ 0 , 
"The Tranturaxiium ilemonts", Vol, li*B of tho to ticn a l Mucleur Knergy 
Series, loGraw*-Hill, Haw York, 19t?*

^J, C. Hindman, Papers q .2 , i*.L, 1|«$ and h»7, "The Transuranium alemanls", 
Vol, li*B of the Plutonium Project I.eoorri of the la tio n a l Kuoletr 
Snerry S eries , McGraw-Hill, New York, 19i&»

data on the ohar*cterl&tioa of the absorption spootrs of the d ifferent oxi- •
h

dation s ta tes  of neptunium have appeared. The purpose c f the present in-

k j. 0 . Hindman, L. 3. hagrAisson and T, J , UChapelle, Jour. Jtm. Chen, Soc,B 
71, 687 (19^9)* Paper No. 15*2, "The Transuranium ^laments" Vol, l i£  
of the Plutonium Projeot Reoord of the National Nuclear merry se ries . 
UoGrav-ilill, I eu York, 19^9•

vestigetion was threofolds f i r s t ,  to  obtain be tter datr on the p.enorul 

foaturos of the  absorption spectra, inoludlng the u ltra v io le t  region not 

previously investigated* aocond, to asoerta in  the usefulness of the prin

cipal neptunium absorption bands in quan tita tively  analysing fo r the various 

oxidation s ta te s  and th ird , to examine the speotra in perohlorste solutions 

for changes th a t  might be correlated e ith e r with complex formation invol

ving perchloivte or * ith  hydrolysis of the neptunium iona. Kith respoct



f#

tc  hycro lysU  phenomena p a r tic u la r  a t te n t io n  has teen y*Id to  exaaining

eridecce th r t  wculd pleoe lim its  on tho ra r.ro  of acid  co n cen tra tio n  in
4-  + 4-

whioh oxygenate* Iona such as l»pOg and LpOg * aro s ta b le .

In the f i r i t  p a r t  of th ie  paper d e ta i l s  o f  the ab?,orptior. ip o o tra  of 

the  d if fe re n t o i i i a t io n  s ta to r  a re  d isc u sse d . The second p o rtio n  of the 

paper ie&la wit) the  e f f e c t  o f p e ro h lo ric  aoid oonoontration cn the  spoo- 

t r a  and lnoludet d a ta  on the p rev iously  u rrepo rted  d isp ro p o rtio n a tio n  

roaotion

whioh occurs in  neptuniu!2(v) so lu tio n s  in oemoentmted a c id .

1 • The Absorption speo tra  o f 
M i l l ) ,  Hp(IY) ,  Sip(V) and HpQn) In HClO^

ileasuromenti of detail* of the absorption spectra of carefully pre

pared solutions of the oxidation states of neptunium in 1.0 HCNfy have 

been made. Alicuots of those solutions have boon used for examination 

of tiie behavior of the principal absorption bands with respect to the 

Beer-Lambort Lav/.

Deviations from this law are usually duo to (a) a change in lonio speoies 

or (b) an lnstnmental defeot (e .g .# insufficient resolving poser). I t 

is possible to differentiate between these two possibilities ainoe in 

the event that £ purely instrumental effeot is involved the density will

2 *p(v)  r ^ r  h p ( i v )  h* s p ( v i )

1 °
L°C10 y -  * kol = optioal density s d u)

ion ic  speoies accompanied by a ohatge in  the  absorption spectrum  occurs 

w ith ohan|»e in  co n c-sitra tio n  the d en a ity  w i l l  vary a t  a c o n sta n t product



of o t  t. The o f  foot of a l l t  w idth  on the o p tic a l tfw fH y  rer dings o f 

the p rln o lp a l »Voorst ion tends was u lac  esuminad sinew In tho cane whore 

there  I t  l tu u f  ic ie a t  ra so lv tn g  xwer tho observed o p tic a l  d en sity  w i l l  

depend on tho t i l t  width*

Experimental

tho obsor; tlo n  spectrum biossurenenta from 215 a i l l ia io r o n s  to  1*00 

m illlm loroaa  wt re  tnde w ith & Cory recording spectrophotom oter model 12 

(marketed by t) o Applied Physics C orporation. Pasadena, C a lifo rn ia ) u sing  

• i l io o  2 on o y lio d rio a l oollo* The s l i t  w idth on tho Cory spectrophotom eter 

le au to m a tica lly  c o n tro lle d . The measurements from *50 to  1050 u llllm lc ro n a  

were aado w ith  a Beotoren (Uodol iO) quarts speotrophotom etor using antohod 

1.000 i  0.001 ca and 1.003 i  0.001 on s i l i c a  o e l lo .  S illo a  c e lls  o f 0.500

i  0*002 on wore a lso  used. Readings on the  Bookman speo tro  phot or-a to r  were 

snde a t  2 n i l l in io ro n  in to rv a ls  in  the  region 350-600 m illim icrons and a t  

2*5 m illim ic ro n  In te rv a ls  from 600-1050 m illim icrons except in the v io ic i ty  

of the ab so rp tio n  bunds where tho region was c a re fu l ly  soannod to lo o a to  

the moot peak position* .lie wavelength sca les  o f th e  spectrophotom eters 

wero 0hooked using mercury and hydrogen a rc s . The d e n s ity  sca les  were 

checked by naan i of Bureau o f  S tandards Corning HT yellow  M3 and Jena 

Bg lI»-38 f i l t e r s - 5

'’K. S. Q lbton, 3. K• V.alkor, A. t .  Brtwn, Jo u r. O p tica l Society o f Anorlou,
2jU. 58 (193*).

The stcok  solution o f pure noptuniun(V) in 1 .0  U BClO^ was prepared 

as follows* Hortunium(lV) hydroxide was p re c ip ita te d  from a su lfu r io  acid



9t iution with *od:ua hydroxide, washed thorou^ily, then dissolved in 

1.0 A HCl. K itrio «l<i m i  added to c*ks ths so lu tion  0.11? L in MO 3* m e  

th i solution heated for several hours a t flO°C to oxidlcn the n«iptunlum(IV), 

Ths course of ths oxidation whs followed sptictrophotoretrioally. A ftsr 

ocaplste oxidation of. the n*ptunium(l7)# the solution was mads approximately 

0*1 k in N^U ’̂ifli to reduce any aeptualua(Vl) t*het s ig h t have boen formed 

to neptuniun(V). The neptunlum(V) hydroxide was than precipitated with 

•odium hydroxide, washed c a re fu lly , and dissolved in l.C U HCIĈ  to giro 

a solution 0>01.30 M in neptunium(V), Aliquots of th is  solution ware then 

diluted to  give the desired concentrations.

Both neptiniun(H I) and neptuniun(IV) solutions were prepared from 

the noptunium(V) stock in pcrohlorlo sold by hydrogen roduotion. Since 

neptun*'wa(ll t) Is rapidly oxidized in ths prtasnoe of a ir  to niiptun iua( IV) 

precautions hat to bo taken to exolude a ir  from the solutions. To servo 

as a means of introducing hydrogen into ths solutions a one centimeter 

a illeu  o e ll was f itte d  with a ground glass stopper through which was sealed 

a tube haring an’attaohed stopcock. A platinum c o il  was wound around th a t 

portion of the tube extending in to  the solution but so placed as not to 

obstruot the txam of l ig h t. The co il was p la tin ised . A hole was d r ille d  

in the side of tho ooll and the side of ths stopper was notched to  allow 

the gas to  escape• The c e l l  was made a ir  tigh t by ro ta ting  the stopper 

and turning the stopoock. A solution 0.013 M in neptunlum(V) and 1.0 k 

in HClOf, was ocapletely reduoed to neptunium(lH) in  one-half hour. After 

one week in the stoppered oo ll the solution showed no signs of oxidation. 

For tho Eeer-Leabort Law studies portions of th is  solution were diluted 

with 1.0 U i!ClC{j to the desired neptunium concentration and these solutions



An reduce4 1 1 neptunium! I ll)

In the premrmliofc of reptunium (IV ), hydro** n reduction  of & nep- 

( f )  colut on in 1 .0  H HCiO  ̂ **»• 6 i« o  employed* Since ( i r t U l  reduc

tio n  to n o p tu n i'« (l I I } always occurred th i s  wa« allowed to  o x id is e  in s i r  

to  neptunium!!’/  • Oa standing a very s io a  jx i ia t lo n  ta  neptunium!V) oc

curred* Speotr 3 flit sere& tlona < tt  the so lu tio n  a f te r  s tand ing  one week 

•homed the  presence o f 0*85# neptunium! .')• l i  o p tic a l d e n s ity  values 

h«ve been co rrec ted  fo r  the presence o f t h i s  ox idatio r s ta te*  For the 

Uoor-Laabert lav  s tu d ie s  so lu tio n s  prepared  in the above nanner were d i

lu te d  w ith 1 .0  h UC10J..

Neptunium!’! )  was prepared by electrolytic oxidation of a neptunium(V) 

solution in UO U iiC10^« The completeness o f uxidation  wus checked speo- 

t  ropho tone trios 3 ly« There was no evidence that either neptunium! 17) or 

neptunlua(V) wet pro sent in the final solution*

All measurements v.ere made at 25 i  1*0°C* Iterok 70# re a rent grade 

perchloric acid wen used for preparing the perohlorio no id solutions •

The neptunium oinooutrations of a ll dilutions were determined by radio

metric testy of th»i Hp*^ isotope used in this work. |

Totalis of tho absorption spectra of the various oxidation states 

are ausmaritod in Figures 1, 2 and J . Figure 1 shows tho 350-1050 m illi

micron region fex neptunium ( i l l ) and noptuniua(IV). Figure 2 illustrates 

the 550-1050 millimicron rogion of the speotrum for neptunium(V) and 

ueptunium(Vl). Figure 5 ohens tho ultravio let spectrum for a l l  four oxi

dation states.

Results
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?i,n?re 3

U ltra-V iolet. Absorption Upootra of Neptunium 
Iona in 1.0 K LCIO^

--------- S p ( l l l )

Kp(IV)

..........  Hp(V)

--------  Np(VI)
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The spectrum of nep tun iun(l I I ) in  1.0 tt HCIO^ shown in  Kiruro 1 agroes 

reasonably  w ell wi"h tho spectrum  previously re p o r te r  fo r  u 1.0 ii HOI 

s o lu t io n .^  The spectrum Is  complex, shaving a la rg o  lumber o f  bends. The 

four p r in c ip a l absorption bands in  th e  r i s ib le  and tho two bands in  th e  

u l t r a r io V  t  wore found to  obey E e ir 's  Law. Tho peek le cn tio n s  and th e i r  

molar e x tin o tio i. c o e ff ic ie n t*  o re  l i s te d  i i  Table 1 .

Table 1

Absorption Bands of J«ep tun iua(IIt) in  1 .0  U I ClO^

*x
( m p ) % S l i t  width I 

( n n )
X

(aw) E S l i t  width 
(c a n )

253-5 229 5 532 1 5 .7 6 C.0125

267.0 1593 553 U ..52 0.03:

3CU 26 .62 0.050 C02 2 5 .7£ 0.030

Los 29.72 0.0J0 661 3 0 .L5 0.0125

U 6 29.31, 0 .025 787.5 1 5 .2 1 0.0125

U £ 16.57 0.0150 550 26-1*3 0.0125

1+70 12.67 0.0150 910 12.38 0.0125

i£ 2 3.32 0.0125 930-935 1 3 .6 5 0.0125

512 5-58 0.0125 998 30.23 0.0125

Tha Boer's Law d«.ta fo r tho p r in c ip a l absorption bonds a re  suam rizod in 

F igure L. Since tho o p tio a l d en sity  v ario t l in e a r ly  with concen tra tion  

and was independent-of e l i t  w idth the a f fe c t  o f c e l l  length was not in v es

t ig a te d .  The neptuniumU I I ) i s  the  only m id * tIo n  s ta ta  wi.oso spectrum



Figure b

Baer*8 la*; 3chavicr o f .\e p t» m iu a (lll)  Absorption Baiids
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show# nrjy oa rke i s tru c tu re  in  the u l t r a v io le t  re ; io n ,  r ,.,,.
i

' v,e apeotrur o f neptvm ium(l •/) in  i.O  U HO 10) Is  shown in  K ifu re  1 

The v a r io u s  absorp tion  b inds o f  reptunium ’ l / )  l is te d  in  Table 2 .

T*ble 2

Absorption Bands o f S eptunium IV1) in  1.0 M HC10[.

—
!

& ■
S l i t  width  

(jria)
\

\ * 0 8
J l i t  width 

(an)

’ # 3 H .  91* .000 f 390-5 16.13 .0125

Loe 9 M
r*«o.

1! 
1 697-5 57.10 .020

it 12 13.52 .0150 715 ' 57.00 .020 .

♦L28 .23.05 .0125 *72} ,.13 .0125.

U50 6 .o i .0125 *71} 13.02 .0125

063 9.55 .0125 79**5 1 i.25 .0125

176 17.31 .012? ♦825 2 U S * .0125

U92 19-Lo .0125 QijO 17.63 .0125

+50l 22.89 .0125 677-5' 9 .9 7 .0125

521 : i : t.7o .0125 *9 & *193. iiO .0125

5L0 7.20 .0125

♦ i
bind checked and found to obey Beer’ s Law.

* b4nd does not obey Boer’ s Law.

The Deer’ s Law data for the p rincipal bands at 72*5 and 961{ m illim icrons
■

ore summarized in Fi.^ure 58 and C. In  the case o f the ' /X  m illim icron  

peak, die optics 1 density varies  lin e a r ly  with neptunium concentrations 

up to 0*0035 *-t higher concentrations the deviations are such that

the molar extinction c o e ffic ie n t deoreasea as tho cocoentrntion Incroaaes. 

However, as oan be seen from- Table 3 the op tica l density is constant a t  

e constant product o f o x l t thus indioati.ig that the deviation la due to



Figure £

V aria tion  of O p tic a l to n a lty  with M olarity  and S l i t  V ld th  
fo r  Itp^lV) and Hp(?) A bsorption  Baadt

(A) Np(V) peak a t  933 nu

(B) NplIV) peak a t  9^4 * 1

(C) 8p(XT) peak a t  725
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Tibi© 3
\

Iep tu n lu a(n ) In 1.C M HClOj, 
Observations a t Constant Values o f o x 1

[lipl
O X 1 X It/*

d a t K a t d at S a t
m oles/liter 723 wu 723 iap 964 mu au

0.01300 130.0 1.88 lU i .62 I M 146.92
0.02576 129.1 1.86 141..07 l .o e 145.62

0.01091 109.1 l .$8 l iA .82 1.74 159.49
0.021U1 107.1. 1 .5 t 143.39 1.75 161.08

O.OO6576 65 .76 0.946 U I A 6 1.20 182.46
0.01295 £4.00 0.939 141.. 73 U %9 i e 3 -4i

0.00U71U IjT-II. o .67e 11.3-32 0.928 196.Q6
0.009539 U6 .98 0.677 1U 4.70 0.920 198.34

0.003409 3I4.09 0.493 144.62 0.656 192 .u 3
0.006507 52.65 0.474 145.17 0.634 194.1a

0.002425 24.25 0.549 143-92 0.469 193.40
o .o o W i3 24 .  }6 0.351 144-09 0.479 196.63

0.001775 8.893 0.125 140.56 0.170 191.16
0.0009006 9-006 0,129 143.24 0.174 193.73.

—

an Instrumental optioal e ffec t rather th in  to & chance in ionio species. 

The e ffec t of s l i t  w idth, euonarlted in ?igure 5U and 5C, was aaoentU liy 

the same for both the 723 and 9^1, millimicron brnds. In both oases the 

op tica l density (end extinction oooffioi m t) decreased with increasing 

s l i t  width.

The speotnia from } 50»10*0 millimicrons for neptun ium( V) b  l.C  U 

HQl%  shows only two peaks of any consequence, cne a t  617 millimicron* 

and U>« other c t 983 millimlorons (Figure 2 ) .  Iho various absorption 

bando of neptunium(V) are lis ted  in Table I*. The behavior of the band 

a t  6l7 millimicrons conform* to the Beer-Lambert Law. As in the case of



)  L
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Table I4

Molar Sxtinotion C o e ffic ien ts  of tho 
Heptunlum(V) Peaks In 1.0 it ilClOf^

(uf) s S l i t  width 
(na)

366 7 4 6 .060

L26 11.11 .025

Ida . 8 .29 .029

1/1 5*30 .025

fe76 10.28 .0175

F9fe 7 .1 3 .020

*617 23 .67

t
' •

 
j

r- 
• 

■ • O £

775 9 .95 .0125

915 6 .3 0 .0125

*9Bfe 265.03 .0125

10JO 12.10 .0150

*peak dociB n o t obey B eer's Lew. 
♦peak obeys B oer's  Law.

the  96)1 m ill ia io ro n  band of neptunium(lV ) t  the e x tin c tio n  co o fl'io ien t of 

the 985 m illim ic ro n  band o f neptunium(V) door eases w ith  in c reasin g  nep

tunium o o n o en tra tio n . The data  a re  given In Figure 5^* A^aio M  for 

the y6U m illim ic ro n  neptunlum(lV) band i t  is  found th a t  o p tio a l d en sity  

a t  the 965 m lllln io ro n  pe*k is  c o n s ta n t a t  oonstant product of o x i  

(Table 5)« Presuiiably the f a i lu r e  o f  th e  961* and 933 m illia io ro n  bands 

of neptuniua(lV ) and (V) to  obey the Beer-Lambert Lae Is  due to  the fao t 

th a t the  s p e c tra l  bond width iso la to d  by the s l i t s  i s  n o t s u f f ic ie n t ly  

narrow w ith  re sp ec t to  the band w idth  a t  t i e  peaks of th e  absorp tion  bunds. 

Sinofc no d e v ia tio n  from the  Beer-Lambert Ltw own be d e tio te d  fo r the  7^3



Table $

Up(?) in l  u 80M. 933 w  Peak 
Observation! a*̂  Constant Product c x 1

&p]
r a c l e s / l i t e r 0 1  1 x  Iff'1 d &

cone.

.005061* 51.00 : .1*9 292 .15

.01012 50.90
s..., 29 0 .7 7

.003622 36 .35 uih 313 .79

.007030 3 5 .3 6 .12 316.71*

.002709 2 7 .1 7 .901 331 .62

.00511a 25 .06 .666 331..30

.001903 19.09 1--
---

-
• > 314.16

.003723 1 3 .7 5 .61)7 31*5.07

.0007161 7.1B 2 .266 370 .37

.001541 6 .745 .250 370.61*

aillLnioron band despite th is  Incomplete resolution i t  would appear that 

the actual apeotral bund isolated by the e li te  is not much less then the 

band width of tits absorption band head, '.’he deoreaaed dispersion of the 

speotrophotometer with increasing wavelength increases the d isparity  be

tween the spectra l band width iso lated  by the s l i t  and the bend width of 

the abiorption U nd.

It nay be concluded from these experiments th a t the p rincipal neptu

nium! IV) and neptunium!V) bands can bo used for accurate work i f  a su itab le  

calibration  curve is  constructed and oare is token to duplicate the se t

tings of the s l i t  width. Comparison of values obtained fo r the neptunium! IV) 

peaks on two d iffe ren t Beckman speotrophotometers showed th a t  there is 

on aprreoisble v rr ir tlo n  between the d iffe ren t instruments and calibrations

3 i 'fn't:, ■
s: Lifcili

4. ' f c ..........
... Wt
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curves a re  not lnB rehangeab le  from ono in i tru n e n t  to  another*

The absorp tion  ap ee tru a  of n o p tu n iu a (/I) in  th e  v is ib le  re f io n  shows 

no ab so rp tio n  bend* a s  s u ita b le  for a n a ly t ic a l  uso  as those of the o th er 

o x id a tio n  s ta te s*  The i is t in /n iis l is b le  bands o f  neptunium(VI) a re  l i s t e d  

\ :ab le  6 ,

Table 6

lo la r  tac tin o tio n  C o effic ien ts  of th e
tfeptuniu*(Yi) Fefeks in 1.0 1! BClOjj

T "
! («M/1

S
b l i t  w idth 

(mm)

j UlO j .9 2 .020

ITtT 6*56 .0150

j sou 2.72 .0125

Z57 . -■79 .0129

990 3 . 1 6 .0125

(20 2.12 .o:-o

The V ib ra tio n a l Fine S tru o tu rc  in  the Spec.tra o f Neptuniuin( V) and (VI) -

Probably the most d is t in c t iv e  fea tu re  of th e  aeptuniura(7I)

ab so lu tio n  sp ec tr in  is  the  *^ist»n?e  of e nnnbor o f  r c :h  .;p&uod

xinds ooourring in th e  bXue-vioiefc and noer u l t r a v io le t  region of the  spoo-

trum . S im ilar foods a re  observed in  the ab so rp tio n  sp ec tra  of both the  
*bt* *4*4*urany l io n , UOg , end the p lu topy l ion, iuOg . They a re  a t t r ib u ta b le  

to  th e  sycnietrical v ib ra tio n a  in  tlie metal-oxygen bonds In th e  spootrun

°G. U* Dioke anc \* 8 . F. Duncan, "Spectreeoopio P ro p ertie s  of Uranium
woopounds", The l.e tiono l Uuolsar Unorey S e r ia a . UcGr&w-ilill, Sew York,
191*9-

11 .  Kasha, J .  Clm . pfaya. 17, 3l9 (19XJ9)-



/ f

of n « p tu n iu a (n  j in 1 .0 H  KClojj there  a re  e ig h t  of theae v ib ra t io n a l  bands

in bfto 376-L75 n illim io ro n  reg ion  having m  average frsquer.oy d if fe re n c e

or 7lS> om”* . The p o s itio n s  and ch arac te r o f these  banie are  i l lu s t r a te d
•W*in  F igure 6 .  In so lu tio n s  o f the uranyi io n , PO2 , t i e r e  a re  eleven regu

la r ly  spaced bei>ds fo r  which Kasha ̂  f iv e s  a valxie o f  72]* fo r the  f r e 

quency in te rv a l i i  0.1 11 HClCj^. Sim ilar d ouyurur.jnts bt us fo r l.C  ItClO^ 

so lu tio n s  guve a Trequenoy in te rv a l  o f Jlc  For comparison, tho a nos

trum o f uraniun(V l) in 1 .0  K HClO*4 is  shoan in Figure 6. For p lu toniuu(V I) 

Kasha a ls o  reported fo r the s e r ie s  o f four re g u la r ly  spaced bands in  the 

region 39^430  fti U iad o ro as, which he aacribed to  the symmetrical v ib ra tio n s  

in  th e  Pu-0 bones, a frequency d iffe ren ce  c f  700 ora” * . B etts and Harvey^

®R. II. B e tts  anc 3. G. Harvey, J .  Chem. Ffcys. 16 , 1009 (19U0*

reported  an av*ra;o value o f 657 cm~* fo r the frequency in te rv a l o f  tho

p lu tony l v i b r a t i o n  1 bends in 0 .9  M HMOj.

A s im ila r  v l jra tio n a l f in e  s tru c tu re  in  the ab so rp tio n  speo trua would
x

t l s o  be expected 'o r the Ion IfpOg * Examination o f  a neptuniuo(V) spectrum  

In 1 .0  U HCIO  ̂ shjws e ig h t bonds in  the L33~foO  m illim icron  region having 

tn  average frequency in te rv a l  o f  753 cm"*. F igure  7 i l l u i t r e t e s  the  lo 

c a tio n  o f  these  b inds. I t  can be noted th a t the in c rease  in  frequency o f
4*  44*v ib ra tio n  in  the ion a * oosnared w ith  th e  NpGg ion is  c o n s is te n t

w ith the  lo o ser bm cing which mould be expected fc r  the  Np(Y) ion .

I t  should bo pointed ou t th a t  the ex is ten ce  o f  the v ib ra tio n a l s tru c 

tu re  in the  s o iu tio r  ab so rp tio n  spectra  o f these  oxygenated ions i s  p ro -
4*bebly th e  best av a ilab le  ovi fence th a t these ions a re  of tho type XOg 

or XC2* *  end ore no t X ( 0 $ j*  or X(CIi)^+ f .



Figure 6

Abaorpti.cn Spectra of Urftnium (VI'  end Neptunium (VI) 

in 1 .0  V HClOj'Show inn V lbrfitione l Fine S tru c tu re





figure 7
the Absorption Speetrum of Neptunian (V) in i.O N HCIÔ 

Shewing Vibrational Kina Struoture

,  * 4 ' . ' - . ’ ' l ip i i ia
• s ^ : ; V ' : : . . ^ ; : ; ' $ : t e | I

1■
a l S R f l p s i

' • ;':

. .

tfJ&SSSSK&iSSfej

?33SS:
M|g|
liil :4';rk:

B§J«j

■ H W!& $|b;,
* a

MSSSiau tt
'■ :

- : ‘‘J  i:“H‘;V-- -
-/ /4 v  2C>1«'■;' v / > v’ S itS§f|fi§|

I I® 8 1 8 8 # |8
P h H H |

i ld H H s



M
O

LA
R

 
E

X
TI

N
C

TI
O

N
 

C
O

EF
FI

C
IE

N
T

450 500 5
WAVE LENGTH (MILLIMICRONS)

5#

/r



i ' t

11* U f o h l c r i s  k$\< Conorstr» tloa  
:- Q» tha ^ t k r f  joipamlua ions. ,̂ liUjll'
• .  j ; - '  ■’f f l  ' ■• ' ■' . •

Iii study! a r the o ff to t of perchloric sold eoacertre tU n  on the aep- 

tuniwm absorption spectra, tho mmi m r a w t i  hare, except ir. the of 

neptuaium(IXI) eolation, boon m 4i  owmr a ranf« of acid concentration 

ranging from the so sufflo inntly  las to  that toe e ffec t of hydrolysis on 

the spoetra to concentretec acid so lu tions. This not not potsib is in tha 

o»m  of osptunlum(IIl) tine# tho In so lub ility  of the noptunlua(IY) hydro* id a 

would sake tha oapturiurs(l t!) Ion unstable with reapeet to  oat da tie* by 

• a ta r  a t  a o lc i t ia t  su ffic ien tly  loo for hydrolysis to oeour.

tepor laantal

For tho studies on naptunlu»(V) solution In o one antra  tad sold four 

solutions of aery iar perohlorie sold  c one antra t  Ion were proper ai by d ilu t

ing Marok reagent grsda JOf parohlorto aold * lth  r e d is ti l le d  water• Vp(Y)

In 1*0 U nciCf*, trm  tha s toa t solution previously < taoribed , was addad to  

aaeh of tha sold# in turn sad a portion of the solution t i tra te d  ait) 

standard!tod sodlua hydroxide solution to tha aathyi orange on-lpoint• Tha

sold o o la r ltle s  of tho resu ltan t neptunium solutions aor® thus determined 

to bo 5.3L M. 7.11 *. M. **S M l  h respectively* *p(Y). h» •*«* of 

those so lu tio n * m s found to  dlsproyortlousts in the follcwln#; aaaner. 

e%p(V) Yp(lY) ^ t | ( 9 l ) *  tho optioel densities o f tho nain <p{lY) oai

Ke(V) peaks aura follosod f im  toe tia*  of nixing u n til  equilibrium »t« 

rase had, using a Bschsan (;«odol WJ) quarts speotrej v» to as te r  a lth  quarts 

oa lls of M O } i  A *001 on longth. Tha s l i t  eidto used nos 0.0115 mi*

tha data on tha d isprsporti oust ion rotation are  suanerlscd in T-Ue 7 . 

Figure 6 i l lu s t r a te s  tha spectra of e q u il ib r ia  solutions of ttp(IY), (V) 

and (YI) in  5-54 W* 8.67 U BC10J*.

m*rrt=



AAnorptU* Sp#«tr% o f S ob itloM  of r^ p tv itiim O * ). t t )  *ad v : ) 
l l  &l9pr*porttca*tia» f i l l e r i u *

2 |» (» ) 5 ^ 2  M I* )  *  W l )  
la 8.67 B BClCj,

2 »*<*) ^ = ;  wm+wn)
u  j  . j l ,  u KC1CI,





T ab lt 7

Tbo D iip ropo rtiona tl on S e c tio n *  of 
S lftim luB(Y ) l a  a hiootlost o f  Pnrohlorlo  A dd Oonoontrotton

Add 
oono. 
no 1m /K

4q u iU b r i« §  
oono. bp(IV) 
f r o .  *723 
n o l t a / l l t t r

t^ u i l ib r iu n  
oono. Hp(lV) 
from  An#. 
a o lo a / i i t e r

gqullibrlvm  
oono. Hp(V) 
from ISqqj 
a o lo a / l l t a r

T o ta l Ccoo. 
from  pomk 
halgh ta  
■ o lo a / l l to r

Total Oono.
from  t a t t y
■ o ia a / l i t t r

*S o rro r  
in  oono. h ra . ( V s

1.0* 1* * l o ' 7*

5.31* •001259 .001178 .005299 .005655 .'■05608 .03 52.0 .1267

7 .U .002229 .002226 .OOO9250 .005370 .005567 3 .1 12.5 5.701

8.1*5 .OCJiiOO •005908 .0002996 .007262 .007216 .2 0.70 168.5

8.67 .00296a .002921 .000207 .006055 .0051*95 10.1 14* 199.5

*Kati»atod Crm p o ttn i.it 1 n M tu roaoata

IT
T

?



In <**««*r to f t *  Jh* $©ao*f!tr*’tloft« of Jp(lY# *t*d Xf(/) p r e s e t  *t 

tquinbriurt, ths to uos of the m is. seeks of tho o q u U ltii;* :  *i*tt<re.

•oro sorrootod for he oootrlbu tiojn  free t h  oth*r r i |d * ti« h  i H t t i .

TtU on *:hs posk ho&fSjbtt of tho puro Ip(lY) oitfl hp{VX) m t «  M fi obtotnod 

by roc no inf, ooeh v e jiltb rlu a  a lx turo  to pure ■♦p(lV), rewording tho ipoo- 

true . and then ox 'd it t&f, tho rosu lton t Xp(lV) solution# te Hp(fl)« Tho 

bsokrrouad roof in ;t *t tho posk position! oT tho pur* Hp(l*) spootrm »sro 

dsrlvsd by o rtrsp e ls tlo a  of d so s lty - tia s  (>lots. Tho ocrvjuit ro t loot cf 

tho Hp(lY) *nd Tip 1 *) sta tes proooat o t tq*i\Hbriu« fouei ty the shoes 

*»ethod »ro lis te d  .o Tublo 7* blnoo lip(Vl) .a s  no peaks a u its tle  fer 

ar.alyt.cwl uoo, tin coneontrstion of hp(VI) m s dotaraiasd as the dlfr«rsnoo 

botsosn tho nsptuxu*( 17} one (V) cooosBtra.lous os dotoralnod speotro- 

pnotaot r lo s l ly  a*  tho to ta l noptuniuo ooojsntreticn obtalnsd froa rod lo 

os tr ie  essay or to on to bo equal to tho aoptuaiua(lV) ooaoontrstica. Tho 

loot coluan o f tho to bis l i s t s  tho oonstant X for tho roaotlon

Also c lo ts  In the to b it  oro t.io observed tloso for ‘.OJC reaction* Tho 

kinetics of tho disproportionation rosotlon t i l l  bo dUouttod in c s to il 

In s subsequent pujUoatlon*

Ths spsotruti »f •  noptunlus(/) so lu tlco  s t  pH 5*7 *»• obtained fras  

o solution prepared

2*p(») ■p(iv) + sp(\rj) (2)



a* *«4HUa i* a* *wa t y f rm i tm  t»  •  I * 4 * 1 %  • t* * |a a U tlM . f l*  l i t . '

**» «a*ur#d a i t*  a t N ' w  to ta l  1 li»l»-»sitwrjr fft *Ni%ar*|^

It#  *.bao p ti* r i p t i t r f  of t*a r*pt%*ail MIX' .  * * l* ttr*  l* iH M U liv lii 

ual4 **ra ofeutaa^lky r*4*»taf ttue • q a t l i tn a *  s»Wtar*« *tth  ly i r a f ps  t*  

i p i l f }. tft» r# 1 1* *4 *olutl«a mi «n«*t*4 *p#atropUta*4trlo4l ly **«* ftw< 

to  occtole no k p (\} o r  ip U IS ). to obtain th« *pa«tro» »f uopwaluoU?)

* t a np of <?»0, v ptvaia*{V) fro* tha t tM i  aalotioa mi U M  to  1*0 I  

jorofcltrlc aaU  ois*; ifca pH acjw*ta4 by *44tag oodloa h>4r«*Ua aaltttloc*

Tha solution mi baa raauaac far hy&rofao*

Solution* of rop tualusU U ) la 5 k **i 10 It f***fcl*rfci »#U *ara *4* 

a lU rly  prsptrad bp l y i r o f  rate:+loa o f *ptutdt4*(T )> 99luUa*a to thsao 

ootMootratioua of parehloria aal4.

Solution* of k p (fl)  for •ptotrophotoastrlfl u s o m t ^  **r* ?r+fara4 

by a laa tro ly tlo  oU oatloa of % ccnoaatrawi nap ttr lu*(f) to U tU u  ta  l * 

parahlcrlo *oi4. fo r t lea* of thic U t ta r  ta luU oa * tra  thou *44*4 to 

tha prcpar porofcltrla aaU  io lu tlcn . tha tpastro  i t  pH 2 * |# pH 1**0 

*nd pH L.9 »ora ^  tc lu tio M  prop»ra4 by o ld ie /  todltai bydroaida i d u u o i  

to  an e la e tro ly tl ta lly  prapartA k p (tt)  so lu tion  Ia 1 1  HCIÔ * Tha *©U- 

ticna cf t‘(Vi) l i  fa rcu U rle  %aU uatd aa * coap*rUe« for tba :»p(Yl) tola* 

t i u u  * s r t  praparod by (Usaolvlng a »alfh*J quantity of para U&j la  par* 

chloric to ld  to {$£• a *took loluUoaO&SOS £  la  C(Vl) tad 1.0 V la  HCi^. 

U lquot* of thia ■ took oolutloa »*ra *<Mtd to  tha propar poraM crla *o*» 

onoeutration for tha absorption tpootr* * t« i# * . Tha u rta i^a  contaet 

**• cUckod by (rrv foatrso  ai.*ly#i*.

Tha naptunluu owtoantraUon* wars dat*ralA«d r*dlttM trko*lly for aaofc 

•aapla*

T.f ry g tr - T.~~
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R«suite
o

Keptuniuta(lll) resembles plutonium (lII)‘ in th v t ohange of perchloric

' j .  C. Hlndann and D. P. Anas, Paper Ho. lj.2 ''The Transuranium Elements"
Vol. lUB of Plutonium ?rojeot Record of national Huolear Energy derioa. 
UoQrsw-Hill, Nsw York, 19^9*

ooid oonoentmtion from 1 to  10 M doom not sig n ifican tly  affoot the ab- 

•orptlon spectrum.

Decreasing the hydrorpn ion ooncmntration su ffic ie n tly  oauies the oo-

ourrenoe of rery defin ite  changes in the apeotrun of neptunium(lY). This

i t  i llu s tra te d  in  Figure which shows the spectrum obsenrod i t  e pH = 2.00.

The type of changes associated with the hydrolysis reaction are very sim ilar
4J1 +35 1 (>

to  those observed in the hydrolysis of the P u ^  ion to give PuOH .

~UJ . C. Hindman, Piper No* *4 J* "The Transuranium Blemonts” Vol. II4B of 
the Plutonium Projeot Iteoord of the Hatlonsl Nuclear Energy Serios. 
HoGraw-Hill, Nev York, 19*49-

There is  an increase in general absorption below U5C millimicrons. At 

longer wavelengths the spectrum beoomes more d i f  fuse ,  the 

prinoipel absorption bands disappearing and the small sharp peaks being 

replaood by broader bands. That the solution in i t ia l ly  formed a t th is  pH 

is  not a tab le  is  sheen by the observation that changes ooour on standing. 

These ohangas are manifest ay a deorsase in the extinction  o f the prinoipel 

absorption binds. This op tical phenomenon appears sim ilar to  th a t observed 

during formation of the polymers of plutcnium(IY).^ The further inves-

14X. A. Kraus, M etallurgical Laboratory Report Ho. 2239, 3ov. 11, 19 ii.



Figure $

Effect of Ieoreaie in Hydrogen Ion Gonoontretion 
on the Absorption. Speotrun of lieptunium(IV)

--------- ltOOKHClOJi

..........  pH s 2.00
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tif .s tlo n  of the spectrophotcmetric phenomena assoc is ted with thi hydroly

s is  of nepti nium(lY) w ill bo discussed In a aubsequnt paper. .It i t  su f

fic ien t a t  th is  time to note th a t the speotral changes oausod by hydrolysis 

are very marked.

Incroasinf the perohlorio sold oonocntretion from 1 to 7*11 molar does 

not appreciably a ffeo t th© absorption spectrum. In  0.6? U IIClO^, however, 

both the 72J and millimicron peaks shoe a diminution in height of 

approx ira te ly  five per oent. At a s t i l l  higher perohlorio acid concentra

tio n , the peak heights are fu rth er radioed, the reduotion amounting to 

about eight per oent in  1C 11 HClO^. Sinco considerable evidence 

has been ao "Quitted to  shoe th a t tho tr ip o s itiv e  and te trapositlve  ions 

of u ran iu m ,n ep tu n iu m ,A> and plutonium'0'*** are (hydrated) and X*4

£• S. Krltanevaky and J . C. Hindman, J. Am. Chen- Soo., 75# 2096 (19a5)# 
a lso  unpublished re su lts  on hydrolysis measurements oTiICl^ in 
perchlorate solution. .
C. Hind.bus and S. S. Kritohevaky, J . Am. Chom. Soo., In prose.

A. Kraus and J . R. baa. Paper No. Isvlli "Tho Tianauraniua Elements" 
Yol. li,3 of the Plutonium Projeot Reoord of t i e  National Suolear 
Energy Series. UoGraw-Hill, New York, (19^9)*

(hydrated) in  aoid solution, these changes must be ascribed e ither to  com

plex formation with the perchlorate or to a socoodtry e ffec t asoribablo 

to tho o ha nr; a in the nediua oaused by the high aoi< concentration.

In  a rriv in g  a t  an in te rp re ta tio n  of the r e s u l ts ,  i t  i s  perhaps worth

while tc  Cimivler the nature of the absorption spectra of thoso ions.

At tho  p re s e n t  th u s , th« propoa£orano« o f evidauoe favors the hypothesis 

th a t these elements are pa*t of a series in whioh tho 5? shell is  

being f i l le d  , The data leading to  th is  oonoluoion have been



sv-sahrised by Seaborg.*'* .veiuaably, therefore, thj characteristic sharp

0* T. Seaborg, Paper Ho. 21.1 ''The Transuranium t l M t l 11 Vcl • li*f cf 
the Plutonium Project Record of the !<atioml Uuuletr Energy Series. 
IMrav-Ulll, New York, (19l#).

band# in the absorption spaotra arise as in tho case of the rare oarths*°

#

‘"'J. H. Van Vleck, Jour. Fhys. Chem. J^l, 67 (19^7)•

from fo r ’idden transitions in the. f  shell. According to th is hypothesis 

the ground and upper states belong to the same configuration, Lt* or for 

the new series, 5fX, the upper state differing only in the value of the 

oolleotive ft’.insuthal quantum mother L or in the 3pin S, the individual l»a 

remaining the s a n e 1 t h  respect to the appearance of forbidden lines 

varicnis explanations have been advanced ’ which include (1) quadrupole 

radiation, (2) magnetic dipole radiation, (3) elootric dipolo radiation 

due to an asymmetric fiold and (1*) olectrio dipole radiation in which the 

field  is symctrical but the symaotry is remo7ed by vibration from tho 

equilibrium position. As a result of extensive reteurches on the absorp

tion spectra of solutions of the rtro oorth ions, Iroer, fiorter and 

Hoognchager * have conoluded that, with certain exceptions, the intensities

*3U J. f* Brosr, C. J . Corter and J. Hoofschagen, Physioa 11, 231 (19^5)*

of the sharp absorption liaea can be accounted for if  they arise from 

electric dipole radiation resulting from a perturb; a?, eleotric field having

no center of jynuctry (hurihedrio fie ld ). Iho splitting of the lines into
#

several component lovels in crystals or tho broader lag of the beads in 

solution is presumably due to an internal Stark cf. act induced by the

*



symmetrical (bolohcdrio) fiold of tho surrounding an.cns.

Although tha absorption spectra of the trtnsura ijun oleraenta in solu

tion roaemhle thOM of tho uta logout rare oarths in -tueral complexity of 

structure and sharpness of bands, thero are cortain Hints of difference.

In the f irs t place, the relstivo intonaity of absorption is much cheater 

for the prinoipal bands of the transuranium elements than for the equi

valent bands of the rare earths* In the oase of the tripositive ions the 

intensity of absorption for the sharp oharaoterlstio lands is as much at 

ten tines as great for the transuranium elements as for the rare earths*

The transuranium element iona of higher charge shoe oven more intense ab

sorption, aa L.uch as a hundred tinea aa great aa for tha tripositive raro 

earths. These observations suggest a much great or intoraotion between tho 

external field and the eleotrona in tho 5? shell o f tha transuranium ele

ments, an interaction that la intensified by tha higher formal charge on 

tha ions of higher oxidation number* One mi^it expeat this to have two 

results: (1) tho offset of change in the environment should be more readily 

detected in solutions of iona of the transuranium elements and (2) suf

ficient distortion of the transuranium alooent ion by soi anion might actu

ally  result in tho transitions of the typo 5f*6d. In tho ossa of the rare . 

earths such transitions are prosucubiy re sponsible for t^o diffuse u ltra

vio let absorption speotrum of osrium(Ill)* I t  would tppoar quite possiblo 

that the relatively intonse diffusa ultrav io let absorption bonds of nop- 

tunium(lll) also result from suoh transitions* That similar transitions 

for the ions of neptuniua(IV), (V) and (VI) may exiet are suggested by 

tho marked increase in absorption in the ultravioiot Indian ting the pre

sence of inter so absorption bands in the far ultraviolet beyond the ren^s



2Tmm^
of the spectrophotometers used in th ie  invest lo t io n .

I f  i t  la  LasuaocJ on the basis of t l  o above disounslon that the absorp

tion  spectra c f  tfcssc ion; sou li  bo t juqzsA I /  sensitive  U u change 

in the external f ie ld , i t  would appear th a t the absonce of any effect caused 

by iaoreasing perchloric acid  concentretion on Jio absorption speotrum of 

nep tjn iun (lll) otn reasonably le  in terpreted  as indicating the absence 

of any complex formation, fc’ith  rcapoct to ueptunium(lV) i f  the sligh t e f- 

feot observed i t  a ttribu ted  to complex ionnaticn with perchlorate then e ither 

only a snail i .mount of coaplox fe re r tio r  has taken place (as indioated by 

the re la tiv e ly  a lig h t a lte ra tio n  in spectrum in comparison with

changes observed in  other cases fo r the transuranium elements whore complex
i V

formation is  Vmown to ooour* '1 ) or the ot'.uot of replacement of wo ter t.olu-

C. Hindman, Chap. IV. \'o l. llA o f the Plutonium P ro ject Record of 
the Rational Nuclear t'asrgy S o rias . In preparation.

_____   l  I i  H  ~  - -    ----------------------------------- ------- --  m m mmmm— — m m m  ■« n  ■ i ■ ■  ■  ■  i  ■ ■  ■  m m  ■    — — — ■

oules in tho hydration ophc.ro by perchlorate ions door not markedly a ffec t the

f ie ld . Another possible if .e rp re ta tlo n  is  that the spoatral changes re- 

proeent only a secondary effect* Since tho observed sp ec tra l change is 

a decrease in absorption in tensity  i t  i t  perhaps duo to  a decrease in the 

atynxaetrio fii.ld  caused by the d isrup tion  of the solution atruoturo by 

tho high perchloric o d d  :onoentration and the surrounding of the hydrated 

ion by a olouc of perohlorute ions*

In  the case of uoptunlun(V) deoreteing the aoid conosatration to pH 

5*7 does not e f fe c t  the speotrua. Further deorease in  aoid ie  only accom

panied by p rec ip ita tion  of the nept\niua(V) hydroxide. Thie behavior le 

oonsi8tont wiih tho hypothesis th a t Hp(V) in aoid solution ex is ts as HpOp

¥j
' L. B. Kdgmisson, J .  J. Hindman and T. J . LaChapello, "The Transuranium 

SKnents", Paper :io. 15»U of Vol. l ! 3  o f the Plutcnlum Projsot Record 
r f  tho National Kuo leer Energy S eries.
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aiid th a t do interawdiete ions e x is t between Up02 and NpOgOH. I t  is  more 

d if f io u lt  to  assos tho offeot of inoroaaing acid ccnoontration on the spec

trum of u«ptuniun(V) because of tho disproportionation reaction ooourrlng 

a t  high aoid concentration. Tho only evldonoe for a ohanre in the spectrum 

is  the non-add i t  Wity of the speotra a t  high aoid qonocntrnt ion. This non

a d d itiv ity  could be a ttribu ted  by a doorcase of approximately 10 per cent 

in the peak height o f the 983 millimicron band. The fa c t that the dispro

portionation of neptunium(V) ia  observed in strongly aoid solutions, is  

support for the view that the neptunlum(V) ion remains oxygenated oven in  

oonoentrated porohlorlo aoid . This point w ill be diaouased in more d e ta il  

a f te r  the e ffeo t of perohlorio aoid oonoentration on the s poo tram of nep- 

tuniur.(V’) ie  considered.

Figures 10 and 11 i l lu s t r a te  tho effeot of changing perohlorio aoid

oonoentration on the speotrua of neptuniun(Vl). As in  the oase of uranium*

and plutonium?0 decreasing the  acid  oonoentration su ffic ien tly  to cause hy-

B. Loore and X. A. Kraus, Paper Ko. li.227 "The Transuranium Elements"
Vol. li,B of the Plutonium Project Heoord c f the. National Nuclear Energy 
S eries . lAjCraw-Eill, New York, 19l*9»

drolysis causes narked changes in the absorption speotrua. These changes
are a general loss of structure  in  the 1*00-620 millimicron region, a narked

increase in the absorption in te n s ity  in the v is ib le  and u ltra v io le t regions

and the disappearance of the v ib ra tiona l bands. Sinoo ths hydrolysis to  s
fora Iona such as BpOgOH* involves the formation of additional natal oxygen
bonds with a consequent disruption of the syonetry o f th e  neptunyl ion the

disappearance of the v ibrational structure  i s  not unreasonable.
The e ffe o t of increasing aoid oonoentration on the neptunlw(Vl) spec

trum i t  much leas marked. There i s  an inorease In the  absorption i s  the 

390*3^0 m illimicron region aoooapanied by a sh if t to  the v io le t of the 1*78 

and 536 millimicron bands. Certain of the bands are  no t affeoted. These 

inolude the  I'Jl, 503 and 592 millimicron bands and th e  vibrational bands.

The frequenoy in terval found fo r the  vibrational bands was 715 on** in 1.0 Jl 

iiClO^, 709 on*1 in 10 U IICIO  ̂ and 70k am-1 a t oil 2 .7  ( in  1 U NaClO^). In 

solutions of the uranyl ion, the e ffeo t of inoroaslng the porchlorio no id
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influsnoo of Hydrogen Ion Conoontrstlon on tho 
U ltrcvlolot Absorption bpootrm of N«ptunlum(VI)

--------- Up(71) In HCIÔ  pH U.9

---------K p (n ) in HCIÔ  pH 2.7

--------  H p(n) in 1.0 H UClOjj

..........  N p(n ) in 5.0 K ncioj,

. ap(n) in io.o t nciô
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Fleur* 11

luflueno* of !tydro»;«n loo Conoontrmtlon on th» 
Abiorptlon Spoatr* of !f»ptcnlur.(Vl}

--------- llp(VJ ) In 10.0 U UC10|4

---------Mp(»!) U  5.0 « HCIOĴ

--------  «p(VI) In 1 U UCIÔ

..........  Hp(vi) In :ciO|4 pB 2.7

--------2p(VI) In HCIÔ  pH li.O
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concentration la lots marked than for neptuniuia(VI). There is a general 

decrease in absorption together with a general sh ift of a l l  the absorption 

bands to the red ■without, however, affooting the frequency interval between 

the vibrational bands*

I t  is apparent from those observations that oven at high perohlorio
4b

mold oonoen tro t ions ions of the type If pO and DO are not formed since

the vibrational structure characteristic of the symmetrical vibrations in 

the 0 = X44* e 0 ions persists* I t  Is less easy to rule out the possibility 

that ions of the type X(0H)2 are formed* In this case, the situation might 

be considered as someehat analogous to  that existing in orystals of such 

sa lts  as the double n itra te  of uranium(Vl)* tspendlog on the strength of 

the hydrogen bonds me might then expeot s sh ift in vibrational frequency 

similar to that found in going from one double nitrate to another. Since 

th is mould probably not exceed 10-25 c m * i t  might easily be undetected 

in the solution measurements • To elaborate th is point other methods of 

investigation than the measurement of solution absorption speotre w ill have 

to be used*

Before conoluding the discussion the deductions that oan be made from 

tho fact that the neptuniua(V) ion disproport lone tee a t high aoid con

centrations should be considered* In the following table varlouo possible 

ions of noptunium(V) and (VI) ere listed , together * ith  the hydrogen ion 

functions that mould be observed in eaoh oaee for the roaotion .

I t  oan be seen by examination of Table 8, that tie  maximum number of 

hydrogen ions involved in the disproportionation reaction could exoeod 

four only i f  i t  mas postulated that the neptunium(Vl) ion was mere susceptible

+ Xtf4- Hp(lY) + Kp(Yl) +• yiljjO (3)



Table 8

3l
' 4 f

Poenible Neptunium Ion Speoiea Taking I a r t  
in Disproportionation Reaction

P o s o ib le  lens 
of Neptunium

H+
Pcwor

HgO
Power

* 9 * »po2+ w u - 2

* P *
&

KpOOH -V>24 + 2 -2

HpO'*'3 ^ p ( O H ) 24 3 a p o a44. 0 ) , - 2

» P ^
j L

x p o n u p o a 44- -2 0

* * Hp02+
+3

NpOOH 5 - 2

HP41*
4 2

SpOOH H poort*3 3 - 2

K P ^ S p C O JO ^ .H p O 4 3 KpOQIl43 1 0

N p ^ S p O rf^ JipOOH4 3 -1 0

H p ^ M o n ) ^
j .

N p(0H )2 2 - 2

HP4 '4
J ,

Np(CH) H p C o H ) ^ 0 0

to  reaction with hydrogen ion than tho neptunium(V) Ion. This would ap

pear unlikely in view of the greater formal charge on the neptunium(Vl) 

atom, i.s has boon pointed out, the data on the v ibrational frequencies for 

the two ions would ind icate  a stronger binding for the oxygens in the  l!p(Vl) 
ion hence one uuuld expeat t.ie ap(V) ion to reeo t more readily  with hydro

gen ions* Furthermore, in  view of the persistence of the v ib rationa l struc

tu re  even in very concentrated aoid solutions, i t  appears th a t tho possibi

l i t y  of ions having fexer than two OH groups o*n also be excluded insofar 

as the neptunium(YI) is  oonoorned. A sim ilar argument can be made against 

the formation of neptunium(V) Iona of the type or NpOĤ 4 oinct*

marked spectral changes would be expected in these cam s. The fac t



that the disproportionation reaction occurs also olJminates those ion spe

cies Giving a c«ro or inverse hydrogen ion function for the reaction. V.'ith 

these restrictions in mind reference can he icade to the data on the dispro

portionation reaction aumnarited in Table 7. The constant for tho reaotion 

can be written in the form
x 2

.  [mp( i v ) ] [ kp (v i )3 .  T  ^Hp(V)

1 [np(v)]2 1 ^ P (V I )  'y»p(iT)[*H2q |y

In  the absence of any quantitative data on tho a c tiv ity  coeffic ien ts of any 

of the neptunium ions, an approximate calculation of the hydrogen ion power 

on the assumption th a t the ao tiv ity  ooefflo ient ra tio ,

TSp(V)
■» i t  unity, neglecting the water a o tiv ity  term, sad

using the mean a o tiv ity  coefficien ts of porchlorio acid from tho data of 
21Robinson and Baker fo r the hydrogen ion ac tiv ity  gives an approximately

>Hp(TI) <>'Wp(IV)

A. Robinson and 0. J .  Baker, Trans. Royal Soo. Rfn Zeeland 76, 
250-51* (19W).

third power dependence between the 1*0 L and 5*3l t* acid eolutions. Al

though this might be interpreted as indicating the l'cramieo hpOOif  ̂ and 

XpOOtP for the noptunium(V) and (VI) ions respectively, in view of the 

rather drastio assumptions involved th is cannot bo taken as conclusive. 

Further investigation of the disproportionation reaction a t constant ionio 

strength are contemplated to aettle the question.
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Supsaary

Detail* o f tli* absorption speotra o f che neptuniua ( I I I ) ,  (IV), (V) 

and (VI) ions in 1 It parohlorio acid  are given* The principal bands have 

been tas ted  fo r inherence to  the Beer-la mbort Lae.
>

V ibrational :*ine struc tu re  has been found in the absorption speotra 

of Wp(V) and iip(Vt)• As fo r U(VI) and Pu(71), th is  fine  struoture is  in 

terpreted as being due to  symnetrioal aeta 1-oxygen v ibrations in ions of 

the type HpOg* and ilpO ^* The v ibrational frequency of the Kp(V) ion i s  

753 cm"* and th a t of the Kp(VI) ion is  715 on** in 1 U HGIO .̂

The in te rp re ta tio n  of e ffeo t of ohango in  perchloric aoid oonoentration

on the absorption speotra of the ions of the various oxidation sta tes i s
*

disoussed*

Preliminary data on the disproportionation ropotioa

2 *>(?) —  %(IV) 4-hp(Vl)

vhioh has bean found to ooour in  oonoantrated peroblorio aoid aolutiona 

is  given*

«r Ann
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Appendix

Suxacnry of Beer-Lambert Law Data for 
Neptunium Absorption Bands



Table A

Neptunlua(lll) In 1«0 U BPlq*
Beer1a Law Data

J H L
m olaa/llter

S l i t  •
X a

035 m  
552 op

S l i t  .
X a

030 am
602 up

S l i t  .0120 am  
* a 661 ap

S l i t  .0125 b b b  

X • 788 ap X a  233.5 op 467.0 np

d E d B d S d i d B d S

.01326 .598 45.10 .347 26.16 •406 ! 30,46 .638 48.11 - m - -

•005644 .251 44f47 .144 25.51 .174 30.83 .276 48,72 - - - -

•007855 .348 44.30 .205 26-10 .233 29.66 .375 47.74 - - - -

.004654 .213 45.77 .126 27.07 •141 30.29 •225 48,35 - • •a -

.002579 .107 44.98 .091 25.64 .074 31.10 .115 48.34 - aa - -

•002241 .099 44.18 .057 25.43 •06b 29.00 • 110 49,09 - - - -

.001690 .073 46.91 .042 26.42 •049 31.08 .077 48.43 - m 2.53 1591

•001113 .018 12.03 .027 23.62 •033 28.87 .054 47.24 2.632 2303 1.335 1602

.0007275 .032 43.98 •019 26.11 . •023 31.62 .03b 48.11 1.663 2286 1.155 1585
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Tablo B

Boor’o Law Data fo r  Heptuniim(IV) Banda 
a t  723 and 964 Mi Iliad  or on •

.v '

\  s i l t  
[Np]X^dth

n o la s / l i te rN ^
eono.

964 op 723 top ‘
d | d d d | ^ B • B B a E*

•0125 •0160 .0176 .020
•

.0125 .0160 .0175 .020 .0126 .0125
1

•01500 1.91 1.87 1.82 1.80 146.92 143.85 .140.00 138.46 1.88 144.62

.01091 1,74 1.71 1.69 1.64 159.49 156.74 154.90 150.32 1.58 144.82

•009281 1.65 1.51 1.49 1.47 167.00 162.69 160.53 158.38 1.34 144.38

.008236 1.44 1.40 1.56 1.36 174.83 169.97 165.12 163.90 1.18 143.28

.006676 1.20 1.17 1.15 141 182.48 177.92 174.88 168.80 .948 144.16

.004714 0.928 0.907 0.876 0.854 196.86 192.40 185.83 181.16 .678 143.82

.005409 0.656 0.644 0.654 0.622 192.43 188.91 185.98 182.46 .493 144.62

.002426 0.469 0.466 0.465 0.456 193.40 191.76 190.93 188.04 .349 143.92

.001740 0,336 0.332 0.329 0.524 193.10 190.80 189.08 186.21 .251 144.26 |

.0009006 0.174 0.170 0.168 0.166 193.20 188.76 186.54 103.21 .129 145.26 |

Vvvora&e B valuaa for varying a l i t  widths 
.0160 m  E ^ p ,  = 141.72 
.0176 on B ^ p ,  « 140.09 
.020 ■» Baver, •  157.89

+ 1
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Tabic* C

«p(V) in  1 fc HC10|4 
983 Peak

\  ' S l i t  
r  w id th
[Hpj
» o le « /l ite rS * . 

ocno. > N S

d
— ~~T------—■>'
d. d d | E E 1 s

—" -------- 1
s

.0125 .01*0 •0175 .020 .0125 .0150 .0175 .020

.006512 1.90 1.81 1.70 1.63 292.08 27".ei* 260.95 250.21

.006000 • 1.76 1.76 1 .65 1.60 293.33 295.35 275.00 266.67

.005603 1.63 1.58 1.60 1.53 290.02 28: .98 285.55 273.06

.005100 1.1*9 1.1*5 1.15 1.1*0 292.16 281 .50  | 200.30 27l*.50

.005090 1.1*8 1.1*1* 1.1*0 1.36 290.77 2 K .9 0 275.01* 267.19

.001*552 1.1*3 1.39 1.32 1.30 318.32 505.36 289-98 205.58

-C03Dl*7 1.20 1.18 1 .15 i .n * 311.93 306.73 290.93 296.53

.003633 I.U4 313.79

.00329!* 1.08 1.05 1.03 1.01 327.87 310.76 312.69 306.62

.002709 .901 .874 .857 .81*3 332.62 322.62 318.31, 3U .10

.00221*1 .763 .754 .71*1* .756 310.1*7 331.1*6 331.99 320. Ii2

.001909 .657 3U*. 16

.001379 .ItOO .1,73 .W o •l*l*c 31*0.35 3U1.07 35?-31 319.30

.001350 jM .1*50 .1*51* .1*51 31*2.22 339.26 336.30 35li.07

.001012 .31*0 •357 .331 •33C 335.97 3 3 3 .3 0 327.07 326.09

.0X7102 .266 .2? ; .255 .25^ 370.51 360.61 355.01 350.06

.0003603 .130 .129 .120!5 360.01 359 .4 1 358.03 356.61*


