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pECLASSIFIED 
ABSTRACT 

Theoretically neptunium in the plus 5 oxidation state mieht be expected to 

form the pentachloride (NpCi5), oxychlorides (NpOCl3 and Np0
2
Cl), and hydrated 

oxychlorides. By direct evaporation of Np(V) from dilute hydrochloric acid 

solutio,1s, compounds hav .ng Cl/Np ratios varying between 1.4 and 2.8 have been 

prepared. The -prcparF:~tions are believed to be mixtures of the two oxychlorides. 

Treatment of the above materials rrith carbon tetrachloride and with chlorine at 

various tem?eratures between 110 and 600° C has resulted in the preparation of 

several a:>parently new compounds containing Np(V) and chlo:rine. Of these, a 

red sublimate might be NpC1 5 in view of thG similarity of its x-ray diffraction 

;Jattern ''lith those of CbC15 and TaCl5. Variou~ yellon, era3r, and green residues 

might be oxychlorides. Neptunium(V) oxychloride does not seem to be stable at 

400° C in a vacuum of 10-L} nun or at 600° C under 760 mm pressure of chlor:!ne. 

A new Np(V) absorption spectrum peak has been located at 10930 A in the 

near infrared. The molar extinction coefficient is about 21 for 0. 014 .M 

Np(V) in 0.2 M HCl solution. 

Potentiometric micro-titration apparatus for the determination of microgram 

quantities of chloride by titration with silver nitrate solution is described. 

*Now at Universit3r of California at Los Angeles, Los Aar.;eles, California 

For: DECLASriFICATION 
5/21/49. 
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lfJECLA3S~fiED 

I, INTRODUCTION 

The chemistrj' of nel)tunium, element number 93, rras first investicated by 

its discoverers, NcHillan and Abelson, 1 in 1940. This ·mr!~ ,...,as carried out on 

solutions containin~ only trace (about lo-l5 molar) concentrations of the 56-

hm.1.r beta-emitting isotope 93Np239. It was shown that ne'Jtunium had at least 

t'"JO oxidation states, the loner being proci'1it~.tec1 ~·1it:1 J•ar) earth fluoJ·ides, 

and the upper with sodiul!l urany+ acetate. Further studies have been carried 

out on a trace scale by a number of other investigators.2 

Before 1940, actinium, thorium, ·-,rotactinium, and wnan:l..um were generally 

considered to be members of the subc;roups III, IV, V, and VI. After the dis-

covery of transuranium elements end tl1e study of their chemical properties, the 

suggestion ···as mac.1e bj• Seaborg3 that elements 39-103 may be meT1bers of an 

nactinide11 S!)ries in w>ichwrogressive filling of the 5f shell occ'\J.rs. This 

name was given in analogy to the 11lanthanide11 earths, elenents 57-71, which 

similarly add 4f electrons. The recent discovery4 and investi;;ation of the 

properties of elements 95 (americ~um) and 96 (curium) have strengthened the 

11 actinideit h3•pot!1esis, The early members of the neH series (9oTh, 
91

ra) arc~ 

quite similar ~o the first members (72nr, 73Ta) in the 5d trAnsition series; 

however, this comparison breaks down rapidljr since ti-le later met1bers 

(93Np, 
94

Pu, 
9

rj>m, 96cm) show little or no resemblance to t~1e correspo!'ldinl!, 5d 

~.lN'ow at University of CaliforniE. at Los Angeles, Los Angeles, California. 
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Discovery of the long-lived alpha-emitting isotope 9lp
237 by Wahl and 

Seaborg5 in 1942 made feasible the studJ• of neptunirun chemistry on a visible scale. 

This isotope is the decay product of the previouslJr knonn6 seven-day beta

emitting 92u237, which is formed as a result of an (n,2n) reaction on 92u23G. 

Naturally-occurring uranium consists7 mainlJ• of the latter isotope. 
,.,. 

Magnusson and LaChapelle'-' first isolated neptunirun as a pure compound,Np02, 

u.sing 45 micrograms of the long-lived isotope. The major source of this first 

macro amount of neptunium was some uranirun metal ,-,llich hnd been bombarded by 

fast neutrons produced by a cyclotron. The identification of the neptunirun(IV) 

dioxide was established by' Zacha~iasen 9 through the use of x-ray diffraction. 

With the same neptunium the following experimental data were gathered: The 

existence of a plus 6 oxidation state of neptu.nirun was determined by the prepara

tion10 and x-ray identificntion11 of sodium neptunj_UJ!l(VI) dioxytriacetate. 

By the method of weighing and radiometric assa:r of samples of neptunium dioxide, 

the specific alnha activity of 9-Jfp237 was calculated3 to be 1520 ! 76 disinte-
. 1 

grations minute- microgram-1 with the correspond~.ng half-li?e of (2.20 "!: 0.11) 

x 106 years. The range of the alpha particle was measu·.~ed12 as 3. 23 "!: 0. 05 em 

of air at 15° C and 760 mm, corresponding to an ener~· of 4.73 Mev. 

After the Hanford chain-reactinG pile had begun operation, ~ scheme of 

separation was ''rorked out to recover some of the neptuniun produced and to puri

fy13 it. About one milligram of the pure isotope ''~as isolated from this. source 

at first. This material was used to esta".Jlishl4 the existence and the conditions 

of stability of the plus 4, plus 5, E'.nd plus 6 states of neptunium in aqueous 

solutions; to determine15 ,l6 the absorption spectra of the plus 3, plus 4, plus 

5,. and plus 6 oxidation states; to investi~.·ate17 the oxidation potentials of 

the various neptunium couples; and to prepare1n and examine a number of compound~ 
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Later Hanford runs gave neptunium separations amounting to hundreds of milligrams. 

Much of this material was used for continuationl9 of the above work; part of it 

was the source of the neptunitun used for obtaining the data reported in this 

paper. 

:Neptt;ninm is 1musual among the transprotactinium elements in t'.1at it possess-

es a stable plus 5 oxidr!tion state in dilute acid solt1.tions. The oxidation 

'JOtentials17 for the neptunium couples in hydrochloric acid ar:J given in Fig. 1. 

-0.670 
,---------------------·--------------~~~ 
I -0.437 

r-~ P,_.~ 3-. ---o-.-1-37-->-----:N~p~+""'4.:.--_-o-. 7-3-7--,> ;P
02 

+ _-_J_ .. _1_35'---?) 

i ·--- -0.936 

Fig. 1. Formal oxidation potentials for the neptunium 
couples in 1 1.1 HCJ. solution at 250 C. 

' 'Y 

N 0 +2 
p2 

;I' 

The formulae given for the various oxidation states are based on several 

considerations. The salt, sodium neptunium(VI) dioxytriacetate, having the 

formula NaNp02 (00CCH3)3 can be precipitatedlO from solutions of Nn(VI). The 

corresponding ura.nyl ion is knovm to be uo2 +2. It has been shown that in one 

molar mixed NaN03 - HH03 solutions of varying acidity the Np(V) - Np(VI) couple 

is essentially independent· of acid concentration. The absorption spectra15 of 

Np(V) and Np(VI) are the same in nitric acid and in h~7drochloric acid solutions, 

having a low peak at 6130 A and a hir:;h sharp :~Jea 1.: at 9f;JO A; there is no spec

tral evidence for complex formation of Np(V). The hydrogen ion concentration 

20 
dependence of the Np(IV) - Np(V) couple is grr:·ater than third poner. Other 

analogies 21 from comparison of uranium, neptunium, anc~ plutoni1'ln ions in solution 

also indicate that the formulation of ions as n:iven is essentially correct. 

Prior to tho work re'Jorted in this ~~per, solutions of Np(V) in nitric, 

hydrochloric, pcrchloric, and sulfu.ric acids were ::no'.·m, and a solid containing 
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. . 13 Np(V) had been prec~i:n tated from hyd!1 oxic1e solutions. This solid gave a dis-

tinctive x-ray diffraction ,attorn that c011ld not be i:1.terproted; however, upon 

dissolution tho cl1aracteristic absorption spectrum of N:1(V) was ?roducec~.. An 

atte'!lpt22 to propa:-r-e NpCl5 by reacting N}JC1
4 

with chlorine at 500° C '7as 1.IDS11C

cessful. No solid Pu(V) halides aro known. Uranium, on the other hand, forns 

UF5 and uc1
5

. Everi3 has reported the possible synthesis of the oxychloride, 

UOC13. Thermodynamic calculations by Brewer, Bromley, Gillis, and Lofgren24 

indicate that t~1e compounds NpF5 and NpC15 should be sto.ble. The estimated 

heet of formution for NpCl5 was given as -246 ~ 2 kcal. per mole at 29d° K, and 

the compGund uas calculated to have a decom:nosition chlorine pressure of less 

-3 0 0 ( than 10 atm. at 500 K, rrith one atr:1osphere at ~00-900 K near the boiling 

point). 

The pur;)ose of this research was to investigate the chloride and oxychlorides 

of the plus 5 oxidation state of neptuninm. Since the Np(V) ion in dilute 

h;;,•drochlo:dc acid solution appears to ~)e best indicated b;;,• Uce formula Np02 , 

the chloride obtained by direct evaporntion mig~1t be ne;;tunium(V) dio:hponochlor-

ide, Np02Cl, or somo hydrate, N~102Cl·xH20. This t;;,•11e compound should s~'!01'7 a 

Cl/H) ratio of one nhon analyzed for l:Joth elements. In a high acid concentra-

tion a second form of Np(V) might exist due to the followinc equH:i_brium: 

(1) 

Evaporation of a hydrochloric acid solution cont2ining N?o+3 ions should give 

rise to neptunium(V) monoxytricl1loride, or a hydrate, Np0Cl3'x.H
2
0. The Cl/Np 

ratio of such a com'Jound would be t)lree. By treating a completely deh;;,rdratod 

ncptunium(V) oxycW_oride wit:1 a gasonus chlorinating ac:,ent at tl1e proper ·tom-

peratt'.I'e, it might be )Ossible to prepare tile '-:>entachloride, NpC1
5

• Here the 

Cl/Np ratio would have a value of five. 
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An analJrsis to determine Cl/Np ratio should indicate the tyYJe of colilpound 

nrepared. In addition, the x-ray diffractir,n pattern might be used as a basis for 

comparing the material Ylith some compound whose structure is known or for 

working out an unknown crystalline arrangement. Tihen comparing similar compounds 

the metal atoms involved must be approximatelJ' the same size. Using the l~norm 

relationships
25

between atomic size, atomic number, and valence, one can estimate 

the Np(V) ionic radius as approximately 0.75 A. The solid pentachlorides UCl5, 

MoC1
5

, WC15, CbC15, and TaC15 might prove useful for purposes of analogy, al thou@:l 

the crystal structure of none has been analyzed. The last two have been inves

tir~ated by Skinner and Sutton26 in the gaseous form only. Among the fen com-

parable oxychlorides are Cb0Cl3, Ta0Cl3, and Ta02Cl. 

II. EXPERIMENTAL 

Haterials . 

The neptunium used was pure 9JNrf237 with less than 0.01 percent bJ" ·weight 

of 94Pu239 as the only important impurity13. Barnstead-distilled water was 

·used. All acids used we:-e Herck 1s reagent grade (suit.Jble for microanalJ'sis). 

All other c:1emicals were either chemically !)ure or of reagent grade quality. 

Chemically pure carbon tetrachloride (Herck 1 s) was dried over anhJrdrous calcium 

chloride. After the flask was attached to the vacuum system, the air was removed 

by t_he following procedure: The liquid was frozen, exposed to high vacuum for 

several minutes, the vacuum was cut off, and the solid was allovred to melt. 

This nrocess was repeated several times. Pure tank chlorine (Mathieson Chemi

cals) was dried by bubbling through concentrated sulfuric acid, and passing over 

anhydrous calcium chloride and anhydrous aluminum chloride. 

£ppe.ratus 

Heighint;s for standard solutions were made on a key-board-type Ainsworth 

semi-micro balance located on a vibratir·m-free table. The latter was of rein-

forced concrete resting on 1Jads of Permacell(U.S.Rubber Conpany) sponge rubber. 
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The early n:ns (1-3) were made on the all-Pyrex vacuum arrangement shown 

in Fig. 2-A. Later runs 4-6 nere made ,:rith the same ap·_Jaratus s)1ovm in Fie. 2-A 

except for that portion enclosed within the dashed line (See Fig. 2-B). A 

third arrangement (runs 7-14) em!)loyed the apparatus comnon to Fig. 2-A, but 

with the dashed line area as shown in Fie;. 2-C. The explanation of the symbols 

is as follows~ 

A) Vacutrn source, c0nsisting of a single stage silicone oil diffusion 

pump connected to a V!elch Duo-seal mechanical _1!U.Illp. 

B) Second liquid nitrogen trap(50 rnm x 250 r.un) used for protecting vacuum 

C) Ionization gauge. 

D,F ,I,J,K,T,Z,CC,HH,JJ) Mercury-seal vacuum stop-cock. 

E) First liquid nitrogen trap (50 mm x 250 mm) used for trap~-:Jing c ondensa b1e 

gases. 

G) Drying column consisting of (bottom to top) a glass wool plug, potassium 

hydroxide pellets, size four nesh Drierite (anhyc~ror~_s calciun sulfate), 

and another :::;lass 17ool pluc. 

H) Inlet for air dried by anhydrous calcium chloride and ~Jhosphorus 

pentoxide. 

L) Mercury vacuum @Huge. 

M) Ground glass joint (19/33), Apiezon \.' seal. 

N) Evaporation cell made from a 10 mm vacuum stopcock. 

0) Movable nickel finger for s:craping bottom of reactor' pointed nickel 

rod cemented to a brass bellons sealed into a 12/5 spherical ground 

glass joint which is used for removing the finger and introducing 

solutions. 

P) X-ray capillary tube having .'-?.0-30 micron ,.,all thic 1mess. 
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,..J) T"Tater bath for keepine; eva'1orat: ng solution at room temperature. 

R) Sealed flask contain;i.n~ carbon tetrachloriDe. 

S,U,1,AA) Trap to catch stopcock grease diluted by carbon tetrachloride. 

V,BB) Bourdon-ty:r:'e vacuum gage (0-30 inches). 

rl) Resistance-i:lire furnace. 

X) Glass-wool tra;:> for volatilized ;::>reduct. 

DD) Liquid nitrogen trap to condense gaseous carbon tetrachloride. 

EE) Leeds and Northrup iron-constantan thermocouple "Tire touching 

inside of thermocoTJ.ple T~ell. 

FF) Removable (24/40 ground glass joint) combination thermocouple well and 

support for reaction thimble. 

GG) Removable combination reactirn thimble and titration cell. 

II) Liquid nitrogen trap for freezing out earbon tetrachloride or chlorine. 

KK) Reaction cell having a 24/40 ground glass joint at one end, an x-ray 

capillp.ry 3. t the other, viith an indentation between the tno to hold 

evaporating solutions. 

LL) Mica heat shield. 

l·l?~) Cylindrical solid copper furnace hav5.ne a nichrome resistance '1e.'ter 

wound on and covered by asbestos; asbestos coated rrith l)laster of 

Paris. X-ray capillary ext,ends into fm·nace throug>. center well of 

three mm diameter. 

NN) Leeds and Northrup glass fiber-insulated thermocouple "lire running into 

off-center well in copper block. 

00) Leeds and Northrup thermocouple potentiometer. 

PP) Souc-ce of gaseous carbon tetrachloride or chlorine • 
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Chloride analyses were made by potentiometric microtitration in a constant 

temi'erature (25° C) rc:om, using the apparJ.tus indicated in Fig. 3 together '17ith a 

standard potentiometer arrangement. 27 The explanation of the symbols j_s: 

A) Vibrator for stirring. 

B) Stirring rod. 

C) K-2 potentiometer arran3ernent, incluc'.in~; an Aircell (Eveready Battery 

Company) balanced against a saturated f.1eston s+.r.nclard cell. 

D) Pure silver electrode. 

E) Capillarjr-ti··)'led extension for microburet. 

F) Apieson W wax seal. 

G) Twenty microliter capacit;r mic:roburet (Microchemical S')ecialties 

Companjr, Berkeley, California). 

H) Pyrex titration thimble of approximately 100 microliter volume. 

Alpha activity was measured on a nitrogen-filled fifty-percent e;eometry 

counter operating a California t:rpe (Cyclotron SpeciaJ.ties Corporation, 

Moraga, California) scaling unit. The loss in counting rate for such an instru-

ment due to its finite resolvinp, time was insignificant (less than one percent) 

f t b 1 50 000 d . . t t" . t -l. or ra .es e ow , .J.Sln cgra 1ons m1nu e • 

Absorption spectra were measured on a Beckman Hodel DU(Beckrnan Laboratories, 

Pasadena, California) spectrophotometer equipped rrith a syecial constant tempera-

ture (25°C) cell holder. 

A Spencer binocular microscope of 3 to 36 power was used to observe the 

progress of microchemical r o2ctir:ns. For transferring measured aliqnots of 

solutions calibrated micro pipets (MicrocheMical S1Jecial ties C or.1pany) were used. 

Proc~ 

For Runs 1-3, an aliquot of a stoclc solution contain:i.ng almost ~ltl'~':~ Np(V) 

was transferred to the eva~?oration cell (See Fig. 2-A), the finger sealed on ni th 
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Apiezon 'VI vrax, a vacuum slowly drawn, the solid material exposed to a hic;h vacuum 

for a :_,eriod of time, so:-:1e of product scraped into x-ra;>' capillar;>',and capillary 

sealed off. The material remaining in the evaporation cell was dissolved in 0.1 

, .M H2so4 solution and titrated for chloride content. 

Stock solntion I was made from a concentrated (16.9 grams of neptunium per 

liter) mixture of N~)(DT) + N})(V) in 0.9 M HCl. Saturated chlorine water was used 

at room teTJ~)erature to oxidize all the neptuniura up to the plus 5 oxic1.ation state. 

The oxidation was follorred by periodic observation of the characteristic absorp-

tion spectra neaks, the Np(IV) at 7240 A and the Nn(V) at 9860 A. Table I gives 

the chlorine absorption spectrum in ·V'later. The presence of chlorine obscured to 

some extent detection of very small amounts of Np(VI)(less than about 0.5 percent) 
2~j 

because of the absorption 'leak at ap!'Jroximatel;>r 3100 A. 

Wavelength 
(Angstroms ) 

2000 
2500 
2650 
2750 
2350 
2900 
2950 
3000 
3050 
3070 
3080 

~<-3090 

Table I 

Absorption Spectrum of a Saturated Solution 
of Chlorine in Hater at :::5° C 

Light Densi t;)• 
(log I 0 /I) 

0.005 
o-.oos 
0·.016 
0.018 
0.017 
o-.026 
0·.083 
0.185 
0·.224 
0.235 
0.242 
0.245 

navelength 
(An:;-s troms) 

3100 
3150 
3200 
3250 
3300 
3500 
3750 
3900 
4050 
4250 
4500 

*Absorption peak 

Light Density 
(log I 0 /I) 

0.233 
0.235 
0.232 
0.221 
0.207 
0.107 
0·.037 
0·.019 
O·.Oll 
(}. 007 
0.003 

Stock solution I originally consisted of 2. 50 ml of 0. 00160 1.4 Np(60% Np(IV) 

+ 4CJ/o Np(V)) + 0. 001 1!1 Cl2 in O. 022 M HCl solution. After 18 hours tv.renty percent 

, Np(IV) was left; after 1,0 hours, ten percent. At t11is po'nt the solution was 
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·,-;rarmed to 70° C for ten minutes to speed the ?:ddation process. The result was a 

solution containing roughly 10 percent Np(VI), 20 percent Np(IV), and 70 percent 

Np(V). The chlorine content of the solution was increased to 0.002 ll Cl2, and 

after 24 more hours at room teraperature the solution was greater than cy; percent 

Np(V). A later check at 160 hours showed the Np(V) to be greater than 9G percent, 

with less than 2 percent Np(IV) and no detectable Np(VI)(less than 0. 5 percent). 

Calibrations and standardization~--

Microburet no. 851 was calibrated with nercu.ry, with water, and by acid -

base titrc:tions. The latter involved titrating vnrious measured alicuots of 

(4.91 :_ 0.02) N HCl solution with (0.2679 ; 0.0006) M NaOH solution, using 

phenolphthalein as an indicator. The. sodium hydroxide solution was standardized 

on a 5 ml scale using potassium hydrogen phthalate as a primarJr standard. All 

1:1ethods of calibration agreed within 1%. The microburet delivered 21.72 micro-

liters of solution for 35.00 em of length. 

The Beckman spectrophotometer no. 1199 war, calibrated against several 

lines of a mercury arc spectrmn. The final agreenent is shorm in Table II. 

To.ble II 

§oectrophotometer Calibration Using Mercury Arc Soectrum 

True Tlavelength 
(Angstrom.§.)__ 

2536 
2967 
3650 
4047 
4358 
5461 
690·3 

10140 

Scale rJavelength 
(A ngs tr oms ) 

2535 ! 1 
2962 :. 1 
3642 ! 3 
4040 !. 2 
434:~ !. 2 
5450 !. 3 
6900 't 10 

10140 t 10 
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For t:1e chloride c1etermination tl1e apparatus shown in Fiz. 3 was used. 

The !)otentiometer \7as read to the nearest 0. 5 millivoJt. A standard silver 

solution c~ntaining (0.009954 ~ 0.000005) B AgN03 in 0.2 M I:rno3 solution was added 

to the buret and used for titrating 50 microliters of a standnrd chloride solution 

containing ( 0.002991 !. 0. 0000005) M KCl solution. Fifty microliters of 0. 2 M 

H2SO
4 

sol uti on used as ·wash brought the total starting volume to 100 microliters. 

A typical standardization is shown in Table III. The chan~e in EUF i)Gr unit change 

in volume (measured by i)Osition of buret meniscus) is indic8ted. During the titra-

tion 7ihich took about 50 minutes, the room was kept dark to avoid silver 

chloride decomposition. Low il.lumination Tras used to lic;ht only the buret scale. 

The end point occurred at an Er!F of about 0.157 voltn. 

Table III 

Typical Potentiometric HicrotitrDtion 
of Chlorid~ 1.7ith Standard Silver Solllltion 

Buret Reading EUF ET·IF /em 
J.cml J.vol tsl_ 

o.oo 0.2715 0.001 
5.30 0.2635 0.002 

13.90 0.24CO O.OOL, 
21.30 o. 2185 0.009 
22.30 0.2100 0.008 
23.40 0.20:}.5 0.015 
23.90 0.1340 0.017 
24-.40 0·.1755 0.022 
24·.70 0.1690 o·.OJ2 
24.90 0.1625 0.035 
25.00 0·.1590 0.040* 
25.10 0.1550 0.035 
25.20 0.1515 0.030 
25.30 0.1485 0.025 
25.40 0.1460 0.017 
26·.4o 0.1290 0.012 
23.40 o-.1050 0.005 
31.40 0.0~90 

~~t End point at 0.157 volts 

Theor. cluoride present = (50) (0. 002991) = 0.14961. 
Titration value = (15.0Q) (0.009954) = 0.1501 l 
Difference = 0.4 percent micromole of Ag+ used 

Piicromole · 
of Cl-
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Five hundrecl. microliters of stoc!c so1utinn I '.7CJ.s ~r.'nsfer··ed to the evapora-

tion cell and slowly evaporated at room temperature for 15 hours in a vacuum of 

3'Jout 5 x lo-2 mm. The Product '7as a group of green-;}rellow crystals. Some of the 

;.,roduct was sealed off in an x-ray capillarj' at 5 x 10-2 mm pressure; however, 

because of the limited quantity of material, no x-ray diffracti,-n :.,attern was 

obtained. The remainder was dissolved in 1.0 M HCl solution and its absorption 

Sl)ectrum examined. The spectrop~1otometer indica ted rough'~ values of creater 

than 95 ryercent Np(V), less than 5 percent Np(IV), and no Np(VI). 

Run 2 

Approximatelj' 330 microliters of stock solution I was used. Air was slowly 

':>tunped out of the cell over a ,.,er:i.od of 50 minutes. The solutinn evaporated to 

dryness during the following 12 minutes. T~e pressure was raised to one atmosphere, 

and the Droduct was dissolved in 2.0 ml of 1 N H2so4. The absorption spectrum 

on 1.5 ml of the solution indicated greater than 98 percent Np(V), VTith less t~n 

1 Dercent of bot~1 Np(IV) ancl Np(VI). Titrations of the chloride in 100 and 250 

microliter aliquots of the solution nere used in conjunction with alpha assays to 

give values of 1.38 and 1.36 for the 01/Np ratio. 
+ 

The average value is 1. 37 -

0.05. As was clone in most runs, the alpha assays were checked by transferring 

to thin (0.005 inch) J}latinum d1sks neasured aliquots of ori~inal solution as 

rrell as the entire titrated sohltion, were dried, ancl. tl1e activity determined. 

One ml of stock solution I wos added to the cell. The liquid was evaporated 

and the residue treated 1•!ith a vacuum of ~·bout 5 x 10-5 mm for 2 hours. Part of 

the product was scraped into the x-ray capillary; the rest was dissolved in 

-··--- ---------·------
AccuracJ' is low in very dilute solutions. 
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dilute sulfuric acid. No x-ray diffractir:n pattern conld be obtained. For t:1e 

solnti"n, the absorDtion spectru_"1 shorTed e;reater than 97 percent Np(V), less t:1an 

2 percent Np(IV), and less than 1 Dercent Np(VI). The Cl/Np ,ratio was 1. 39 ± 0. 05 • 

.Qhlzine oxidation of Np(IV) to ND(V) 

Five hundred microliters of 0.9 M HCl solution containing a'Jout r~. 5 mfr of 

neptuniur.1 ~-ras diluted ~-rith ,-,ater to 2. 5 ml. The absor~tion spectrum ic1dicated 60 

~ercent Np(IV), LfO 1?ercent Np(V), and less t;1an 0. 3 ~':lrcent N~J(VI). Trro hundred 

microliters of saturated chlorine water was added. The resulting solution nas: 

0.17 .M HCl, 0.0007 M Cl2 , and 0.0150 1J Np. After one-half hour at room temperature 

the solution was 44 percent Np(IV); after 22 hours, 35 percent. No further 

change occurred after 42 hours, so 200 r,1icroli ters more of saturated chlorine water 

WR.S added. T''.ble IV shows rate of' c~isappearance of the Np(IV) as indicated by an 

absorption spectrum 'Jea1~. 

Table IV 

Qhlo~~ne Oxidation of NPilYl to N?(V) 

Time 
(minutes) 

0. 
1". 7 
2.7 
4.3 
7.0 
9 

12 
16 
21 

143 
173 
203 

Volume 
Np(IV) 
Np(V) 
HCl 
Cl2 

2·.90 ml 
O. 00Lf9 !;1 
0-.00Sl J:j 
0.13 ll 
o. 014 l1 

Np(IV) Concentration 
..{g ')ectrowotomotric densi t:U 

0.119 
0.114 
0.106 
0.105 
0·.097 
0.090 
O.OGO 
o-.069 
0·.057 
0.000* 
o.ooo 

-0.001 

* Oxidation essentiall~~ compl8te(99 percent) in about t"!Vo hours. 
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The solution described in Table IV 117as la',eled. stock solution II and used for 

runs 4-14. The comT)osition remained at c;reater than 93 percent Np(V), less than 

2 percent Np(IV), and less than 0.4 percent Np(VI), as shown by periodic c'1ecks 

over an interval of several months. 

Nm\T Np(V) absor~ion ryeak ~t 10980 A 

Durin5 the oxidation ex<)criments a new Np(V) absorption peak was discovered 

at 10980 A in the near infrared regi0n. Its molar extinction coefficient is 

apparently close to that of the 6190 A Np(V) 'Jeak, since the densities of these 

two peaks were about the same in various solutinns. Table V indicates t11e relation-

sl1ip between wavelength and spectrophotometric densi t;)' for the nen peak in stock 

solut:ton II. The slit 'ri.dth had to be vad.ed between 0. 03 mm and 0. 52 mm during 

the determination, each settin;· being the minimum possible. Around t 11e peak the 

width was kept constant at 0. 070 m·:·1, The peak is not as sharp as the 9860 A 

Np(V) absorption line, but the occurrence in a rec;ion r.rhere Np(VI) and Np(IV) 

give no interference should make this absorption useful in cases of mixtures. 

Determination of exact molar extinction coefficients in different acids of 

varying concentration must be carried out before t~1e neVI peak can 'Je used quanti-

tatively • 
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Table V 

Wavelength Spectrophotometric Wavelength 
(.Angs tro.mll_ Densi t:v;<· (Angstroms) 

10500 0.010 10990 
550 .010 11000 
600 -.009 020 
650 ·.010 050 
700 .011 100 
750 -.016 150 
GOO .025 200 
G50 .075 250 
900 .162 300 
920 ·.230 350 
940 .248 /+00 
950 .280 500 
960 .2G7 600 
970 2'""'"" • uu 700 

-:d*9GO • 294 12000 

-:f()ne em cell used r.rith 0.0140 Jj Np(V) solution. 

~<*Peak 
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Spectrophotometric 
Densi ty~• _ 

0.2G3 
.280 
.267 
.225 
.145 
.093 
.069 
.053 
.043 
.037 
.032 
.026 
• 023 
.023 
.021 

Apparatus 2-B (See page 9 and F.ig.2B)was used for this and the following two 

runs. Three microliters of stock solution II was pipetted into 50 microliters of 

0. 2 M HCl solution i_n ·a reaction thimble and the pipet rinsed several times. The 

thimble v;as inserted into the reaction system and solution was slowly evaporated 

over a period of 20 :r.1inutes by the gradual application of vacuum. After dr;>' air 

was let ~-n the system, 100 microliters of 0. 2 M H2so
4 

solution w2s added to the 

residue, and the thiT'·ble removed to tho t:i.tration aupa:ratus. The Cl/Np ratio was 

found to '1c 1.39 t 0.03. 

Three microliters of stoc!~ solutio'1 II was tr 'nsferred to a new thimble and 

eva:oorat~d J.n 10 minutes. Tho system, under 0.1 mm '!rossure, 1vas heated to 200° C 

in 30 ninutes and cooled to 150° C in 15 minutes. The pressure was reduced to 

about 1 x 1o-4 mm and cooled from 150° C to 100° C in 15 ninutos. Titration and 
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al·!ha assay on the entire sam~1lo showed Cl/Np nas 2. 36 + 0. 05. No ne:.,tl..minm was 

lost in tl1o heating c~·clc. 

Three micrcliters of stock solution II Wi:!S eva'1orated aro in Rtm 5 and dried 

for 30 minutes at about 0.01 ml'Tl pressure. Carbon tetrachloriide vapor, at a 

pressure of about 100 mm>t was allowed to fill tho system. The temperature of the 

reaction thimble was raised to 300° C in 20 minutes, kept at 300° C for 10 minutes 

more 'Jhile the system was flushed several times wit~1 fresh carbon tetrechloride, 

and cooled down to 100° C in 30 minutes. A determination of the Cl/Np ratio 

+ shovTed 2. 77 - 0. 05. An 30 percent loss of activit;}r from the thimble was uoted, 

only 20 percent of the neptunium beine found in the thimble after tho nre;JarGtion 

cycle. 

Forty-five microliters of stock solntinn II, containine about 150 micro-

grams of no:_Jttmium, was used. Apparatus 2-C (See page 9 and F.is 2C ) was em::)lo~·cd 

for th:1_s and all subsequent runs. Tho solutio'1 was slowly evaporated over a 

~)eriod of several hours b;r e;raduall y applying a vacuu.m. For iransferri_ng scra:1incs 

to the x-ray capilla!Jr a nerr t echnic:uc v-ms used to ;;rovent the a ttac1: of t~1e 

highly deliquescent product by moisture in the air: The vacuum in the apparatus 

was replaced with dried air at one atmosphere, the cell removed, pure d!J' benzene 

poured in to cover tho ~rellow-grocn crystals, and scraping carried out under tho 

benzene surface b3r meAns of a long flexible Dlatinum nire. The cell was again 

attached to the vacuum system, the benzene pumped off, and the product dried in a 

vacuum of 1 x lo-5 mm for 23 hov.rs. The x-re.y s pecimon was sealed off and examined 

by x-rn;r diffractinn. No lines wore visible in tho picture. Tlw Cl/N!J ratio 

-----------------
* normal vapor pressure of the liquid at room tonperc>turc. 
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as determined on DC1.rt of t,1-w mo.torial as l.L~5 and 1.4~~, ,-,iV1 an avorae:o of 

+ 
1.46 - 0.07. The absorption S1)ectrum shwcd ~roatcr than 9J norccnt of the 

no1Jtunium to 1:Jc Np(V). 

The evaporation of 50 microli tors of stock solution II was car;.~:'tod out 

over an interval of one hour. Tho yellow-gr:)on crystals were fnrthcr dried for 

2 hours at 1 x lo-4 and 30 minutes at 1 x lo-5 m:·!. After transferral under 

benzene t.he product looked slic;htly deliquescent, so a dr;>ring for 20 minutes at 

1 x lo-5 mm was i11troduced. The ')rossuro was kept at 1 x 10-5 "1i1 as t~~o te!I!~era-

ture was 3.ncreased from 25° C to 115° C over an interval of 10 minutes, 1:.:ept at 

115° C for 15 minutes, and decreased to 25° C in 20 minutes. Microsco·,ic examina-

tion at this yoint showed a gold-yellow product in the capillary. Carbon tetra

chloY·ide va ,or was introduced and the m0terial slonly heated to 360° C in 75 

minutes. After the thimble was cooled to 330° C, a vacuum of a bout 1 x lo-3 mm 

was p1..1.mped on the system for 10 minutes; dur:i_ne this time a yellow sublimate 

a·)peared at the edge of the furnace. Gaseous carbon tetrachloride was again 

added and the ft~nace ter:r'~erature raised from 330-390° C in 10 minutes. T>.e 

color of the sublimate a''per.1r'!d to have changed into a tan. A;;plication of 

a vacuum of ahout 5 x lo-4 nm at 385° C for 5 minutes caused de)osition of red 

crystals. This ne1"' sublimate tailed off into the previous deposit Y!hich was now 

brown. The system was cooled and the capillary sealed off :tn two sectio'1S, one 

containing the amber-brown ·-,ieces of residue, and tlte other the red sublimate. 

X-ray Dowder :;?ictures of each shovved new patterns (See Tab:tes VI and VII), the 

tuo 'Jei.ng different from each other and from anJ' :'Jreviously 1cno•-rn no~"Jt1mium 

com"Jound. 
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X-ray . .Qiffraction .Pattern'~ of Run J Residu~ 

Visual 9 
(degrees) In tens i ty~H<-

10.32 
14.46 
16.33 
17.63 
18.23 
19.21 
19·.81 
2}.58 
24.21 
24 .. 34 
27.22 
28.10 
29.62 

*Film no. 545 
~<* VS ver;t strong~ 

VV1 very weak 

Vl 
M 
w 
w 
s 
w 
s 
w 
\"! 
M 
Vl 
w 
M 

S strong, 

g 
(degrees) 

31.24 
33.42 
34.37 
36.65 
37.98 
39.47 
40~52 
41'.73 
52.17 
57.17 

. 5:3·.12 
60.1~6 
64.23 

M medium, 

Table VII 

Visual 
Intensity*~~ 

M 
M 
M 
17 
M 

vn 
VH 

lil 
V! 
V! 

VV1 
w 
w 
'· 

weak, 

X-ray Diffraction Pattern~~ of Run :J Sublimate 

g Visual 9 Visual 
(degr~,U Intensitjr (degrees) Int!'2nsity 

7.27 M 15.01 VF 
7.81 M 15.61 vw 

16.56 s 27.35 w 
21 .. 35 M 28.29 y.r 
21.66 M 31.72 M 
25.31 w 32.19 M 
26.10 M 35.01 w 
27.28 w 

* Film no. 548 
The above pattern closely resembles that of CbC15 

Fifty microliters of stock solution II was evaporated in 10 minutes, dried 

at 6 x lo-4 mm for 40 minutes, And sealed off in benzene. The product was a 

mixture of light greer._. and dark green cr;rstals. TrJO different pieces of ;_Jroduct 
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were sealed ineparate capillaries. Powder diffraction patterns revealed each to 

be a new pattern (See T..,bles VIII and IX). 

Table VIII 

X-ral Diffraction Pattern* of Run 9 Residue (A) 

g Visual g Visual 
(degree.§..l Intensi,E .(g~r,rees) Intensitv ----------

G. 52 s 24.73 w 
10-.07 s 25.26 n 
lD-. 89 M 25,64 M 
12.22 vs 26.61 w 
13.03 . M 2G.40 M 
13. 8'7 s 30.96 w 
17.43 s 31.73 M 
18.65 s 33·. 56 M 
20-.48- M 36.50 M 
22.64 s 37.13 M 
23.65 s 33.12 w 

*Film no. 566 
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X-ray_ Diffraction Pattern-lr of Run 9 Residue (B} 

g Visual g . Visual 
_(_gegreei?..l Intensitl (degrees) Intensity 

10.80 vs 34.30 w 
14-.01 M 36·.05 w 
15•43 M 36.68 w 
16·.68 w 38.14 w 
17·.89 s 38.64 H 
19·. :36 1"f, 39.47 w .. 
21.10 V;T 40.39 M 
22.15 H 44.21 M 
23.23 M 45·.1:6 vw 
24·.15 M 47·.67 vw 
25·.11 w 50.69 vw 
26.00 w 54.85 vw 
26.79 w 57.17 vrv 
27.36 w 59.24 'lffl 
28.38 M 60.03 Vff 
29.97 w 61.91 vw 
30.76 w 63.11 vw 
32.41 M 68.71 VFJ 
33.18 vw 73.54 V!N 
34.07 w 

~ Film nos. 586 and 587 
D. H. Templeton has indicated that many of the 
lines of this pattern can be· explained by a tetra
gonal arrangement with a = 5. 73 and c = 7. 52 A. 

The chloride solid prepared by the usual e~aporation techni~ue was treated 

al t~rnately with carbon tetrachloride ~apor and hie;h ~acuum e.t 25-500° C o~er a 

period of 17 hours. No sublimate appeared until a temperatu.rr1 of 450° C was 

reached in the presence of carbon tetrachloride. Part of the final product was 

dark yellow, part consisted of light yellow bands. X-ray diffraction analysis 

showed the dark yellow to be NpC14, the light yellow to be Np02• The flaky golden 

residue ga~e the pattern of Np02• 
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The usual i)reliminar;y treatment e;ave a d!J• product Fhich was further dehydrated 

in a vacuum of about 5 x lo-4 mm at 130° C for 20 minutes. Alternate treatment 

with carbon tetrachloride and vdt~1 vacuu.B (lo-4 nun) over the interval betnreen 130 

and 400° C during 'a period of 7 hours produced no sublimate of an:r kind. Th0 

clear, glassy-appenring golden-yellow rosidue c;ave the NpO.., pattern. 
Cv 

Run 12 

In t'1is and the following tYro runs chlorine containing a trace of carbon 

tetrachloride was used. The usual solid s_tartin.rs material was allowed to stand 

for 45 hours in chlorine, the gas being at a J)I'essure of 400 mm. Dr:rinc consisted 

of he3ting the salt for 15 minutes at 1100 C in the chlorine. The temperature 

was r2ised to 60oo C over an interval of 6 hours. At 450° C a small amount of 

yellow sublimate formed, 17h"'.le at 550° C an iridescent gray CIJ•stalline deposit 

v12S noticed at. V1e ede:;e of the furnace. At the end of the run there was a very 

faint nhite cloudy deposit beJ•ond the gray material, none of ~he :rellmv su.blimate 

beine left. X-ray examinatj_on sho·VJed t~at the ;;•allow residue nas t-r::~o2 , but gave 

no lines for the gray sublimate. 

Run 13 

As usua}., 50 microliters of stock solution II was evalJorated to dr;;•ness in 

5 minutes and dried at lo-4 mm for 60 minutes. Aft~r ti1e benzene t:;:"nsferal, 

the material in the capillarJ• consisted of light olive-green clumps of ap~;arentl;;• 

ve~r fine CrJ•Stals. The salt uas exposed to a vacuum' of 10-4 mm while it uas 
dried at 145°C for five minutes, 

heated to 145° C in five minutes,,..cooled to 120° c,---and exposed to a mixture of 

carbon tetrachloride vapor (125 mm) and chlorine (15 mm). The material was 

allov1ed to cool slowly to room temperature and remain in contact uith the gas 

for 16 hours. The solid was heated to 2000 C in 45 minutes, the chlorinating 

mixture replaced b:;• another conta~.ning chlorine at 600 run pressure and a. trace 
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of carbon tetrachloride, and the temperature raised to 225° C in fifteen ~2nutes. 

At this point a red CI'Jrstalline sublim;-,te began forminc. The tenperature was 

slowly increased to 2400 C over an interval of 40 minutes, but no further amounts 

of sublimate were formed. The residue was examined microscopically and found to 

':>assess the same green color, but in addition the capillary contained a si:~all 

r· ar.1ount of scattered red crystals. Further treatment with chlorine at 245° C 

produced more red crystals. A third treatment at 150-440° C over t,-ro hours gave 

no further sublimate. Most of the original startinr:; material 17as still ?resent 

in the residue at this point, the color of the latter was still yello'7-c;reen. The 

s~rstem was allov1ed to stand for tvro ciays. At the end of V:~is time, the orance 

crystals had turned yellow-green and a small amount of some liquid had formed. 

The lic1uid is believed to have been carbon tetrachloride, or possibly moisture, 

since the pressure had risen to atmospheric. The s;>rstem rms pumped for 90 

minutes, the temperatur3 raised to 150° C in 30 minutes and kept at that tem_:::>-

erature for 20 more minutes. During t:1j_s procedure the original oran--:e-red 

color of the crystals returned. The sjrstem · was exposed to chlorine and the 

• 0 
teDDerature of the furnace wGs slowly ra1.sed to 400 C. No further sublimate form-

ed. The orans;e-red sublimate gave no x-ray diffraction pattern. The zold-tan 

sublimate gave whll.t is apporon.tly a nm7 and unknown pattern. 

After the usual evaporation, the m<:terial ~eras dried at 1100 C for 30 minutes 

-4 in a vacuum of 1 x 10 nm. The x-re.J' diffraction i'attern on this specimen con-

tained six very :'ain+, lines of another un!morrn ~attern. 
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Fig. 2-B ~econd vacuum line arrangement. 

These details-supplant those occurring 
within the dashed line area of Fig. 2-A. 
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Fig. 2-C Third vacuum line arrangement. 

These details supplant those occurring 
within the dashed line area of Fig. 2-A. 
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Fig.3 Potentiometric micro-titration apparatus. 


