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Neptunium(V) Chloride and Oxychlorides

Theodore J. LaCharelle,Jr.

Radiation Laboratory, University of California*
Berlkeley, California

DECLASSIFIED

ABSTRACT

Theoretically neptunium in the plus 5 oxidation state might be expected to
form the pentachloride (NpCls), oxychlorides (NpQCls and NpOzCl), and hydrated
oxychlorides. By direct evaporation of Np(V) from dilute hydrochloric acid
solutions, compounds hav ng C1/Np ratios varying between 1.4 and 2.8 have been
prepsred., The vreparations are believed to be mixtures of the two oxychlorides.
Treatment of the above materials with carbon tetrachloride and with chlorine at
various temneratures between 110 and 600° C has resulted in the preparation of
several anparently new compounds containing Np(V) and chlorine. Of these, a
red sublimate might be Np015 in view of the similarity of its x-ray diffraction
pattern with those of Cb015 and TaC15. Varioug yellow, gray, and green residues
might be oxychlorides. Neptunium(V) oxychloride does not seem to be stable at
200° C in a vacuum of 107 mn or at 600° C under 760 mm vressure of chlorine.

A new Np(V) absorption spectrumApeak has been located at 10980 A in the
near infrared. The molar extinction qoefficient is about 21 for 0.01l4 M
Np(V) in 0.2 M HC1 solution.

Potentiometric micro~-titration apparatus for the determination of microgram

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

* Now at University .of California at Los Angeles, Los Angeles, California

For: DECLASSIFICATION
5/21/49.
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Neptunium(V) Chloride and Oxychlorides

Theodore J. LaChapelle,Jr.
Radiation Laboratory, University of California®
Berkeley, California

DECLASSIFIED

I. INTRODUCTION

The chemistry of nentunium, element number’93, vas first investigated by
its discoverers, !MclMillan and Abelson,l in 1940, This work was carried out on
solutions contgining only trace (about 10-15 molar) concentrations of the 56-
hour beta~emitting isotope 93Np239. It was shown that nentunium had at least
two oxidation states, the lower being precinit-ted with rar: earth fluvorides,
and the upper with sodium uranyl acetate. Further gstudies have been carrisd
out on a trace scale by a number of other investigators.2

Before 1940, actinium, thorium, »rotactinium, and uranium were generally
considered to be members of the subgroups III, IV, V, and VI. After the dis=-
covery of transuraznium elements end the study of their chemical properties, the
suggestion —as made by Seaborg3 that elements 39-103 may be menbers of an
"actinide" series in which wrogressive filling of the 5f shell occurs. This
name was given in analogy to the "lanthanide" earths, elements 57-71, which
similarly add 4f electrons. The recent discovery4 and investigation of the
proverties of elememts 95 (americium) and 96 (curium) have strengthened the
"actinide" hypothesis. The éarly members of the new series (goTh, 91Pa) ars
quite similar to the first members (72Hf, 73Ta) in the 54 transition series;
however, this comparison'breaks down rapidly since the later members

(93Np, 94Pu’ 95Am, 960m) show little or no resemblance to the corresponding 5d

ANow at University of Californiez at Los Angeles, Los Angeles, California.
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elements (yeRe, nc0s, 7ylr, oqPt).

Discovery of the long-lived alpha-emitting isotope 93Np237 by Wahl and
Seaborg5 in 1942 made feasible the study of neptunium chemistry on a visible scale
This isotope is the decay product of the previously Xnorm® seven-day beta~
emitting 92U237, which is formed as a result of an (n,2n) reaction on gyU238.
Naturally-occurring uranium consists7 mainly of the latter isotope.

Magnusson and LaChapelle8 first isolated neptunium as a pure compound,NnOo,
using 45 micrograms of the long-li{red isotope. The major source of this first
macro amount of neptunium was some uranium metal -thich had been bombarded by
fast neutrons produced by a cyclotron. The identification of the neptunium{IV)
dioxide was established by‘Zachar’iasen'9 through the use of x-ray diffraction.
With the same neptunium the following experimental data were gathered: The
existence of a plus & oxidation state of neptunium was determined by the prepara-
tionlo and x-ray identificationll of sodium neptunium(VI) dioxytriacetate.

By the method of weighing and radiometric aééay of samples of neptunium dioxide,
the specific alvha activity of 93Np237 was calewlated® to be 1520 £ 76 disinte-
gratibns minute-l microgram‘l with the corresponding half-life of (2.20 Z0.11)
x 10° years. The raﬁge of the alpha particle was measuredl? as 3.28 20.05 cm
of air at 15° C and 760 mm, corresponding to an energy of 4.7¢ Mev.

After the Hanford chain-reacting pile had begun operation, a scheme of
separation was worked out to recover some of the néptuniun produced and to puri-
fle it. About one milligram of the pure isotope was isolated from this source
at first. This material was used to establishl4 the existence and the conditions
of stebility of the plus 4, plus 5, and plus 6 states of neptunium in aqueous

15’16 the absorption spectra of the plus 3, plus 4, blus

17

solutions; to determine

5, and plus 6 oxidation states; to investi-ate
18

the oxidation potentials of

the various neptunium couples; and to prepare™“ and examine a number of compounds.
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Later Hanford runs gave neptunium separations amouvnting to hundreds of milligrams.
Much of this material was used for continuationl? of the above work; part of it
was the source of the neptunium used for obtaining the data reported in tﬁis
paper:

Nepﬁﬁnium is unususl among the transprotactinium elements in that it possess-
es a stable plus 5 oxidation state in dilute acid solutions. The oxidation

notentialgl? for the neptunium couples in hydrochloric acid arc given in Fig. 1.

"Oc 670
]
! ! =0.437
-0.13 ] > .135 oo 42
I}' p+3 Oa 1 7 S Np+ O. 737 -——f" Np02+ . 135 Np02+q

i -0.936

Fig. 1. TFormal oxidation potentials for the neptunium
couples in 1 ]I HCl solution at 25° C.

The formulae given for the various oxidation states are based on several
considerations. The salt, sodium neptunium(VI) dioxytriacetate, having the
formula NaNpOZ(OOCCHB)B can be precipitatedlo from solutions of Nn(VI). The
corresponding uranyl ion is known to be U02+2. It has been shown that in one
molar mixed NaNO; - HNO; 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 hydrochloric acid solutions,
having a low peak at 6130 A and a hich sharp neak at 9330 A; there is no spec-
tral evidence for complex formation of Np{V). The hydrogen ion concentration
dependencezo of the Np(IV) - N»n(V) couple is grrater than third power. Other
analogies21 from comparison of uranium, neptunium, and nlutonivm ions in solution
also indicate that the formulation of ions as =iven is essentially correct.

Prior to the work revworted in this maper, solutions of Hp(V) in nitric,

hydrochloric, perchloric, and sulfuric acids were !mnown, and a solid containing
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Np(V) had been precipitated13 from hydroxide solutions. This solid gave a dis-
tinctive x-ray diffracticn nattern that corld not be interprected; however, upon
dissolution tho characteristic absorption spectrum of Hn(V) was oroduced. An
attemptgg to prepare NpCls by reacting NpCl4 with chlorine at 500° C was unsuc-
cessful. No solid Pu(V) halides arc known. Uranium, on the othor hand, forms

UFs and UCL Evers23 has reported the possible synthesis of the oxychloride,

5
UOCIB. Thermodynamic calculations by Brewer, Bromley, Gillis, and Lofgren24
indicate that the compounds NpFs and NpCl5 shovld be stable. The estimated

heat of formation for NpCls was given as =246 L2 xeal. per mole at 293° K, and
the compound was calculated to have a decommosition chlorine pressure of less

than 1072 atm. at 500° K, with one atmosnhere at 200-900° X (near the boiling
point).

The purivose of this research was to investigate the chloride and oxychlorides
of the plus 5 oxidation state of neptuniim. Since the Np(V) ion in dilute
hydrochloric acid solution appears to e best indicated by the formula HpO,,
the chloride obtained by direct evaporation might be nentunium(V) dioxymonochlor-
ide, NpOZCl, or some hydrate, Nn0,Cl°xH»0. This type compound should show a
C1/N» ratio of one when analyzed for both elements. In a high acid concentra-
tion a second form of Np(V) might oxist due to the following equilibrium:

NpOy" + 2T &= Np0*3 + K0 (1)
Zvaporation of a hydrochloric acid solution containing NpO+3 ions should give
rise to neptunium(V) monoxytrichloride, or a hydrate, NpOClB'xHZO. The C1/Np
ratio of such a comnound would be three. By treating a completely dehydrated
neptunium(V) oxychloride with a gascous chlorinating azent at the proper ten-
perature, it might be nossible *o prepars the nentachloride, NpCls. Here the

. C1/¥p ratio would have a value of five.
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An analysis to determine Cl/Np ratio should indicate the type of compound
nrepared. In addition, the x-ray diffractirn pattern might be used as a basis for
comparing the material with some compound whose structure is known or for
working cut an unknown crystalline arrangement. Vhen comparing similar compounds
the metal atoms iavolved must be approximately the same size. Using the Lknown
relationship325between atomic size, atomic number, and valence, one can estimate
the Np(V) ionic radius as approximately 0.75 A. The solid pentachlorides UC15,

MeC1 WGls, CbCl5, and TaCls might prove useful for purposes of znalogy, although

5
the crystal structure of none has been analyzed. The last two have been inves-
tigated by Skinner‘and Sutton26 in the gaseous form only. Among the few com-
parable oxychlorides are CbOCls, Ta0Cl,, and Ta0sC1.,
I1I. EXPERIMENTAL

Materialg‘

The neptunium used was bure 93Np237 with less than 0,0l percent by weight
of 94Pﬁ239 as the only important impuritle. Barnstead~distilled water was
used. All acids used were llerck's reagent grade (suitable for microanalysis).
All other cinemicals were elther chemically ﬁure or of reagent grade quality.
Chemically pure carbon tetrachloride (Merck's) was dried over anhydrous calcium
chloride. After the flask was attached to the vacuum system, the air was removed
by the following procedure: The liquid was frozen, exposed to high vacuum for
several minutes, the vacuum was cut off, and the solid was allowed 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.
Avpparatus
Weighings for standard solutions were made on a key-board-type Ainsworth

semi-micro balance located on a vibratinn-free table. The latter was of rein-

forced concrete resting on nads of Permacell(U.S.Rubber Conpany) éponge rubber.,
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The early runs (1-3) were made on the all-Pyrex vacuum arrangement shown
in Fig. 2-A. Later runs 4-6 were made with the same apraratus shown in Fig. 2-A
except for that portion enclosed within the dashed line (See Fig. 2-B). A
third arrangement (runs 7-14) emnloyed the apparatus common to Fig. 2-4, but
with the dashed line area as shown in Fig. 2-C. The explanation of the symbols
is as follows:

A) Vacuum source, consisting of a single stage silicone oil diffusion
pump connected to a Welch Duo-seal mechanical nump,

B) Second liquid nitrogen trap(50 mn x 250 rm) used for protecting vacuun
pumns.

c) Ionizationlgauge.

p,F,1,J,X,T7,%,CC,HH,JJ) Mercury-seal vacuum stop-cock.

E) First licuid nitrogen trap (50 mm x 250 mm) used for tranping condensakle
gases.

G) Drying column consisting of (bottom to top) a glass wool plug, potassium
hydroxide pellets; size four mesh Drierite (anhydrous calciun sulfate),
and another glass wool pluf.

H) Inlet for air dried by anhydrous calcium chloride and hosphorus
pentoxide;

L) Mercury vacuum gauge.

M) Ground glass joint (19/38), Apiezon T seal.

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

0) Movable nickel finger for scraping bottom of reactor; pointed nickel
rod cemented to a brass bellows sealsd into a 12/5 spherical ground
glass joint which is used for removing the finger and introducing
solutions,

P) X-ray capillary tube having 20-30 micron wgll thichness.
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ater Bath for keeping evanorat: ng solution at room temperature.

Sealed flask containing carbon tetrachloride.

S,U,7,AA) Trap to catch stopcock grease diluted by carbon tetrachloride.

V,BB) Bourdon-tynme vacuum sage (0-30 inches).

GG)
II)

KK)

NN)

00)

PP)

Resistance-wire furnace.

Glass~wool tran for volatilized nroduct.

Liquid nitrogen trap to condense gaseous carbon tetrachloride.

Leeds and Northrup iron-constantan thermocouple wire touching

inside of thermocouple well,

Removable (24/40 ground glass joint) combination thermocouple well and
supnort for reaction thimble;

Removable combination reacticn thimble and titration cell.

Liquid nitrogen trap for freezing out'carbon'tetrachloride or chlorine,
Reaction cell having a 24/40 ground glass joint at one end, an x-ray
capillary at the other, with an indentation between the two to hold
evaporating solutions.

Mica heat shield.

C&lindrical solid copper furnace having a nichrome resistance he~ter
wound on and covered by asﬁestos; asbestos coated with nlaster of
Paris. X-ray capillary exhends into furnace through center well of
three mm diameter.

Leeds and Northrup glass fiber-insulated thermocouple wire running into.
off =center well in copper block.

Leeds and Worthrup thermocouple potentiometer.

Source of gaseous carbon tetrachloride or chlorine.
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Chloride analyses were made by potentiometric microtitration in a constant
temnerature (25° C) reom, using the apparatus indicated in Fig. 3 together with a
standard potentiometer arrangement.27 The explanation of the symbols is:

A) Vibrator for stirring.

B) Stirring rod.

C) K-2 potentiometer arransement, inclucin~ an Aircell (Eveready Battery

Company) balanced against a saturated Teston Standard cell.

D) Pure silver electrode.

E) Capillary-tioned extension for microburet.

F) Apieson W wax secal.

G) Twenty microliter capacity microburet (Microchemical Swecialties

Company, Berkeley, California).

H) Pyrex titration thimble ofbapproximately 100 microliter volume.

Alpha activity was measured on a nitrogen-filled fifty-percent geometry
counter operating a California type (Cyclotron Specialties Corporation,

Moraga, California) scaling unit. The loss in counting rate for such an instru-
ment due to its finite resolving time was insignificant (less than one percent)
for rates below 50,000 disintegrations minute-l;

Absorption spectra were measured on a Beckman Model DU(Beckman Laboratories,
Pasadena, California) spectrophotometer equipped with a special constant tempera-
ture (25°%C) cell holder.

A Spencer binocular microscope of 3 to 36 power was used to observe the
progress of microchemical rceactirng, For transferring measured aliquots of
solutions calibrated micropipets (Microchemical Snecialties Company) were used.
Procedurs

For Runs 1-3, an alicquot of a stock solution containing almost »urn Np(V)

was transferred to the evanoration cell(See Fig., 2-4), the finger sealed on with
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Apiezon W vax, a vacuum slowly drawn, the solid material exposed to a high vacuum
for a nmeriod of time, some of product scraped into x-ray capillary,and capillary
sealed off; The material remaining in the evaporation cell was dissolved in 0.1
M Hy80, solution and titrated for chloride content.

Stock solution I was made from a concentrated (16.9 grams of neptunium per
liter) mixture of N»(IV) + N»n(V) in 0.9 M HCl. Saturated chlorine water was used
at room tenperature to oxidize all the neptunium up to the plus 5 oxicdation state.
The oxidation was follored by periodic observation of the characteristic absorp-

tion spectra neaks, the Np(IV) at 7240 A and the N»(V) at 9060 A. Table I gives

the chlorine absorption spectrum in water. The presence of chlorine obscured to

some extent detection of very small amounts of Nn(VI)(less than about 0.5 percent)

~

because of the absorption neak 7 at aporoximately 3100 A,
Table I

Absorption Spectrum of a Seturated Solution
of Chlorine in Vater at 25° C

Wavelength Light Density Vavelength Light Density
(Angstroms) (Log I,/1) (Anzstroms) (log I,/1)
2000 0.005 3100 0,233
2500 0.0038 3150 0.235
2650 0.015 3200 0.232
2750 0.018 3250 0,221
2850 0.017 3300 0.207
2900 0.026 3500 0.107
2950 ' 0.0383 3750 0.037
3000 0,185 3900 0.019
3050 0.224 4050 0.011
3070 0.235 4250 0. 007
3030 0.242 4500 0.003

*3090 0,245

*Absorption peak
Stock solution I originally consisted of 2.50 ml of 0.00160 If Np(460% Np(IV)
+ 40% Wp(V)) + 0.00L M Cls in 0.022 M HC1l solution. After 13 hours twenty percent

. Np(IV) was left; after 40 hours, ten percent. At this no‘nt the solution was
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warmed to 70° C for ten minutes to sveed the oxidation 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 I Clz, and
after 24 more hours at room temperature the solution was greater than 90 nercent
Np(V). A later check at 160 hours showed the Np(V) to be pgreater than 9% percent,

with less than 2 percent Np(IV) and no detectable Np(VI)(less than 0.5 percent).

Calibrations and standardizations

Microburet no; 851 was calibrated with mercury, with water, and by acid -
base titrations. The latter involved titrating various measured alicuots of
(4,91 * 0.02) M HC1 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 primary standard. All
methods of calibration agreed within 1%. The microburet delivered 21.72 micro-
liters of solution for 35.00 cm of length.

The Beckman svectrovhotometer no., 1199 was calibrated against several
lines of a mercury arc spectrum. The final agreement is shown in Tablé IT1.

Table II

Spec trophotometer Calibration Usinﬁ'Mercurv Arc Snectrum

True VWavelength Scale Wavelength
{Angstrons) (Angstroms)
2536 2535 T 1
2967 2962 - 1
3650 3642 = 3
LOL7 4040 E 2
4358 4343 ;2
5461 5450 - 3
6903 5900 t 10
10140 10140 * 10
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For the chloride determination the apparatus shown in Fiz, 3 was used.
The notentiometer was read to the nearest 0.5 millivolt. A standard silver
solution crentaining (0;009954 : 0;000005) 1l AgNO5 in 0.2 1 HNO3 solution was added
to the buret and used for titrating 50 microliters of a standard chloride solution
containing (0.002991 % 0.0000005) M KC1 solution. Fifty microliters of 0.2 M

HpS0, solution used as wash brought the total starting volume to 100 microliters.

4
A typical standardization is shown in Table III. The chanze in EMF ner unit change
in volume (measured by nosition of buret meniscus) is indicated. During the titra-
tion which took about 50 minutes, the room was kept dark to avoid silver

chloride decomposition. Low illumination was used to light only the buret séale.
The end point occurred at an EIF of about 0,157 volts.

Tahle IIT

Typical Potentiometric Microtitration
of Chloride with Standard Silver Soluticn

Buret Reading HF ETF/cm
(cm) (volts)

0.00 2715 0.001
5.30 0.2635 0.002
13,90 « 2430 0.004
21.30 0.2185 0.009
22,30 0.2100 . 0.008
23.40 0.2015 0.015
23,90 0.1340 0.017
24,40 0.1755 0.022
24,70 0.1690 0.032
24490 0.1625 C.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
26,40 0.1290 0.012
28.40 0.1050 0.005

31,40 0.0290

End point at 0.157 volts

Theor. chloride present = (50) (0.002991) = 0.14961‘ Micromole
Titration value = (15.03) (0.009954) = 0,1501 } of C1-
Difference = 0.4 percent micromole of Ag" used ~
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Run 1

Five hundred microliters of stock sclution I was +ronsfer-ed to the evapora-
tion cell and slowly evaporated at room temperature for 15 hours in a vacuun of
ahout 5 x 1072 mm. The product was a group of green-yellow crystals. Some of the
oroduct was sealed off in an x-ray capillary at 5 x 1072 mm pressure; however,
because of the limited quantity of material, no x-ray diffracti~n vattern was
obtained. The remainder was dissolved in 1.0 M HC1l solution and its absorption
spectrum examined. The spectrophiotometer indicated rough* values of rreater
than 95 nercent Np(V), less than 5 percent Np(IV), and no Np(VI).
Run 2

Approximately 300 microliters of stock solution I was used. Air was slowly
sumped out of the cell over a meriod of 50 minutes. The solutinn evaporated to
dryness during the following 12 minutes. The pressure was raised to one atmosphere,
and the nroduct was dissolved in 2,0 ml of 1 M H,S0,. The absorption spectrum
on-1.5 ml of the solution indicated greater than 9% percent Np(V), with less than
1 nercent of bhoth Np(IV) and Np(VI). Titrations of the chloride in 100 and 250
microliter aliquots of the soluticn were used in conjunction with alpha assays to
give values of 1.38 and 1.36 for the C1/Np ratio. The average value is 1,37 t
0.05. As was done in most runs, the alpha assays were checked by transferring
to thin (0,005 inch) nlatinum disks measured alicuots of orisinal solution as
mell as the entire titrated solution,'were dried, and the activity determined.
Run 3

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

and the residue treated with a vacuum of about § x 10“5 mm for 2 hours. Part of

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

. Accuracy is low in very dilute solutions,
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dilute sulfuric acid. No x-ray diffractirn pattern conld be obtained. For the
solution, the absorntion spectrum showed greater than 97 percent Np(V), less than
2 percent Np(IV), and less than 1 nercent Np(VI). The C1/Np wratio was 1.39 * 0.05.

Chlorine oxidation of Np(IV) to Nn(V)

Five hundred microliters of 0.9 U HCl.solution containing about 2.5 mg of
neptunium vas diluted with water to 2.5 ml. The absorntion spectrum indicated 60
nercent Np(IV), 40 nercent Np(V), and less than 0.3 naorcent No(VI). Two hundred
microliters of satgrated chlorine water was added. The resulting solution vas:
0.17 M HC1, 0.0057 M Cl,, and 0.0150 }{ 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 microliters more of saturated chlorine water
was added. T-»ble IV shows rate of disappearance of the Np(IV) as indicated by an
absorption spectrum neak.

Table IV

Chlorine Oxidation of Np(IV) to N»(V)

Volume 2.90 ml
Np(V) 0.0091 M
HC1 0.13' 11
Cls 0.0%4 I
Time Np(IV) Concentration
(minutes) (snectrophotometric density)
0. 0.119
1.7 0.114
2.7 0.106
4.3 0.105
7.0 0. 097
9 0.090
12 0.030
16 0,069
21 0.057
143 0.000%*
173 0.000
203 "'Oo 001

* Oxidation essentially complete(99 percent) in about two hours.
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The solution described in Table IV was laheled stock solution II and used for
runs A-14. The comnosition remained at sreater than 98 percent Np(V), less than
2 percent Np(IV), and less than 0.4 percent Np(VI), as shown by periodic checks
over an interval of several months.

New Np(V) absorption neak at 10980 A

During the oxidation exneriments a new Np(V) absorption peak was discovered
at 109380 A in the neér infrared region. Its molar extinction coefficient is
apparently close to that of the 6190 A NP(V)_weak, since the densities of these
two peaks were about the same in various solutirns. Table V indicates the relation
ship betweén wavelength and spectrophotometric density for the new peak in stock
solution IT. The slit width had to be varied between 0.03 mm and 0.52 mm during
the determination, each settins being the minimﬁm possible. Around the peak the
width was kept constant at 0.070 mn. The peak is not as sharp as the 9360 A
Np(V) absorption 1line, but the occurrence in a region vhere 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 the new peék can e used quanti-

tatively.,
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Table V

New Np(V) Absorption Spectrum Peak at 10930 A

Wavelength Spectrophotometric Wavelength Spectrophotometric
(Angstroms) Density* (Angstroms) Density*
10500 0.010 10990 0.283
550 010 11000 .280
600 » 009 020 . 267
650 . 010 050 «R25
700 011 100 145
750 w016 150 ' .093
300 . 025 200 . 069
350 .075 250 »053
300 162 300 «043
920 w230 350 .037
940 - « 245 400 T .032
950 .28 500 .026
9260 .37 600 023
970 238 700 .023
#**950 . 294 12000 021

#*One em cell used with 0.0140 M Np(V) solution.
**Poak
Bun_4
Apparatus 2-B (See page 9 and Fig,”B)was used for this and the following two
runs, Thrée microliters of stock solution II was pipetted into 50 microliters of
0.2 M HC1 solution in-a reaction thimble and the pipet rinsed several times. The
thimble was inserted into the reaction system and solution was slowly evaporated
over a neriod of 20 minutes by the gradual application of wacuum. After dry air
was let in the system, 100 microliters of sz M H2804 solution was added to the
residue, and the thirble removed to the titration apparatus. The C1/Np ratio was
found to e 1.39 t 0;03.
Run 5
Three microliters of stock golution II was tronsferred to a new thimble and
evaporated in 10 minutes. The system, vnder 0.1 mm “ressure, was hcated to 200o C
in 30 ninutes and cooled to .1500 C in 15 minutes. The pressure was reduced to

about 1 x lO"4 mm and cooled from 150° C to lOOO C in 15 minutes. Titration and
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al~ha assay on the ontire samnlc showed Cl/ilp was 2.36 L 0.05. 1o aegtuniuvm was
lost in the heating cycle.
Run 6

Three micrcliters of stock solution II was evanorated as in Run 5 and dried
for 30 minutes at about 0.0l mm pressure. Carbon tetrachloride vapor, at a
pressure of agbout 100 mm* was allowed to £ill the system. The temverature of the
reaction thimble was raised to 300° € in 20 minutes, kept at 300° € for 10 minutes
more vhile the system was flushed several times with fresh carbon tetrachloride,
and cooled down to 100° C in 30 minutes. A determination of the C1/Np ratio
showed 2,77 * 0.05. An 80 percent loss of activity from the thimble was noted,
only 20 percent of the neptunium being found in the thimble after the nrevaration
cvele.
Run 7

Forty-five microliters of stock solutinn II, containing ahout 150 micro-
crams of nentunium, was used. Apparatus 2-C (See nmage 9 and Fig 2C ) was em»loyed
for this and all subsequent runs. The solution was slowly evaporatod over a
period of several hours by gradually applying a vacuum., For transferring scranings
to the x-ray capillary a new technicue was used to prevent the attack of the
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 dry benzene
poured in to cover the yellow-grcen crystals, and scraping carried out under the
benzene surface by means of & long flexible olatinum vire. The cell was again
attached to the vacuum system, the benzene pumped off, and the product dried in a
vacuum of 1 x 1072 mm for 23 hours. The x-rey spocimen was sealed off and examined

by x-ray diffraction. No lincs were visible in thc picture. The Cl/N» ratio

Ao
7%

normal vapor pressurc of the liquid at room tcmperature.
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as determined on nart of fthe material as 1.45 and 1.45, -ith an average of
1.46 : 0.07. The absorptinn svectrum showed srecater than 93 nercent of the
neotunium to be Np(V). |
Run 3

The evaporation of 50 microliters of stock solution IT was carried out
over an interval of one hour, he yellow=-groen crystals were further dried for
2 honrs at 1 x 1074 and 30 minutes at 1 x 107 mn. After transferral under
benzenc the product looked slightly deliquescent, so a drying for 20 minutes at
1 x 107> mm was introduced. The aressurc was kent at 1 x 107 - as the temnera-
ture was increased from 25° C to 115° C over an interval of 10 minutes, kept at
115° € for 15 minutes, and decreased to 25° C in 20 minutes. Microsconic examina-
tion at this »noint showed a gold-yellow product in the capillary. Carbon tetra-
chloride vavor was introduced and the mnterial slowly hecated to 360° C in 75 -
minvtes. After the thimble was cooled to 3300 C, a vacuum of about 1 x 10-3 mm
was pumped on the system for 10 minutes; during this time a yellow sublimate
avpeared at the edge of the furnace. Gaseous carbon tetrachloride was again
added and the furnace temmerature raised from 330-390° C in 10 minutes. The
color of the sublimate anpear~d to have changed into a tan. Anplication of
a vacuum of ahout 5 x 1074 rm at 3850 C for 5 minutes caused denosition of red
crystals. This new sublimate tailed off into the previous deposit which was now
browm. The system was cooled and the capillary sealed off in two sections, one
containing the amber-brown "ieces of residue, and thé other the red sublimate.
X-ray nowder nictures of each showed new vatterns (See Tables VI and VII), the
two “elng different from each other and from any »reviously known nentunium

comnound,
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Table VI

X-ray Diffraction Pattern®* of Run J Residues

] Visual 8 . Visual
- (degrees) Intensity (degrees) Intensity**
10.382 w 31.24 M
14,46 M 33.42 Mo
16,8 w 34 37 M
17.63 W 36.65 W
18.23 S 37.956 M
19.21 W 39,47 W
1¢.31 S 40,52 v
23.58 w 41,75 W
24.21 w 52417 w
24.34 M 57.17 W
27.22 W 53,12 v
23.10 0] 60.46 W
29.62 M 64.23 w

* Film no. 545
*¥% VS wvery strong, S strong, M medium, W weak,
VT very weak

Table VII

X-ray Diffraction Pattern of Run O Sublimate

e Visuval ’ e Visual
(degrees) Intensity (degrees) Intensity
7.27 M 15.01 it
7.8 M 15,61 v

16.56 S 27.3 W
21,35 M 23.29 W
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 Cb015

Run 9 :
Fifty microliters of stock solution II was evaporated in 10 minutes, dried
at 6 x 10™% mm for 40 minutes, and sealed off in benzene. The product was a

mixture of light green . and dark green crystals. Two different pieces of product
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were sealed in @parate capillaries. Powder diffraction patterns revealed each to
be a new pattern (See T-bles VIII and IX).

Table VIII

{-ray Diffraction Pattern* of Run 9 Residue (A)

8 Visual e Visual
(degrees) Intensity (degrees)  Intensity
3.52 S R4.73 k)
10.07 S 25,26 W
10.39 M 25,6/ M
12.22 VS 26,61 W
13.08 - M 23,40 M
13.87 S 30.96 W
17.43 3 31,78 M
18.65 S 33,56 M
20,48 M 36,50 I
22,6/ S 37.13 M
23,65 s 33,12 W

# Film no., 566
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Table IX

X-ray Diffraction Pattern* of Run 9 Residue (B)

e © Visual e . Visual

(degrees)  Intensity (degrees) Intensity
16,80 Ve 34,80 W
14.01 M 36,05 W
15,43 M 36,63 W
16,68 W 33,14 W
17,89 S 38.64 W
19,36 jZ8 39.47 w
21.10 kil 40.39 M
22.15 M blia21 M
23.23 M L5.16 v
24,15 M 47,67 Vi
25,11 W 50.69 w
26,00 W 54.85 vw
26,79 W 57.17 W
27.36 W 59.24 W
23,38 M 60.03 ¢
29,97 " 61.91 VA
30,76 W 63,11 W
32,41 M 68.71 Vi
33.18 VAl 73.54 vy
34.07 W

#* Film nos. 536 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 ¢ = 7.52 A.

Run 10

The chloride solid prepared by the usual eVaporation‘technique wes treated
alternately with carbon tetrachloride vapor and high vacuum st 25-500° C over a
period of 17 hours; No sublimate appeared until a temperature of 4500 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 NpClA, the light yellow to be Np02. The flaky golden

residue gave the pattern of Np02.
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Run 11
The usual preliminary treatment gave a dry oroduct which was further dehydrated

in a vacuum of about 5 x 10™% mm at 130° C for 20 minutes. Alternate treatment

with carbon tetrachloride and with vacuun (104 mm) over the interval between 130

and 400° ¢ during'a period of 7 hours produced no sublimate of any kind. Thn

clear, glassy-appearing golden-yellow rosidue gave the NpO2 pattern.

Run 12 |

In this and the following two runs chlorine containing a trace of carbon

‘ tetrachloride was used, The usual solid gtartinz material was allowed to stand

for 45 hours in chlorine, the gas being at a npressure of 400 mm. Drying consisted
of heating the salt for 15 minutes at 110° C in the chlorine. The temperature
was roised to 6000 C over an interval of 6 hours. At 450O C a small amount of
yellow sublimate formed, whle at 550° C an iridescent gray crystalline deposit
was noticed at the edse of the furnace. At the end of the run there was a very
faint.white cloudy deposit beyond the gray material, none of *he yellow sublimate
being left. ZX-ray examination showed that the yellow residue was NpOy, but gave
no lines for the gray sublimate.
Run 13

As usual, 50 microliters of stock solution II was evaporated to drymess in
5 minutes and dried at 107 mm for 460 minutes. Aft-r the benzene fr?nsferal,
the material in the capillary consisted of 1light olive-green clumps of apnarently
very fine crystals. The salt was exposed to a vacuum of lO—4 mn while it was

dried at 145°C for five minutes,

heated to 145° C in five minutes,acooled to 120° C, and exposed to a mixture of
carbon tetrachloride vapor (125 mm) and chlorine (15 mm). The material was
allowed to cool slowly to room temperature and remain in contact with the gas
for 16 hours. The solid was heated to 200° C in 45 minutes, the chlorinating

mixture replaced by another containing chlorine at 600 mm pressure and a trace
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of carbon tetrachloride, and the temperature raised to 225° C in fifteen minutes.
At this point a red crystalline sublim-te began formins. The temperature was
slowly increased to 2400 G over an interval of A0 minutes, but no further amounts
of sublimate were formed. The residue was examined microscopically and found to
nossess the same green color, but in addition the capillary contained a small
anount of scattered red crystals. Further treatment with chlorine at 2450 C
vroduced more red crystals. A third treatment at 150-440° C over two hours gave
no further sublimate. Most of the original starting material was still nresent
in the residue at this point, the color of the latter was still yellow-green. The
system was allowed to stand for two cdays., At the end of this time, the orange
crystals had turned yellow-green and a small amount of some liquid had formed.
The liquid is believed to have been carbon tetrachloride, or possibly moisture,
since the pressure had risen to atmospheric. The system was pumped for 90
minutes, the temperatur: raised to 150° C in 30 minutes and kept at that temn-
erature for 20 more minutes. During this procedure the original oran~e-red
color of the crystals returned. The system was exposed to chlorine and the
tennerature of the furnace was slowly raised to 400O C. No further sublimate form=-
ed. The orange-red sublimate gave no x-ray diffraction pattern. The gold-tan
sublimate gave what is apparently a new and unknowm pattern;
Run 14 -

After the usual evaporation, the material was dried at 11M° C for 30 minutes
in a vacuum of 1 x 10'4 mm. The x-ray diffraction patﬁern on this specimen con-

tained six very “aint lines of another unknowvn nattern,
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Fig, 2-A First high vacuum preparative arfangement
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Fig. 2-B Second vacuum line arrangement.

These detalls.supplant those occurring
within the dashed line area of Fig. 2-A.



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 appafatus.
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