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ABSTRACT

UNCLASSIFIED

Optical and morphological oharaoteristics of thirty seven

oompounds of plutonium studied by methods of optical crys-

tallography are desaribed. ‘Theuniform method adopted for

reporting such data is disoussed,

.
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INTRODUCTION

A syetematio study of optical and morphological character-

istics of plutonium compounds was begun in l&rch 1948. The

primary object of this work was to oollect data which would

permit the use of a polarizing microscope for the identifi-

cation and study of such compounds in unknown samples. TM 8

report covers the work oompleted to date. It is planned to

continue this study of plutonium oompound8 and to report’-

additional data obtained from time to time.

HEALTH PRECAUTIONS

It is necessary that extreme care be taken when handling

plutonium oompounds. The reader is referred to the instruc-

tions given in “Health Program for D Building Laboratory

Area” printed September 15, 1947 and the special precautions

given in the LA Report 416. These reports cover protective

clothirig,respirators, use of dry boxes and similar infor-

mation neoessary for safe handling of radioactive materials.

It is essential that the operator take every precaution to

avoid inhaling or ingesting plutonium even in the most min-

ute amounts.

-5- UNCIASSIFIEJ
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METHODS

?
S*andard methods of petrography and ohemioal microscopy (1),

(2 M5)J41
w~re used in thi8 investigation exoept a8 fol-

10W6S Determination of refractive indioes of radioactive

substanaes,by the immersion method necessitated the use of
●

speoial microscope objeot glasses made by

Corporation. These slides had an annular*

inside diameter, 3/32 inoh wide and about

the Fish-Schurman

groove, 3/8 inch

1/64 inoh deep...

ground into one surfaae. By

liquid, the groove prevented

from reachingthe edge of the

taking up the excess immersion

the radioactive contamination

oover glass. For use on the

..

universalstagethe edge of the oover glass was oemented to

the slide outside the groove with sodium silicate. The

double var~ation method was not u6ed partly becau8e of the

unavailability of sane items of equipment, but chiefly be-

cause some problem8 of adapting this method to the handling

of radioactive substances have not yet been 8olved.

The oharacteri8tio ab80rpti.onspectra of plutonium oompoundi?i

suggest a wider use ofthe miorospeotrographthan i8 oommon

in studies ofthis kind. The only instrument available for

the 8tudy of absorption spectra of individual orystals was

a Kaitz prism miarospeutrometerwhich proved quite useful in

UNCLASSIFIED
-=iium m.’
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spite of its limitations. An attempt is being nnde bo

obtain a more suitable grating mioroupectrograph, such

aa desoribed by Jelley(5) for future studies.

\

.

I
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PRESENTATION OF DATA

The following is an outline giving the order in whioh data

are presented, the conventions adopted and notations used.

In a general way reoommendatione of the Armour Researoh

Foundation for presenting crystallogra~hio data
(6)

have been

followed with some amplifications, though in some particulars

deviations from the recommended procedures seemed advisable.

1 a. Name of Compound and Chemical Formula.

‘7) designations have been followed in this re-Cunninghamts

t speot when oompounds have been prepared according to the

method given in this reference unless definite evidence for

a different id~ntification is available. In acoordanoe with

oommon usage Cunninghamts designation “plutonium (VI) dioxyfl

for PU02 has been ohanged to “plutonyl”. Some oompounds,

not listed by Cunningham, have been prepared the identifica-

tion of whioh appeared certain because of isomo~phism with

known salts of other elements. In etill other cases the

basis ~or identification, suoh as method of preparation,

chemical properties,eta., is given.

1 b. Method of Preparation is desoribed briefly with ap-

propriate references.

1 c. Isomorphous Relations to oompounds of other elements

-8-
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are stated. Note ia also

2. Crystal Morphology:

made of any polymorphism observed.
—

Up to now no goniometrio measure-

ments have been made on orystals of plutonium aompounds.

Because of the necessity of working with small amounts of

material it is probable that in the future such measurements

will be feasible only in a few cases of oompounds crystal-

lizing with exceptional ease. For this reason, and in order

to facilitate the description of orystal habit and optic

orientation, it seemed desirable to present whatever crystal-
.

lographio data could be secured from miaroscopio observations

and angle measurements on thestage, even though the values

determined be of low preoision.

2a. Crystal System can usually be determined by a combina-

tion of miorosoopio observations of crystal form and optioal .
. P

properties. In cases of doubt the system assigned is that

of highest symmetry consistent with observations,and is

then prefixed by the adverb “probably.” Thus, “probably
.

monoolinio” signifies that the oompound may crystallize in

the monoclinic or triclinic systems but not in the orthorhom-

bio or in systems of higher symmetry. Rhombohedral crystals ““

are regarded as belonging to a system separate from the

hexagonal, and are characterizedby the angular parameter

alpha (~). If hemihedral development is ob8erved the

.

-9-
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orystal olass is given; otherwise it is to be assumed that

no observations have been made whioh are inoonsiatent with

regardingthe compound as crystallizing in the highest sym-

metry olass of the given system.

2 %. ldorphologicalElements, unless otherwise stated, are

based on measurements under the microscope and, as noted

above, are to be regardedas rough approximations. The con-

ventional elements (~ $ Q : ~~ &$

.,

~J~ ) aregiven

And, in addition, suoh interzonal angles as are particularly

oharaoteristic of the appearance of orystals under the mioro-

soope. The extended Naumann rule (o<a <b), amplified for-.—

triolinio orystals by the rule suggested by Donnay‘8) (~and

B obtuse), is generally followed except when auperceded by

the oustomary orientation of the unique symmetry axis (~ in

the tetragonaland hexagonal systems, Q for monoclinic cry-

stals).

In case of aimple crystals, often encountered in the study

of the less soluble compounds, the crystal is set up in ac-

cordance with habit, the axis of greatestextensionbeing

seleoted as the c - axis, and the best developed pair of

faoes as intersectingthe b - axis only. This is at vari-

anoe with the recommendation of the Armour Research Founda-

tion(6) that “inno case will tie choice of crystallographic

-1o-—.=mmmi@
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axes be baaed on oryatal habit,” but is founded on”the law

of Bravais whioh states that best developed faces conform

to lattioe planea with greateat interplanar apaoing. It

.followa as a corro~ary that best developed zonds in a orys-

,talcorrespond to lattioe lines of greatest point densitiy,

‘whiohbrings the convention adopted into harmony with the

extended Naumann rule (o<a<b). In the absence of X-ray---

atruotural data and in oases of form underdevelopment this

‘appearsto be the only basis for orienting orystala.

In oases of more oomplete development of crystal forms the

.prinoipleof aimpleet indioes and Barker~s rules
(9) ~8

.

modified by Terp8tra, Ilonnay,M$lon and Van ‘Weerden(lo) ~rd
.

generally followed in setting up crystals. An exception may

be &ffdrded by a crystal which is

and whioh iIBoriented conformable

to the higher symmetry class from

an derived by a small homogeneous

evidently pseudo-symmetrio

to conventions applioablo

which it may be thought of

transformation.

2 a. Crystal Habit is desoribed as equant, tabular or platy,

prismatio or aoioular, and bladed. When possible this is fol.

lowed-by the listing of observed oryBtal forms. Observation
,

on twinning, oleavage, striations and other growth accessories.

are inoluded in this section.

..



The oustomary conventions are followed in the use of Miller

symbols whiah are enolosed in parenthesis to design~te a

cry~ta~ face (h k 1), in braoes or curly brackets to indioate

a urystal form or seti of equivalent faces {hkll. ‘quare

[1braokets are used to designate a sone axis u v w , and

carets for a set of equivalent zone axes <uvw>. Unen-

closed Miller indioes are used in crystal drawings. Any

angle designations between fdoes such as (h k l)A(H K L)

refer to polar angles, i.e. to angles between face normals.

Letter notations for orystal forms follow the Earker oonven-

{3tions and in most oases conform to general usaget a 100 ,

3* Optical Properties.

3 a. Optical Charaoter is designated as i80tropic, uniaxial”

positive, uniaxial negative, biaxial positive or M=ial

negative.

3 b. Optio Axial Angle is measured in the orystal and is

designated by 2V. Unless otherwise stated its value 5.sde-

termined for sodium light (5893A). Its magnitude is either

estimated in which ease it is followed by the notation

‘(estimated),” calculated from the indices of refraction,

..



which ia expressed by ‘(oalculated),n or measured direot>y
&

on the universal state or by Mallard’s method, this being

designated by ‘(measured).n

3 a. Optio Orientations X, Y and Z are used to express the

vibration directions oorrosponding to tihelow, intermediate
.

and high prinoipal indi.oesof biaxial crystals. Their rela-

tion to the orywtal axes is noted. For monoolinio crystals

Xfi~=~ signifies that the X axis of the indicatrix makes

an angley with the crystallographico - axis. In the tri-

olinic system the orientation of the indioatrix is given by

angular coordinates (polar~and azimuthal $) of the direc-

tions of X, Y and Z on the stereographic projection of the

crysttilin conventional orientation. When available data do

not permit orientation of the indicatrix, extinction angles

to prominent orystal edges

recorded.

In uniaxial crystala O and

directions of the ordinary

on commonly ooourring faces are

.

E refer respectively to

and extraordinary ray.

vibration

3 d. DisDer8ion of o~tic axes is exwres8ed as V*r (oDtio
● ✎ ✎☞

angle greater for violet light than for red light) or r> v,

and is further qualified by adjectives: perceptible, distinot,

strong or extreme. Dispersion of bi8ectrioes (oroaaed, in-
.

clined or horizontal), arossed dispersion of the axial plane,A
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abnormal interference colors are also noted in this seotion.

3 e. Indices of Refraction, unless otherwise etated, have .

been ~etermined by the Be~ke method using sodium light

(5893A), and witha degree of accuraoybel$eved to be of the

order of one or two units in the third deoirualplace. If,

due to the small size of cry8tals, their

or other unfavorable

uould not be reaohed

In uniaxial cry8ta18

of refraction of the

oiroumstances, this

hygroecopic nature

degree of acouraoy

the estimated limits of er”rorare 8tated.’ -

No and Ne refer respectively to indioes.

ordinary and extraordinary ray. For

I

biaxial crystals refractive indioes corresponding to the X,

Y and Z direotion have been designated by symbols-lip,Xm and

Ng. When thought advisable indices corresponding to promi-

nent oryatallographio directions or to extinction position8

on prominent faces are also given. The above ohoice of .

symbols conform to the usage of A. N. Winohell in his three

monumental compilations of data on optical properties of

(3),(11),(12),but is ~on-
minerals and artificial uompounds

trary to recommendationsof the Mineralogical Society of

AmericJ13) and of the Armour Research Foundation(6), both

c!fthese bodies adopting the symbols& ,fl
.

tive indices of biaxial oryatals,Cd and~

tals. It may be noted in thi8 oonneotion

and 7 for”refrao-

for uniaxial ory8-

that the editiors



I
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“ of the new edition of Dana’s ‘System of Mineralogy~(14) also
i-
1

have not followed this recommended usage “largely for’typo-

graphioal reason8 and beoau8e the Greek letters~,~andy

are muoh overworked as designations for physical constants.”

~fortunately, the admirable system adopted in Dana which
I

avbids any special notation for the different indi@8 is not

fell adapt;d for presentation of fragmental data. Symbols

~~ ~ nfland npused bY VOn Groth and some other authora is

.not apt *O lead to oonfusion with orystallographionotations

,butwere,rejeoted for typtigraphicalreasons.

‘3f. Color”of the compo~d in bulk, in refleoted or trana-
1 .

~mittedlight, with observations on yleochroism and absorption
I

~formulae. When available, ob8ervation8 on absorption speo’tra
!
of crystals are also included.

Il. Plutonium (IV) Dioxide. Pu09.

,,

Prepared by ignition of the metal.

(;

I

Crystal Morphology; Isometric. The X-ray struoture of this

(17)
compound has been worked out by Zachariasen , (pp. 7-8).
*
The sample examined consisted of anhedral grains.

.

,.
Optioal Properties:

.
Isotropic or weakly birefringent (due

to strain ?). Refractive indices; N(5893A) = 2.402;

N(670t3A)= 2.350 tO.005. Color of streak yellow, green in

transmitted light.

..,. —_ -15-
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x’ 2. Plutonium (IV) Peroxide. PU03.

Two types of plutonium peroxides are recognized from X-ray
# (15,16)

diffraction atudiea and their behavior in precipitation .

The references oon8ulted are not in agreement a8 to the con-

ditions controlling the formation of the two types of peroxides.

Plutonium peroxide was preoipltatedwith exoesa H O from
22

1 MHC1, 3 MHN03, 0.126 ~and 0.25 ~H2S04. These precipi-

tates were undistinguishable under the microscope, though the

poor orystal development and small size of individuals, rare-

ly exceeding one mioron, made it impoiasibleto obtain more

than fragmentary data on optioal properties.

oipitates formed in 0.5 I& 1 ~ and 2 ~ H2S04

dominantly of the same phase as far as could

Peroxide pre-

oonsisted pre-

be *ascertained

under the miorosaope, but oontained,

soribed under(3).

Morphology: Anhedral granules. The

in addition, orystals de-

larger particles exhibit-

ed a tendenoy towards prismatio development.

Optioal Properties: Weak birefrin,genceobserved only on the

larger particles,whioh were further

I extinction and positive elongation.

1070. Color emerald green.

oharaoterized by direot

@an refractive index

-lt3-
.,-—.-.:._< —.
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K 3. Plutonium (IV) Peroxide Sulfate (?).

Samples of peroxide precipitated from sulfurio acid solu- 1
*

tions of concentrations exceeding 0.5 ~ H2S0400ntained in

addition to the normal peroxide deecribed under (2) thin

scales of what may be

lative amount of this

concentration and, up

plutonium peroxide sulfate. The re-

phase increased with increasing acid

to a certain point, with the time of

digestion.

aggregation

oxide which

The-plates appeared to have been formed by

and assimilation of granules of the normal per-

were at times observed as inclusions along the

edge of,a plate. Unlike the normal peroxide these crystals

were not stable on washing, breaking up into floes or aggre-

gates of granules such as described under (2).

Morphology; Thin plates with irregular outlines and a

scaly structure.

Optical Properties; Biaxial negative with a very small

angle (2V=5°, estimated). The acute bisectrix is normal

optic

to the

plates. Refractive index: Ng sensibly equal to Nm=l.585t0.005.

J 4“ Plutonium (111) Tri-Fluoride. ‘3 “

A sample of this oompound was supplied by Group CMR-11.

Crystal Morphology: Known to crystallize in the hexagonal

-17.
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8yatem from X-ray diffraction studies(17), (pp. 11-12).
.

The sample examined oonsisted of anhedral grains and fibrous

aggregates without developed crystal faces. The individual

cry8tals comprising the aggregates were elongated parallel

to the c - axis.

Optical Properties: Uniaxial positive. Refr~otive indices:

No = 1.684; He = 1.685. Color blue, not noticeably pleochroic.

{

/ 5. Plutonium (IV) Tetra-Fluoride. P@L.

(YA sample of this compound was supplied by G~oup CMR-11.

Crystal Morphology: Known to be monoclinic from X-ray

‘17),(pp. 12,13).fraction stu~ies The sample examined

riistedof extremely finegrained unoriented aggregates.

dif-

con-

Optical Propertief3: Because of the fine size of the individ-
k

ual crystals only the mean index of refraction could be de-

termined: Nm = 1.595. Color reddish brown.

t

I/ 6. plutonyl Di-Chloride Hydrate. pu02C12. x~O.
,)\-/ >

Prepared by repeated evaporation of a Pu (VI) nitrate solu-

tion to dryness with hydrochloric acid. The above formula

(7),,(P ~3)
has been as8i&ned to this compound by Cunningham . .

.

It is, however, poaaible that an
\

U02C12.HC1”2 H20 is formed under

I - 18

acid,salt analogous to

these conditions.
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Crystal Morphology: Orthorhombic. Priamatio or bladed,
.

elongated along [000 [1, flattened on 010 . Dendritic

growtha common.

Optical Properties: Biaxial negative with 2 V z 40°

(estimated). Optio orientation:X = ~~ Y ~ b, Z z o.

Dispersion of optio axes r>v weak. Rei’raotiveindices:

n 1.700; Nm : 1.684; Np = 1.650. Color in bulk amber.Ng

Strongly pleochroicwith X = very pale pink, y ~ yellow,

z z greenish yellow.

d 7. Di-Cesium Plutonium (IV) Hexa-Chloride. C82PUC16.

Prepared aocording to Anderson
(18)

by spontaneous evaporation

bfa solutiem containing 160 g.p.l. Cs and 40 g.p.l. Pu (IV)

in 1 M HC1. The orystals were washed twioe with ethanol and,

.-
finally, with acetone. Anderson “regarda this oompound

as a salt of ohloroplutonousacids H2PuC16.

Crystal Morphology: Rhombohedral. The X-ray structure ha8

(19). Crystal habit: Basalbeen worked out by Zachariasen

plates with hexagonal outline and ~rfect basal cleavage.

(Figure 10). “
●

Optical Properties: Uniaxial negative; in part anomalously

biaxial with the optic axial angle varying from a few de-
“<-. ,

grees to 22°. Single plates exhibited irregular biaxial

—.

.
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areas with axial planes at right angles and separated by a .

uniaxial zone. Refractive indices: No = 1.728 A 0.003,

Ne = 1.699. Color greenish-yellowin bulk and by transmit-

ted light. Not noticeably pleochroic.

8. Ammonium Plutonyl Tri-Ni}rate. NH4”PU02(N03)3●

Prepared by oxidizing a solution of Pu (IV) in nitric aoid,

with KMn04, making the solution 8 M in NH4N03 and 2 M in—

HN03, extracting with diethyl ether, separating the ether

layer and allowing it to evaporate over water. After evap-

orating the aqueous solution to dryness, the residue was

taken up with water and the compound recrystallized from

the resulting solution which was orange-pink in oolor.

Cunningham(’), pp. 40-41) deBoribes the salt formed in the

above manner as plutonium di-oxy di-nitrate, giving “method

of preparation” as the basis for this identification. He

notes, however, that “probably a considerable amount of both

NH4N03 and HN03 were carried over from the initial extrao-

tlon.” The salt obtained was not isomorphous with either

U02(N03)2*6 H20, U02(N03)2”3 %0 or U02(R03)202 H20 but was

isomorphous with ammonium uranyl tri-nitrate, NH4”U02(N03)3.

Furthermore, the compound gave a strong miorochemiaal test

for ammonium with chloroplatinic acid.

Crystal Morphology: Rhombohedral with @ z 96°. CrYstal

habit is equant by equal development of r[100], a [1011 and

-20-
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[3s 110, the latter form striated parallel to

<100> (Figure 1). Subordinate forms observed

the edge

[1were o lli ,

0 ~lll]and ~0~ . Dendritio growths oommon.

Optioal l?ropertieu~ Unia.x~alnegative. Refractive indioes:

No = 1.649s Iie= 1.488. Color in bulk orange-brown. .In

transmitted light strikingly pleochroio with O z green,
. .

E= pink.

Di-Ammonium Plutonium (IV) Hexa-I?itrate.(NH4)2pu(N03)6.

Prepared by evaporating spontaneously a 1 y ~03 solution

(7)
containing (NH4)2 and Pu (IV) in stoiohiometric proportion ,

(p.96), This salt belongs to a group of’isomorphous oompounds

whioh also inoludes double nitrates of plutonium with potas-

sium (10), rubidium (11) and thallium (12), a$”well as

(NH4)2Ce(N03)6and K2Ce(N03)6whioh are listed by Groth(20),

(VO1.II,pp.159-161). Th# corresponding double salt of plu-
.

tonium with #odium oould not be obtained, sodium nitrate

crystallizing

The plutonium

talline mass.

from nitrio aoid solutions of Pu (IV) and Na.

nitrate remaining dries to a plastio non-orys-

U

Crystal Morphology: Monoclinic, domatio (class& or C~).

Groth lists the corresponding cerium salt as monoclinic, ~

pyramidal. Elements$ a:b$o z 1.87zlzl.16$~ near 90°..—.

Wpiid =63°$[d/@iJ = 49o. Crystal habit tabular,

. -21-
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[1 [1flattened on b 010 or prismatio, elongated along 101 ‘.

‘“m”nformsbesidesbarer0°’3%WJR[X39
Rl ~101], a ~00] and m ~110] (Figure 2). The complimen-

tary forms al ~i00~ and ml t3i10 are ooca8ionally developed

in crystals of outwardly holohedral appearanao. Twinning,

simple or repeated, common on ~lo~and~fi]. Themocit

usual appearance of orystals is that of roughly hexagonal

:.3plates flattened on oommon b 010 , twinned polys~theti-”

tally, with three sets of interpenetrating lamellae

(Figure 12,13).

Optical Properties~ Biaxial positive with 2 V z 55;

(estimated). Optio orientation; Z = ~, XAa : 81°. Dis-

persion of optio axes vzr distinot. Strong crossed disper-6

sion Of the bisectrioes XrAIOO~? XvAIOO~ , aa ~ result

of whioh plates normal to Z exhi~t anomalous interference

colors: ultra-blue as the position of maximum extinction in

white light is approached from one side, and olive-green on

approaching extinction from the other s$de. Refractive

indices; Ng = 1.663; Nm = 1.639; Np = 1.633. Color pale
●

‘green with absorption Z > Y7X.

‘d 10” Di-Potassium Plutonium (IV) Hexa-Nitrate. K2Pu(N03)6.

Prepared by evaporating spontaneously a 1 M HN03 solution

containing K and Pu (IV) in stoiahionetrio proportion. .
2

-22-
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The compound isisoawphouawith (NH4)2Pu(N03)6 (9). .

Crystal Idorphqlogy$ Monoclinic, dunatic. Similar in habit

to.di-ammonium plutonium hexa-nitrate.

Optical Properties: Biaxial positive with 2 V z 56°

(estimated). Axial plane and Z are normal to the ~ymmetry

plane. Distinct dispersion of optic axes vzr, and strong

crossed dispersion of the bieeotricea. Refractive indices$

Ng z 1.658; Nm E 1.633; Np =1.625. Color pale green with

absorption: Z>Y7X.
.

J 11”Di-Rubidiun Plutonium (IV) Hexa-Nitrate. Rb2Pu(N03)6.

.

Prepared by evaporating spontaneouslya 1 M HN03 solution

containing Rb2 and Pu (IV) in atoichiometric proportion:

The compound is iaomorphous with (NH4)2Pu(N03)6 (9).

Cry6tal blorphology$ Monoclinic, domatic. Similar in habit

to.di-ammonium plutonium hexa-nitrate.
.

Optical Properties\ Biaxial positive with 2 V = 60°

(estimated). Axial plane and Z are normal to the symmetry

plane. Distinct dispersion of optio axes v>r, and strong

crossed di8per8ion of the bi8ectrices. Refractive indice8:

Ng = 1.660; Nm = 1.630t 0.003; Np = 1.621. Color pale

green with absorption Z7Y7X.



~“’ 12. Di-Thallous Plutonium (IV) Hexa-Nitrate. T12Pu(N03)6.
.

Prepared ‘byevaporating spontaneously a 1 M HN03 solution

containing T12 and Pu in stoiohiometrio proportion. The

oompound is isomorphous with (NH4)2PU(N03)6 (9).

Cry8tal Morphology: Monoclinic, domatio. Similar in habit

to di-ammonium plutonium hexa-nitrate.

Optical Properties: Biaxial po8itive with 2 V z 60°

(measured). “Axialplane and Z are normal to the symmetry

plane. C’istinotdispersion of optic axes v>r and strong

&08sed dispersion of the bisectrices giving rise to strik-

ing anomalous interference colors. Refractive indioes:

Ng = 1.736 t 0.004; Nm = 1.721 tO.004; Np = 1.716 t 0.004.

~Color light green with absorption 27 Y7 X.

.
~,; 13. Di-Cesi~ Plutonium (IV) Hexa-Nitrate. Cs~pu(N03)6*

\

Prepared by evaporating spontaneously a 1 ~ ~03 solution

containing C8
2
and Pu in stoiohiometric proportion. It is

not certain that this salt belongs to the i80morphou8 series

repre8en”tedby’(NH4)2Pu(N03)6 .(9).

Crystal Morphology: Monoclinic, No evidenoe of hemihedral

development wa8 observed. Unlike the other double nitrates

of plutonium with alkali this salt d0e8 not form polysynthetic

twins but ooours as pseudo-hexagonal plates, flattened on “

,
-24-
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b [010~, whioh

posite sextants

are cyclia penetration trillings with op-

extinguishing alike.

Optical Properties: Biaxial positive with a snualloptic

angle, 2 V = 16° (estimated). The axial plane and Z are

normal to the symmetry plane. No perceptible dispersion of

bisectrioes or of optio axes. Ret’raotiveindioea: l?g= 1.657;

Nm = 1.621; Np = 1.620. Color light green.

v 14. -esium Plutonium (IV) Hexa-l?itrateOtto-Hydrate.

MgPu(N03)6.8 H20.

Prepared by evaporating spontaneously a 1 ~ HN03 solutionb

containiz,gMg and Pu in stoichiometric proportion. This

compound is a member of a group of isomorphous salts, which
●

also inol.udesdouble nitrates of plutonium with zinc, cobaltD

niokel, as well as the salts MgCe(N03)6.8 H20, ‘nCe(R03)6”8

(20)
H2Q, M.gTh(~03)6.8H20, ZnTh(N03)6.8 H20, NiTh(N03)6.8 H20

(vol.II,pp.161-163).

Crystal Morphology: Monoclinic, tabular on c~OOl] with

p [-illj,a[100] and o ~111] (Figure 3, 11).([ilo] A

c1110 .: 920.

Optical ~?roperties: Biaxial negative with 2,V = 30~

(estimated). Optic orientation~ Z = [010~ , X is sensibly



.

normal to o ~001] . Dispersion of optio axes v > r, strong.

Refractive i&diOe8$ Ng = 1.664; Nm = 1.5,53;Np = 1.638.

Color in bulk green, in transmitted light nearly oolorlees.

v’ ’16. Zino Plutonium (IV) Hexa-Nitrate Oato-Eiydra&,

ZnPu(N03)6*8 H20.

Prepared b;~spontaneous evaporation of a 1 ~ HN03 solution

containing Zn and Pu (IV) in stoichiometric proportion.

Isomorphouswith magnesium plutonium hexa-nitrate octo-

hydrate(14).
.

Crystal Morphology Alonoolinio. Similar in habit to

mPu(N03)[j”8 H20.

.
Optioal Properties: Biaxial negative with 2 V 2 25°

(measured). Z = [010~ , X is sensibly normal to c ~001] .

Dispersion of optio axes v>r strong. Refractive indiaest

Ng = 1.670; Nm = 1.568; lip= 1.560. Color in bulk green,

nearly colorless in transmitted light.

, I’ 16. Cob[~ltPlutonium (IV) Hexa-Nitrate Ooto-Hvdrate.

COPU(~03>6”8 IizO.

Prepared by spontaneous

containing Co and

Insomorphouewith

evaporation of a 1 X HN03 solution

Pu (IV) in stoichiometria proportion.

mEL~9Ei~ plutonium hexa-nitrat6 (14).



Crystal Morphology Monoclinic. Similar in habit to

KgPu(N03)608 H20.

Optioal F’roperties: Biaxial negative with 2 V = 20°

(estimated). [3Z = CO1O] , X is sensibly normal to o 001 i

Moderate dispersion of optic axes v>r. Refractive indices:

Ng =

pink

: 17.

vi

1.568; Nm = 1.567; Np : 1.550 ~ 0.004. Color: faint

in transmitted light.

Niokel Plutonium (IV) Hexa-Nitrate Ooto-Hydrate.

NiPu(No3)6*8 ~o.

Prepared by spontaneous evaporation of a 1 M HNO~ solution

containirlgNi and Pu (IV) in stoichiometrio proportion.

Iaomorphcm with magnesium plutonium hexa-nitrate oa to-

hydrate(14).

Cryskal Morphology:

W pU(MO{l)6e8~0.

Optical Propertief3:

(estimated). Optio

normal to c ~OOIJ .

Refractive indices:

Monoclinic. Similar in habit to

Biaxial negative with 2 V = 10°

orientation: Z s [010~ , X is sensibly

Strong dispersion of optio axes v 7 r.

Ng and Nm = 1.676; l?p= 1.550 *0.0050

Color in bulk green, nearly colorless in transmitted light.

-27-. c
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‘ 18. Di-Plutonium (III) Tri-Sulfate Hepta (?) Hydrate.

,/
(’ PU2(S04)30(7?) H20.

Prepared by a procedure aocording to L. B. Asprey(21),(p.17).

A solution of PU(S04)2 was reduced with hydroxylamine and

diluted with methyl alcohol. Final conditions: Pu 23 g.p.l.;

H2S04 0.3 M; CH30H 5C% by volume. Crystalli~ationwas S1OWJ

oontintiin.gover a period of two days. The orystals were

washed with 75% methyl aloohol.

Crystal Morphology: Orthorhombic. Crystal habit prismatic

to aoiau:.arelongated along [000 , usually te~minated

tho base,,occasionally byq[O1l’ . Imperfect &sal

oleavage,~

Optical l?roperties: Biaxi&l negative with 2 V = 30°.

by

(estimated), Optic orientation; X z ~ , y = ~, Z ~ &*

Refractive indioes: Ng = 1.620; Nm = 1.618$ NP ~ 1.591.

Color in bulk lavender, in transmitted light pale purplish

blue without perceptible pleoohroism.

\
\% 19. Plutonium (III) Sulfate (’?)Triolinio Form.

/“

Some triclinio arystals were observed on wet slides in the

course cf preparing the orthorhombic di-plutonium trisulfate.

’28-
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During drying the triclinic crystals changed to the or’cho-

rhombic f’orni.(2o) By washing the crystals in absolute

aloohol tinddrying in vaouo or over methyl aloohol it was

possible to obtai~ the triclj.nicform exclusively. By intro-

ducing ws.tervapor into the’ohamQer during drying a rapid

change tc}the orthorhombic form oould be induced at will

(Figure 1.4,15). The composition of this oompound is problem- “

atical. From the method of preparation and stability re-

lations one would assume it to be a lower hydrate of PU2

(S04)3 than the orthorhombio modification. On the other

hand,’the indices of refraction of the triclinic crystals

are apprlaciablylower than the indices of the orthorhombic

hepta (?) hydrate, while ordinarily decrease in the water

if hydration of a oompound is aooompained by a rise in the

refraotiwe index.

Crystal Morphology: Triclinio. Crystal habit~ Tabular,

bounded by three pinacoida. Typical rhomb-shaped plates

“ are characterized by a vertex angle of 69°.

Optical Properties: Biaxial negative. Typical plates give

an unentered interference figure and extinction for the

slow ra~”inolined 18° to one edge in the acute angle.
,,..&,
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Refraotivo indice8 corresponding to the two OxtinCtiOn .

positions of a typicul plate are 1.591 and 1.569. Color

grayish blue. Crystals gave an absorption speotrum charao-

teri8tio of trivalent plutonium.

\

Plutonium (IV) Di-Sulfate Tetra-Hydrate.Pu(S04)2.4 H20.
d’20” —

J

#
“T Prepared aocording toH. H. Anderson

(21)
(p.27) by diluting

d
with methyl alcohol a solution of plutonium (IV) sulfate in

sulfuric acid. Final conditions Pu 20 g.p.l., H#04

2.75 M, CH30H 46% by volume.. The oompmnd is isomorphous

P1 with Zr(S04)24 H20, Ce(S04)2.4 H20 and U(S04)2.4 H20.

\

Crystal Morphology; orthorhombic. Axial ratio c : a G 0.65.

Ang1e ~~’011A@O,] .57°. Crystal habit: Bl=es ~lattened

on
L
Oloj:, elongated parallel to ~001~ . Observed forms

were the three pinacoids and the macrodorae r ~1101 . Forms

radial a~;gregates. (Figure 16).

Optical Properties: Biaxial negative. 2 V = 64°(caloulated).

Optic orientation: X = c, Y = b , Z = a. Refractive indices:

Ng = 1.685; Nm = 1.644; Np = 1.597. Color: in bulk coral

pink, in transmitted polarized light strwW p~eoohroio

with X = pink, Y = bronniah yellow, Z = green.

The absorption spectrum of this compound shows marked varia-

tims for light vibrating in different directions.

-so-
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Absorption Bands (rnillimiorons):

I

●

✌

For light Vibrating
in the Z Direotion

453 - weuk, wide
468 - weak, wide
480 - weak, wide
498 - medium, wide
523 - medium, wide

4

‘ 551 - medium, very wide
577 - strong, narrow
653 - strong, degraded to violet
675 - strong, narrow
690 - ntxrrow

For Light Vibrating
in the X Direotion

490 - strong, narrow
514 - etrong, narrow
526 - weak, narr-ow
644 - strong, narrow

650 -weak
675 - medium, narrow

Disappearance & band 577, weakening of the red bands 675,

653, strmgthening, narrowing and shift to violet of bands

551, 498, and splitting of the band at 523 into two bands

at 526 and 514 are the most striking effects on the speatrum

as the vibration direction of light is ohanged from ooinci-

denoe with Z to that withX.

I. i

I 21. Di-Ammonium Di-Plu_toqylTri-Sulfate penta-Hydrate.

(N~~)2 (pu02)2 (604)3”5 ~0.

Prepared by treating N114Pu02(N03)2 with sulfuric aoido

The oompound is isomorphouswith (NH4)2(U02)2(S04)305~0. I

Crystal Morphology: Orthorhombio with a ; b i o = 1.0:1~0.91;

(1.Ol)A(,iOl)= 86°; rI~~AIIIl] =730. -Cry~tal-habit$ Tab-
~

ular on b ~010~ with r &Olj, m {1103 and o @O1. .

.
.

.....-. .,, .,, ‘.
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Optical Properties; Biaxial negative with 2 V z 26°

v“

(eatimatei). Optio orientation: X z ~, Y = c, Z = >

Perceptible dispersion of optic axes v>r. Refractive in-

dices IQgz 1.591; Nm = 1.589; I?p= 1.565 ~ 0.004. C,olor

yellow with absorption Z z Y>X.

22. Sodium Plutonyl Tri-Acetate. NaPu02(C2H302)3.

Prepared by the method recommended by Chamot and=lkson
(22) t

(p.51) fcm crystallizing sodium uranyl tri-acetate with

which this compound is iaomorphous. ;.

@ --,
2%Q
k+.

Crystal IAorphology$ Isometrio, tetartoidal (class T or 23).\ m ~
% L-,

The X-ray struoture is given by Zaohariasen(17) (po25). \<%

k~c”
Crystal habit; Equant, tetrahedrons and oubes. -b~

%’W*

Optical Properties; Isotropio.

The orystala aro soluble in some

‘Shiliaberts Index of Refraction

Refractive index 1.618. :“~$
k &.!J ‘~

immersion oils, including .~,
-. ~?:

Liquidsn, but are stable
i.

W&-

in mixtures of “Nujol’tand alpha-mono-ohloro-naphthalene 7 u
%1

whioh were used to determine the index. Color pink. u
$

23. Sodium Zinc Tri-Plutonyl Nono-Acetate Hexa-Hydrate.

‘Q Na2n(Pu02)3(C2~02)~.6 .H20.

Prepared by the method recommended by Chamot and Mason
(22)

(p.56) for crystallizing the corresponding uranyl salt with

-32-
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which this compound is isomorphous. ‘ .- .

Crystal Morphology: Monoolinia. Simple crystals are pris-

matio, elongated along [010~with a [100], o [001] and

o.[111~ as dominant forms. Commonly ocours as simpleor

repeated twins with m [1110 as thetiinning plane. The

twins present a pseudo-octahedral appearance. A simple twin

is sketched on Figure 4.

Optical Properties: Biaxial.. The optio plane and Z are

normal to b~OIO~ . Refractive indices: Ng = 1.490;

Np z 1.486. Color pink.

24. Di-Plutonium (III) Tri-Oxalate Nono (?) Hydrate.
.

‘J *
mJc.#4)3*9i7)H.#*

d—

I%

Y

epared by oooling to room temperature

P with respect to plutonium trioxalate at

a solution saturated I

70°c.

Crystal Morphology Monoclinic. P = 114°, [i~o~A[iio]

= 87°. Crystal habit: Blades flattened on [0013andelon-
gated along ~10~ . Forms observed beside the base were

b [010~ and m (110~ , (Figure 17). The oompoundisisomorphous

’20) (vol.III,p.153).with ‘tdfdymium”oxalate listed by Groth

Optical Properties: Biaxial negative with 2 V = 78°

(oaloulated). Optia orientation: X z b_,YA [100~ = 26° in

,

.
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the acute angle ~ . Refractive indices: Ng = 1.636;

Nm z 1.579; Np = 1.602. Na parallel to ~100J ie 1.590.

Color: dark green in bulk, grass green to nearly oolorless

in transmitted light with absorption Z 7Y7X.

j 25. Plutonium (III) Oxalato-Chloride.

“J ‘-

This compound was identified in a sample of solids repre-

~~”cipitating from a solution of plutonium oxalate in hydro-

b,t”~

Y

chloric aoid. It is slowly soluble in 6 M HC1. Slowly

decompocledby water yielding aggregates of minute crystals

of pu~(t;20~)3*9H20 and a solution which gave a strong test

for the ohloride ion.

Crystal Morphology: Orthorhombic, prismatio to aoioular,

elongatl?dalong coolJ [, with m 110] and b [010] .

(Figure 20). . ~

Optical Properties: Biaxial negative. Z is parallel to

the elongation, Y = ~. Color blue, non-pleochroio. Absorp-

tion speotrw charaoteristio of trivalent plutonium with

bands at 5700, 6060 and 6700A.

26. Plutonium (IV) Di-Oxalate Hexa-Hydrate. pU(C204)2”6 H20*
—.

Prepared by the reaction of oxalic acid with plutonium (IV)

in a h~rdrochlorioaoid solution. F’inalconditions; pU 1.3 -
.

. ●
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g~P.1., H;~C204212 g.p.l., HC1 0.75 ~. The compo~d is

isomorphouswith U(C204)2.6 H20.

Crystal Morphology; Orthorhombio. Ratio c: a approximately--

0.6. Cry&tal habit: Observed as blades, flattened on ~010~,

elongated along ~00~ , terminated by [201~ , forming cruci-

form penetration twins with ~201. as the twinning plane

(Figure ~a). Usually pseudo-tetragonalby mimetio twinning,

forming plates with square (Figure

outline, the latter by development

stead of {2013 . (Figures 18,19).

5b) or octagonal (Figure SC)

[1of termination 101 in-

Optical Properties Biaxial negative with snail optio angle

(2 V estimated 50). Optio orientation: X = Q, Y = ~,

z:~. Refractive indices; Ng sensibly equal to Nm z 1.628;

Np z l*5;~3, Color pistachio green in bulk, yellowish green
*

in transmitted light. .. .“.

27. Plutonyl Oxalate Tri-Hydrate. PU02C2Q4.3 H#.
\’.,, —

‘7)(p.74) by adding oxalic
‘J

Prepared according-to Cunningham

acid to a concentrated solution of plutonyl nitrate. Ao-

‘23)(p.2$) oxalic aoid reduced hexavalent
-,

cording to Katzin

plutonium to Pu (IV). :{owever,the iaentity of the precipi-

tate as a salt of Pu (VI) was established by the study of

the a&orption speotrum of the solid. The compound is

- 35:. .—
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probably isomorphos&3

Crystal Morphology:

nearly 8quare plates

Optioal Properties

with uranyl oxalate, uo&c294.3 ~o.

Probably monoclinic. Crystal habit:

tabular on b~OIO~ .

Biaxial positive with 2 V = 500

(estimated). Optic orientation Y = b, extino~ion sensibly
.

parallel ~o the edges of plates. Refractive indices:

l?g= 1.620; Nm = 1.520; Np = 1.4980 Color in bulk tan.

Pleoohroia with Z = green, Y and X z pink. Absorption spec-

trum of the solid in bulk:
.

Wave length, Band
Mi.llimiorons Intensity

468 - 486 medium (wide)
508 strong (narrow)
517.6 weak (narrow)
520 - 533 medium (wide)
546 weak (narrow)
560 medium (narrow)
670 very weak (narrow)

:: !?
weak (narrow)
weak (narrow)

604 medium (narrow)
633.5 strong(narrow)
848 very strong (narrow)

28. Bimuth (III) Plutonium (IV) Oxalate. PuBiH(C204)409 H20?.

)—-..
~

Prepared according to J. W. Eamaker and C. W. Kooh, as ab-

‘7)(pp.83-84),by precipitation withatracted by Cunningham

oxalio tloidfrom lx, 2 y, and 4 y HN03 solutions containing

F@ (IV)and Bi in stoiohiometria proportion.

/“
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Crystal Morphology Tetragonal. Crystal habit: Prismatio

when prec:lpitatadfrom 1 and 2 ~ HN03, square basal plates

when grown in 4 M aoid.

Optical Properties: Uniaxial negative, Refractive indices:

No = 1.646; Ne = 1,51 t 0.01. Color in bulk tan, in trans-

mitted light strongly pleochroic with O z green, E = pink.

29. Plutonium (III) Succinate.
(.
\

Prepared by adding suooinio aoid to a hydrochloric aoid
i

solution of Pu (III) and reduoing exoess aoidity with ammonia.
1

Crystal h.orphology:Monoclinic. !?ccursae blades, flattened

on c ~OO”L], elongated parallel to ~100] . Terminations USU- .

ally ragged, occasionally m [1110 . Often forini3ktellar

aggregat13s.
.

Optical Properties: Biaxial positive with 2 V = 32°

(calculated). Optic orientation:x =9, zA[100j = 18°. \
-

Refractive indice$% Ng z 1.65 i 0.004; Nm = 1.568; Np = 1.562;

Na for vibration direotion [100j is 1.640. Color blue in

bulk ant.in transmitted light with absorption Z~Y>X.

30. ~(,T&tramethyl Ammonium)Plutonium (IV) Hexa-Chloride.

“4
p’”3)4’32PUC16* (Sta;le, tetragonal form).

Prepared according to H. H. Anderson(18) by adding

*
-37- 1
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tetrametilylammonium chloride to a solution of Pu (IV) in

hydrochloric acid ana adding methyl alcohol. Final condi-

tions: l?etramethylammonium chloride 240 g.p.l., Pu (IV)

60 g.p.l., HC1 1.5 ~, CH30H 6C# by volume. Togethor with

Cs@C16 (7)and corresponding quinolinium and pyridinium

salts, d,gscribedin

ed by Anierson as a

Crystal Morphology:

Cptioal Properties:

the following, this compound is regard-

salt of chloroplutonous acid (H2PuC16).

4

Tetragonal. Habit dipyramidal.

i

Uniaxial positive. Refractive indices:
:

10 z 1.528; Ne z 1.534. Color in hulk orange, yellow in .-

transmitted light with absorption E70.

I 31. Di-(TetramethylAmmonium)Plutonium(IV)!3exa-Chloride.

Y: (Unstable, isometric fcrm)., —

Octahedral isotropic crystals were a180 observed in the

preparation desoribed above under (30). These crystals

invariably showed signs of incipient alteration. “flithtime

they changed to the birefringent, tetragonal variety. This

change took place even in preparations mounted in plastios,

such as l’Permountff.The refractive index of the isotropio

crystala was 1.52, color yellow.

●
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32. Di-(TetraethylAmmonium) Plutonium (IV) Hexa-Chloride.

d
~C2H5)4N~2pUC160 ‘~i ,~%+

N
/

\Qq Q+

Prepared by adding tetraethyl ammonium chloride to a SOIU- o

tion of*Pu (IV) in 6 M HC1, and diluting with ethyl alcohol.

\
Crystal Morphology: Monoclinic, pseudo-isometric (a and a.—

near l’,,4 near 90~). Crystal habit: .Pfid~-octahedral ,._

by development of o~lll~ and p~ill], or simulating cubo-
b

octahedrons by development,

. the three pinaooids a {1003

A-

in addition to

s b ~OIO~and c

q ~011~ also frequently present (Figure 6).

●

Optical Properties Biaxial negative with 2 V = 20°

(estimated). Optio orientation: X = b, ZA@Oi very small.

EY+W4

L
Strong dispersion of optic.axes r 7v, and pronounced crossed

t

)
dispersion of the bisectrices giving rise to abnormal inter-

ference colors illviews normal or inclined to [010] . Re-

fractive indices: Ng = 1.569; Nm = 1.568; Np = 1.660.

Color yellow, non-pleochroic.

33. Di.Pyridinium Plutonium(IV)Hexa-Chloride.(C5H5~)2PUC16.

‘\..L (18)
Prepared according to Anderson .

Crystal Morphology: Triclinio. Crystal habit tabular or

equant.
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Optical Properties Biaxial negative with 2 V = 20°

(measured). Tabular crystals give a slightly off-center

acute bi:jectrixinterference figure. Dispersion of optic

axes v>:t, strong. Refractive indices: Ng = 1.744 A 0.004;

Nm = 1.7,36f 0.004; Np = 1.596. Color in bulk yellcm.

Pleochroic withX = faint pink, Y and Z lemon yelloii.

‘ 34.

d

Di-2uino15.niumPlutonium (IV) Hexa-Chloride.

(C9H#H)2PUC16.

(18)
Prepared according to Anderson .

Crystal Morphology: Triclinic. Habit equant, bounded by

three pinacoids. The three zane axes make angles of 90°,

80°, and 70° with each other (Figure 7).

Optical Properties Biaxial negative. Optic axial angle

2V= 35° (estimated). ~tinotion angles in the three

prominentaspeots of the crystals are shown on Figure 7.

Refractive indices: Ng = 1.84 ~ 0.005; Nm = 1.83 ~O*O05;

Np = 1.578. Color yellow in bulk. Pleochroio withX = pink,

Y and Z lemon yellow.

i
I 35. Plutonium (IV) 8-Hydroxyquinolate.

L“

(24)
Prepared acoording to R. L. Patton (Pp.16-19) by adding

an alcoholic solution of 8-hydroxyquinoline to a PuC14

I
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solution t]ufferedwith acetic aoid and sodium acetate.

Cry6tal Morphology; Orthorhombio, ratio c : a = 0.65.--

-Crystalhabit: [1Blades flattened on 010 , elongated along

cool-j. Forms observed: b ~010], a ~100], r [101](Figure 8).

Optical Properties: Biaxial positive with a small optic

I

I

axial angle. Optio orientation; Z = ~, Y = b, X = ~,

Refractive indices; Ng>l.86; Nm and Np = 1.766 t 0.004.

Color in bulk

z= green.

reddish brown. Pleochroic with X z Y = brown,

I

36. Plutonium (III) Piorolonate (OrthorhombicForm).

.._i

‘24)(pp 16-19) by precipitationPrepared aooording to Patton .

with a hat aqueous solution of piorolonio aoid from a SOIU- .

tion of PuC13bufferedwith ammonium acetate and acetic acid

to a pH cIf4-6. The crystals formed deoompoaed to an un-

resolved greenish mass on washing with water.

Crystal

Crystal

Morphology Orthorhombio. Ratio c : a = l~03c—-

habit; Vertically striated prisms LJ120 terminated

by o ~001] or r [101~ . Also tabular, flattened on b ~OIOj

with m ~-110],a ~100], r [101] and c [001~ (Figure 9).
b

Optioal :Properties: Biaxial positive. Optic orientation:

z= o , Y =b* X = a. Strong dispersion of optic axes r7v.
.
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Refractive indicesf Ng = 2.03 t ; Nm s 10760 t 0,005;

r?p= 1.650 fO.003. The index I?goould not be determined
.

ciireotly-andwas estimated by a modification of Ambronnts

xnethod(l)(p.253-264). Color in bulk apple green.

Pleoohroic with Z = yellow, Y = olive green, X = light

green, nearly colorless.

ThiS

Plutonium Picrolonate (7),(Triclinio Form).

compound was precipitated by piorolonio aoid from

solutionfjof Pu (III) in 0.01 M HC1 or 0.03 M acetic acid,

i.e. at lower pllthan used to precipitate the orthorhombio

form. The crystals formed were stable on washing with water.

Crystal Morphology: Triclinic. Crystal habit; Plates

bounded by tihreepinacoids and characterized by a vertex

angle of’46°.

Optical Properties: Biaxial negative with the extinction

angle fcr the fast ray 14° in the acute angle on prominent

pinacoid~ Strong crossed dispersion of the bisectrices.

Refractive indices in the two extinction directions of the

prominent aspeott 1.820X0.006; 1.640*0.003. Color in

bulk dark brown. Strongly pleochroic with X = brown,

z = tarmish green.
.
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(8)

(9)

(lo)
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Fig. 1: cryf;talHabit of-ArnrnOniUrn
Plutoniunl Di-Oxy Tri-Nitrate.

Projection on r ,(100).

(a) Conventional Projection.

(b) Projection on C (001).

Fig. 3: Crystal Habit of Magnesium

Plutonium Hexa-Nitrate Otto-Hydrate.

!
*

/
!

8

Crystal Habit
and Optic Orientation of

Di-Ammonium Plutonium

Hexa-Nitrate.

..
“1

Fig. 4: Simple Twin of

Sodium Zinc Plutonyl Acetate.
Projection on C {00~.
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(a) ‘ (c)

Fig. 5: Crystal Habit and Optic orientation of

Plutonium Di-Oxalate Hexahydrate.

0%

o
11/

F3g;6: Crystal Habit of
Di-(Tetra-Ethyl Ammonium)
Plutonium Hexa- Chloride.

-z

Fig. 8: Crystal Habit and

qo”

A

Fig. 7: Crystal Habit and
Extinction Angles of Di-Quinolinium

Plutonium Hexa-Chloride.

Fig. 9: Crystal Habit and .
Optic Orientation of”

‘O@ic Orientation of Plutonium (III) Picrolonate.
Plutonium 8-Hydroxyquinolate.
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Figure 10 .

Di-Cesium Plutonium Hexa-Chloride 150X
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Figure 11

/

“k/ Magnesium“Plutonium exa-Nitrate 150X
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Figure 12...

Di-hmmnium Plutonium Fiexa-IVitratet150X

Twinned plates and simple oryatal
(lower left) showing hemihedral development.

—— -—

Figure 13

Di-Ammonium Plutonium Hexa.Nitrate 15QX

(Crossed polarized light, 1st order red compensator)
Plate showing repeated twinning.
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Figure 14

Plutonium (III) Sulfate? (triclinio form) 150X. —

Figure 15

D1-Plutonium Tri-Sulfate Hepta(?)-Eiydrate 150X

1“

i

Same preparation-as shown on Figure 14 after admitting
water vapor. Corroded remnants of the triclinic orystals
seen :Lnthe lower right hand aorner.
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Figure 16

Plutonium Di-Sulfate Tetra-Hydrate 600X

*-k.
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Figure 17

Di-Plutonium Tri-Oxalate Nono(?)-Hydrate 500X
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Figure 18

Plutonium Di-Oxalate Hexa-Hydrate 500X

.
Showing transition from simple orystals to cruoiform

.

. . .-=

Figure 19

Plutonium Di-Oxalate Hexa-Hydrate 150X {

TUIiCal development as pseudo-tetragonal binned PlatesO .
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Figure 20

Plutonium Oxalato-Chloride 150X
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