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The structural chemistry of the complete binary neptun-
ium+germanide system has been investigated by means of X-ray
di4raction. In addition to the well-known NpGe3 (AuCu3 type),
at least 5ve new binary phases have been found. The crystal
structure of NpGe22x (defect ThSi2 type), NpGe22x (defect AlB2

type), NpGe (USi type), Np5Ge4 (Ti5Ga4 type), and Np5Ge3

(W5Si3 type) have been re5ned from single-crystal and powder
X-ray di4raction data. X-ray powder analyses by Rietveld-type
pro5le re5nement revealed a small homogeneity range of the
three 5rst phases, as usually observed with the rare-earth or
uranium isotypic compounds, whereas Np5Ge4 and Np5Ge3

seem to be line compounds as the unit cell parameters were
independent of the starting composition. The formation and
the homogeneity range of these new phases are discussed, and the
structural evolution is compared with the analogous uranium
binary system. ( 2001 Academic Press

Key Words: crystal structure; neptunium; intermetallic com-
pounds.

INTRODUCTION

Intermetallic compounds R}¹}X, where R is either
a rare-earth or an actinide, ¹ is a transition metal, and X is
a metalloid element, have been intensively studied during
the past 20 years. Many new compounds with di!erent
compositions and crystallizing with distinct structure types
have been discovered. Particular interest has been devoted
to special ternary families of compositions such as 1-2-2(1),
2-2-1(2, 3), or 2-3-4(4-5). As a result of the intensive experi-
mental and theoretical investigations, it was established that
their electronic properties are mainly governed by the
strength of the f-(spd) hybridization, i.e., the interaction of
the f electrons with the conduction electrons. However,
many con#icting results were reported on the same com-
pounds due to the fact that these physical properties are
very sensitive to elements of the &&history'' of the sample like
heat treatment, homogeneity, or impurities. To know the
intrinsic physical properties of these compounds, the "rst
1To whom correspondence should be addressed. Fax: 00(49) 07247 951
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step is to determine the relation of equilibrium with the
neighboring phases and to evaluate their homogeneity
range. As a contribution to this subject the correct deter-
mination of the binary phase diagram itself is a prerequisite,
and recently, binary uranium phase diagrams, like those of
U}Si (6), U}Ge(7}10), and U}Sn(11), were reported, show-
ing interesting properties ranging from paramagnetism to
long-range magnetic order and/or superconductivity. Tak-
ing into account these new results, a literature search shows
that the corresponding binary phase diagram with actinide
elements like neptunium and plutonium were not well char-
acterized. Therefore, within our program on strongly corre-
lated 5 f electron systems, the complete Np}Ge binary
system has been investigated and we present the results of
our X-ray analysis.

EXPERIMENTAL

Polycrystalline ingots were obtained by arc melting
stoichiometric amounts of the constituent elements under
an atmosphere of high-purity argon on a water-cooled cop-
per hearth, using a Zr alloy as an oxygen getter. The mater-
ials were used in the form of ingots as supplied by Merck
AG (germanium 4 N pure) and by LANL (neptunium 3 N
pure). In order to ensure homogeneity, the arc-melted but-
tons were turned over and remelted three times, with weight
losses lower than 0.5%. The samples were checked by X-ray
powder di!raction data (CuKa

1,2
radiation) collected on

a Bragg}Brentano Siemens D500/501 di!ractometer using
a 2h step size of 0.023. The di!raction patterns were ana-
lyzed by a Rietveld-type pro"le re"nement method using the
Fullprof program (12). The single-crystal X-ray di!raction
data were collected on a Enraf-Nonius CAD-4 four-circle
di!ractometer using a monochromated MoKa wavelength.
The data processing was carried out using the Molen pack-
age (13).

X-RAY STRUCTURAL CHARACTERIZATION

NpGe
3

The binary richest in germanium, NpGe
3
, is the only

phase that has already been reported in this system (14). It
0022-4596/01 $35.00
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crystallizes with the cubic AuCu
3

type, and the lattice para-
meter obtained by full-pro"le re"nement on D500 powder
data (a"4.2114(9)A_ ) is in good agreement with the values
usually reported in the literature (a"4.213). Magnetic in-
vestigations (15) of this phase show that it does not order
magnetically down to 1.7 K. Particular interest has been
devoted to this family of compounds since it belongs to the
series AnX

3
with An"actinide and X"Al, Ga, In, Pb, Si,

Ge, and Sn. All of these compounds have An}An in-
teratomic distances larger than the Hill limit and exhibit
di!erent magnetic properties, going from independent para-
magnetism to ferro/antiferromagnetic, emphazing the domi-
nant role of the 5f-spd (ligands) hybridization in the
localization/delocalization process.

NpGe
2~x

The defect disilicide or digermanide compounds with rare
earth or actinide elements are known to crystallize in two
types of structures, a tetragonal ThSi

2
type and a hexagonal

AlB
2

type. As usually observed in these systems, both struc-
TABL
X-Ray Crystallographic Data for NpGe22x (ThSi2 Ty

Method s
Space group I
Linear absorption coe$cient (cm~1) 7
Lattice parameters (from CAD4)(A_ ) a

Scan range 2
!

Total observed re#ections 1
Total observed re#ections after average 2
Independent re#ections with I'3p 9
Secondary extinction coe$cient g
Number of variables 9
Reliability factors: 0

R"+[ DF
0
D!DF

#
D]/+ DF

0
D 0

Ru"[+
u

( DF
0
D!DF

#
D)2/+

u
DF

0
D2]1@2

Goodness of "t, GOF 3

Atom par
Atom Site x y z B(

Np 4a 0 3
4

1/8 0.5
Ge 8e 0 1

4
0.2927(8) 5.

Interatomic di
Central atom: Np

Ligand atom Distance

4Ge 3.099(9)
8Ge 3.104(4)
4Np 4.031(0)
4Np 4.080(0)

Note. The form of the anisotropic displacement parameter is
#2hla*c*B(1, 3)#2klb*c*B(2, 3))], where a*, b*, and c* are reciprocal latti
tural modi"cations were encountered in the Np}Ge binary
system.

The X-ray powder analyses of the as-cast sample with
nominal composition Np

3
Ge

5
, i.e., NpGe

2~x
, x"0.34, was

indexed with a body-centered tetragonal unit cell with
a"4.0867(2) A_ and c"13.921(1)A_ , revealing a single-
phase product for this composition. Single crystals suitable
for crystal structure determination were easily extracted
from this sample, showing in particular that this phase
crystallizes either congruently or by a peritectic transforma-
tion. The single-crystal X-ray di!raction data were collected
on an Enraf-Nonius CAD-4 four-circle di!ractometer with
the experimental conditions listed in Table 1. The X-ray
di!raction intensities were corrected for Lorentz and polar-
ization e!ects, and an absorption correction was applied
using the psi-scan method. The structure was successfully
re"ned in the centrosymmetric space group I4

1
/amd with

the reliability factors R"0.062, Rw"0.086. NpGe
2~x

cry-
stallizes with the ThSi

2
structure type with, as expected,

a de"cient occupancy factor for the germanium crystallo-
graphic site, leading to the composition NpGe

1.72(4)
for the
E 1
pe), Atomic Parameters, and Interatomic Distances

ingle-crystal re"nement
4
1
/amd, no. 141, origin at !1

93.0
"4.080(1) As , c"13.909(3)As , <"231.6(2)As 3, d

#!-#
"10.99 gcm~3, Z"4,

M"354.6 g
(h(30

5(h(5,!5(k(5,!19(l(19
510
57
3
"1.038]10~6, corr."1/(1#gIc)

.062

.086

.16

ameters
1,1) B(2,2) B(3,3) B in As 2 q

0##

6(6) B(1, 1) 0.63(8) 0.61(3) 1
0(7) 0.5(3) 4.4(4) 3.3(2) 1.72(4)

stances (inAs )
Central atom: Ge

Ligand atom Distance

1Ge 2.29(2)
2Ge 2.361(8)
2Np 3.099(9)
4Np 3.104(4)

exp [!1
4

(h2a*2B(1, 1)#k2b*2B(2, 2)#l2c*2B(3, 3)#2hka*b*B(1, 2)
ce constants.



FIG. 1. View of NpGe
2~x

(ThSi
2

type) crystal structures; the distorted
AlB

2
blocks are shown.

TABLE 2
X-Ray Crystallographic Data for NpGe22x (AlB2 Type),

Atomic Parameters, and Interatomic Distances

Method single-crystal re"nement
Space group P6/mmm, no. 191
Linear absorption coe$cient (cm~1) 804.9
Lattice parameters (from CAD4)(A_ ) a"3.9686(2) As , c"4.1705(3)As ,

<"56.958(5)As 3,
d
#!-#

"10.42 g cm~3, Z"1,
M"357.5 g

Scan range 2(h(30,!7(h, k, l(7
Total observed re#ections 1412
Independent re#ections with I'3p 99
Secondary extinction coe$cient g"3.045]10~6,

corr."1/(1#gIc)
Number of variables 7
Reliability factors: 0.085

R"+[ DF
0
D!DF

#
D]/+ DF

0
D 0.095

Ru"[+
u

( DF
0
D!DF

#
D)2/+

u
DF

0
D2]1@2

Goodness of "t, GOF 2.59

Atom parameters
Atom Site x y z B(1, 1) B(3, 3) B inAs 2 q

0##

Np 1a 0.0 0.0 0.0 0.87(5) 0.33(5) 0.69(2) 1
Ge 2d 1/3 2/3 1/2 5.8(4) 0.6(2) 4.0(2) 1.59(4)

Interatomic distance (in As )
Central atom: Np Central atom: Ge

Ligand atom Distance Ligand Atom Distance

12Ge 3.098(1) 3Ge 2.291(1)
6Np 3.968(1) 6Np 3.098(1)

Note. The form of the anisotropic displacement parameter is exp [!1
4

(h 2a* 2B ( 1 , 1 )#k 2b* 2B ( 2 , 2 )# l 2c* 2B ( 3 , 3 )#2hka *b*B ( 1 , 2 )
#2hla*c*B(1, 3)#2klb*c*B(2, 3))], where a*, b*, and c* are reciprocal
lattice constants; B(1, 2)"B(2, 2)"B(1, 1), B(1, 3)"B(2, 3)"0.0.

FIG. 2. View of NpGe
2~x

(AlB
2

type) crystal structure.
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crystal studied. The positional and thermal parameters and
the main interatomic distances are listed in Table 1. A view
of the structure is illustrated in Fig. 1 with, as for the other
structure "gures, the neptunium atoms in black and the
germanium atoms in light gray.

The X-ray powder patterns of samples with nominal
composition Np

3
Ge

4.8
were indexed on the basis of a hex-

agonal unit cell with a"3.9686(2)As and c"4.1705(3) As .
Single crystals suitable for crystal structure determination
were easily obtained from the as-cast samples. As shown in
Table 2, the structure was successfully re"ned in the space
group P6/mmm (no. 191) with the reliability factors
R"0.085, Rw"0.095. This phase crystallizes with the
AlB

2
structure type with, as expected, a de"cient occupancy

factor for the germanium site, leading to the composition
NpGe

1.59(4)
for the crystal studied. The positional and ther-

mal parameters and the main interatomic distances are
listed in Table 2. A view of the crystal structure is illustrated
in Fig. 2. Besides this, it has to be mentioned that as usually
observed with the M

3
¹

5
binary compounds, where M is

a rare earth or actinide elements and ¹ is a metalloid
element like Si or Ge, indication of a supercell structure has
been evidenced from the X-ray powder as well as the single-
crystal data. It is worth mentioning here that the AlB

2
type

is rarely encountered without these superstructure lines (10),
which are due to the ordering of the germanium vacancies,
but no real successful crystal structure determination had
been reported yet for this type of structure. The ThSi

2
type
and AlB
2
type are quite correlated and could be derived one

from the other. The ThSi
2

type is built up from distorted
AlB

2
blocks which are alternatively translated by 1

2
a

and 1
2

b along the c axis. As mentioned by Venturini et al.
(16), the transformation of the tetragonal ThSi

2
type into the



FIG. 3. View of the NpGe (USi type) crystal structure.
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hexagonal AlB
2

type is not simple and goes through many
di!erent supercells, depending on the exact content on ger-
manium vacancies.
FIG. 4. X-ray powder di!raction pattern of Np
5
Ge

4
(Ti

5
Ga

4
type). The sy

pro"le and the di!erence between observed and calculated pro"les. The tick
Finally, it was found that this phase exhibits a slight
homogeneity range. From the starting composition
Np

3
Ge

4
, a two-phase Rietveld re"nement of the powder
mbols represent the observed points; the solid lines represent the calculated
s correspond to 2h

hkl
Bragg positions.



TABLE 3
X-Ray Crystallographic Data for NpGe (USi Type) and Atomic

Parameters

Method single-crystal re"nement
Space group I4/mmm, no. 139, origin at !1
Linear absorption coe$cient

(cm~1) 1052.2
Lattice parameters

(from CAD4)(A_ ) a"10.9117(6)As , c"25.358(1)A_ ,
<"3019.3(4)As 3,
d
#!-#

"11.01 gcm~3,
Z"68, M"309.6 g

Scan range 2(h(30
!16(h(16,!16(k(0,!36

(l(0
Total observed re#ections 4672
Total observed re#ections after

average 1309
Independent re#ections

with I'3p 803
Secondary extinction

coe$cient g"2.5992]10~8, corr."1/(1#gIc)
Number of variables 34
Reliability factors:

R"+[ DF
0
D!DF

#
D]/+ DF

0
D 0.071

Ru"[+
u

(DF
0
D!DF

#
D)2/+

u
DF

0
D2]1@2

0.092
Goodness of "t, GOF 2.72

Atom parameters
Atom Site x y z B inAs 2 q

0##

Np(1) 4e 0.0 0.0 0.2528(2) 0.91(8) 1
Np(2) 8f 1

4
1
4

1
4

0.69(5) 1
Np(3) 8j 0.2623(4) 1

2
0.0 0.56(5) 1

Np(4) 16n 0.0 0.2579(3) 0.0617(1) 0.64(4) 1
Np(5) 16n 0.0 0.3584(3) 0.1907(1) 0.98(4) 1
Np(6) 16m 0.1832(2) * 0.3840(1) 0.67(4) 1
Ge(1) 2a 0.0 0.0 0.0 2.5(6) 1
Ge(2) 4c 0.0 1

2
0.0 0.2(2) 1

Ge(3) 4e 0.0 0.0 0.095(2) 0.3(6) 0.38(1)
Ge(4) 4e 0.0 0.0 0.4309(6) 0.3(2) 1
Ge(5) 8h 0.2368(7) * 0.0 0.3(1) 1
Ge(6) 16n 0.0 0.2574(7) 0.2996(3) 0.4(1) 1
Ge(7) 16n 0.0 0.3791(7) 0.3990(3) 0.4(1) 1
Ge(8) 16m 0.1352(5) * 0.1551(3) 0.6(1) 1

TABLE 4
X-Ray Crystallographic Data for Np5Ge4 (Ti5Ga4 Type), Atomic

Parameters, and Interatomic Distances

Method full pro"le re"nement of X-ray powder
di!raction data

Space group P6
3
/mcm, no. 193

Lattice parameters (A_ ) a"8.8004(9) As , c"5.9274(7) As ,
<"397.56(7)As 3, Z"2, M"1475.6 g

Scan range 20(2h(140
Number of re#ections used in

re"nement 313
R

B
0.071

R
&

0.041
R

1
0.108

R
81

0.138

Atom parameters
Atom Site x y z B in As 2 q

0##

Np 4d 1
3

2
3

0 0.57(1) 1
Np 6g 0.2761(1) 0.0 1

4
0.57(1) 1

Ge 6g 0.6192(4) 0.0 1
4

0.78(2) 1
Ge 2b 0.0 0.0 0.0 0.37(2) 1

Interatomic distances (in As )
Central atom: Np(1) Central atom: Np(2)

Ligand atom Distance Ligand atom Distance

2Np(1) 2.963(0) 2Ge(2) 2.848(1)
6Ge(1) 3.136(1) 2Ge(1) 2.966(2)
6Np(2) 3.536(1) 1Ge(1) 3.058(3)

2Ge(1) 3.089(1)
4Np(1) 3.536(1)
4Np(2) 3.833(1)

Central atom: Ge(1) Central atom: Ge(2)

Ligand atom Distance Ligand atom Distance

2Np(2) 2.966(3) 6Np(2) 2.848(1)
1Np(2) 3.058(2) 2Ge(2) 2.963(0)
2Np(2) 3.089(2) 6Ge(1) 3.621(3)
4Np(1) 3.136(1)
2Ge(2) 3.621(3)
2Ge(1) 3.682(2)
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di!raction data, showing the equilibrium between the
AlB

2
type and the neighboring binary phase NpGe (see

below), leads to the lattice parameters a"3.9712(2) As ,
c"4.1702(2)As and to an occupation factor of 1.48(1) Ge,
i.e., approximately Np

2
Ge

3
.

NpGe

Increasing the content of neptunium in our samples
shows that the next binary phase in the Np}Ge binary
system melts congruently since single crystals could be eas-
ily obtained from the as-cast samples. The single-crystal
X-ray di!raction data were collected with the experimental
conditions listed in Table 3. The tetragonal lattice constants,
determined from least-squares analysis of the setting angles
of 25 X-ray re#ections have the values a"10.889(3)As and
c"25.327(8)As . The X-ray di!raction intensities were cor-
rected for Lorentz and polarization e!ects, and an absorp-
tion correction was applied using the psi-scan method. The
inspection of the systematic extinctions revealed that hkl,
h#k#l"2n were not present. The structure was success-
fully re"ned in the body-centered space group I4/mmm with
the reliability factors R"0.088, Rw"0.111 using the
atomic position reported for USi (17). The correct formula
obtained is thus Np

68
Ge

70
; however, as also observed for

USi, large isotropic factors of some Ge sites, namely, Ge(1)



FIG. 5. View of the Np
5
Ge

4
(Ti

5
Ga

4
type) crystal structure.
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and Ge(3), were obtained. The re"nement of the occupation
factor of these Ge sites revealed a defect structure only on
the Ge(3) site (i.e., the occupation factor drops from 0.125 to
0.048 as the isotropic factor goes from 7.78 to 0.33), leading
to the residual values R"0.084 and Rw"0.109. Final
re"nement including anisotropic displacement parameters
led to the conventional residuals factors R"0.071 and
Rw"0.092. The positional and the thermal parameters are
listed in Table 3. A view of the structure is illustrated in
Fig. 3. As mentioned in Ref. (17), this structure is rather
complex, due to the great number of di!erent atomic sites.
The main feature of this structure is that some Np}Np
FIG. 6. X-ray powder di!raction pattern of Np
5
Ge

3
(W

5
Si

3
type). The sy

pro"le and the di!erence between observed and calculated pro"les. The tick
interatomic distances are just below the Hill limit where the
5f shells are expected to overlap.

Np
5
Ge

4
Figure 4 shows the X-ray powder pattern obtained for the

nominal composition Np
5
Ge

4
. Full pro"le re"nement re-

vealed an hexagonal type unit cell with a"8.8004(9)As and
c"5.9274(7)As , c/a"0.673. The structure was successfully
re"ned in the centrosymmetric space group P6

3
/mcm, to the

residual values R
B
"0.071 and R

F
"0.041. Np

5
Ge

4
crystal-

lizes with the Ti
5
Ga

4
structure type, as already reported for

the homologue uranium binary compounds with Ge(9),
Sb(18), and Sn(11). The positional and thermal parameters
and the main interatomic distances are listed in Table 4.
A view of the crystal structure is displayed in Fig. 5. This
structure is characterized by two distinct Np sites. Each
Np(1) atom is coordinated by six Ge(1) atoms at 3.13As and
two other Np(1) atoms with a rather short distance of
c/2"2.96As leading to straight }Np}Np} in"nite chains
along the c axis, whereas Np(2) is surrounded by seven Ge
atoms with an average distance of 2.98As . Such short distan-
ces between Np(1) atoms are smaller than the Hill limit
(&3.1As ) and very close to that found in Np metal (2.60As in
a!Np and 2.76As in b!Np).

Np
5
Ge

3
In the U}Ge binary system, no other compound was

observed with a higher content of U than in U
5
Ge

4
(9). For

the Np}Ge system as shown in Fig. 6, we found that
Np metal (sg Pnma, a"6.685(6)As , b"4.742(3)As , and
mbols represent the observed points; the solid lines represent the calculated
s correspond to 2h

hkl
Bragg positions (top, Np

5
Ge

3
; bottom, Np metal).



TABLE 5
X-Ray Crystallographic Data for Np5Ge3 (W5Si3 Type), Atomic

Parameters, and Interatomic Distances

Method sull pro"le re"nement of X-ray powder
di!raction data

Space group I4/mcm, no. 140
Lattice parameters (A_ ) a"11.434(1) As , c"5.5197(7) As , <"

721.6(2)A_ 3, Z"4, M"1403.02 g
Scan range 20(2h(140
Number of re#ections used in

re"nement 412
Reliability factors:

R
B

0.071
R

&
0.046

R
1

0.153
R

81
0.183

Atom parameters
Atom Site x y z B in As 2 q

0##

Np(1) 4b 0.0 1
2

1
4

0.2a 1
Np(2) 16k 0.0842(1) 0.2217(1) 0.0 0.2a 1
Ge(1) 4a 0.0 0.0 1

4
0.4a 1

Ge(2) 8h 0.1674(5) x#1
2

0.0 0.4a 1

Interatomic distances (in As )
Central atom: Np(1) Central atom: Np(2)

Ligand atom distance Ligand atom Distance

2Np(1) 2.759(1) 1Ge(2) 2.931(1)
4Ge(2) 2.992(2) 2Ge(1) 3.018(3)
8Np(2) 3.639(1) 1Ge(2) 3.157(2)

1Np(2) 3.171(1)
2Ge(2) 3.198(1)
2Np(2) 3.384(2)
2Np(2) 3.498(2)

Central atom: Ge(1) Central atom: Ge(2)

Ligand atom Distance Ligand atom Distance

2Ge(1) 2.759(1) 2Np(2) 2.931(1)
8Np(2) 3.018(3) 2Np(1) 2.992(2)
8Ge(2) 3.494(3) 2Np(2) 3.157(2)

4Np(2) 3.198(1)
2Ge(2) 3.917(2)

a Parameters not re"ned.

FIG. 7. View of the Np
5
Ge

3
(W

5
Si

3
type) crystal structure.

TABL
Summary of the Crystal Structure of the Binary Sili

Structure type/system AuCu
3

ZrGa
2

ThSi
2~x

AlB
2~x

USi

U}Si @ ] @ @ @
Np}Si @ ? @ @ ?
U}Ge @ @ @ @ ]
Np}Ge @ ] @ @ @

Note. (]) Phase does not exist; (@) phase exists; (?) not investigated.
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c"4.920(4)As ) was not in equilibrium with Np
5
Ge

4
but

with an other phase of the composition, Np
5
Ge

3
. A look in

the literature shows that Pu
5
Si

3
(19), which crystallizes with

the tetragonal W
5
Si

3
, is the only representative binary ac-

tinide already reported with this composition. Analyses of
the X-ray powder pattern revealed that Np

5
Ge

3
crystallizes

with a body-centered tetragonal unit cell with
a"11.434(1) As and c"5.5197(7)As . This phase was re"ned
using the Rietveld method to the W

5
Si

3
structure type, in

the space group I4/mcm, to the reliability factors of
R

B
"0.071 and R

&
"0.046. The positional and thermal

parameters are listed in Table 5. A view of the structure is
illustrated in Fig. 7. The W

5
Si

3
type is also reported to exist

in most of the rare earth silicide binary systems, but not with
uranium. The striking feature of this structure is that, as
observed for Np

5
Ge

4
, the Np(1) form metallic chains along

the c axis, with interatomic distances equal to 2.76As , i.e.,
much smaller than those observed in Np

5
Ge

4
and in the

same order as in b}Np.
E 6
cides and Germanides with Uranium or Neptunium

ThIn U
5
Si

4
Ti

5
Ga

4
U

3
Si

2
W

5
Si

3

AuCu
3

(anti) Ref.

] @ ] @ ] @ [6,20]
? ? ? @ ? ? [21]
@ ] @ ] ] ] [7}10]
] ] @ ] @ ] this work



320 BOULET ET AL.
CONCLUSION

In this paper we have shown that at least six phases exist in
the neptunium}germanium binary system, whereas only one
was previously reported in the literature. For comparison,
Table 6 gives a summary of the binary silicides and german-
ides with uranium and neptunium. From pure germanium to
the composition NpGe, we observed the structural sequence
of AuCu

3
, ThSi

2
, AlB

2
, and USi types, showing more similar-

ities to the U}Si binary system than to the U}Ge system. For
the neptunium-rich part, we observed the Ti

5
Ga

4
type, which

is also observed in the U}Ge system but not in the U}Si
system, and a new type of structure, namely, Np

5
Ge

3
(W

5
Si

3
type) not yet reported in Th or U binary systems. In any case,
the study of the physical properties of the new phases isolated
is of great interest, especially the in#uence of the metalloid on
the magnetism of neptunium.
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