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We have synthesized the compounds RE2AgGe3 (RE ¼ Ce, Pr, Nd) by arc melting. The crystal structure
obtained from single crystal and powder X-ray diffraction suggests that these compounds crystallize in
the α-ThSi2 structure type. The magnetic susceptibility data of Ce2AgGe3 follows Curie–Weiss (CW) law
above 25 K without any magnetic ordering down to 2 K. The effective magnetic moment (μeff) was
calculated as 2.53 μB/Ce and negative Curie paramagnetic temperature (θp) ¼ 2.4 K hint weak antiferromagnetic coupling among the adjacent spins. Pr2AgGe3 shows a complex magnetic behavior
wherein the magnetic susceptibility at ﬁeld cooled and zero ﬁeld cooled modes bifurcates at 11.5 K with
the latter undergoing a cusp like maxima, probably due to weak ferromagnetic interaction. The θp and
μeff obtained are 4 K and 4.33 μB/Pr, respectively. Nd2AgGe3 undergoes multiple magnetic transitions.
Temperature dependent resistivity data reveals that three compounds are metallic in nature.
& 2015 Elsevier Inc. All rights reserved.
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1. Introduction
Rare-earth based compounds are one of the building blocks of
material science due to their advanced application in the ﬁeld of
superconducting materials, magnetic materials, luminescent materials and hydrogen storage [1]. Recently, rare-earth based intermetallic compounds have been attracting much attention because
of their versatile structural and physical properties such as intermediate valency [2], heavy fermion, Kondo behavior [3,4], spin
glass behavior [5], superconductivity [6], structural phase transition [7], giant magnetoresistance [8], magnetocaloric effect [9] and
zero thermal expansion [10]. These properties are associated with
the presence of localized electronic 4f shell interaction with itinerant s, p, d-conduction electrons. Variable valences of cerium
(Ce3 þ /4 þ ) can lead to many peculiar properties [11].
In this regard, it is interesting to brieﬂy discuss about compounds crystallizing in the ThSi2 structure type (both α and βphases), particularly those with the general formula, RE2TX3 (RE¼Ce, Pr, Nd; T¼ Transition metal, X¼ Si, In, Ge) owing to their
fascinating structural and physical aspects. Here we give a brief
overview on the compounds based on Ce, Nd and Pr. The examples
are atom-disorder spin glass behavior was observed in Ce2CuSi3,
n
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Pr2CuSi3, Nd2CuSi3; Kondo lattice compound Ce2NiGe3 showed
spin glass behavior; short range antiferromagnetic ordering was
observed in Nd2NiGe3; annealed sample of Ce2NiSi3 showed antiferromagnetic transition at 4.2 K and additional anomaly at 2.5 K,
Ce2FeSi3 and Ce2PdSi3 exhibit Kondo behavior and ferromagnetic
ordering was observed below 16 K in Nd2PdSi3 [12–19], Kondo
lattice reported in Ce2IrSi3 and Ce2CoSi3 [20,21]; weak spin glass
behavior was observed in Nd2PtSi3 [22]. Ce2RhSi3 is antiferromagnetic below TN o7 K, ferromagnetic spiral magnetic ordering was observed at 4.2 K observed in a Nd2RhSi3 [21,23] and
Ce2CuGe3 was reported as to show spin glass behavior [24]. All
these compounds crystallize in the AlB2 type structure (β-ThSi2).
Compounds crystallizing in the α-ThSi2-type structure are
CeFe0.22Si1.78 [25], CeCu0.14Ge1.71 [26], CeTi0.23Ge1.77 [27],
CeRh0.5Ge1.5 [28], PrNi0.25Si1.75 [29], PrNi0.07Ge1.79 [30],
[31],
PrCo0.3Ge1.7
[32],
NdZn0.3Si1.7
[33],
PrAg0.24Ge1.76
NdZn0.45Si1.55 [34], NdNi0.25Si1.75 [35] and NdNi0.25Si1.75 [29].
Among the α-ThSi2-type compounds, we have reported the spin
glass behavior in CeRh0.5Ge1.5 [28]. The above mentioned works
suggest that there may be other interesting compounds in the αThSi2-type structure with interesting physical properties.
In comparison to the compounds with ﬁrst row transition
metals (e.g. Mn, Fe, Co, Ni, Cu), 4d and 5d block elements (e.g. Ru,
Rh, Pd, Ag, Ir, Pt, Au) present an intriguing aspect to the overall
physical properties of the compound because of the fact that 4d
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Fig. 1. FE SEM images of the single crystals of Ce2AgGe3, Nd2AgGe3 and Pr2AgGe3.

and 5d electrons can efﬁciently hybridize with the localized 4f
orbitals belonging to lanthanide metals. This type of interaction
dictates the conductivity and related properties of the itinerant
electrons giving rise to interesting and very often anomalous
properties. The other motivation of this work was our continuous
search for new superstructures of the AlB2 type structure similar
to our recent studies on ordered compounds Eu2AuSi3, Eu2AgGe3,
Eu2AuGe3, Yb2AuSi3 and Yb2AuGe3 [36–38], even though they
were reported in the disordered structures earlier [29,39–41]. We
also observed the lack of ordered structure as in CeAuxGe1  x [42],
CeRhxGe1  x [28] and Nd2NiGe3 [43]; the ﬁrst two led to the formation of the mixture of hexagonal and tetragonal crystal systems,
but later one crystallize only with AlB2 type. Understanding all
these analyses, we have synthesized three Ag based compounds
RE2AgGe3 (RE¼Ce, Pr, Nd) by arc melting method. Our detailed
powder and single crystal XRD measurements suggest that they
are crystallizing in the α-ThSi2 structure type. All three compounds
found to be pure and further studied for their magnetic and
transport properties in detail. All three compounds show diverse
magnetic properties and are metallic in nature.

2. Experimental

germanium metals were taken in an ideal 2:1:3 atomic ratios
(total weight of reactant was ∼200 mg) and repeatedly arc melted
(ﬂipping 5 times with 30 s arc passing) in an argon atmosphere to
ensure homogeneity; hard globules were formed. Finally, the
samples were crushed and made into powder for further characterization. All the samples are stable under normal atmospheric
conditions for several months.
2.2. Elemental analysis
Semi quantitative microanalyses were performed on Ce2AgGe3,
Pr2AgGe3 and Nd2AgGe3 single crystals using a Leica 220i electron
microscope (SEM) equipped with Bruker 129 eV energy dispersive
X-ray analyzer (EDS). Data were acquired with an accelerating
voltage of 20 kV and 90 s accumulation time. The EDS analysis
performed on cleaned surfaces of the single crystals percent
showed the atomic composition for Ce2AgGe3 is 33.16(2) Ce, 20.90
(1) Ag and 45.94(1) Ge; for Pr2AgGe3 31.64(2), 19.17(1) and 49.19
(1); for Nd2AgGe3 33.62(3) Nd, 18.20(1) Ag, 48.18(1) Ge. The
compositions obtained from EDS data are in good agreement with
the results derived from the reﬁnement of single crystal X-ray
diffraction data. Field emission scanning electron microscopy (FE
SEM) images of the representative single crystals are shown in
Fig. 1.

2.1. Synthesis
2.3. Powder X-ray diffraction
The following metals were used as purchased without any
further puriﬁcation; Rare earth (Ce, Pr and Nd chunks, 99.99%,
Alfa-Aesar), Ag (shots, 99.99%, Alfa-Aesar) and Ge (pieces, 99.999%,
Alfa-Aesar). In a typical procedure, rare earth, silver and

The phase identity and purity of the samples were conﬁrmed
by powder XRD measurements carried out with on a Bruker D8
Discover diffractometer using Cu-Kα radiation (λ ¼ 1.5406 Å). All
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Fig. 2. Reitveld reﬁnement of experimental powder XRD patterns of (a) Ce2AgGe3, (b) Pr2AgGe3 and (c) Nd2AgGe3 collected at 293 K using models obtained from the single
crystal data reﬁnement of each compound.

the samples were scanned for 1 h in the 2θ range of 10–90° with
0.02° step size at room temperature (293 K). Reitveld reﬁnement
was performed on all the three samples using the models obtained
from the single crystal XRD data as shown in Fig. 2. The lattice
parameters obtained from the Reitveld reﬁnement for all the
above compounds were comparable with the values obtained from
the SCXRD data and have been summarized in Table S1.

2.4. Single-crystal X-ray diffraction
Selected single crystals of Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3
were mounted on the tip of a glass ﬁber with glue. The single
crystal data sets were collected on Bruker smart Apex-II CCD diffractometer equipped with Mo Kα radiation X-ray tube
(λ ¼0.71073 Å) and a graphite monochromator with ω scan mode
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Table 1
Crystal data and structure reﬁnement for Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3 at 293(2) K, and wavelength of Mo (0.71073 Å). Crystal system – tetragonal, space group – I41/
amd, Z ¼2.
Empirical formula

Ce2Ag1.06Ge2.94

Pr2Ag1.23Ge2.77

Nd2Ag1.08Ge2.92

Formula weight
Unit cell dimensions

608.13
a ¼4.2754 (3) Å
b ¼ 4.2754 (3) Å
c ¼ 14.6855 (16) Å
268.44 (4) Å3
7.583 g/cm3
36.192 mm  1
524
0.1  0.08  0.05 mm3
4.97–29.15°
 5o ¼ h o ¼ 5,
 5o ¼ k o ¼ 4,
 20o ¼ l o ¼ 15
604
113 [Rint ¼0.0675]
98.3%
Full-matrix least-squares on F2
113/0/9
1.162
Robs ¼0.0553,
wRobs ¼0.1332
Rall ¼0.0594,
wRall ¼0.1364
0.0077 (3)
3.538 and  3.375 e Å  3

615.69
a¼ 4.2401 (6) Å
b¼ 4.2401 (6) Å
c ¼14.611 (3) Å
262.68 (8) Å3
7.747 g/cm3
38.303 mm  1
527
0.16  0.07  0.04 mm3
5.01–27.21°
 4o ¼ h o ¼5,
 5o ¼ ko ¼ 5,
 18o ¼ l o ¼ 13
530
98 [Rint ¼0.0497]
100%

617.08
a¼ 4.1886 (6) Å
b¼ 4.1886 (6) Å
c¼ 14.557 (3) Å
255.39 (7) Å3
8.055 g/cm3
40.650 mm  1
531
0.12  0.09  0.08 mm3
5.06–28.68°
 5 o ¼h o ¼ 4,
 5 o ¼k o ¼ 5,
 8 o ¼l o ¼ 19
983
109 [Rint ¼ 0.0186]
100%

98/0/9
1.441
Robs ¼ 0.0506,
wRobs ¼ 0.1128
Rall ¼ 0.0557,
wRall ¼ 0.1165
0.00259 (18)
2.330 and  3.219 e Å  3

109/0/9
1.256
Robs ¼ 0.0474,
wRobs ¼ 0.1080
Rall ¼ 0.0481,
wRall ¼ 0.1086
0.00642 (19)
2.665 and  3.899 e Å  3

Volume
Density (calculated)
Absorption coefﬁcient
F(000)
Crystal size
θ range for data collection
Index ranges

Reﬂections collected
Independent reﬂections
Completeness to θ ¼27.21°
Reﬁnement method
Data/restraints/parameters
Goodness-of-ﬁt
Final R indices [ 42s(I)]
R indices [all data]
Extinction coefﬁcient
Largest diff. peak and hole

R¼ Σ||Fo| |Fc||/Σ|Fo|, wR¼ {Σ[w(|Fo|2  |Fc|2)2]/Σ[w(|Fo|4)]}1/2 and calc w ¼1/[s2(Fo2) þ (0.0481P)2 þ 54.6597P] where P¼ (Fo2 þ 2Fc2)/3.
Table 2
Atomic coordinates (  104) and equivalent isotropic displacement parameters
(Å2  103) for Ce2AgGe3, Pr2AgGe3and Nd2AgGe3 at 293(2) K with estimated standard deviations in parentheses.
Label
Ce2AgGe3
Ce
M(Ag þGe)
Pr2AgGe3
Pr
M(Ag þGe)
Nd2AgGe3
Nd
M(Ag þGe)
n

Wyckoff site

x

y

z

Occupancy

Ueqn

4a
8e

0
0

7500
2500

1250
2918 (1)

1
0.27 (1) þ 0.73 (1)

5 (1)
20 (1)

4a
8e

0
0

7500
2500

1250
2919 (1)

1
0.31 (1) þ0.69 (1)

19 (1)
39 (1)

4a
8e

0
0

7500
2500

1250
2918 (1)

1
0.27 (1) þ 0.73 (1)

11 (1)
31 (1)

Ueq is deﬁned as one third of the trace of the orthogonalized Uij tensor.

Table 3
Anisotropic displacement parameters (Å2  103) for Ce2AgGe3, Pr2AgGe3 and
Nd2AgGe3 at 293(2) K with estimated standard deviations in parentheses.
Label
Ce2AgGe3
Ce
M(Ag þGe)
Pr2AgGe3
Pr
M(Ag þGe)
Ce2AgGe3
Nd
M(Ag þGe)

U11

U22

U33

U12

U13

U23

3 (1)
16 (1)

3 (1)
23 (1)

10 (1)
21 (1)

0
0

0
0

0
0

16 (1)
34 (1)

16 (1)
37 (1)

26 (1)
45 (1)

0
0

0
0

0
0

11 (1)
28 (1)

11 (1)
38 (1)

10 (1)
28 (1)

0
0

0
0

0
0

displacement parameters (ADP) for all the atoms. The atomic
parameters of α-ThSi2 were taken in which Si site is mixed with Ag
and Ge atoms. The rare earth and mixed (M ¼Ag þGe) sites are
occupied at Wyckoff positions of 4a and 8e, respectively. Crystal
structures were drawn using Diamond program [46]. Details of
crystal data and structure reﬁnement, atomic coordinates,
equivalent isotropic displacement parameters and anisotropic
displacement parameters for all three compounds are summarized
in Tables 1–3. Further information on the structure reﬁnements is
available from: Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen (Germany), by quoting the Registry no.
CSD-429394, CSD-429394 and CSD-429394 for Ce2AgGe3,
Pr2AgGe3 and Nd2AgGe3, respectively.
2.5. Magnetic measurements
Magnetic measurements were performed on single phase
polycrystalline Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3 samples using
Quantum design superconducting quantum interference device
(QD-SQUID) magnetic property measurement system (MPMS).
Magnetic susceptibility of all the compounds were measured in
zero ﬁeld cooled (ZFC) and ﬁeld cooled (FC) modes under different
applied magnetic ﬁelds as a function of temperature. Field dependent magnetization measurements were also carried out at
selected temperatures as a function of applied magnetic ﬁeld.
2.6. Resistivity

The anisotropic displacement factor exponent takes the form:  2π2[h2an2U11 þ ...
þ 2hkanbnU12].

at 293 K. The crystal structures of Ce2AgGe3, Pr2AgGe3 and
Nd2AgGe3 were successfully reﬁned in the tetragonal I41/amd
space group by using SHELXS 97 [44] and reﬁned by a full matrix
least-squares method using SHELXL [45] with anisotropic atomic

The resistivity measurements were performed on the sintered
(500 °C for 12 h in a evacuated quartz tube) pellets prepared in a
rectangular die of size 8  2.5 mm2 with thicknesses 0.44, 0.41 and
0.42 mm respectively for the samples Ce2AgGe3, Pr2AgGe3 and
Nd2AgGe3 over the temperature range of 3–200 K using a fourprobe dc technique. The compactness of the pellets was 53.7%,
54.2% and 51.5%, respectively. Four very thin copper wires with
thickness of 50 μm were glued with the help of silver epoxy paste
to the pellets. The measurements were conducted using a
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Fig. 3. (a) Crystal structures of RE2AgGe3 (b) coordination spheres of RE and (c) M (Ag þ Ge) atoms in the crystal structure of RE2AgGe3 are presented.
Table 4
Selected bond lengths for Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3 [Å] at 293(2) K with
estimated standard deviations in parentheses.
Label
Ce2AgGe3
M–M
Ce-M
Pr2AgGe3
M–M
Pr–M
Nd2AgGe3
M–M
Nd–M

Distance

Label

Distance

2.4446 (14) Å
3.2508 (7) Å

M–M
Ce–M

2.4647 (7) Å
3.2609 (3) Å

2.429 (2) Å
3.2311 (10) Å

M–M
Pr–M

2.4479 (12) Å
3.2348 (6) Å

2.4211 (16) Å
3.1996 (5) Å

M–M
Nd–M

2.4228 (8) Å
3.2069 (7) Å

Quantum Design Physical Property Measurement System (QDPPMS) at an applying voltage of 95 mV and current of 0.1 mA.

3. Results and discussion
3.1. Crystal structure
The crystal structures of the compounds Ce2AgGe3, Pr2AgGe3
and Nd2AgGe3 are shown in Fig. 3. They crystallize in the α-ThSi2
structure type having I41/amd space group. The detailed crystal
structure description can be available elsewhere [28]. The voids
and channels of polyanionic network created by three-dimensional perpendicular [AgGe3] layers were occupied by two rare
earth atoms. The [AgGe3] layers in the tetragonal crystal system
stacked in AABB types and arranged perpendicular to each other.
The weak interaction between the rare earth atoms is apparent
from the bond distance of Ce–Ce (4.2754(3) Å), Pr–Pr (4.2401(6) Å)
and Nd–Nd (4.1886(6) Å) in Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3,
respectively, which much larger than the expected bond distance

of Ce–Ce (3.66 Å) [47], Pr–Pr (4.12 Å) [31] and Nd–Nd (4.06 Å) [35].
The shortest bond distance of M–M (M ¼Agþ Ge) in Ce2AgGe3,
Pr2AgGe3 and Nd2AgGe3 are 2.4446(14) Å, 2.429(2) Å and 2.4211
(16) Å, respectively, very close to the calculated Ge–Ge bond distances of 2.44 Å [47], which suggests the germanium contribution
at the 2d Wyckoff site but it is less than the atomic radii of Ag–Ag
(2.88 Å) and Ge–Ag (2.85 Å) [47]. The shortest RE–M bond distances in Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3 are 3.2508(7) Å,
3.2311(10) Å and 3.1996(5) Å, respectively. Selected bond lengths
for Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3 are listed in Table 4. The
coordination environments of RE and M sites are shown in Fig. 3b
and c, respectively. The rare earth atoms are coordinated by 12 M
atoms forming a pseudo-Frank–Kasper cage. The M sites, on the
other hand, form tricapped trigonal prism comprised of a total
9 metal atoms, 3M atoms and six RE atoms [M3RE6].
3.2. Magnetic properties
The temperature dependent magnetic measurements were
carried out in an applied magnetic ﬁeld of 100 Oe for Ce2AgGe3,
Pr2AgGe3 and Nd2AgGe3 as shown in Figs. 4a, 5a and 6a, respectively. At higher temperature, Ce2AgGe3 and Pr2AgGe3 obeyed
Curie–Weiss (CW) law but Nd2AgGe3 obeyed modiﬁed CW law i.e
χ(T) ¼ χ þC/(T  θp) where, χo accounts for the temperature independent part (TIP) of magnetic susceptibility. Upon cooling, the
magnetic susceptibility curve of Ce2AgGe3 increases sharply below
15 K, which could arise due to ferromagnetic interaction. The CW
ﬁtting of the inverse magnetic susceptibility data in the range of
160–300 K yielded an effective magnetic moment of (μeff) 2.53 μB/
Ce3 þ and Curie paramagnetic temperature (θp) 7 K respectively.
The magnetic moment value is very close to the spin only value of
2.54 μB/Ce3 þ [23]. At lower applied magnetic ﬁeld (10 Oe), the
compound undergoes antiferromagnetic ordering at around 6.4 K
(Fig. S1), which is suppressed to some extent at high ﬁeld (100 Oe).
A bifurcation of the zero-ﬁeld cooled (ZFC) and ﬁeld cooled (FC)
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Fig. 4. (a) Temperature dependence of the molar magnetic susceptibility of
Ce2AgGe3 at 100 Oe applied magnetic ﬁeld plotted against the X axis on the lefthand side. Plot on the right-hand side shows the temperature dependence of the
molar inverse magnetic susceptibility. The inset shows the magnetic susceptibility
at FC and ZFC modes. (b) Magnetization measured as a function of magnetic ﬁeld at
T ¼2 K and 300 K.

susceptibility curves was observed which could arise due to various reasons like magnetic anisotropy and grain boundary pinning
effects, etc (inset of Fig. 4) [48]. The ﬁeld dependent magnetization
study at 2 K shows that Ce2AgGe3 exhibits sharp rise in magnetization (M) for small change in ﬁeld (H). Above few kOe, M varies
non-linearly with H, and exhibits hysteresis H-0 as shown in
Fig. 4b [48,49]. Such a behavior may arise due to spin-ﬂop transition. Magnetization of cerium compound at room temperature
varies linearly with H, which conﬁrms that the sample is singlephase and there are no undesirable magnetic impurities.
In the case of Pr2AgGe3, the temperature dependent magnetic
susceptibility curve increases rapidly around 15 K followed by a
broad cusp and rapid falling of χ on further decrease in T down to
10 K, followed by a bifurcation in ZFC and FC curves (Fig. 5a)
suggesting magnetic anisotropy or weak ferromagnet [50] like
behavior. The effective magnetic moment (μeff) and curie paramagnetic temperature (θp) were calculated to be 4.33 μB/Pr3 þ and
4 K, respectively using the CW ﬁt of the inverse susceptibility
curve in the temperature range of 25–300 K. The magnetic moment of the compound is slightly higher than the spin only value
of Pr (3.58 μB/Pr3 þ ) [16] probably due to conduction electron
polarization as observed in a similar compounds like Tb2CuIn3,
Tb2CuGe3 and EuAuIn4 [48,,51] although it was not reported in Pr
based compounds. The positive θp suggests that a ferromagnetic
interaction exists among the adjacent spins, but very weak in

Fig. 5. (a) Magnetic susceptibility (χ ¼ M/H) as a function of temperature for
Pr2AgGe3 (polycrystalline) samples measured in a dc ﬁeld of 100 Oe.
(b) Magnetization measured as a function of magnetic ﬁeld at T¼ 2 K, 10 K and 50 K.

nature. The ﬁeld dependent magnetization curve of Pr2AgGe3
shows a weak hysteresis at 2 K indicating ferromagnetic transition
(Fig. 5b). The temperature dependent M vs. H data shows that this
weak ferromagnetic coupling is suppressed at higher temperatures (10 and 50 K).
The magnetic susceptibility of Nd2AgGe3 shows a large increase
below 25 K and has two maxima at TN1 ¼ 3.5 K and TN2 ¼ 11.8 K
(Fig. 6a) which are well supported by the temperature dependent
resistivity data. The residual magnetic susceptibility (χ0), effective
magnetic moment (μeff) and Curie paramagnetic temperature (θp)
for this compound are  0.0013 emu/mol, 3.47 μB/Nd (theoretical
effective paramagnetic moment for Nd3 þ is 3.62 μB) [52] and 12 K,
respectively obtained from the ﬁtting of inverse molar magnetic
susceptibility with modiﬁed Curie–Weiss law. This kind of multiple magnetic transitions is not uncommon and was also observed
in Nd5Ge3 [53,54]. The ﬁeld dependent magnetization data at
2 and 300 K for Nd2AgGe3 have been plotted in Fig. 6b. M varies
linearly with H in the measurement done at 300 K. At low temperature (2 K), a strong hysteresis is observed, which indicates
ferrimagnetic like-coupling is the dominant magnetic interactions
among the magnetic spins. It is not clear at this moment that what
should be the reason for a ferrimagnetic like behavior, since there
is only one Nd site per formula unit in this structure. However,
owing to the fact that there are two antiferromagnetic transitions,
it is possible that at low temperatures, both the antiferromagnetic
states coexist, giving rise to such a hysteretic magnetization behavior. Ferrimagnetic like state, two magnetic transitions and

S. Sarkar et al. / Journal of Solid State Chemistry 229 (2015) 287–295

293

Fig. 6. (a) Magnetic susceptibility (χ¼ M/H) as a function of temperature for Nd2AgGe3 (polycrystalline) samples measured in a dc ﬁeld of 100 Oe. (b) Magnetization
measured as a function of magnetic ﬁeld at T ¼ 2 K, and 300 K.

strong magnetic anisotropy makes this system an interesting
candidate for detailed study using different probes and techniques.
3.3. Resistivity
The electrical resistivity of Ce2AgGe3, Pr2AgGe3 and Nd2AgGe3
are shown in Fig. 7. In the high temperature range, resistivity increases with increase in temperature for all the samples which is a
typical and common behavior of metallic systems. The resistivity
of Ce2AgGe3 (Fig. 7a) measured is equal to 10.86 μΩ cm at 200 K,
decreases with temperature down to about 22 K [55] beyond
which it increases up to 15 K. This behavior is reminiscent of
Kondo scattering which has been observed in many other Ce based
compounds like Ce2RhSi3 [23]. At low temperature region, ρ vs. T
shows a maxima at 6.4 K and ﬁnally drops down to a value of
10.2 μΩ cm at 3 K indicating a magnetic phase transition in corroboration with the magnetic susceptibility data. The resistivity of
Pr2AgGe3 (Fig. 7b) decreases linearly with decreasing temperature
from 200 K down to 15 K followed by a maxima at 11 K indicating
the magnetic ordering observed in magnetic susceptibility measurement. A similar behavior was also observed in case of Pr2CuSi3
[13]. Nd2AgGe3 also follows the same trend at higher temperature
range wherein the resistivity decreases almost linearly down to
25 K. Below this temperature, a dip is observed around 20 K which
is followed by a rise in resistivity with decrease in temperature
(Fig. 7d). The occurrence of a dip in the low temperature resistivity

plot in a Nd-based intermetallic compound is unusual since this
phenomenon cannot be attributed to Kondo effect arising from Nd
f-electrons. The situation is similar to that observed in cases of
previously reported GdPd2Si [56] and GdNi2Si2 [57] where the
authors have proposed spin-ﬂuctuations at the transition metal
lattices as the possible origin of increase in resistivity at low
temperature. The actual reason for this phenomenon, however,
still remains questionable and urges for further investigations.

4. Concluding remarks
We have thus synthesized already known Pr2AgGe3 and two
new compounds namely, Ce2AgGe3 and Nd2AgGe3, which crystallize in the tetragonal α-ThSi2 type structure. All the compounds
reported here show interesting magnetic properties which provide
a robust platform for further detailed study of the magnetic
structure of these compounds using neutron diffraction technique.
Existence of these compounds in the RE2AgGe3 series further
motivated us to look for new compounds with other rare earth
elements. Preliminary attempts to synthesize the Sm and Gd
analogs by arc melting technique were unsuccessful; however, we
are currently experimenting with different methods and various
reaction conditions.
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Fig. 7. Electrical resistivity (ρ) of (a) Ce2AgGe3, (b) Pr2AgGe3 and (c) Nd2AgGe3 measured as a function of temperature. (d) First order derivative of resistivity with respect to
temperature for Nd2AgGe3.
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