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     Correlated f-electron materials are at the forefront of 
condensed matter physics owing mainly to their status as hosts for 
novel phenomena (e.g., superconductivity, complex magnetism, 
nematic electronic states, etc.) and the challenges that these states 
present to theory. One route to unusual magnetism is through 
geometric frustration, where the arrangement of the magnetic ions on 
the crystalline lattice leads to numerous nearly degenerate ground 
state magnetic configurations. Under certain conditions the magnetic 
ordering is suppressed towards zero temperature and the associated 
fluctuations might lead to unusual ground state behavior.  
      It was recently reported that CeAuAl4Ge2 forms in a layered 
structure, where the magnetic (trivalent) Ce ions are arranged on an 
equilateral triangular lattice, which partly sets the stage for frustration. 
Measurements of bulk thermodynamic properties indicate that there 
is weak magnetic frustration in this system [4]. Thus motivated, we 
attempted to synthesize chemical variants LnAuAl4Ge2 including Ln = 
Pr,Nd,Eu,Gd,Tb,Dy,Yb,U. Amongst these, only the Nd version formed 
in the desired 1142 structure. We report results from powder x-ray 
diffraction, magnetic response, electrical transport, and heat capacity 
measurements for this compound, which reveal magnetism similar to 
that seen for the Ce analogue, albeit with a larger magnetic moment 
as expected.  
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FIG 2. (a) Crystal structure of 
NdAuAl4Ge2 [4] . Layered 
property observed. (b) Nd 
plane showing the equilateral 
triangle arrangement [4]. 
 

Magnetic Susceptibility 
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 Single crystals of NdAuAl4Ge2 were grown from elements with 
purities > 99.9% in a molten Al flux. Elements were  placed into an 
alumina crucible in a ratio Nd:Au:Al:Ge of 1:1:10:5. The alumina 
crucible was then sealed under a vacuum in a quartz tube, heated 
up to 1000°C at a rate of  83°C/hr, kept at 1000°C for 15 hours, 
cooled to 860°C at a rate of  7°C/hr, held at 860°C for 48 hours, 
and then followed by cooling down to 700°C at the rate of 12°C/hr, 
see FIG 1. (a) for heating curve. Excess flux was removed by 
centrifuging the tubes. The stoichiometry was verified using energy 
dispersive spectroscopy (EDS).The tetragonal crystalline structure 
and lattice constants, a = b = 4.24  and c = 31.3 , were 
determined using  powder X-Ray Diffraction (FIG 3.). Electrical 
resistivity (FIG 4.) and heat capacity measurements (FIG 5.) were 
made using a Quantum Design (QD) Physical  Property 
Measurement System. Magnetic susceptibility (FIG 3.) was 
measured using QD Magnetic Property  Measurement System 
(MPMS), respectively. 

FIG. 4. (a) Magnetic susceptibility 
!(T) = M(T)/H for H = 10000 Oe 
applied parallel and perpendicular 
to the c-axis vs temperature T for 
NdAuAl4Ge2. (b) !-1(T) for      H  
c and H ! c. The solid lines are 
Curie-Weiss fits to the data. 
Which yield an effective magnetic 
moment of 3.3 µB, as expected for 
trivalent Nd. (c) Low temperature 
region of !(T) for H = 1000 Oe, 
showing the Néel temperature TN 
~ 1.85 K. (d) Magnetization M vs 
magnetic field H for H  c and H 
! c at 1.8 K.  

FIG1. (a) Schematic heating curve for NdAuAl4Ge2, (b) NdAuAl4Ge2 Crystal, (c) Box 
furnace used during melt process. 

Heat Capacity  

Conclusion and Future Works 
•!The 1142 structure is only observed for Ln = Ce and Nd. 
•!The Nd ions show the expected trivalent magnetism. 
•!Sample shows sign of weak Magnetic Frustration. 
•!Antiferromagnetic order is observed at TN = 1.3 K. 
•!Simple metallic behavior is observed for all temperatures. 
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FIG 6. (a) Heat capacity divided by temperature C/T vs T for NdAuAl4Ge2. The 
magnetic phase transition appears at TN = 1.3 K as a lambda-like feature, revealing 
that it is a second order phase transition. (b) C/T vs T2. The dotted line is a fit to the 
data, showing the electronic contribution to the heat capacity is small (" < 5 mJ/mol-
K2), and the phonon contribution is # = 0.00345 mJ/mol-K4. The uncertainty in the 
value of g occurs because it is unclear whether the lattice contribution to the heat 
capacity is accurately described by the low temperature limit of the Debye formula on 
this temperature range. Nonetheless, this small value is consistent with typical metallic 
behavior in a weakly correlated electron metal. 

Electrical Resistivity 
FIG 5. (a) Electrical resistivity 
$ vs temperature T for  
NdAuAl4Ge2. (b) The low 
temperature region of $(T) 
showing the magnetic phase 
transition, which results in a 
reduction of the electronic 
scatter ing. The residual 
r e s i s t i v i t y  i s  s m a l l                   
(r0 ! 2 mWcm) indicating the 
high quality of these samples. 
(c) Derivative of the electrical 
resistivity with respect to 
temperature %$ /%T vs T. The 
phase transition at TN = 1.3 K 
appears as a sharp peak.  
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FIG 3. Powder x-ray diffraction pattern of 
NdAuAl4Ge2 with silicon added for reference. 
The dashed lines are the theoretical pattern [2] 
and stars show the silicon peaks. The theoretical 
dashed lines overlap most of the compounds 
peaks, indicat ing the stoichiometry is 
NdAuAl4Ge2. Fits to the data yield lattice 
constants a = 4.24  and c = 31.3 . 
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Curve shows saturation moments near Msat ! 1.23 &B /f.u. for H  c and 1.37&B /f.u. for 
H !  c, which are reduced from the full Nd saturation moment due to crystal electric field 
splitting of the J = 9/2 the neodymium total angular momentum. 

 


