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T h e  m a g n eti c  fr ustr ati o n  h as  l o n g  b e e n  st u di e d  i n i ns ul ati n g  a ntif err o m a g n et s  wit h  a  tri a n g ul ar 

l atti c e i n w hi c h all t h e t hr e e s pi ns c a n’t b e a nti p ar all el d u e t o t h e a ntif err o m a g n eti c ( A F M) i nt er a cti o n. 

T h e hi g hl y c orr el at e d s pi n fl u ct u ati o n d o w n t o z er o t e m p er at ur e l e a ds t o t h e f or m ati o n of a s pi n li q ui d 

st at e.  I n  m et alli c C e  a n d  Y b  c o m p o u n ds,  o n  t h e  ot h er  h a n d,  t h e a p p e ar a n c e  of  l o n g -r a n g e  m a g n eti c 

or d er h as b e e n t h o u g ht t o d e p e n d o n t h e c o m p etiti o n b et w e e n t h e o n -sit e K o n d o i nt er a cti o n a n d t h e 

i nt er sit e R K K Y i nt er a cti o n. R e c e ntl y, K o n d o l atti c e s yst e ms wit h C e a n d Y b i o ns i n a g e o m etri c all y 

fr ustr at e d  arr a n g e m e nt attr a ct  m u c h  att e nti o n.  F or  e x a m pl e,  K o n d o  l atti c e  c o m p o u n ds  wit h 

k a g o m e -li k e g e o m etr y ar e e x p e ct e d t o h a v e a n u n c o n v e nti o n al q u a nt u m criti c al p oi nt ( Q C P), w hi c h is 

c a us e d b y t h e i nt er pl a y a m o n g K o n d o eff e ct, R K K Y- i nt er a cti o n, a n d m a g n eti c fr ustr ati o n. T h er e b y, a n 

a d diti o n al  t u ni n g  p ar a m et er  Q ,  m a g n eti c  fr ustr ati o n,  h as  b e e n  i ntr o d u c e d  t o  d es cri b e  t h e 

u n c o n v e nti o n al q u a nt u m criti c al b e h a vi ors . I n a s yst e m wit h t h e s pi n li q ui d gr o u n d st at e, a l o n g-r a n g e 

A F M  or d er  m a y  b e  i n d u c e d  b y  eit h er  d estr u cti o n  of  t h e  s y m m etr y  of  fr ustr at e d  str u ct ur e  or  t h e 

br e a k d o w n of K o n d o s cr e e ni n g.   

I n  t hi s  t h esis,  w e  f o c us  o n  C e R h S n cr yst alli zi n g  i n  t h e  h e x a g o n al  Zr Ni Al -t y p e  str u ct ur e  wit h  a 

q u asi k a g o m e l atti c e o f C e at o ms i n t h e b as al c  pl a n e. T h e str o n g h y bri di z ati o n b et w e e n t h e C e 4 f st at e 

a n d t h e 4 d  b a n d fr o m R h 2 at o ms l e a ds t o a hi g h K o n d o t e m p er at ur e T K  ⁓  2 0 0 K. A z er o-fi el d Q C P 

h as b e e n s u g g est e d b y di v er g e n c es i n t h e s p e cifi c h e at c o effi ci e nt C /T , m a g n eti c s us c e pti bilit y χ , a n d 

m a g n eti c Gr ü n ei s e n p ar a m et er. T h e a nis otr o pi c t h er m al e x p a nsi o n di s pl a ys  t h e criti c al b e h a vi or o nl y 

al o n g t h e a a xi s. T h e s pi n -fl o p cr oss o v er i n t h e fi el d d e p e n d e n c e of C /T  a p p e ar s u n d er t h e m a g n eti c 

fi el d of B  || a  = 3. 5 T. T h es e e x p eri m e nt al f a ct s s u g g est e d t h at C e R h S n is l o c at e d v er y cl os e t o a Q C P 

d u e t o t h e g e o m etri c al fr ustr ati o n. 

T h e pr es e nt w or k i s ai m e d t o cl arif y  w h et h er or n ot t h e q u a nt u m criti c al b e h a vi or i n C e R h S n is 

dri v e n b y t h e g e o m etri c al  fr ustr ati o n i n t h e q u asi k a g o m e l atti c e. F or t hi s p ur p os e, w e h a v e pr e p ar e d 

p ol y cr yst alli n e  s a m pl es  of  C e R h 1 – x P d x S n  a n d  m e as ur e d  t h e  el e ctri c al  r esi sti vit y ρ , m a g n eti z ati o n  M , 

m a g n eti c  s us c e pti biliti es χ d c a n d χ a c ,  a n d s p e cifi c  h e at C .  Wit h  t h e i n cr e as e  i n x fr o m  0  t o  0. 7 5,  t h e 



 

hexagonal a parameter linearly increases while the c parameter deviates from the Vegard’s law. The 

polycrystalline samples are composed of grains preferentially oriented along the c axis. Along this 

direction, the electric current I and magnetic field B were applied in the measurements of resistivity 

and magnetization, respectively.  

With Pd substitution, the change in the 4f state from a delocalized state to a localized one 

manifests itself in χ(T) and isothermal M(B).  For x ≥ 0.65, the effective moment μeff increases nearly 

to the value for a free Ce+3 ion. For x = 0.75, χ(T) exhibits a peak at 3 K, suggesting an AFM order. 

The AFM order is corroborated by a spin-flop like behaviour in M(B), which reaches a saturated value 

of 1.4 μB/Ce at 5 T. Emergence of a magnetic order in CeRh1–xPdxSn for x = 0.1 has been observed in 

temperature dependence of C/T. It exhibits −logT dependence which is followed by a maximum at  

0.1 K. As x increases from 0.2 to 0.4, the temperature at the maximum of C/T gradually increases to 

0.7 K. It is noteworthy that the maximum temperature for each x agrees with the maximum 

temperature of χac(T). The magnetic entropy S(T) curves for x = 0.65 and 0.75 are saturated to Rln2 at 

10 K, confirming the doublet ground state of the localized 4f state under the crystal field.  

Single crystals with x = 0 and 0.1 were prepared by the Czochralski method. The different ground 

states for x = 0 and 0.1 were confirmed by the measurements of temperature- and magnetic-field 

dependences of χdc(T, B), χac(T, B), and electrical resistivity ρ(T, B). The data of χac(T) with x = 0.1 

shows a maximum at 0.15 K, close to the temperature at maximum in C(T). The field dependence of 

χac(B || a) for x = 0 exhibits a metamagnetic crossover at 3.5 T in agreement with the field dependence 

of C/T, which indicates the destruction of frustration among Ce moments in the c plane. For x = 0.1, 

the large anisotropy of ρ(T), ρ(I || a) >> ρ(I || c), is maintained. Both ρ(I || a) and ρ(I || c) show a 

continuous increase on cooling, which is attributed to the loss of coherent scattering. The large 

anisotropy χc(T) >> χa(T) for x = 0 is maintained for x = 0.1. The positive magnetoresistance (MR) for 

x = 0 is the characteristic of coherent Kondo lattice compounds. On the contrary, MRs for x = 0.1 are 

all negative, which is the behavior of incoherent Kondo lattice. The absolute value for I || B || c at 8 T 

is approximately 5 times larger than that for I || B || a, which is consistent with that of M(B || c) ≅ 5M(B 

|| a). The magnetic and transport properties for the single crystal with x = 0.1 show that the magnetic 

frustration and Kondo effect for x = 0 are both suppressed. As a result, an AFM order is induced at   

x = 0.1, leaving the zero-field quantum critical point at x = 0. 

In addition to the geometrical origin, the correlated electron systems with well separated 

one-dimensional spin chains are expected to exhibit the magnetic frustration driven by a delicate 

balance between n-th nearest neighbor interactions along the chain. Therefore, the ground state of 

metallic Ce-based compounds with one-dimensional Ce chains deserves to be explored. 

Another purpose of this work is to study the effect of short-range correlations in the systems with a 

chain of Ce atoms. For this purpose, we focus on a new compound CePd3Sn2 that discovered by the 

present work. The single crystal x-ray diffraction analysis revealed that it crystallizes in the 



 

orthorhombic structure with one-dimensional chains of the shortest Ce-Ce distance along the b axis. 

The measurements of C, χ, M, and ρ on polycrystalline samples were performed to explore the ground 

state properties of CePd3Sn2. 

The ρ(T) data show a metallic behavior with an obvious drop at 0.6 K, indicating a magnetic phase 

transition. The magnetic contribution ρm does not exhibit any sign of Kondo scattering. A maximum in 

χ(T) at 0.6 K suggests an AFM order. The isothermal magnetization M(B) at 0.5 K bends at around 4 T 

and reaches 1.2 μB/Ce at 10 T. A sharp peak at 0.6 K in C(T) agrees with that of the peak in dρ/dT. The 

inelastic neutron scattering experiments revealed two excited crystal-filed doublets at 27 K and 191 K 

above the ground state doublet, respectively, whose energies agree with those obtained from the 

specific-heat measurements. Because no Kondo effect was observed in ρm(T), we attribute the tail 

from 0.6 K up to 3 K in C(T) to AFM short-range correlations inherent in one-dimensional systems.


