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Magnetism and transport in Pr,_,Sr,MnO 5 single crystals(0.48<=x=<0.57)
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The magnetic, electric, and thermal transport properties of the single-crystaBRMnO; perovskites have
been investigated in the compositional region 648<0.57. The end compositions are characterized as ideal
examples of the ferromagneti@ =290 K) and the A-type antiferromagnetid@ (=215 K) metals with a
strong quadratic temperature dependence of the electrical resistivity Belo@T ), respectively. A transient
behavior is observed on two intermediate samples wi0.5, which are ferromagnetic beloW.=265 K
and undergo a second transition to antiferromagnetisifyat 125—155 K. Appreciable magnetoresistance
effects in these samples beldWy are attributed to the field-induced antiferromagnetferromagnetic phase
transition. A detailed comparison of observed magnetothermal and magnetoelectrical conductivities justifies the
application of Wiedemann—Franz law and points to an important role of electronic contribution in the thermal
transport.
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[. INTRODUCTION Franz law and, in particular, the quasi-two-dimensional me-
tallic character of electrical conductivity of the
The phase diagrams of perovskite manganitedrp435rh5MnO; crystal.

Ln3* A2*MnO; (Ln-rare earth, A-Alkaline earhdisplay a
Ia_lr_ge vam_ety of magnetic arrangements. In a narrow compo- Il EXPERIMENT
sitional window of 0.45x=<0.6, two systematic trends in
the evolution of magnetic structures are observed with re- Using both floating zone and high temperature-flux meth-
spect to the steric and electronic effects. These are generalyds we have prepared four groups of BiSr,MnO; single
parametrized by the average Ln,A size and Mn valeridy: crystals. The crystals witk=0.49 and 0.50 were prepared
for large size of Ln,A cations the increasirgnduces ground using floating-zone furnace equipped with hemiellipsoidal
states in the sequence of ferromagnetic metallic, A-type ammirrors and halogen lamps as heat sources—a more detailed
tiferromagnetic and C-type antiferromagnetic description was published previouslor the study the cy-
arrangements’ while, (i), for the fixedx the decrease of the lindrical specimens with the diameter 84 mm and length
average size of Ln,A cations leads to the replacement of thef =5-8 mm were cut and both the electrical and thermal
A-type by the CE-type magnetic ordet.Both the CE- and gradients for transport studies were applied along the cylin-
C-type antiferromagnets are electrically nonconducting andler axis. With respect to the high temperature used in the
orbital polarization of localize@, electrons is of thel;,2_,.  case of the floating zone technique these crystals were post-
kind. In contrast, the A-type antiferromagnets exhibit a highannealed in flowing oxygen at 850 °C for 72 h..
electrical conductivity belowl y and orbital polarization of The compounds withkk=0.48 andx=0.57 were synthe-
itinerante, electrons is of thel,>_,2 kind. The detailed mag- sized using high temperature flux metfoCrystals ex-
netic and magnetotransport study of the A-type antiferromagtracted from the flux were cube-shaped with approximate
netic Nd 455h sgMINO5 single crystal of orthorhombic sym- dimensions of 22X2 mm and no additional heat treat-
metry revealed, moreover, that the electrical conductivityment was applied before the measurements. The attempt to
below Ty is strongly anisotropic—highly conducting in fer- orient the electrical and thermal gradients with respect to
romagnetic planes and insulating perpendicularys the  crystallographic symmetry was unsuccessful and thus ob-
presented perovskites P,Sr,MnO; concerned, the single served experimetal data are averaged through all crystallo-
crystal data covering the relevant composition region are stilgraphic directions. Electron microprobe analysis of all stud-
lacking. We thus report on the magnetism, electronic, anded crystals revealed very good homogeneity and the cation
thermal properties of four crystals with=0.48, 0.49, 0.50, ratio (Pr+Sr/Mn was determined as 1.60.015.
and 0.57. Based on electrical and thermal transport data we The x-ray experiments were performed usingkGu ra-
experimentally demonstrate the validity of Wiedemann—diation on a diffractometer Siemens D500 with a helium
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FIG. 1. The temperature dependence of magnetic susceptibility ) o
for Pr,_,Sr,MnO; single crystal§warming. The chemical compo- FIG. 2. The temperature dependence of electrical resistivity for
sition is labeled. single crystals of the Rr,Sr,MnO; series. The chemical composi-

tion and Curie(Neel) temperatures are labeled.

cooled chamber Oxford Instruments. The diffraction patterns

(20 =10°-140°) were collected with the Brown position ~ The temperature dependence of electrical resistivity is
sensitive detector between 20 and 300 K. The magnetoresishown in Fig. 2. The weakly temperature dependent resistiv-
tance, dc magnetization, and specific heat measurementy in the paramagnetic state for all samples is consistent
were performed with a Quantum Design PPMS system. Thavith adiabatic hopping of polaronic carri€téh more pro-
magnetic susceptibility data were collected with a Quantuniounced temperature activation of electrical resistivity above
Design superconducting quantum interference device whethe Ty for x=0.57 crystal is likely linked with increased
applied magnetic fieldh,, was within the range of 1 Oe tetragonal deformation of the MnpQarray as seen on Fig. 3.
<h,.<10 Oe and excitation frequency between 100 andiere the temperature variation of lattice parameters of the
1000 Hz.

The thermoelectric power and thermal conductivity mea- T T T T T T
surements were carried out between 11 and 320 K using a 7.9 f Fmmm ¢TN l4/mcm 3
close-cycle refrigerator. The four-point steady-state method . L R AN
was applied in order to eliminate thermal resistances between 8 E ° c, b7 3
the sink and the heater. The experimental setup was checked = 77 ?COMAAMAMMM DDDDDDDDDDB; -
using reference samples and for more detail we refer to Ref. W 76F a’*ve2 -3
7. Particular difficulties were encountered in the case of 3 RN T Einsaad
=0.57 crystal because its small size does not allow one to £ E Fmmm v T,
simply attach four transport leads simultaneously with the g 78 E P BT
heater. The sample was thus mounted on a Plexiglas TM @ 7T Epnonan otngy 14/MEM 3
support and the thermal conductivity of the crystal was ex- £ 76 E C, ap--oeT o E
tracted using calibrated thermal conductivity of plexiglass 20 E e aS V2T
support. 7s Z_ZA e _:

E .o 1 N | N 1 N | N .. E
455 F* 1 ' 1t ' T 1 ' 717 3
Il. RESULTS 454 F T, ng+00 ° 3

The magnetic susceptibility data in;PESLMnO; crys- <SS |E [x=0 igo@w? W LA
tals are displayed in Fig. 1. The crystals with-0.48, 49, > 452 3 000000 ” ‘_._»— 7\ 3
and 50 are ferromagnetiEM) with T of 290, 262, and 267 451 pro-o-¢ ¢ [ 057 3
K, respectively. Upon cooling, in agreement with previously 450 & e

0 50 100 150 200 250 300

published data, the FM ground state is replacedxte.49
by the A-type antiferromagnetiCAFM) onel®® The Neel
temperaturely, characterized by a steep decrease of mag- g, 3. The temperature dependence of lattice parameters for
netic susceptibility, increases with Sr concentration from 124;ingle-crystal Ry,sStsMnO;, (A,0) and Pp.StcMnO; ce-

K for x=0.49 to 215 K forx=0.57. Concurrently with in-  ramics (dashed ling are compared with RESK sMnO; ceramics
creasing Ty the low temperature susceptibility decreases(Ref. 3. In the lower panel the temperature evolution of the unit
with increasingx and remains very low down to the lowest cell volume of x=0.57 single crystal @) and x=0.6 ceramics
temperatures. (dashed lingis depicted in comparison witk=0.50 ceramics).

T(K)
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FIG. 4. The temperature dependence of the magnetoresistance o 01 J°’° o7 v o/o,o,ovwvow .
expressed aso)— 0 (g))/0(gy atB=9 or 7 T for single crystals of 2 > Vvv P N ad oa o
the Pg_,Sr,MnO; series. The chemical composition and Curie g / V/VO/OA”
(Néel) temperatures are labeled in the graph. [ /o o x=05)
0.01 0%/ . 4
1 1 2 1 } 1 2 1
Pry.4351h 5MnO; crystal' is displayed in comparison with data 0 B (T) 3 5
for the x=0.50 ceramics.Upon cooling below 300 K the
x=0.57 crystal shows an increase of théattice parameter FIG. 5. Zero field cooled magnetoresistariogper panéland

of the tetragonal 4/mcm high temperature phase which is magnetic momentlower panel at 10 K for single crystals of the
directly linked with gradually increasing C-type orbital Pri-,SiMnO; series. In the inset the difference between0.49
ds,2_ 2 orbital polarization. This evolution is sharply broken andx=0.50 crystals is demonstrated. A strong hysteresis of mag-
at Ty where the competitivel,2_2 orbital polarization de- netoresistance encountered for 0.49 and 0.50 crystals is absent
velops and leads to tfemmmsymmetry*® As demonstrated ~for x=0.48 and 0.57 crystals.
in the figures this concomitant structural, magnetic, and
insulator—metal transition takes place abruptly at 215 Kiance due to the magnetic-field-induced AENMFM transi-
without any observable hysteresis witlhT=1 K. tion is observed. A small negative magnetoresistance

By contrast, the onset of A-type antiferromagnetism forsmoothly increasing with decreasing temperature, detected
x=0.49 and 0.50 crystals is accompanied by a steep increasgr the x=0.57 sample below, is likely associated with
of electrical resistivity via a hysteretic two-phase regionincreased spin canting between antiferromagnetic layers
(AT~20 K). The low temperature values of electrical resis-which favors the interlayer tunneling.
tivity remain, however, of the order gfy~10 m() cm and The isothermal low temperature magnetoresitance is com-
reflect the metallic-like conduction in two-dimensiotdD)  pared with magnetization in the Fig. 5. The negligible mag-
FM planes. The A-type AFM order is, similarly as for  netoresistance of the=0.48 crystal results from the com-
=0.57, accompanied by the structural transition and a deplete magnetic polarization and, simultaneously, minimized
crease of the unit cell volume atl as demonstrated in the impact of grain boundaries, which generally lead to negative
Fig. 3. These attributes corroborate well with the first- ordermagnetoresistance in ferromagnetic ceramic manganites. The
character of the FM> AFM transition. On the other hand, the huge magnetoresistance for tke=0.49 and 0.50 antiferro-
smooth evolution of lattice parameters and unit cell volumemagnetic crystals is accompanied by simultaneous increase
acrossT¢ for the x=0.50 sample indicate that the magnetic of the magnetic moment and corresponds to the magnetic-
transition is not strongly coupled with lattice and can be offield-induced AFM=FM transition. The transition is com-
second order. pleted forx=0.49 sample above 5.5 T while for=0.50

The temperature dependence of magnetoresistance is fusnly an onset of this phase transition is achieved at the same
ther shown in Fig. 4. In the FM crystals the huge magnetorefield. This observation indicates that the stability of 2D AFM
sistance peaks dic and decreases symmetrically below andwith respect to the three-dimensioné8D) FM structure
above T¢. The similar course of the magnetoresistancesharply increases with increasing
aboveTy in the x=0.57 crystal implies that the magnetic ~ The evolution of the thermoelectric power with tempera-
interactions are essentially the same as in FM crystals. Theire is shown in Fig. 6. In the paramagnetic region the nega-
low temperature magnetoresistance is, however, substantialtive and almost temperature independent thermopower re-
different for different crystals. In the case of FM metaltic flects the configurational entropy of hopping carriefEhe
=0.48 crystal, the magnetoresistance decreases smoothly fioetallic nature of ferromagnetic phasesxin 0.48—50 crys-
zero at 0 K. For the antiferromagnetie= 0.50 crystal, after a tals is evidenced by a steep decrease of the thermopower
decrease belowW, a huge low temperature magnetoresis-magnitude belowl - (Fig. 6) when the small and negative
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FIG. 6. The temperature dependence of thermoelectric power =
for single crystals of the Rr,Sr,MnOj; series. The chemical com- 0.5 ]
position and CurigNeel) temperatures are labeled.
0.0

value forx=0.48 indicates “electron” like character of DOS 16

at E¢ in distinction to hole-like behavior encountered in FM . .
manganites withk~0.3. The onset of antiferromagnetic or- ~ FIG. 7. Zero field cooled magnetoresistariogper pangland
der atTy =125 and 155 K fox=0.49 andx=0.50 crystals magnetic moment(lower panel at various temperatures fox
respectively, is characterized by an increasing magnitude =0.57 single crystal. Note the metamagnetic transformation at 200
the thermopower down te-—30 wV K~ 1. Contrary to that for B==10 T.
the magnitude of the thermopower decreases belgw . .
=215 K for thex=0.57 crystal. The final descent of the NGy 4551.5MNO; crystal with the same magnetic structure

) I and hole concentratich.
thermopower to zerotaD K is encountered for all samples The anomalies encountered in the temperature depen-
and is in conformity with the band-like character of carriers P P

in the A AFM d A ler | dence of the thermal conductivity, shown in Fig. 9, demon-
In the A-type ground state. A smaller low temperaturé g 10 the essential interrelation between the thermal trans-
absolute value measured fgr=0.57 crystal thus corrobo-

R . I port and magnetic transitions. Similarly as reported
rates with its higher electrical conductivity. _ previously for Pg Sty sMnO; ceramics, the simultaneous oc-
The magnetic and magnetoresistive properties of xhe

=0.57 crystal were examined in detail in the vicinity Df Y —
and the results are displayed in Figs. 7 and 8. The huge [ L
negative magnetoresistance together with the evolution of [ o NSO,
magnetic moment encountered abovg (T=225 K) re- 2.0F
flect the overwhelming role of ferromagnetic interactions.
The Brillouin fit, represented by the full line, provides very
resonable parameters of hypothetical FM phase: Curie tem
peratureT-=197 K and the total spin valu®=2. Just be-
low Ty (T=200 K) the 3D FM interactions vanish, the
magnetoresistance sharply drops and only a small magneg
toresistance linked with the interlayer canting persists. How-
ever, at a critical field B=10 T the metamagnetic 05k
AFM&FM phase transition occurs and is followed by [
ferromagnetic-like behavior. The impact of external mag- [
netic field on the long-range AFM ordering temperature is 0.0 =— . .
exemplified in Fig. 8. Under the field of 14 T the onset of 160 180 200 220 240
AFM order is shifted from 215 te=190 K, which contrasts T3

with the data acquired om=0.49 crystal where, even at |G, 8. The temperature dependence of magnetic moment in the
lowest temperatures, the A-type structure is entirely conyicinity of Néel temperature at various external fields for the
verted to 3D FM phase by application of 7 T only. The ro- =0.57 single crystal. In the inset the shift B with magnetic field

bustness of AFM ground state of jB5Srp sMNnO; crystal is  is compared with the data reported for NgSr sgMnO; single
compared in the inset with data reported for crystal(Ref. 4.

15}

ment (u, / Mn)

1.0}
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SO0 L A Ply.43Slh 5MN0O; and Ng 4SSt sdMnO; crystals. While the
__45F : i Nd, 4551, 5sMNn0O;5 crystal exhibits thePbnm symmetry with
ﬁ'E i two symmetrically distorted M—O—-Mnbond angles of 168°
% 4'0_' lying in conducting FM planes, the §£1Sr 5MNnO; pos-
2 35} . sesses th&mmm symmetry with two Mi—O-Mn bond
Z 39 [ angles of 169° and 180° in conducting FM planes, respec-
> . . . . . .
E= s tively. Supposing a direct connection between the bonding
2 25 i ] symmetry and orbital polarization ok, electron, the
§ 20t ] straighten Mi—O—Mnbond angles in RSl sMnO;3 crys-
= - tal can be at the root of both the higher electrical conductiv-
% L5F ] ity, linked with d,2_,2 orbital polarization, and higher stabil-
£ 10F - ity against the spin canting at low temperatures.

o5k Pr, .SrMnO, ]

0.0 A . . . L] B. Electrical transport

"0 50 100 150 200 250 300 350 The weakly temperature dependent resistivity in paramag-

T(K) netic state is coherent with adiabatic hopping of charge car-

FIG. 9. The temperature dependence of the thermal conductivit;r/'ers' The hopping energy fork=0.48-0.50 samples is
for single crystals of the Rr,Sr,MnO; series. The chemical com- evelllua.ted tdEA:24_ mevV. A bl pronounced temperature
position and CurigNéel) temperatures are labeled. activation of electrical resistivity above thig, for x=0.57
crystal correspondE =39 meV. This fact is likely linked
%ith the increased deformation of the MgQ@rray due to

-type orbital polarization, as seen in the middle panel of
Fig. 3. The viability of adiabatic hopping as the transport
mechanism is documented by temperature independent ther-
o . . moelectric power data. As pointed out by Doumerc the fact
thermal conductivity below is broken affy by a precipi- that the conducting electron can adopt different spin state

tous descent. Upon further cooling belowl00 K the ther- . . : g
mal conductivity sharply decreases and falls to very low vaI—W'th respect to the spin background provides additional de-

3 . . _
ues at low temperatures. In casexef 0.57 crystal the direct gree of freedont” Thus the conventional Heikes formua

transition from the paramagnetic to antiferromagnetic state is:i t;skBa/rLgunt{r(]le—r):l)J/:w} i)(exrzor:‘/ ’(\:Iﬁa’\rl tehecgrurirggsrrﬂgr] ar\é?lllei?ée
accompanied by a small increase of thermal conductivity ar o arge ¢ X

_ : . L solely the contribution of configurational entropy of singly
Tn=215 Kwith the low temperature values being similar to occupied states, i.e., for a strong on-site Coulomb repulsion
that of x=0.49 andx=0.50 crystals. P N g P '

the modified expressio®= —kg/|e|In{B{1—X)/x} is more
appropriate to use. The spin degree of freed@gramounts
IV. DISCUSSION to [2Syns+ + 11/[2Syns++1]=5/4 and provides additional
spin thermopower of—19.2 uVK 1. Indeed, as forx
=0.50 the simple configurational entropy should result in
The narrow phase boundary between FM and AFMzero thermopower, we observe good agreement between the-
ground states, observedyat 0.49, results in the presence of oretical spin thermopower and experimental values which
FM inclusions in the sample. Indeed, the extrapolated zergary between—18 uVK ™! (x=0.48) and—25 uVK™!
field magnetization of=0.1ug at 10 K in thex=0.49 crys-  for x=0.50. In the case of=0.57 crystal the increase of the
tal, shown in the inset of Fig. 5, corresponds to residuabbsolute value of thermopower at room temperature=to
~3% volume of FM phase. It is thus straightforward to re- —30 VK ! likely reflects the increase of the configura-
late the easiness of the magnetic-field-induced transitiotional entropy of hopping electrons due to decreased concen-
from AFM< FM phase with precursor role of such residual tration of theey electrons. A small temperature activation of
FM inclusions. This hypothesis is supported by substantiallthermopower down td@ points to a pronounced tendency to
lower magnetoresistance and undetectable residual magnetive charge carrier localization which is consistent with the
zation of thex=0.50 crystal which is already out of the temperature activated resistivity.
boundary. Finely the Bp:SrysMnO; crystal represents a In order to discriminate between itinerant and localized
rigid AFM structure. The low temperature magnetization andpicture of charge carrier transport thel product ( is the
magnetoresistandéig. 7), however, is substantially smaller mean free path of charge carriers dndis the Fermi wave
than of the analogous NdsSrysgVinO3; Ry 1/Ry=0.8 ob-  vecton can be considered. This value can be estimated on the
served at 10 K for Rr,sSlhsMnO; crystal contrasts with  basis of an assumptidg| =[#%(372) %3]/ (e?on?), wheree
Ri, 1/Ro=0.43 for Nd 4 sMn0;.* Simultaneously, a is the electronic charge andis the number of charge carri-
substantially lower impact of external magnetic field Bg  ers. Taking then as a total number oé, electrons, i.e.n
of Pry4sSlhsMnO; crystal is demonstrated in the inset of =0.9x10?® m~3 for x~0.5, the room temperature resistiv-
Fig. 8. The possible origin of this difference can be associities of ~2.5 m() cm yield kel =0.7, which corroborates
ated with slightly different crystal symmetries of well with the above-mentioned model of hopping conduc-

currence of the ferromagnetic and metal-insulator transition
at T in the x=0.48-50 crystals is accompanied by an en-
hancement of thermal conductivity*? For antiferromag-

netic x=0.49 andx=0.50 crystals, however, the increase of

A. FM ©AFM phase boundary
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O e B L L L quently, with respect to the observed specific heat data, more
[ —0—x=0.48 /|:|/ ] effective electron—electron correlations limiting critically the
N [ —0— x=0.49 /D/D 1 carrier mean free pathin ferromagnetically polarized state
"5 15.0 - —A—x=0.50 /D/D % s_hould be anticipated. Most likely these cgrrelations are me-
E [ — %2057 o8 /8/0Af diated by T]ahn.—TeIIer phonons and/or spin excitatfons.
x - o= o 52/ g The uniformity of the electronic terny determined for
E 100 L DIDD’D //ﬁﬁ ] x=0.49,_ 0.50, and<:_0.57 antiferromagnetic crystals con-
= o oo™ /05/ R . trasts with the diversity of their low temperature electrical
) i u,:djjj /0/%££ ] resistivities and thermoelectric power. Taking into account
50 L 00'0‘0888 h the low absolute value of the thermopower the origin of pro-
‘ _W%Sﬂg ] nounced localization fok=0.49 andx=0.50 is not due to
C i an increased effective mass*, as one expects for strong
L | | | | i electronic correlations, but more likely due to the concur-
0.0 O' = '20' = '40' = I60I = '80' = '100 rence of the “charge commensurability” at half-filling and
T2 (K?) orbital polarization accompanied by the structural deforma-

tion, which confines the double-exchange electron transfer in
FIG. 10. The temperature dependence of the specific heat fdhe conducting FM planes and forms a “pseudogapEatin

Pr,_SrMnOs; single crystals shown &/ T vs T2 plot. the Py _,SrMnO; system forx~0.50. In relation to the ex-

istence of the “pseudogap” in highly doped manganites this

tion. On the other hand, in the ferromagnetic metallic stateyas experimentally observed in layered homologues

(x=0.48) the residual resistivity of- 80 w{) cm provides La;_,SrMn,0, with the ratio MRF*/Mn*"=11* The

kel =23 which is clearly in favor to a metallic picture of pseudogap, at least partial, closing fo=0.57 crystal is

low-temperature  conductivity. ~ Supposing the  two- |ikely linked to the loss of the “charge commensurability”

dimensional metallic conductivity in FM planes fee=0.57  and lowered deformation of FM planes which possibly re-

crystal, the experimental value of residual conductivitysults in higher electrical conductivity and typical metallic-

makes the sheet conductivity,=d/@o=3.8<10"[Q "]  like thermopower.

(d is the spacing of FM layers=3.8 A and g,

=1 mQ cm is the residual resistivitywhile the theoretical C. Thermal transport

criterion of metallic conductivity in 2D o= e%/27h ) ) )

=3.87x 10 5[Q 1] locates the crystal just at the border of An expe_rlmental estimate o_f the Lorenz ratiQ can be_ _

metallic conductivity. The mean free path given by the ratiomade by simultaneous analysis of the thermal conductivity

oolomin=kel~1 further indicates that the sample occurs atand electrical resistivity data in the vicinity of ferromagnetic

the limit of a weak localization. This fact is likely respon- {ransition temperaturéc. We can write:
sible for a small resistivity upturn observed below 50 K. _ )
Much higher electrical resistivity observed far=0.49 and Motai=Nelectront Nphonon With Aejectron=LeT/€, (1)

0.50 crystals at low temperatures implies that<l already \ynere o is electrical resistivity. The differentiation in tem-

involving hopping conduction. :
. . . perature provides
In the x=0.48 ferromagnetic crystal the electrical reS|s—p P

tivity below T is dominated by quadrati&a T2 term, which

d)\total _ d)\ph +E LeT dQ

is an indication ofe—e correlations. The observed constant -t = 2)

A~7 nQcmK ™2 is similar to that determined in optimally dT dT o 2 dT

doped L@ gA Pb,Ca) 3MnO; single crystals by Jaimet al®

In a simple case the quadratic tednis related to the elec- Based on the unchanged crystal structure and apparent

tronic specific heat coefficieny by empirical Kadowaki— second-order character of magnetic transition one may sup-
Woods ratioA/y?=1x10"° Q) cm(mol K/mJY. Suppos- pose that the phonons only contribute to a smooth tempera-
ing the validity of such ratio, a large electronic specific heatture dependence of over T and the temperature anomalies
term y=26 mJK ?mol~! should be anticipated. Thus, in at T¢ in both o(T) (Fig. 2 and \(T) (Fig. 9 are solely
order to assess the character of charge carrieB:atwe  driven by critical scattering of electrons. The analysis in the
have measured the low temperature specific heat. The davicinity of T for Pry 5:SKp 4gMNO3 crystal provides an aver-
are shown a<C,/T vs T2 in Fig. 10. The experimentally age valueL2* ¥~3.6x10"% W/Q K? which exceeds the
observed values of the linear electronic tegnfor x=0.48  theoretical Lorenz numberlL,=2.44<10 8 wW/Q K2

are very similar to that reported in the literature and amouniNonetheless, this estimation appears false in view of further
to =5 mJK 2 mol 2. discussion in the following.

Surprisingly, the analysis of electrical resistivity of anti-  More reliable experimental estimation of the Lorenz num-
ferromagneticx=0.57 crystal belowTy unveils also the berL, provides the analysis of magnetothermal conductivity
dominating quadraticA T2 term. An estimation of hypo- and magnetoresistance. The compilation of magnetothermal
thetical electronic specific heat using Kadowaki—Woods raticand magnetoresistance data acquired on thesBp sgMnO;
providesy=55 mJ K2 mol™ !, which contrasts even more single crystal and ceramics are shown in Fig. 11 where, in
with experimental value of=3.0 mJK ? mol . Conse- addition, the data for ferromagnetic (RESIy 14 8 ,MNO;
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ST T T T T 1 4d—— T v |
- Pr, 51, MnO, ] Pr,Sr.MnO, o X0.48

o single crystal
O® ceramics

Pry65Ca 2,570 ,,MNO; ]

3 [ 0.65"“0.217" 0.14
[ mﬁ:ﬁnme crystal)
[ 8T
- P 0T "u ”~

1
Thermal conductivity (WK 'm-)

Thermal conductivity (Wm'K™)

1F J
2 _—& .

-EI

1p UC 87,07 0 e 1 L . o
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0 50 100 150 200 250 300 350 FIG. 12. The decomposition of the total thermal conductivity on
Temperature (K) the phonon and electron parts, respectively. The chemical composi-
_tion of Pr,_,Sr,MnO; single crystals is labeled.
FIG. 11. The temperature dependence of the thermal conductiv-
ity for 0 and 8 T for PgscSiosMnOs (upper pandl and g0 poqy transport in ferromagnetic crystal 0.48 only at
Plo.6510.145% ,;MnO; (lower panel. To enable the comparison the |, temperatures while this contribution in the AFM crystals

ceramic data were corrected on the porosity. Using Wiedemann—

Franz law withL , and the magnetotransport data yielded on singlexzo'49_0'57 is negligible. Furthermore in accordance with

crystals the calculated magnetoelectronic contributign (O) is changes of lattice parametefSig. 7) we differentiate be-

compared with experimental magnetothermal conductiwify,q tween the negligible variatipn prhononover theTc and the
=28 T-)\O T (m). anomalies detected &i,. Since the phonon part of thermal

conductivity is a product of specific heat, sound velocity and

single crystal Tc=204 K) are also presented in the lower mean free path of phonorgy,qn., and since the first two
panel. The relevance of the analysis with the use of magnejuantities do not manifest such changes which could explain
tothermal data acquired on ceramic specimen is substantiat@®served anomalies, we presume that the observed decrease
by the comparison of the ceramic and single-crystal zeroof Nynhonon P€lOW Ty for the x=0.49 and 0.50 and increase
field data which are, apart from a small experimental fluc-for x=0.57 crystals reflect predominantly changes in the
tuation, practically identical. The experimentally observedmean free path of phonons. In the first case we suggest that a
magnetothermal  conductivity A™39=x8 T-\® T for  strong magnon scattering via magnetoelastic coupling is a
Pro 65511 2;MNO; single crystal exceeds in the vicinity reason for the decreaség,nonin AFM phase with respect
of T.. significantly the magnetoelectronic contribution calcu-to the FM one™® In the second case the small step-like in-
lated using Wiedemann—Franz law with . This observa- crease forx=0.57 crystal is a natural consequence of the
tion is coherent with the first-order character of ferromag-mean free path revival due to the accomplished structural
netic transition, which points to a strong magnetoelastidransition belowTy . The similar absolute values af;;onon
coupling!® Further on, supposing the validity of in the AFM phases at low temperatures are in conformity
Wiedemann—Franz law with idehl,, the total magnetother- Wwith identical crystal and magnetic structures and the sub-
mal conductivity of PgseSlsgMnO; below Ty, connected — stantially smaller low temperature value &fponon COM-
with magnetically induced AFM-FM transition, can be asso-pared to FM crystak=0.48 is associated with an enhanced
ciated entirely with magnetoelectronic component. More-magnon scattering.
over, supposing the Lorenz number exceeding lthe the
calculated magnetoelectronic component would exceed the
experimentally observed total magnetothermal contribution.
We thus conclude that apparent second-order FM transition The magnetic, electric, and thermal transport properties of
in the x=0.48 crystal is still associated with a small en- the single-crystal perovskites PrSr,MnO; have been in-
hancement of\,ponon in the vicinity of Tc and, conse- vestigated in the region of the FM—AFM transition, i.e.,
quently, the use of Lorenz free numHey for the evaluation 0.48<x=<0.57. The analysis of the experimental data leads
of Nejectron IS the most appropriate. to the following conclusiondi) independent of the magnetic

Thus using the Wiedemann—Franz law withthe evalu-  order all samples are electron-like conductors at low tem-
ation of the phonon part of thermal conductivity is shown inperatures(ii) the sharp phase boundary between the ferro-
Fig. 12 when, based on our previous study, the eventual magpagnetic 3D metal and A-type antiferromagnetic ground
non contribution to thermal conductivity was omitte@he  states is observed at=0.49, (iii ) the low temperature CMR
electronic contribution ¢eciron rEpresents a substantial part effect in the antiferromagnetic A-type phase is linked to a

V. CONCLUSIONS
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presence of residual ferromagnetic inclusions promoting theelates this effect to an interplay of the lowered dimension-
expansion of 3D FM order under external magnetic fiéld,  ality, N(Eg), and extremely short mean free path of charge
without apparent variation in the crystal, magnetic and or-carriers, which is indicated both in the thermal and electrical
bital structures, the low temperature electrical conductivity isconductivity data, andvii) the experimentally determined

substantially enhanced when increasinffom 0.49 to 0.57 | orenz numbet_o(T) amounts td_, which justifies the ap-
reaching just the limit of the 2D metallic conductivitiy) plication of the Wiedemann—Franz law.

within the same A-type AFM structure the high&y and
increased metallicity below, reflect an increased strength
of double-exchange FM interactions within the conducting
planes, which scales, in a first approximation, with an in-
crease of tolerance factor fromm=0.939k=0.49) tot We are grateful to Dr. S. Krupka for stimulating discus-
=0.948k=0.57), (vi) the simultaneous transport and spe-sions. The authors acknowledge the financial support of the
cific heat investigations suggest that hindered charge carri€érant Agency of the Czech RepubliGrant No. 202-99/
transport in the 2D AFM phases is not simply associated413, Grant Agency of the Academy of Sciences the Czech
with a lowered mean free path; a more plausible explanatiofRepublic(Grants Nos. D101 0023 and A101 0004/00
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