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ADNOTARE

Date de identificare:Teza,, *«RUHODOLLOH VWUXFWXUDOH PDJQHWLFF
QHFRQYHQO LBSEHOL 5HFHS) esteSUH]JHQWDW GH 'QD &URLWF
RE LQH JUDGXO GH GRFWRU vQ UWLLQ H IL]JLFH 7H]D D IR\
VWXGLX URS.OIHWOMW D uL WHKQBORJLD PDWHULDOHOR
Structura tezei: LQWURGXFHUH FLQFL FDSLWROH FRQFOX]LL JF
154 de titluri, 86 GH SDJLQL GH 8t uG8 WDEHOH 5H]XOWDWHO
SXEOLE®WAFVQUL WLLQ LILFH
Cuvinte-cheie: VXSUDFRQGXFWRUL QHFRQYHQ LRQDOL DQWLIHL
6FRSX0O OREUQHUHD L LQYHVWLJDUHD SURSULHW LORU
ale calcogenizilor de fier kgTeixSg, AFeXe (A = Rb, K, Cs; X =S, Se) i RbiFe.ySe.;S; cu
structur uni- L ELGLPHQVLRQDO $QDOL]D PHFDQLVPHORU G
PDIJQHWLF D FRUHOD LLORU VWUXFWXUDOH L HOHFWURQ
2ELHFWLY H O HeldbbraréaHtéhnbldgiei de sintetizare a policristdlelo L FUH WH
monocristalelor de tip kg TewxSe, AFeXz (A = Rb, K, Cs; X = S, Se), i RbixFexySe.,S; cu
FRQFHQWUD LD VXEVWLWX LHL DQIRYMWLH DU HIR BURE ULH!
SUREHORU vQ IXQF IV BHWH PG EHzondey We temperaturi (1.8 KOO

L FkPSXUL PDJQHWLFH SkQ OD 7 6WXGLXO VWRLF
PDJQHWLF GHWHUPLQDUHD SDUDPHWULORU VXSUDFRQG?
prRSULHW LORU WHUPRGLQDPLFH DYKkQG GUHS VFRS HYLC
HOHFWURQLFH vQ DFHVWH PDWHULDOH
IRXWDWHD 0L RULJLQBX UWRDW HDE I\ XIVDdrfdetB-@eRtip Une ey D O H
FelwTewxSe, AFeXz (A=Rb,K, Cs;X=S,Se), U L 5FeySe.,S,cu parametrisupraconductibili
i magnetici recordAX IRVW GHWHUPLQD L SDUDPHWULL SULQ
VXSUDFRQGXFWRUL L YDULD LLOH ORU vQ IXQF LHe&aH VX
VW ULL VXSUDFRQGREWERSEH VO IRVWVHPX®HQ LDW FDUDF
RUGRQ ULL DQWLIHURPDJQHWLFH FRH[LVWHQWH FX VWDU
afazelor. SD VWDELOLW RUGRQDUHMYDHEDNQ HORQ LRW LFOORUD B\
VWUXFWXUDOH vQ VWDUHD GH]R-DGREGPRQVW WD WHIS DV XSL
supracondu?W RDUH HVWH FDXGH®@VIGW UH/GGSEHMMIBO XO® )HUPL 1Q
afoststabOLW GLDJUDPD G HRbRQRe BeML VDMHPXCGIXIFULH VW ULOI
FRUHOD LLOH VWUXFWXUDOH PDJQHWLFH L HOHFWURQLF
5HIXOWDWHOH RE LQXWH FDUH FRQWULEXLH OD VROX LRC
$ IRVW HODERIULDWGC WHHKIQR\CHUH L RE LQXW H.wPeREBRAFEXL VW D
(A=RDb,K, Cs;X=S5,Se), i RoixFeySe:S: FX FRQFHQWUD LD VXEVWLWX L}
YDULDELO FX SDUDPHWULL PDIJQHWLFL L VXSUDBRQEBRH
HOHFWURQLFH L HOHFWURWHKQLFH DYDQVDWH $X IRVW
propriet LORU IL]JLFH DOH PDWHULDIOHQRBURWQF HQMFUIDHL G HGHRV
6HPQLILFD LD5SWHROMIMHAOH H[SHULPHQWDOH RE LQXWH v
IXQGDPHQWDO SHQWUX GH]J]YROWDUHD WWBRWHHIQHHFQRRRKR H C
SRW VWD OD ED]D DERUG ULORU WHRUHWLFH QRL vQ FHHEL
DOQWLIHURPDJQHWLFH L HIHFWXO GH VHSDUDUH D IDJHOR
9DORDUHD DCa@digrifivéle ¥hnice avansate ale materialeldeétdo WH DX R LP SR
SRWHHLR®WLOL]DUH GHRVHELW SHQWUX GLYHUVH DSOLFD
,PSOHPHQWDUHD UH]XOMIWOWRWHOH LRE LUQKMVH vQ FDG
SUHJHQWDWH OD FRQIHULQ H WLLQ LILFH QD LRQDOH L I
LQWHUQD LRQDOH FX IDFWRUXO GH LPSDFW



$GGHL:PBY

BN glbnbdZpbhggu_ "Zgdgw j1ZpKyjmdImjgu_ fZ]lgblgu_ b we _dl]
dhj_eeypbb \ g_ljZ*"bpbhgguo kFeTe.i$a(8h g bdEHe(S) ~ ij_"klzZ\e_gZ
>hjbghc Djhblhjv gZ khbkdzZgb_ mq_ghc kl_i_gb ~hdlhjZz \ nbal
Dbrbg_\_\ ] GZmqgh_ gZijz\e_gb_ FZl_jbZeh\_~ _gb_ b |_o¢
KijmdmImjz ~bkk_jlZpbbgb_  iylv Jez\ hkgh\gu_ \u\h?u b j_
[b[ebh]jZrkhy j 054 kKkudd6 kljZgbp hkgh\gh]B71jbddehg diIB\IZ[ebp
lhemqg_ggu_ j_ameviZlu him[ebdrhydgh \_abkZo "hdeZ”h\
Dexq_\u_ keh§zZljz*bpbhggu_ k\_joijh\h~gbdb Zglbn_jjhfz]g_|
kK _iZjZpby

P_ev jZ[hlithemq_gb_ b bkke_"h\Zgb_ kljmdImjguo fZ]gblguo b
k\hckl\ o0Zevdh]_gb"h)yTe.&e,8AEeHA=Rb,K, Cs;X=S,Se) b HFeSe.S, k
hrghf_jghc b “\mf_jghc kljmdIimjhc :gZeba f_ozZgbafh\ k\_joijh\
h[f_gZ kljmdIimjguo fZ]gblguo b we_dljhgguo dhj_eeypbc \ *Zgg
AZ"Zgb bkke_ "h\ZajZ¢dhldZ |_ogheh]bb kbgl_azZ ihebdjbklZeeh\
fhghdjbklZe edile)F&, AFeX> (A = Rb, K, Cs; X = S,Se),b 5Fe,Se.,S, k \ZjbZpb_c
khklZz\Z b dhgp_gljZpbb Zgbhggh]h aZf_s_gby Bkke_"h\Zgb_ nb:
aZ\bkbfhklkhikllz\Zz b azf_s_gby \ rbjhdhf ~bzZiz@ABgK- |_fi_j&Imj
fZ]lgblguo ihe_c “h 7 Bkke_ ~h\Zgb_ kl_obhf_Iljbb kljmdImjgi
hij_~ e _gb_ k\_joijh\h~ysbo iZjZf_1jh\ ZgZeba f_oZgbafh\
| jfhrbgZfbqgq_kdbo k\hekt\ \kype gby klIjmdImjguo fZ]gblguo b \
dhj _eeypbc \ "Zgguo fZl_jbZeZo

GZmqggZy gh\bagZ b hjb]lbg2éviglhekhvkhdujr ggu_ fhghdjbéikZeeu
FeiwTerxSe, AFeX: (A = Rb, K, Cs; X = §,Se), b 5Fe,Se.S; k \ukhdbd®9Zq_gbyfb
k\_joijh\h~*ysbo b fZ]gblguo iZjzf_Ijh\ ;ueb hij_~ e _gu hkgh'
fZlgblgu_ b k\_joijh\h?ysb_ iZjzZf_lju b bo \ZjbZpby \ aZ\bkbfhk
hij_~_ e _g ihjh] i_jdheypbb k\_joijh\h"ys Rb. fF&He. 5 khké fuy\e g
ZgbHhiguc o0ZzZjzdl_j Zglbn_jjhfZ]gblgh]h, rkhtkkjim&hgl\goxs_ Jh Kk
kK\_joijh\h”~ysbf khklhygb f \ \b~_ k_iZjbjh\Zgguo nZa MklZgt
\ZdZgkbc bhgh\ ~_e _azZ b \uyle_g oZjzdl_j kljmdImjguo i_j_oh
khklhygb_ b nZahk¥pdbk ilhdzZazgh qlh ih~Z\e_gb_ k\_joijh\h”Db
mf_gvr_gb_f iehlghklb khklhygbc gZ mjh\g_ N_jfb <i_j\u_ ihKkl,
"bZljZtZ kbkRbfEeySe,S, dhlhjZy hibkul\Z_| hkgh\gu_ nbabqg_kdb_
kljmdIimjgu_ fZ]gblgu _gbuwedhjljeeypbb \ "Zgguo fZl_jbZeZo \ a
aZf_s _gby

J _amevliZlu dhlhju_ \ghkyl \dezZ” \ j_r_gb_ \Z ghc gieidqjoghadjh[EgZ
| _ogheh]lby b \ukhs_gu ggu_ fhghdjbédl¥e&Sa, AFeX; (A=Rb,K, Cs;X=S, Se),

b 5Fe,Se.,S, k \ZjbZpb_c khklz\Z b dhgp_gljZpbb Zgbhggh]h azf_
agZq_gbkfbjoijh\h”*ysbo b fZ]gblguo iLZjp@di Ighb\gu_ ~ey ijbf_g _gb
kh\j_f_gghc we_dljhgbd_ b we_dljhl_ogbd_ ;ueb mklZgh\e_gu f_oZ
baf_g_gbx nbabqg_kdbo k\hcklI\ fZl_jbZeh\ \ aZ\bkbfhklb hl khklZ\Z b
L _hj_ Ibg_kdh_ agdemyb ggu_ \i\ j¥dhl_wdki_jbf_glZevgu\Z cqaumeeyZlu
jZa\blbymg”zZf_glZevyga \ gZklghRly jZa\blby | _hjbb g _ljZ~bphb
k\_joijh\h~rgbditn\ fhiml hij_~_eblv gh\u_ |1_hj_Ibgq_kdb_ ih”oh”u
khkms_ kl\h\zZgby k\_jijh\h~ysbo b Zgltlkhk]phfgjglgwron _dlZ nZah\hc k
ljZzdlbg_kdZzZy agzZqbflwklvdb_ agZq_gby |_ogbqg_kdbo o0Zjzdl_jbklbo
fZl_jbzeh\ bf_xl \Z°gh_ agZq_gb_ b \ukhdbc ihl_gpbZe “ey bkihevah
kh\j_f_gghc we_dljhgbdb b we_dljhl_ogbdb

ljbf_g_gb_ gZmqguo |j_am@ZhZzdgu_ j_ameviZlu ihemg_ggu_ \ j.
ij_"klZ\e _gu gZ gZpbhgZevguo b f_ ""mgZjh~guo dhgn_j gpbyo b him
b f_""mgZjh”"guo mjgZeZo k bfizdl nzZdlhjhf



SUMMARY

Identification data: The thesis,,Structural, magnetic and electronicsorrelations in
nonconventional superconductors Fef®e(S) and RbFeSe(S) “ is prezented by Mrs. Dorina
Croitori for the Ph.D degree in Physical Sciences. The dissertation has been completed in Chisina
in 2019. Thdield of research ODWHULDOV VFLHQFHY DQG WHFKQRORJ
Structure of thesis: introduction, five chapters, general conclusions and rendations,
bibliografy by 154 tittles, 86 pages of text37 of figures, 18 tables. The obtained results are
published inl8 papers and abstradsscientificconferences

Keywords: nonconventional superconductors, antiferromagnetism, phase separation.

Scope of work: preparation and investigation of structural, magnetic, andmibginamic
properties of iron chalcogenides;k&e1xSe, AFeXz (A= RDb,K, Cs; X =S, Se) and Rb.
sFeySe,S, with uni- and bidimensional structure. Analisis of the mecanisms of
superconductivity, magnetic exchange, of structural and electronic correlations.

Research objectivesdevelopment of the technology of synthesis of polycrystals and growth of
single crysals of Fe+«TexSe, AFeXz (A=Rb,K, Cs; X=S,Se)and Rh.xFeySe.,S,with variable
composition and concentraton of anion substitutiarvestigation of physical properties of
compounds in function of their composition and substitution in a langge of temperature (1.8
K-700 K) and magnetic fields (up to 9 T). Study of sample stoichiometriy, structural and magnetic
analysis, determination of superconductor parameters, analysis of mecanisms of conductivity an
of thermodynamic properties havinget main scope to evidentiate the structural, magnetic, and
electronic correlations.

Novelty and scientific originality: The perfect single crystals Béi«xTe, Fa«wTewxSe, AFeXz (A
=RbDb,K, Cs;X =S, Se),and Rh.xFe.ySe.,S, with record values of superconducting and magnetic
properties have beed growrhe principal structural, magnetic, and superconducting parameters
and their variation with substitution have been determined. The percolation treshold for the
superconductingtate inRbixFeySe.;S, system have been established. The anisotropic character
of the antiferromagnetic order which coexists with the superconducting state within the phase
separated scenario was evidenced. The vacancy ordering of Fe ions and theercbéarde
structural transitions into desordered and phase separated state was revealed. It was demonstra
that the suppression of superconducting state is caused by the reduction of the density of states
the Fermi level. For the first time, the geadiagram oRbixFe.ySe.;S, system which describes
physical ground states, structural, magnetic, and electronic correlations was established.
Obtained resuls that contribute to solution of important scientific problem:

The technology of the growth pkerfect single crystals EgTe1xSe&, AFeXo (A = RDb, K, Cs; X =
S,Se)and RhxFerySe.,S,with variable composition and concentration of anion substitution with
performant magnetic and superconducting parameters of prospective for applicativarnced
electronics and electrotechics was developgdte mechanisms that govern the change of the
physical properties of materials under study in function of composition and substitution
concentration were established.

Theoretic value: The experimental results obtained for the first time in the thesis constitue the
fundamental base for development of theory of nonconventional superconductivity and can form
the base for new theoretical approaches related to phenomenon of coexistepeeaaisiucting

and antiferromagnetic states and to effect of phase separation.

Applied value: Advanced technical characteristics of the studied materials and their applied
potential are of particular importance for design of novel electronics and electrotechnic devices.
Implementation of scientific results: The obtained results were presented ahuenber
LOQWHUQDWLRQDO DQG QDWLRQDO WLLQ LILF FRQIHUHQFF
with impact factor.
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)L J '"HSHQGHQ D GH FkPS PDJQHWLF D PDJQeH®4L] ULL F
)L J '"HSHQGHQ D GH WHPSHUDW X$T) aprobelor FeTS$eL EL O L W
)L J '"HSHQGHQ D VXVFHSWLELOLW LL PDIJQH¥W&F+FH GH
)L J '"HSHQGHQ D GH WHPSHUDWXU D VXVHFEH®®&ELOLW
)L J '"HSHQGHQ D GH WHPSHUDWXU Fé&seéP&btFHSWLELOLW
)L J '"HSHQGHQ HOH VXVFHSWLE L febtr probield BeS&Tess) & GH \
Fig. 4.15. Bucla de histerszP VXUDW OD . SHQWUX SURBWH ¥ X3UD
FeSesTeps(b).

)L J '"HQVLW LOHjFXFKBRSX®RD  FYHLWLF OD GLIHULWH
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)L J '"HSB QGHRVWLYARVWHP SHUDWXU SHQWUX PRQRFU

)LJ '"HSHQGHQ D GH WHPSHUDWXU D UHURWILWPWF LE
diferite probe dtip FeSe@sTeps.

)L J '"HSHQGHQ BGH MMWINUDW XESeSTH{WUX SURED

)L J &DSDFLWDWHD WHUPLF vQ GHSHQGHQ GH WHPS
)LJ '"HSHQGHQ D GH WHPSHUDWXU D FFRe%aXlebbL VSHFL
YL J 'HSHQGH @ DWSH WIH FSBHG X ULL VSHFEeSdsFHS HQW U X
Fig. '"HSHQGHQ HOH GH WHPSHUDWXU SHQWUX GLIHULW|
CITvQ IXQHA2LH GH

YLJ 'HSHQGHQ HOH GH WHP SHHUG®MFNU FOM@LH Ha QX BILSLU k
)LJ '"HSHQGHQ HOH GH WHPSHUDWXU DOH F OGXULL

magnetice aplicate pentru proba cu supraconductibilitaék ".
)L J ,PDIJLQHD RSWLF D GASHOLMHLYVKEBVWLD/AHQARU FX
Fig. 52. 5H HDXD UBBH$H@WDW SH Q¥eLSe. 5 ¢l ¥NIDpenr® caa
T 1 (a); pentru celula¥ 7¥ 1 (b).
Fig.5.3.6 WUXFWXUD FULW&S5Q QSHRGWIMXOSEHOXOHL 11

)LJ 9DULD LD SD & DPAHWWX BD\RW LWHX RbOFedSeyS VW HP X O
Fig.5.5.6 WUXFWXUD FULVRWBRF&LS®,SD VLVWHPXOXL
)L J 9DULD LD FX VXEVW-CNZXFe2B KD GEHIME G Hy@Rulli ) H

GLVWD Q-GhOIRELIRK L-OH2 la FeiCh2 (b).

Fig. 5.7 9DULD LD FX VXEVW Liexcluf®er Be2g HV W®LQV Widr®tItk@
Fe2)H L GLVWDE HOHDHUDSRUW X O-Ka2 16, inteAeDsierHReAFER, ) H
mintra-cluster’ Fe2Fe2 la, inter-cluster’ Fe2Fe2 (b).

YLJ 9DULD LD FX VXEVWLWX LD D XQ@K b Xighi@iRrdirG L Q
W HW U D H &-UgXbx).) H

)L J 9DULD LD FXRYXEVYWRW)XGHDRAXSDUH SHQWUX )H L
la Ch (Se,S) la planul Fe2H L GH OD &K-2P(3.ODQXO )H

)LJ '"HSHQGHQ D GH WHPSHUDWXU D VHPQDOXOXL '6¢
din sistemuRbiFe.ySe.;S,.

Fig.5.11.'HSHQGHQ HOH WHPSHUDWXUIORW WWDQDIQ]L QRU RN
Tn GH VX E YMnitrwsistentll RbFe.ySe.-;S;.
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)L J '"HSHQGHQ D GH WHPSHUDWXWBHQUWXQWHREDONXOF
YDULDELO Gln@eN3e,8 HP XBIPQDOXOXLX '6& DHRb);RinSufkiH S W |
VXVFHSWLELOLW LL F

)L J 'HSHQGHQ D \$XMpengWptoBeledn sistenmuRb Fe,Se.,S,.

)L J '"HSHQGHQ HOH VXVFHSWLELOLW LL =)& L )& Gt&t
sistemulRbxFe.ySe.;S,.

Fig. 5.15. Buclele dbisterezigpentru probe SC din sistenmRbixFe.ySe.;S,.

Fig. '"HSHQGHQ D GH WHPSHUDWXU D UH]JLVWLYLW®b.LL S
sFeySe:S;.

YLJ 'HSHQGHQ HOH GH WiHpest WX hiupRcoddddtodavdiny L W
sistemulRbxFe.ySe.;S,.

)L J '"HSHQGHQ D GH WHPSHUDWXU D UH]JLVWLYLW L
YHFLQ WDWHD WUDQI]L LHRW$SSSEBFRQGXFWRDUH SHQWUX
)L J '"HSHQGHQ D GH WHPSHUDW Xk} pebtru- préos X Kferité U L V
SXEVWLWX LL

)L J O9DULD LD WHIR SHD DFW R 8 X O XU B IFRH V XEXS\HWWLOR W D
)L J '"HSHQGHQ HOHCFGOIGWHES WBHWXIWFHHQWUX SUREI

din sistemuRbyxFeySe;S,.

Fig. 5.22. 'HSHQGHQ HOH GH WHPSHUDWXU DCeFpedif Xptbhdle V S
Rho sFe1 sSe din diferite serii.

Fig.5.23.DLIHUHQ D ¢@ WDXAWRDPWHKMQ FKkPS QXO L vQ FkPS GH

T pentru probdRln sFe; 6Se selectate.

Fig.524.'HSHQGHQ HOH GH WHPSHUDWXU D¢péhtfa ptoBetelRbL. VS H
wFeySe,S; FX GLIHULWAH VXEVWLWX LL

Fig.5.25.DLIHUHQ D € WXQUPWHMQ FKPS QXO L vQ FKPS GH
TSHQWUX SUREHOH F2dirGslstethul IRQ/F&)$& SV W LW X LL

)LJ 'L D J U D F-z gerrul Ssj@nuRbrFeySe.,S,.
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LISTA ABREVIERILOR
AFM -ordonara DQWLIHURPDJQHWLF
C+tFDSDFLWDWHD WHUPLF
CatFDSDFLWDWHD HOHFWURQLF
Kn tconstanta Curi&Veiss
CR+tUDWD GH U FLUH
DSC- FDORULPHWULD GH VFDQDUH GLIHUHQ LDO
FC- VXVFHSWLELOLWDNMWUHDXBD VIQHWIHFvQ FkPS PDJQHWLF
FStVXSUDID JHUPL
M tmagnetizare
R+tFRQVWDQWD XQLYHUVDO GH JD]H
g - factowul spectroscopic
N-QXP UXO LRRXOQRWX@OWG YROXP
ke- KRQVWZQWZ OXL %RO]JPZQQ
Tec- WHPSHUDWXUD FULWLF GH WUHFHUH vQ VWDUHD VXSUI
TN +*WHPSHUDWXUD I1gntifadoFclH RUE RO D U H
T, - temperatura de separare a fazelor
Ts tWHPSHUDWXUD GH WUDQ]JL LH VWUXFWXUDO
S #spirul ionului magnetic
SDW- XQG GH GHQVLWDWH GH VSLQ
XRD- G LI &BuFrate X
ZFC tVXVFHSWLELOLWDWHDXBD UIQRIVBEP SPPEBMMQBWLF
——tmagnetonul lui Bohr
& ttemperatura Debye
&y, ttemperatura Einstein
4., 5 - temperatura CuridVeiss

€z 1y gmomentl magnetic efectiv

-VXVFHSWLELOLWDWHD PDIJQHWLF
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INTRODUCERE

$FWXDOLWDWHD uL LPSRUWDQ D SUREOHPHL DERUGDW

ODWHULDOHOH VXSUDERQEWEWRRWH IvGFEDORFRIHQL]LOF
LPSRUWDQW SHQWUX IL]LFD L WLLQ D PDWHULDOHORU }
HVWH LPSRUWDQW DWkKkW GLQ SXQFW GH YHGHUH DO DSU
de supraRQGXFWLELOLWDWH QHFRQYHQ LRQDO FDUH VH PDC(
aVW ULORU VXSUDFRQGXFW R Dgiid S H UD/GBW E MAIUYRDP D B@OH. W LLHH.
vQ GLIHULWH GRPHQLL DOH HOHFEWURQLFLL L HOHFWURW

IQ F XWDUHD FRPSX LORU VXSUDFRQGXFWRUL QRL FX
DYDQVD L VXSUDFRQGXFWRULL vQ ED]D SQLFWL]JLORU L |
XOWLPLL JHFH DQL 'HVFR SHrgut/ddpaco@ductor D S U LaRB)EeXd, FR
FX WHPSHUDWXUD FULWLF Giténsev.Q>GR PDHIQQX @ P WHU EB W't
scut WLPS DX IRVW GHVFRSHULWH PDL PXOWH JUXSXUL GH
FRPSR]L LH L VWUXFWXU FULVWDOLQ GLIHULW 'LQ SX¢
SURSULHWDWH FRPXQ FDUH VH URMWU XB\W XAD W DFWH/WXEOC
SURSULHW L ORiprabondtictbaréSMQ ORI HULWH GRS UL L VXEV\
VHPQLILFDWLY D WHPSHUDWXULL FULWLFbBUKFBD UM -RAWLQJF
K [3,4] pentru momo-VWUDWXUL &RPSOH[LWDWHD FRPSR]JL LRQC
VXSUDFRQGXFWRDUH vQ ED]D SQLFWL]JLORU ErtiFfe@rsR JH (
LQWHUDF LXQHD JUDGHORU GH OLEHUWDWH PDIJQHWLFH |

Printre materialele supconductoarecED]DWH SH ILHU FRP&3e(ByrseH6H
deosebesc prin strucwaFULVWDOLQ VLPSO FRQVWLWXLW GLQ SOL
lungul axeic vQ VWUXFWXUD WHWUDJRQI2@E) V$V KRR BV LGRIRJS XF DL
PRGHO SHQWUX DQDOL]D PHFDQLVPHORU VXSUDFRQGXFWL1
DWRPL LQWHUSODQDUL 8 HFHA D V@ PHYVPHIOMNH G D)AHUFH
L VXSUDFRQG X Efécteldr tnediatqQii.D I D UD

Recent a fost stabilitF LQWHUFDODUHD FRPSXVXOXL )H6H FX L
WHPSHUDWXUD GH WUHFHUH vQ VW DSHQ WXISKU PR R XGRFQV RD
= 33 K pentru compusul RBesSe [5]. O SURSULHWDWH QHREL QXLW D
FRH[LVWHQ D VW ULL VXSUDFRQGXFWRDUH FX VWDUHD D
puternice ale ionilor de fier de circa3- L WHPSHUDWXUD 1pHO GH WUHFHU
T™n, FDUH B HASH . (VWH QHFHVDU GH D QRO Ir FRWHBX HD
LQWHUFDOD L GHe@HVIHNfWHRPQFO@BBESD]RQ IRDUWH vQJXVW
WHPSHUDWXSODFW.WLO X VH VFKLPE 'H DFHHD FHUFHWD
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VWUXFWXUDOH PDJQHWLFH L HOHFWURQLFH DOH DFHVYV
LOQWHUFDOD L VLPH®8ULDGIIRY WL CredeifpbWastbbWGH D YDULD
FRQWLQXX WH P &Hrio BubsitirBa ehilhr\teLsEleniu cu ioni de sulf. Aceasta permite
GH D HYLGHQ LD FRUHOD LLOH HOHFWURQLFH VWUXFW
VXEVWLWX LHL SUHFXPQLVPHOGHEOWUHLIEXHAF KD DSDUL LLC
QHFRQYHQ LRQDOH vQ DFHVWH PDWHULDOH

, QWHUHVXO FHUFHW ULORU IXQGDPHQWDOH FkW UL F
DSOLFDUH D PDWHULDOHORU VXSUDFR QliepdAitveRielddtonie E D |
L HOHFWURWHKQLFH QRL 3ULQ XUPDReHTeESRUIFHWDRBIHD FR
FeySe,S, care sunt materialle PRGHO SHQWUX VWXGLHUHD IHQR
VXSUDFRQGXF Veddlithtta M XV /R UVFR Q PHLFHHWWWU L

6FRSXO L RELHFWLYHOH WH]HL
IXFUDUHD GDW DUH FD VFRS LQYHVWLJDUHD SURSULH

materialelor din sistemele FgTe;xS&, AFeXz (A = Rb, K, Cs;X =S, Se) L bhEe,Se.S,

pentru analiza mecanismelor de supraconductibilitate, de schimb magmeticFRUHOD L

electronice L DSURIXQGDUHD FXQR WLQ HORU vQ OXHVW DAR PM

materialelor

ObiectiveleSURSXVH vQ FDGUXO FHUFHW ULORU SUHVXSXQ

- HODERUDUHD SURFHGHHORU GH VLQWHWL]DUH DOH ¢
supraconductoare de tipd e1xSe, AFeX2 (A= Rb, K, Cs;X = S, Se)i RbixFe.ySe.;S,
FX FRQFHQWUD Q DRWIEFWW.MWNX. DBEL

- LQYHVWLIJDUHD SURSULHW 14T6 &, AHek: (AR RD XKHCYH VIV HP H
Se)uL 5EySe.S; vQ IXQF LH GH FRPSDPDIQLRQLFVXEBWHWXH
VWRLFKLRPHWULHL SUREHORU DQDOL]D VWUXFWXUDC
GLVWDQ HORU L XQJKLXULORU GLQWUH LRQL DQDC
PDJQHWLF PDJQHWL]D Y dédermividida parahizvilot supratgnHuctibili,
DQDOL]D PHFDQLVPHORU FRQGXFWLELOLW LL L FDSD

- GHWHUPLQDUHD HIHFWHORU GH FRUHODUH 0L GHWHUP
VXSUDFRQGXFWRDUH L D GNVBUUWBIPRRPGRUNDPHRQWHKXC
PDJQHWLFH vQ DFHVWH VLVWHPH

IRXWDWHD L RULJLODOLWDWHD UWLLQ LILF D UH]XOWDMW
x $X IRVW HODERUDWH UL RSWLPLIDWH UHJLPXULOH WHK
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uaL PRORFUWWBOWGHDOH XQRU PDWHULDOH GLQ IDPLOL
monocristalele din sistemele e, Fa+Te1xSe, AFeXz (A= Rb, K, CsX=S, Se),uL Rb.
xFE-ySe-7S;.

X $ IRVW HIHFWXDW VWXGLXO FRPSOH[ DO SURSULHW L
HOHFWUROQLFHFBLE FeRTRSSEIAFRRR B = Rb, K, CsX=S,Se),uL R
FeySe,S, vAWQ® LOWHUYDO ODUJ GH"WHPSHUDFWREXUL PDJIQH\
la 9Ty

Xx 3HOWUX SUREHOH PRORFULVWDOLQOH RE LOXWH DX IRV
UH HOHL FULVWDOLQHO SRPH LL X IRXUOLRY GLOYWDHLLRQ
SDUDPHWULL VXSUDFROGXFWLELOL WHPSHUDWXUD FUL
FRHILFLHOWXO 6RPPHUIHOG GHOQVLWDWHD VW ULORU OD
VW ULOH IL]LFH GH ED] DOH DFHVWRU PDWHULDOH

X &HUFHW DNEQHLGEXUUD]H ; D PRQRFULVWDOHORAFEKRP S X
(A=K,Rb,CsX 6 6H DX GHPRQVWUDW VWUXFWXUD XQLID]LF
FX UD]JH ; FX GLVSHUVLD GXS OXQJLPHD GH XQ®&S :HQHIWUJ
('6 DX HYLGHQ LDW FRPSR]L LD VWRLBKL\WPHWWLW D 8XWR
PDIJQHWLF PDQLIHVW RUGRQDUHD DQWLIHURFRJIJQWWXFW
XQLGLPHQWOYLBRDIXQHD SDPBRDWMHWIQRN X®HOROLQHDU DO VX
mai sus de temperatuiy | U VDWXUD LH VXJHUHD] FDUDAFSXHWXO |
SUHVXSXQH R LQWHUDF L X Qihtra-8héiw H YHQ Ed; caBHar \nakifesteE
conductibilitateaPHWDOLF XQLGLPHQVLRQDO vQV DFHDVWD 't
structurii ,chain’-urilor.

x $X IRVW GHWHUPLQD L SDUDPHWULL VWUXFWX$8IOL SU
GLIHULWHXYOX@&VWLSWL QLVWXGHLIX6 XGUDJEBEF, LL DQDOL]D 5HL
PDIJQHWLFH DX HYLGHQ LDW R U GRiQB dédenditape/de 3§D \R) P/[J Q H
FRPSX LL FX VWRLFKLR&H W U L)BiSeH. Pdntr) ldrolbele FeteSesa fost

G H S L staneB ¥pinglasslike” 3HQWUX FRPBR:SaV @D WH®H P VXU WRUL
DX GHPRQVWUDW R SRVLELO FRH[LVWHQ D VW ULL DC
ILODPHQWDU

x 0 VXU WiRteréz@uuimagneticauD U WDOR UL W @@HIWHW OLL FXUHQ
pentru probele supraconductoare Fgbeys FDUH VXQW DWULEXLWH QHRP
datoratedezordinivQ SR]L LLOH FDWLRQLFH L DQLRQLFH 3UREHO
D FXUHQWXOXLSBREWQH IGHHFKWSXULW L p&ibgVRBUW D W H Q!
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LPSXULW L 9D0DDDRBHMPHIHGWUX FXUHQWXO FULWLF &BasDFW I
HVWH FHD PDL vQDOW YDORDEFT&D IRUWDLVE & B QWRILDW
transport al curentuluiv @Qcest materiale. Acest rezultatste LPSRUWDQW SHQWU?
HQHUJHWLF

X 0 VXU WRULOH F OGXULL VSbtbahd DKHHYHQWQ X BWRENODBD
PLF D FRHILFLHQWXOXL 6RPPHUIHOG UH]JLGXDO FHHD FH L
SkQ OD L GHPRQVWUHD] FDOLWDWHD vQDOW D SUF
X 1Q SUHPLHU SHRDMWFESeRER PS¥MRQVWUDW F SUDJXO GH
VXSUDFRQGFXWRDUH VH DWLQJH=QR. FR QGEFHRRNQUDN IUDD W/ XF
VXSUDFRQGXFWRDUH FRH[LVW FX VWDUHD DQWLIHURPDJ:
GH FRQFHQWU DSIDD WWKEEMWUWXFILHIDFWHUXO DQL]RW URGLW
F WHPSHUDWXUD 1pHO VHIB&pengx VXENQ LOMX L Dz-EHHe@AY U X
FH LQGLF UHGXFHUHD LQWHUDF LXQLORU DQWLIHURPDJQ
X 3HQWUX WRDW EWMIILW Q H RbRE- BE MEYVE-&Feakil structuracV WD O L Q
FX YDFDQ HHEBSHUBPWXUD GH WUDQ]JL LH VWUXFWXUDO vQ
nemonotonvQ 1 XQ FVKHE V@HHWDXGIHVFUH WH GH OD SkQ ®HQWUXSH
z L FUH WH GLQ QRXZRQ OD . SHQWUX

x S$SD GHPRQVWUDW F OD WHPSHU D WX.BeyJ&LE:. FPXL KX ES\HW L V
z"’ PDQLIHVW FRQGXFWLELOLWDWH PHWDVOUBQ]LDD Bl
semiconductor. & J VLW F VWDUHD GH ED] D FRPSX LORU FX FR
a probei cu HVWH GH DVHPHQHD PHWDOLF

x S$D VWDELOLW R UHGXFHUH FRQVLGHUDELO D DQRPD
VXSUDFRQGXFWRDUH FDUH DtUW X R A LR GRD, \Wé& Yo F-Rodda eH U H
LQGLF UHGXFHUHD GHQVLW LL GH VW UL OD QLYHOX
VXSUDFRQGXFWLELOLW LL REVHUYDRassi®&&DW FX FUH WHLU

 PSRUWDOQ D WHRUHWLF (L YDORDUHD DSOLFDWLY

7H]D GDW FRQWULEXLH OD GH]YROWDUHD WHKQRORJI
VXSUDFRQGXFWRDUH QHFRQYHQ LRQDOH vQ ED]D FDOFFR
WHPSHUDMDWXUGH QDUDQ]L LH vQ VWDUH VXSUDFRQGXFWRD
FDGUXO FHUFHW ULORU HIHFWXDWH FRQVW L Wfkrohiefuli D | X
GH VXSUDFRQGXFWLELOLWDWH QHFRQYHQ LRQDO L SRW
SULYH WH FRH[LVWHQ D VW ULORU VXSUDFRQGXFWRDUH
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Caracteristicile tehnice ale materialelor subWH DX R LPSRUWDAQ GHRVHI
SRWHQ LDOXOXL GH XWLOL]DUH D DFHVWRUD vQ GLYHUV
5HIXOWDWHOH RE LQXWH vQ FDGUXO FHUFHW ULORU DX IF
ipubOLFDWH vQ UHYLVWH QD LRQDOH L LQWHUQD LRQDOH

SHIXOWDWH WLLO LILFH SULOFLSDOH vQDLQWDWH VSUH \
X 3UDJXO GH SHUFROD LH DO VW UL LF&)SBLSDsE RtRdEe XaF W R
FRQFHQWUD EZB1I2XEVWLWX LHL

X 6WDUHD VXSUDFRQGXF&BSeSHRE[VVWVHRXOVDEUHD DQ
FDUH SHUVLVW vQ WRDWH SUREHOH LQGHSHQGHQW GH F|
X SURSULHW LOH DQWLIHURF&,56 13 \Vdl EHcava@tevdnizditdpre X O
THPSHUDWXUD REBBX VFORERW EWMDO.DFH LQGLF UHGXFHUF
antiferomagnetice.

X 6WUXFWXUD FULVWDOLQ FX YDFDQ H GH ILHU SHUYV
sistemulRb.xFeySe..S,, TemSHUDWXUD GH WUDQ]JL LH VWUXFWXUDO
VFKLPE QHPRQRWRQ FX VXEVWLWX LD

X Conductibilitatea probeloRbixFeySe,S, FX VXEVWLWXPDIQLIHVW XQ |
PHWDOLF LDU OD WHPSHUDW-XUIP kRRQGXF /R ORNWDW B D QG
FX FRQFE@OWUPDLOH GH HVWH PHWDOLF

X 6XSULPDUHD VXSUDFRQGXFWLELOLW LLLRENMUWN WP X
wFeySe,S; DUH ORF GDWRULW UHGXFHULL.GHQVLW LL GH VW

Aprobarea rezultatelor
5HIXOWDWHOH RE LOQXWH vQ FDGUXO WH]HL GH GRFWHEF

profil:
X Moldavian Journal of th@hysical Sciences (Categoria C);
X Journal of Experimental and Theoretical Physics Letters (Factor de impact 0,931);
X Annalen der Physik (Factor de impact 3,276 )
X Physica Status Solidi B (Factor de impact 3,721)
X Physical Review B (Factor de impact 3,84);
X Science Advances (Factor de impact 12,804).
'H DVHPHQHD R SDUWH GLQ DFHVWH UH]XOWDWH DX
XUP WRDUHOH | RDXIWUR QIDMH QL LUQMHHUQD LRQDOH
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X The 8" International Conference on Materials Science and Condéviagdr Physics,
Moldova, Chisinau (2016).

X &RQIHULQ D WLLQ LILF LQWHUQD LRQDO A3HUVSHF
(XURSHDQ DO &HUFHW ULL IGKHG6W D W H\1% RB R B OHAGAMAY IDBMHKY
Cahul, Republica Moldova, Cah(#016).

X &RQIHULQ D UWLLQ LILF D GRFWRUDQ]JLORU 37THQGLC
9L]ILXQL DOH WLQHULORA4D FBQ $660NV WHEWXIEO HFL MO RY D &
X Multidisciplinarity in Modern Science for the Benefit of Socigdumboldt Kolleg, open
workshop. Moldova, Chisinau (2017).

X The 9" International Conference on Materials Science and Condensed Matter Physics,
Moldova, Chisinau (2018).

X International conferenc®&eutsche Physikalibe GesellschafBerlin, Germany (2018).

X 6" International Conference on Superconductivity and Magnetism, Antalya, Turkey
(2018).

X International conferencévlodern Development of Magnetic Resonance, Kazan, Russia
(2018).
X International conferenc&lodern Tends in Condensed Matter, Baku, Azerbaijan (2018).

X &RQIHULQ D WLLQ LILF LQWHUQD LRQDO A3HUVSHF
(XURSHDQ DO &HUFHW UV LWIDWGXF B H H W DFRYQA® R BERQ,G HY
Republica MoldovaCahul (2018).

X &RQIHULQ D UWLLQ LILF D GRFWRUDQ]JLORU 37THQGLC
9L]LXQL DOH WLQHULORD F&HUHSHW5S5WBXEO LHFGLOIRID GRRYD &
X International conferenceDeutsche Physikalische Gesellschdaegensburg, Germany
(2019).

Sumarul capitolelor tezei:

IXFUDUHD GDW LQFOXGH XQ FDSLWRO vQ FDUH HVWH
un capitol cu descriere® HWR GRORJL Hdr de.cdPddtaveRIG MWFULIDL FDSLWROH
UH]XOWDWHOH RWQL XD H HRJE- H @ XOWWD IRHWD H YWHHF W XD WWHH VW
capitole.

Primul capitol HVWH GHGLFDW VLQWH]HL O L\atraconguxtoripge U H |
ED] GH )H FX WHPSHUDWXUL FULWLFH vQDOWH 6XQW SUH
PDWHULDOH 1Q DFHVW FDSLWG®RDFEE HD V@ FDHQHD OXID W RLPQ
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GHPRQVWUDW QHFWUWKXWEDX\WIHOL PODLERIVUBRLKQGDW vQ VFRS

VXSUDFRQGXFWLELOLW LL QHFRQYHQ peEEQ@QDOGIHVIHFDOFRJ
1Q FDSLWsM dedScriseRdtodele de cercetare utilizategt VWH SUH]JHQWDW

L GHVFULV WHKQRORJLD GH RE ARk, Bdl,/2 S PLS BELOSR U GL

> SULQ PHWRGD GH FUH WHUH FRQetdd&luk. D8 femefred) lséd P D
GHVFULVH PHWRGHOH GH DQDOL]

DOH FRPSR]L LHL SULQ
L GXS HQHUJLH 6XQW GHVFULVH PHWRGHOH GH FHUFHW

raze X. Este de asemenea descris pinkcde lucru al magnetometrului SQUID utilizat pentru

GHWHUPLQDUHD SURSULHW LORU PDJQHWLFH
FDSDFLW LL WHUPLFH
PerknElmer DSG

(MW HALIGHV
'"HWDOLLOH SULYLQG FDORULPHW
VXQW GH DVHPHQHD SUH]HQWDWH vQ DFHV!
| @apitolul trei sunt prezentatdt H{XOWDWHOH FHUFHW ULORU HIHF

VWXGLXO SURSULHW LORU VWUXFW }XhbDnOdrstalelordd HHiWEXF H - L
(A=Rb, Cs, KX =S, Se). Sunt prezentatt H] XOWDWHOH RE LQHU lperf&té RE H

D FRPSX LORU XQLGLAEQV(WRWBDOEHBRQWWISJDW FRPSR]L |
SUREHORU RE LQXWH SULQ FHUFHWGULIVGH UDASIHOF\B X BV PR S)L
'6

uaL VSHFWURVFRSLHL FX GLVSHUVLD GXS HQHUJLH

(

PDJQHWLFH FDUH VH PDQLIHVW vQ PDWHULDOHOH PDJQH

i ordonarea antiferomagnéi WULGLPHQVLRQDO PDIy MHRQWEKX WRIPS
RbFeSe KFeSe L 5E)HG6

h capitolul patru VX QW H[SXVH GHWDO L L O bhdenstalgtor Hellip Eclile O D R

xS& FX GLIHULW K(OVXEQOVE, IXW X).ISD GHPRQVWUDW F
probelorau R LQIOXHQ

FkWw

FRQGL L
VHPQLILFDWLY DWYXBUWISWRBE WPLHWH ULO

L HHHFWXDUHD OXFU ULORU GH DPHVWHF D FRPSX L
RE UG SUREHORU GH SXULWDWH vQDOW

6XQW SUHIHQWDWH UH]XOWDWHOH VWXGLLORU GLIUDF
DX IRVW GHWHUPLQD L SDUDPHWULL VWUXFW X4 Bt@ilit S U L (

HILVWHQ D RUGRRJQHIWIDFRHWIGIHHUWLS 6': vQ FRPSX LL FX
FeTe1Se9

L )dHiSed SD GHSLVWDW F S HSd&\UX\V8H RFRBH®H WHHAH. V
tip ,,spinglasslike

1Q FHHD FH SULY Hod8&H FGRIPS M QXOP)M X HcaaR U L O
GHPRQVWUDW SRVLELOD FRH[LVWHQ

D VW ULL DQWLIHU
SUHVXSXQH H[LVWHQ D VXSUDFRQGXFWLELOLW LL

ILOD
VXSUDFRQGXFWLELOLW LL ILLQG VXSHQDBWSH. @ N XDJQWRDO
histerezisuluiPDJQHWLF GHPRQVWUHD]

YDORUL vQpeawpioiz® H G
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supraconductoare FedsSeys FDUH VXQW DWULEXLWH QHRPRJHQLW LO
OD SR]L LLOFHnniemdSRQMWBELOLW F SUREHOH FX LPSXULW
FXUHQWXOXL FULWLF GHFKkW SHQWUX SURIiRBROHRIUP D IWRS)
LPSXULW L 90ODRRMPHIHGWUX FXUHQWXO FUsuliEETdg=Sa45D F W |
HVWH FHD PDL vQDOW YDORDFEFED SRUWDLW B QWRILDW B
WUDQVSRUW DO FXUHQWXOXL SHQWUX DFHVWH PDWHULD
PDUH SHQWUX SRVLELOH DSOLFD LL vQ HQYHKKUIWWUE O RAX (
VSHFLILFH FDUHDHOYRGUWHH HMNURPYGH PLF D FRHILFLHQW X
probele FeTgsSees FHHD FH LQGLF XQ DSRUW PDUH D IDJHL VXSUI
GHPRQVWUKQG L FDOLWDWHD vQDOW D SUREHORU

I @apitolul cinci HVWH SUH]HQWDUD FWH GIHWDBDRLPBPFURVFRSL
din sistemuRbixFeySe..S;, FX GLIHULW B=V, 0 FE\0R8; \\b6X1,0;11,1; 1,2; 1,3; 1,4; 1,7
L 6XQW SUHIHQWDWH GDWH GHVSUH DQDOL]D FRPSR]L L
SULQ GLIUDF LD FX UD]JH ; GDWHOH FHUFHW U hittel®2isR SU L
VXVFHSWLELOLW LOH =)& L )& GODMWJHDHGHHVFBQDWIHL C
FDSDFLWDW-BDDVWIBDER DEXVOFG I$ SHUF R O D ulFiW B D/WH WIQL WIASNAH
este atinsOD FRQFHQWU R=112. SXskaWiWw LW XVMWHILUHD VXSUDFRQGXF
VWXGLDWFRRUWINYWHD DQWLIHURPDJQHWLF FDUH SHUVL
FRQFHQWUD LBDVKEYWWD/WDOWLF 6SURSULHW LOHFB@WLIHU
:S; au un caracter anizotropicc8 VWDELOLW F WHPSHUDWXUD 1pHO D S
VXEVWEMMKDLHH LQGLF UHGXFHUHD LQW-BU®HPIRAMWRDWD Q!
FULVWDOLQGHRXMDFBRWVLVW QFHHDQ®H) X/ X\ER/DWI RUXFIISes Q VL
S SD VWDE PGHWMDAW XWUHD GH WUDQ]JL LH VWUXFWXUDO vQ \
QHPRQRWRQ FX-DXBYMAINX UDW &&DUDFWHUXO PHWBUWLF
VXEVWLWXvQLUHI|I<XIQHD . LDU OD WHPSHUDWXUL vQDOW
metatlsemiconductor. & VWDELOLW VWDUHD GH ED] PHWDOLF D S

'LQ DQDOL]D FRPSRUWDPHQWXOXL F O@XULLLVEKAFS IRB
sD FRQFOX|XBQDWDBPHD VXSUDFRQGXFWLELOLW LL REVHU
sistemul RbxFeySe.S; DUH ORF GDWRULW UHGXFHULL.GHQVLW LL
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1. 3%$57,&8/%$5,7 ,/(),=,&( $/( &2038 ,/25 81,',0(16,21%/,
AFeX2 | BIDIMENSIONALI AFeSe

&RPSX LL WHUQDUL FDOFRJHAFRA: ubddA= KRRHFCS,AXB SJSe@ HU D
UHSUH]LQW XQ JUXS GH PDWHULDOH HZosshit®k SitélesuVéasupraP D .
DFHVWRU FDOFRJHQL]L WHUQDUL GH ILHU D FUHVFXW FF
GHVFRSHUL L VXSUDFRQGXFWRULL GLQ IDPLOLD SQLFWL]
LaFeAsQx~ D IRVW RE LQXW AVHWIHUDBWMX . SULQ VQORFXLU
compusul izostructural LaFeRG~ [1]. LD PRPHQWXO DFWXDO IDPLOLD VX!
GH )H LQFOX]kQG SQLFWL]LL L FDOFRJHQL]JLL ELQDUL L
menbri. DXS VWRLFKL RaPad \oél cldsifbd- MQ SDWUX IDPLOLL SURW
FRPSX L GH WLS FODVD GH WLS " caradDWH DLV FG M GHNV U
YDFD®HH)H SUHFXP L FODVHOH IHVWMH B B D V)i HFFRDVUHHG
SDUWLFXODULW L IL]JLFH FIRW XL | LGFHU DI QD A B YO HRUWHH\ULLR/L\X
difereQ H DU SXWHD FRQWULEXL OD vQ HOHJHUHD PHFDQLVP

aceste materiale.

1.1.Structura de tip,,,chain~ L FDUDFWHULVWLFLOH IL]JLFH DOH FF

AFeX2 (A=K, Rb, Cs; X=S5,Se)

,QWHUFDODU H EseFrrédp&Hy ES) &ilibn) He K, Rb sau Cs presupune formarea
XQRU QRL FRPSX L FX GLPHQWROUW \V BMWNHW RWF R DRVEDUAL D
tetraedreP>+:§? FX PXFKLL FRPXQH DVHP Q WRU \FET&L®& W XULL
rHILVWHQ PHFEB@L F& VPODXE LABFeXWAE R O4d,. K X=6 6H UH]XOW
XUPD LQWHUFDO ULL VWXUX¥ ¥ B U BUEBMHIPRGDPESD M tHRIDr0D F X
lineare.,,Chain’-urile sunt legate unul de altptin DWRPLL GH 5E . VDX &V L I
WULGLPHQVLRQDO FRQVWLWXLW GLQ WHW UDh@UdkeiFHQ
cristalograficec (pentru sistemubFeS) sauaranjate deD O XQJX O GL UHFbpdrtruP R Q F
CsFeSg (Figural.l).

&RPSX LL HEJFeB#KFeS L .)H6WHH FULVWDOL]HD] vQ VWU,
RbFeSe L UHVSHFW(pahtrd @3Fe6[9@ *UXSD VSD LDO FDUDFWI
RbFeSe KFeS; RbFeSesteC2c 3DUDPHWULL FULVWahe Q1 Goxpuedl L Q C
CsFeSe [10@ VH FULVWDOL]JHD] vQ VXEJU)Sa Gtruttitii Iviirbhd Q V O
caracteristice pentruCsFg6 @ uL 5EQB6WHPSHUDWXUL vQDOWH &HOH
%IUQLJKDXVH VXQW G HY¥ telpevakirar €ampelel gdvametrii atomici ai structurii
Immma compusului CsFeJ11@ VXQW WUDQVIRURDB. Comgaraved BdadtxrS X C
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parametri cu valorile celor pentru CsFeS& DEH O X O GHPRQVWUEhBIR- R UF
XULORU WVWHQWRSHEGH WHWUDHGUXOXL GH ILHU U PkQ H[DF
FDX]JHD] R VFKLPEDUH PLF vQ FRRUGRQDUHD POAWLDRQ LK
FRPSXULORU ebailV WEIDXUFHWIKRI@ LQ )H

(@) (b)
)L J BWUXFWXUD FR RSz stuBla GRe® KFESéVRbFRSEOD L
structura CsFeSRbFeS E. 7THWUDHGUXO PDUR U H SUBWRPW L VB HW6
YKUIX8UHUHOH YHU]L UABX QRWWY LEDW LAR¥uhideSiet @) WR D U
compusul CsFeSV X QW G L P-allunglDaxec 88 FRQWUDVW FX DWRPLL Gt
KFeS XQGH DFH WLD VXQW ViawidxgDl dxeB[f]. GLVWDQ H F

'DWHOH SULYLQG DQDOL]D VWUAXAFRYXUWIQGERNLWRWG B ILRU
tetraedrului FeSeGHWHUPLQDW GH GLVWDBI HOWH MF X Q WKL -Rd) LD
Se. Raportul constantelor de schimbnter-chain®  Lintra-chain” UHIOHFW JUDGXC
dimensionalitate aVLVWHPXOXL GH H[HPSQ Xceste(a fofRR Bsidar ¥0fiing H 6
aproximativ egal cu 0,0f]). $FHDVW GLIHUHQ VH UHIOHFW vQ SUR.
FRPSXuUL

Momentul magnetic ordonat (petat \Q 7DEHOXO FX YDORDUHD P
Y D O R 8riglet DRAENtru FeFe** 3 @)) de 5+{8] SRDWH LQGLFD R GHORFD
a electronilor3d[6], FDUH D IRVW DWULEXLW GLVWDQ HL ®BUR MD
dLVW,[n@a-Ehain” )JHAe DFHDVWD GHS G-Ra(2¥48cGC GVLWDFRR BS)YHLL PHW
a8 SHQWUX FRPSX |AFe® LIQ WHVYSHXIOY SkQ OD vQ FRP
AceastaLQGLF HIHFWH FRYDOH @ttoriot 8/ 8 D Q LLADHD Gl WS WQHH Bl Q QD!
Fe [13. De exemplu, compusul KFeSSRDWH IL GHYVF UiaW FE'TcuRUR @lettQrk Q G
itinerant (31*) [13]. $FH DV W Dgrdd® @riefant da lungul ,chain- X ULORU UL FRQF

pentru sistemulAFeX> s-a propuso comportae metalic unidimensional. Cu toate acestea, nici
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XQXO GLQ H[SHULPHQWHOB WRVDAO EDSDHE IS;x Y AR QVWUH
FRPSX LORU GLQ DFHVW VLVWHP

7TDEHOXO 3D UDPHW U L L, infavcdasnF, YWwhkajdban” S H GW UW F@ HSOH
clasaAFeX; (A=K, Rb, Cs;X =S, Se)
Proba AFeX,; | KFeS, KFeSe RbFeS RbFeSe CsFeS CsFeSe
Tipul de | KFeS KFeS KFeS KFeS CsFe$ TIFeS
VWUXFW]
Sistemul monoclinc monoclinc | monoclinc | monoclinc ortorombic | monoclin
cristalin c
Grupa C2/c C2/c C2/c C2/c Immm C2/m
VSD LDO
—|a: @ 7,071 7,342 7,234 7,47 5,438 13,925
% CI) b:@ 11,30 11,746 11,739 12,099 7,136 5,644
*c's' T C:@ 5,390 5,629 5,44 5,665 11,958 7,374
‘g T 0.1 1113,2 113,52 112,0 112,4 90,0 119,1
(@]
o
O ~[Refer. | [14] [15] [16] 8] [17] 9]
o Fe-X 2,232/2,238 | 2,363/2,369 2,20/2,22 | 2,383/2,386 | 2,22/2,23 | 2,355/2,3
a) Lé’ (@ 66
; S | FeFe | 2,700 2,815 2,716 2,831 2,69/2,72 2,806/2,8
z g (@ uniform uniform uniform uniform dimerizat | 38
= £ |Refer. | [14] [17] [10] [15] [11,18] [7,19,17]
no. 71
Immm Cs Fe S(1) S(2)
4i 4e 4g 4j o
0 0.2486 0 N
0 0 0.2487 0 L‘-T
t2 0.3205 0 0 0.1484 | ©
c—b.,ab
Y no. 12
2/m Cs |[Fe [[SOD|[S@D| =
4i 4g 4i 4i g
0.3295 0 ~0 0.6484 ?_@
0 0.2486 0 0 5 ﬁ
0.3295 0 02487 | | 0.1484 | O £
03209 | | 0 || 00085 | 06555 | &F
0 0.2486 0 0 E g
0.3475 0 0.2640 | | 0.1316 | %3
)LJ 7TUHL VXEJUXSXUL DOH JUXSXOXL %IUQLJKDXVHQ

CsFeS UL PRQRFOLQ[UE &V)H6H
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Referinduse la SURSULHW LOH PDJQHWLFIR1HZD-3ZR B RVADSAKHL & QG (
familia AFeX2 (A=K, Cs, 5E X=S, 6H FX VWdda{rF WXWIDN\LIGLPHQVLRQDO
FODVWIQFEDGUXO D VLVWHPH
1. Sistemul monoclinic cu orientarea momentelBrDJQHWLFH SX LQ VvQFOL

orient U Ldbhain™urilor (de exemplu, pentru compusul KReXQJKLXO GH-avQFO
J VLW HIDDP FDUDFWHULVWLF: FRP SS&E)ISEFRHUW.) HBERP SX L
SURSULHW LOH XQXL Vib&éwehainD @W IRHGR BRD UMHHDWRL G W L
a momentelor magnetice, care are loc mai jos de 250 K pentriKHResspectiv mai jos

de 188 K pentru RoFeS6WUXFW XUD PDJQHWLF HVWH vQ FRQFR
PDJQHWLF FROLQHDXQWXRXHO U IL @LQW luhhul &Eid JQHW I
GHWHUPLQ LQWHUDF L XQ(ab) HRHRHPD JFHH WA NHADNPE@DTO IDXQQ
schimb,,inter-chain” VXQW DQWLIHURPDJQHWLFH vQ \WitaPS FH
chain” V Xepowiagnetice;

2. 6LVWHPXO RUWRURPELF I U RUGRQDUH A& NEF S
temperaturals cu orientarea momentelor magnetice aproximativlleO X QJXO GLU
,,chain™ului. Aceast comportae este caracteristiccompusului Cs€S pentru care
WHPSHUDWXUD GH WUDWQPK.LH VWUXFWXUDO HVWH

3. Sistemul monoclinic cu orientarea momentelor magnetice perpendiculachkin;,
FDUDFWHULVWLF,FRRRSX LL OR)H 6}H 6 H

7TDEHOXO 3DUDPHWULL PAF@QHWLFL SHQWUX

Compus Tn (K) | Orientarea momentului Y1 o 5HIHULQ

magnetic (A)
KFeS, 250 13 de la ,¢chain” 2,43 [7,15,20,23
RbFeS 188 lla,chain” SX LQ vQF( 1,83 [7,15]
CsFeS - mai jos de Twc DSURD] 1,88 [20,22,24]

G L U HdhalnBului
TIFeS, 196 cla,chain’ 1,85 [12,25,26]
KFeSe 310 cla,chain’ 3,0 [7,15]
RbFeSe 250 cla,chain’ 2,66 [7,15]
TIFeSe 290 cla,chain” 2,1 [12,21]

6WXGLXO DVXSUD VXVFHSWLELOLW LL RBIQSWHHRK W
FDUDFWHULVWLFL WLSLFH SHQWUX VLVWHPHOH DQWLIHUR
FX RUGRQDUH DQWLIHURPDJQHWLF $)T (pWwaeht& mAabel L R Q |
1.2). Aceast comportae este caracteristigpentruFRPSX LL FX VWUXFW Xhai" P D JC
+HLVVHQEHUJ &DUDFWHUXO XQLGLPWARBLRODHRD@ f6sRP S X
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FRQILUPDW L GH P VXU WRULOH VXVFHSWLELOLW LL PD
,,chain-urilor antiferomagneticds X RUGRQDUH OD2GLVWDQ H PLFL >

IQ XUPD DQDOL]JHL VXVFHSWLELOLW LL PDJQHWLFH D
VasudevanZ0@ vQ F D G U X 6hahR &M O5SA/Rlmomentele ordonate (2,43 pentru
KFeS 1884&,pentruCsFes DX IRVW J VLWH D IL FX PXOW PDL PDL
RUGRQDW D WspirahVg B 2. PRirtr@Q ¥hdink-ul cu spinulS = 1/2, momentul ordonat
WUHEXLH V &Vbht ddcebla,@HVXIJHUDW F vQ IFRP $IXHLX VWISERPP WQV
FDUH HVWH vQ DFRUG FX @ XFW® WMDSWH]HB®/] DX IIRVW HIH
vQ G RPMRih>Mor antiferomagnetice Heisenbe®g 3/2 cum ar fi, de exemplu, CsVLClI

[268@ FDUH Vrhitalzu@nticpéntru ,¢hain™uri cuS= Ilchain -uri clasice cu spinul
mareS R JRORVLQG PHWRGD JUXSXOXL GHaoUMQ R WUharidW] B U
urile cuS = DSDU LQ DFHOHD L F @havHuXHgisehdry Y36 H2F@ L

comportae magnetic similar FX FHO DO FRa#aSXXORUD IRVW REVHUYD)
GH FRPSX L X7A77707&)cuX =Pk, Aske L 930Q). Gradul de delocalizare a
SXUW WRULORU GH VDUFISUHYRRQYHDI K UHURDWDIWHFSULRB
Compusul (TMTTRPl DUDW ORFDOL]J]DUHD VDUFLQL Lo comp@tad Q X!
semiconductare de-a lungul ,¢hain™urilorr SD DU WDW FD QX HVWH SRV
comportamentul liear al VXVFHSWLELOLW L}t RoBGeFBFPE X XEB AV W v
compusului (TMTSRPls GDWRULW IDSWXOXL F WHRULD QX LD vQ
HYLGHQW vQ DFH WL FRPSX L LDU GLPHUL]JDUHD SURG
suscepVLELOLW LL vQ FHHD FH SULYH WH FD]XQ HGILEHUWHL D]
CsFeS (dimerizat)).

Comportaeamagnetic mai sus de temperatufa pentru compusul RbFegsare un caracter
diferit de cel caracteristic pentru sistemele anfe? DJQHWLFH ' $)0 FhaihWUXF
+HLVHQEHUJ D VSLQLORU ORFDOL]D L FDUH WLSLF PDQLI
FRPSDUDELO FXinRRdBdinN'L FFRPGB U brietgia deséh¥nb,intra-chain” )H
Fe)Bl@ ®UM[LP DO VXVFHSWLELOLW LL D IRVW REVHKYDW
= 565K pentru KFe$ U Lmaf= 800K pentru CsFeg[20@ XQGH GHSHQGHQ D VX
WHPSHUDWXU DU SXWHD IL D$SndR ¢haD $\) 0 dEpihuCsE KR d@R G H
DOW SDUWH 3SHXW BN S5 H b Bar\wa gusiddnHUH OMWODHUBYQ WHQG
VDWX3® HVHP Q WROUOFRR RBEX7T O)BO®HSUHVXSXV F vQ DFHUW
schimb direct puternicFe)H R SR U L X Q Hd €xte @pridapd-de delddalzdse][ Aceasta
WUHEXLH RULFXP V ILH R HYLGHQ D UHG XFibhior de ¥&§ EV W
FRPSDUDW FX PRPHQWXO DUWHSWDW SHQWUX Fd4g.ILJIXL
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0 VXU WRULOH O|VVEDXHU SHQXWUWXLRR R QXAKPS KE)FHHEWILQ C
[31]. IPSUHXQ FX PRPHQWXOA&PRHEQHIMMF \GHFHUFHW WB,OH Q
DFHVWD WUHEXLH V FRUHVSXQGSKQOQ LR @ M QW HWUP DR E
VOISR W2, pHQWUX FRQILIXBH D 0 M@HFRWEBALMH 1Q DFHOD L
spin S QX HVWH FRPSDWLELO FX UH]XOWDWHOH PDJQH
DPLQWH RAS BHLL RUJD Q Ldh&inF Xi LV WSEXEXINUTFLX GL 70 %%)

cuX=PFs;, ASFs L B0@>XQGH JUDGXO GH GHORFDOL]DUH D SXUW
OD FRPSR]L LD FKLPLF 'H HRHHP/SADHK J RRLR\S X @ WQ H jfeiéV W H
GLPHUL]DW FX VSdhgt QRBLOHWL]IDW DSURDSH GH GHORFD

1.2. SURSULHW LOH IL]LFH DP&rélxFeRPataxhelriOde teglare aw L S

VXSUDFRQGXFWLELOLW LL

6WXGLLOH UHFHQWH DUDW F SULQWUH FODVHOH G
calcogenizii de Fe de tip 11 sunt de interessiderabiGDWRULW VWUXFWXULL VLI
iQ FRQIRUPLWDWH FX FRPSR]L LD SURf#etita& Gau pre$ilRe& G L
FDOFRJHQL]JLL GH )H IRUPHD] GLIHULWH WLSXU Ltigatde/ W U X
FRPSX L FDOFRJHQLHM3EX SHVBRXF WSH PHD QMBL- D) H\6\M D E L)YHHL7\M
PDL VWDELO ID] UHFUHMEQ@WHUMDODHDPHL LRQLFH D FDOFRJ
GHYLQ LQVWDELO $FHVWH PDWHULDOH SRVHGMXWI)XFW

Se, Te) formate din tetraedreXaze&u muchii comune orientate -@elungul axec (Figura 13) [33.

- = . - ‘
Ll L L 1e"

il -, © Se
L L L]
L L L L]
- : ) . D)=
Ll L L L2
- . . . .

. ..

)LJ 6WUXFWXUD FULVWDR®GR@ IPWVRAPREXQRMWRU LGHRW I Sl ¢
UHSUH]JLQW FDOFRJHQXO 6H 6 VDX 7H

&HUFHW ULOH DQWHULRD U7X VIHHURW DLV@ HF GRRFEOAS R'KL H.[F
0,2) [34-36]. Atomii de fier excesiviy GXF OD QHVWRLFKLRPHWULD VLVWF
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YDORDUHD DFHVWRUD FRPSXVXO SUH]JLQW LQWHHDWFQX
GHSHQGHQ GH FDQWUW WW HaB BHE[EUHNXLO R D J Qdifanmt L [B7-42]
SUH]JHQWDW vQ )LJXUD 0 D IF DMRHY YGCHJ WIH| BS%HpIU QDI X, TR 1) piH
PDQLIHVW R WUDQ]JL LH VWUXFW XDP4/n@rOODI DD | P RAR¥F QD ¢
simetriaP2/m SHQWUX "0,18) VDX OD ID] RUWRUMPRBEBLPentruX>VLPH
0,12) [43-45]. O proprietate Q HR E L &Qsistedului Fey7H UHSUH]LQW FDUDFW
DOQWLIHURPDJQHWLFH 6WXGLLOH QHXWURQRJUDILFH DUD
SHQWUX SUREHOH FX H[FHV PLF GHeDMW43@V WH HORPH QN X |
FRUHVSXQGH YHFWRUXOXL GH XQG/WE&XFW ) >GD UL § A RPRDNAXY H
FX YHFWRUXO G#HaX @RPHE@W X ORFD @nip@GulLAeJ & a@dvdioaréh )H
de 2254, [4 @ L HVWH FX PXOW PDL PBP3IH &W K WL OGhFmsurDS/X
Fei03Te devine feromagnetic cu aplicarea presiuniDU PRPHQWXO PDJQHW®WLF F
[46@ 1Q GLDJUDPD GHDDJH[LVIXUR UHJLY¥GQH L QRDHUDAFF\GH DL
HILVWHQ D D GRX ID]JH FULVWB ORXUDNUKH \@ B UADAP SE& HH MR
unde de densitate de spin (SDW) [ 1Q DFHDVW UHJLXQH VH &2&m@LIH\
PRQRFOLQLFH LSROYVRORMEIWHIBURPDIJQHWLFH FRPHQVX!
QXPLW eDBELFRTH@QWUX SUREHOH FO13N §PHRERDIWH 05V FH W L
ID] OD WHPSHUDWXUL MRDVH DGHHODPRWR K6 WXIUF RAUWRBD
QXPDL R VLQJXU WUDQ]L LH $FHDVW WUDQ]JL LH GLQ V
DQWLIHURPDJQHWLF LQFRPHQVXUDELO HVWH GH RUGL{
experimenHORU vPSU néMtloHI LB @ FXUDQ]L LLOH PDJQHWLFH L
VXJHUHD] FXS@GRWXYOFPERXWHWRLF @ BFO VIWVFXPVWHPRIEQHL
FRUHOD LLORU GLQWUH WUD Q] Ll7HOWHQF D JXXH WX @E¥plinl.@&HAOUHx
de o parte, afostargumentd&tf[@ F FRQWULEX LD PDMRULWDU vQ@nVFKL
iTsHVWH DWULEXLW RUGRQ ULL DQWLIHURPDJQHWLFH $F
PDWHULDO VXQW GDWaghetioeV® cadixie danttatlictétiOHRVUWPR ITRUP X C
lucrarea [48@ ED]DW SH DQDOL]BDRWWRYJRPIEHIF WHWH IRIGDORF
JH6H L FDUH QX PDQLIHVW R FDUHYD RUGRQDUH PDJQHW
iQ FRQWH[WXO VWXGLXONXD OH WRHRIIAH WXE HO RLU HVOMUEF X\
FDOFRJHQL]L SH ED] GH )H PXOWH FHUFHW UL VH ED]JHL
FRPSR]L LL vL VWVUPWVRW U HBXL WHHaxaW U WHWUDD R IQH®»ou GH
XQ LQWHU®BOF RQFX\QW Wdd6 HLS K3H: 36), 3&te apare mai jos de 480
faza+/ KH[DJRQDO GH WLS 1L$O0O FDUH HVWH VWDELO OD "
NiAs, (FeSe FDUH VH WUDQVIRUP vQ VW3 KENeSe cu\stidantdD J R
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RUWRURPELF FXQRVFX@ BDLBMUAD\DIAMYVWH [BFeE,Sel D]D
PDQLIHVW SURSULHW L UHPDUFDELOH SULQ DFHHD F FI
QHFHVDUH SHQWUX DSDUL UD RARFSIDHR/Y®RRBNUELUIDDW i
sisteme [33@ 3ULPHOHD FIDYIFHW XUSUDFR Q G X FWFB.586 Bu eQortatR P S |
WHPSHUDW XY@ &K fiddlafibl. WH ID]JHL FX GHILBLAQ & HAMHF HW
DQWHULRDUS$URSDMW WF LOH VXSUDFRQG XFW RDserdibie GaH D |
stoichiometrie 33 S D VWDELOLW F FUH WHUHD H[FHVXOW¥L GH )H
SRDWH IDYRUL]D RUGRQDUHD DQWLIHURPDJQHWLF L VXS

100+ - . v .

paramagnetic tricritical point Bicollinear AFM
80- P4/nmm '

o /
E.- Vs a* . \
~ 40+ Commensurate AFM
P 24/m
204 Collinear SDW

0+ . ;
006 0.08 010 0.12 0.14
yin Fe1+yTe

(a) (b)
)LJ 'LDJUDPD GH IDjyTO@GYANWHPXOXL )H
RUGRQDUHD M$de@UIRU vQ )H

1Q FRPSXVX®WHRPEGH OIMDW XUL MRDVH DUH ORFRWWBQRPEL
(Cmmg VLPLODU FX WUDBZ52@ @88 BVWHRVHELUH GH DO L FF
SH ED] GH )H FRPSXVXO )H6H QX HVWH R UShR @Qdeastariizd Q H W
OD GHJEDWHUL UHIHULWRU OD RULJLQHD RUGRQ ULL QHP
SRVHGH FRUHOD LL SXWHUQLFH GLQWUH SURSULHWsaLOH
SUHVXSXV F RUGRQDUHDIa@p8 D WUP LDORWHUMAHDHWHHIIX 10 XF
RUELWDOH IQ OLWHUDWXU QX H[LVW R HYLGHQ H[SF
IOXFWXD LLORU GH VSLQ SXWHUQVYEKHHWUM ]S UFR SQHHRJOHADL W/
rezuWDWXO IOXFWXDQLLIHRGHRDUDBDWNVSOMWWH DSOLFDUHD SUE
GRPHQH GH RUGR Qardpdar Ripes@rie\Wd. 5Pa $356] i ating temperatura de
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WUDQ]JL LHWRD[LPOD *3D 2GDW FX AHUNHNRADAGDIEBWW YV IRX!
WHPSHUDWXULL GH WBD® |]Lv QHWL\W 8 XAFW XWHIPCHHY BiDWEH.SD  F!
$FHDVWD UHSUH]LQW R SURSULHWDWH QHRELSfestiude SHC
IOXFWXD LL PDJQHRWH AMAHIHDH WBIW SGIK D W X U L Lcate(pGateHi ol U X \
H[SOLFD LH D DEVHQ HL RUGRQ UL L53. BDcegstHMrhpoHa @ D 3 QH VIL
XQ Lwgdw\wv UHIHULWRDUH OD HIHFWHOH DSOLFWHRARSHUID Y
Tc SHQWUX VXSUDFRQGXFWRULL SH ED] GH )H 3ULQWUH I
SULYLQG VWXGLXO SURSULHW LORU VXE DSOLFDUHD SUH
(YROX LD WHPSHUDWXULL FULWidtradturall cle &plareh pediuHiD S
SHQWUX FRPSXVXO )H6H VXQ W. SddtadiiH ® WRDG\DHVY G XLEXH DV H U
FRQVWDQWHQHLWHYBBHRWLY YROXPXO FHOXOHL HOH-B QWD
VFDG PRQRWRQ-6'HHVAEH & tedueisgrinificativ cu aplicarea presiunii, acestea la
presiunea de 9 GPa fiind contractate tR®,3% pentru Fe6H L FXSHQWUX S8/ WD Q
&D UH]XOWDW FX HYROX LD SUHVLXQLL H[LVW R FRUH
WHPSHUDWXUD GH WUDQ]JL OH MQXMWD UH IV X 3L C5RRQY/E X RW F
VHPQLILFDWLY @&b/RD&Re Ueiext®d XivQUIR WHUHD  WIH Rp8ritré& D W X
VXSUDFRQGXFWRULL SH ED] GH ILHU FRRIEXYXKHPHBBDLDWP
coeficient de schimbare a temperaturii critice cu presifdé&/dP)). Este necesar de remarcat
IDSWXO F Lpaslithe XQONH O/ I HDWHVW YD OIR énlodide ck &npmilia S H C
VWUXFWXUDO [IQ WLPS FH FRQ@\LW RQMBDiRed@yeH Q/IDIF FR D W
VH HIWLQG GXFkQG O Rthj/Ec 6 K UFRUD WDHSLRHUDN M@ Wi dus kOB D
GPa. Astfel, comportamentul nemonoton peffg®® HVWH DVRFLDW FX FRQFXU
LQWHUD mterXa@r ORWH UHJOKkQG QLYHOXO @Btl-l&y&SDieH L Gl
Sastabilitc RGDW FX F U HiiWHU éirire SihghiNid. Sede-Se scade de la
104,53t(la 0,25 GPa) la 1032 OD *3D &RUHOD LD GLQWUIH XY@JIXR X!
Se#ext6H SHQWUX FRPSXVXO )H6H GLIHU VHPQLILFDWLY (
LaFeAsO.Pentr UVHQL]LL GH )H D IRVW GHPRQVWUDWGE UJLH/RD-
P ULPHD EHQ]JLL GH FRQGXF LH HOHFWURQLFH plaguiLQ XU
unghiurile As#e+$V VXQW SDUDPHWULL LPSRUWIRQrohice Qe lddesk@ D U |
VLVWHPH L GHWHUPLQDY62B4WSHP 5 U DAY UFL Lv B UMLWIWFHIP X O
mare valoare a temperatufé DSDUH vQ DSURSLHUH Gife¥d@RIMDYHP XQ.
DFHDVW YDORDUH FREMW penry teydedrdDded® B@ HDH L SHQWUX
distorsiunea tetraedrului FeS H P UH WH VHPQLILFDWLY RGDW FX FL
planului (SeFeSgscade (Figura 1.5(bJigura 1.5 F vQ DFHVW LQWR/UPEEO FR
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semQXO SRJLWLY $FHDVWD LPSOLF IDSWXO F JHQHUDOL]D
QX SRDWH IL DSOLFDW *DISQWHRVWRBEIWRG Q6B VW UXFW X
Jinterlayer’ GRPLQDQW vQ GHWH U Pprezendudtbars aleR@tipublili FeS2R U
[60].
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Pressure (GPa)
)LJ '"HSHQGHQ HSe He @reswine Daf) trei unyiuri diferite-SeSe (b);
GHSHQGHQY WDtB-layer’ 6H L GLVWDQ HL DQLRQLFH GH 6H
YH6H vQ VWWXVAMWXIDQ RUWRURPELF OD . F 3UHJHQWL
FX GLVWDQ HOH VHOHFWDWH OD . L 4+ ESGHE QLIHR B HW
unghuriSeFee6H FX YDORULOH VDOH OD . & presiune3drapéttuluiH S H
[(atb)/2c@ OD . L D WH PE pedtiu\Wese) ()] F UL WL FH

'HSHQGHQ D GH SUHVLXQH D GLVWDQ HL DQLRQLFH GH
$FHDVWD VFDGH EUXVF OD SUHVLXQHDL®HWP MBI %a4Ve DS L
*3D )DSWXO F DWKW GLVWDQ D DQLRQEIFPIFRW HV W D R RIDQ
vVQ DFHHD L UHJLXQH GH SUHVLXQL LPSOLF FRUHOTM LD G
3H GH DOW SDIWHVLXSQL FIDQUGHOFH W heRe@drzOL [R RWKWRYLDRAP EE
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de6GPag0@ 'LQ GLDJUDPD GH ID] SUH§RQWE WS H QD)W XXWDDG H

VQFHSH V VFDG RGDW FX DSDWHLDJRQUD® 4 HoeddtsRW VAR L
VWDELOL]DUHD VWUXFWXULL RUWRURPELFH VDX WHWUDJF

RE LQHULL WHPSHUDWXULORU FULWLFH vQDOWH VXE SUH

Temperature (K)

s 20 30 40
P (GPa)

)LJ 'LDIJUDPD GHMBP SHUBDW XD HS HQRBEUS]. FRP S XV X (

&HUFHW ULIOHQOWHQWHL BUHVLXQLL DVXSUD SURSULH
deFH DX J VLW R YDULHWDWH GH HIHFWH GLIHULWH 'LIHUF
DFHVWRU PDWHULDOH VXQW FDX]DWH GH VHQVLELEOWDW|
GRYDG vQ DFHVW VHQV UHSHIH]GQ@W WK WHNWIH DD WX UWD
DQLRQLFH 1Q )LJXUD D VXQW SUHJHQWDWH UH]XOWD\
temperaturiT. vQ GHSHQGHQ GH GLVWDQ D DQLRQLF SHQWUX
ED] GRregentaredd HRPHWULF SHQWUX GLVWDQ D DQLRQLWD W|
vQ )LIXUD E (VWH QHFHVDU GH PHQ LRQDW IDSWXO F

T SUH]JLQW R FXUE VLPHWULF FX XQPSRUW QW SV R/SL HR

GDWHOH VXQW vQ DFRUG FX DFHDVW FXUE XQLF RE LQX\
SUHVLXQL vQDOWH
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)L J D 'HSHQGHQ D WHe: )LJ E S5HSUH]HQ)\
GLVWDQ D DQLRQLF SHQWU X anionice de la planul constituit din ion
JH 6LPEROXULOH FRORUDWH de Fe.
SUHVLXQHD DPELDQW LDU V

FRQWXU LQGLF GDWHOH ReE

SURSULHW LOH VXSUDFRQ G%¢ s\ Ddstel séhsiiila BFatersde RO R L
stoichiometriH 1Q DFHO-B®sthbiWEP § XEVWLWX LD LRQLORU GH 6H S
JH6H FDX]HD] R FUH WHUH D WHPSHUDWXULL GH WUDQ]L
cX VXEVWLWX Ld8]. Giilar compusului FeSe, sistemulik@eixSec DUDW R WUD
stUXFWXUDO GH OD WHWUDJRQDO OD RUWRURPELF OD
FUH WHUHD FRQFHQWWD DHIXIREHID RBREHL GKHQ: GDWHOH F
teoreticea FRQVWUXLW GLDJUDP Di+Fédx3d0 § UH MHLYWBI\W X OQF L) ) BHX UL
mare valoare a temperaturii criti“ce DSDUH OD ID]D WHWUDJRQD®=Q3 DSL
&X FUH WHUHD XOWHULRDU D FRQ LQXWPOXH. GHD 3D UMDR
DQWLIHURPDR QMWW LG-slune@ Wtvddgohal P R Q R F Odu@rdcBnductibiltatea -
Woulk” ILLQG VXSULPDW vQ DFHDVW UHJLXQH

SURSULHW LOH PDJQHMPEPAHXK QWY LIMXIPFDWH IKEH SR]L
SR]JL LD )H , FDUH DUH PRPHQWXO & ulQracWristici BeXittherar® V v
L S RRe (U), care are moment logzdt cu valoare de 2,%[70]. SD VWDELOLW F P
ORFDOL]DWH LQIOXHQ HD] RUGRQDUHD PDJQHWLF ODL P
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DQWLIHURPDIJQHWLFH FRPHQVXUDEL®BJQHWEWRPX® ViR U\DLEV
xSe este destul de complicgvl]. $VWIHO GHVFULHUHD PDJQHWLVPXC
SUHVXSXQH FRPELQDUHD PRGHOHORU LWLQHUDQW L ORF

150 20
Fer~Teix Sex **Ts(poly)

OTe(poly) o

P wTo(single) &
< 153
=100 anmm- g
S &
2 miscible S
é < tetragonal 10 =
LI 8
e . 2
g SOf - 3
= , 5 2
17 \. mono-| ©_
orthorhombic » clinic =

A} ’ L
0 =, o—a—a0
1 0.8 0.6 0.4 0.2 0
FeSe Fei+yTeirxSex FeTe
)LJ "L D J U D Bent@usistdnjul ReyTerxSe cu exces mic de Fe 36

O particularitateimportant D VLVWHPeXEOHXIUHBUH]LQW VWUXFW XU
LQFOXGH VXSUDIH H )HUPL PXOWLSOH FX HOHFWURJDL HLH.
JHUPL SHQWUX FRQFHQW B L026;H),55 HO 2K BBWW PWX W R U F X
VXSUDFRQGXFMWRILIHEBH WO UDIRMOXOH YXKWORL FHQWUDW®® v
VXSUDIH HOHDO HHFWRLRQLFHKkvQ SXQFWXO6RSUDID D )HUPL S
IRUPD XQXL FLOLQGUX WULGLPHg3&REE® On cer@idwierBiSnaFH St
O ULPHD VXSUDIH HiSeHRIPL RVQUH GHH FKkW vQ )H 6 H maHn&d W R |
aVW ULORU OD QLYHOXO )HUPL LQDXW OHLOXEN W IUWXWUH] !
VXEVWLWX LHL VXQW VPEXQ W LWH FRQGL L13@H B}MH QW XK
efectul ,pesting’ L ITOXFWXD LLOH GH VSLQ FX YHFWRUXO GH
VXSUDFRQGXFWLELOLWDWH VXQW v BHXXDW WQVHD J240. FRP 3
care are efectul degstingg PDL SXWHU Q L Fd&lot QRAWD)YHBW GMXEUDHR QG X |
3ULQ XUPDUH VW ULOH 6': L GH VXSUDFRQGXFWLELOLWD
studiu mai aprafndat.
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\
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1.3. ,QYHVWLJDUHD SURSULHW LORU VWUXFWXUDOH

FRPSX LORU GABE)SeYAMK,RYCs, TI)

SURSULHW L @Qife)SeAVHIR IRD, T, TIK, sau THEE RE LQXWH VvC
LQWHUFDO ULL FRPSXVXOXAL MXEHWF X WHVOIVOXEBJD &WFDGH QY
[74-77]. Studile ARPES [ DUDW F DFHVWH VLVWHPH VXQW-.Sk]RVW
ODL PXOW RPXWIOW RKERPIeFLPSOLF YDOHQ D )H "H
VWRLFKLRPHRSE 5 WKBHOSXQH H[LVWHQ D GHILFLHQ HL GH
OXFU 981@H D IRVW VWDELOLW F WR LAV SE RBMRaP@persV R UL
FRPSR]L AdsfaifSe kdtiAFesSes QXPLW FD VWUXFWXUD PDQLIF
de ordonareG H] R U G R Q DdlbrdelFetdB i@y L VWUXFWXUD DQWLIHU
moment magneticmar¢ e RQLORU GH ILHU OHQ LRQ P Fede@eyauttuX FW
D DVLIJXUD YDOHQ D SHQWUX LRQLL GH )H D D &8P VH
'XS FXP D IRVW UD S RABIN®] W D/FED Qe HE@biUfdri@aHfaze difiée ordonate
GH Y B #Fe

Astfel, pentru sistemuhfFeySe DX IRVW UDSRUWDWH FLQFL WLSXL
VWUXFWXUD FX YDFDQ HOH GMIBW FRSD DWW WXPBW RV UKXF
suprastructurile¥s1 % 1341% 1Q FHSIDLFH WH \FeyS#HMDX W HBESHUDW X
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(TPTs DFHVWD DUDW V VBl e sithetriVmBm{Flg&ras1.10(a)) [81].

Grupa de simetrid/mmmHVWH FDUDFWHULVWLF L SHQWUX v QWHU
048) SHQWUX LQWHUYDOX0O2@QWU HX GHUWUWHHE HRMWE YW UD |
0,61) mai jos ddsapare simetriéd/mcu suprastructurgs 1% FDUH VH PHQ LQH SkQ
MRDVH WHPSHUDWXUL TsQ T4 FRX[QMDV OV RS SEDUWN tBBEAWX U L C
Y1194 1Q )LIXUD VXQW SUH]JHQWDWH GLIHUPSeVWUXFW.

(&2—&/ = QJ
¢ g
Fe
vacancy
K
Se
} Fe
Q 'S L . » b . &)
&;L) a 0 Fe vacancy order site
a) b)
)LJ 6WUXFWXUD F UARWI>@)L BlementVA VWEHPHK QW PHWDO

Pentruy O0,5sunt preze YDFD G H OQOH 2 U G R Q3DURHD GYHD FHD QAFeV L VW H |
ySe E 3ULQ S WUDWXO SXQFWDW HAMM D HFHIQsWpv FHO
S W U D WD céRIOIEB! ¥wH s [81,82]. SHUFXULOH- FXHQRWL SR]L LLOF

GH LRQLL GH )H FX RULHQWDUHD VSLQLORL

SD VWDELOLW F WIYDDQUH LOR¥WDXFWRUGHB DSDUL LD RLU
la Tn [83]. Momentele magnetice pentru cele mai apropiate blocuri constituite din patru ioni de Fe
VH FRPSRUWpelin XQRUPKkQG vQ SODQ XQ PRGHO DQWLIHUF
WDEBE® DK )LJIJXUD E &X PLF RUDUHD WUHSWDW D PF
& )H OD . GLVWDQ D GLQWUH SDWUX DWRPL GH )H GLQ
DVHPHQHD VH FRQWUDFW GH OD U&l4kbiX D 05 WHIRDSNLLFD WXk
[83]. Calculele asupra benzilor structuraddectuatevQ O XFU,85|LX DU VDBPWDKN W
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transformare magnett¢ WUXFWXUDO FRQWULEXLH OD VWDELOLWDW
WHWUDPHU WD BB denatEs s Xw

e @ e ©© 00000
dui 0 Fo O 0 0
» y Bog | |
[4/mmm O o o ©: 0
18/ O Do o
0000000 g0 000 o o
© 0 °o\¢ o o (cl)
12
O o © 0 L] © O l
Qo O 2 9 A9 B o Qa o ©
© © ©Q{ro o o ole oo ore
e 0Oo ©0 00 O oleo @|d O Vacancy
©C 00 00O 0O O 0 0 O @ Fe/Vacancy mixture
14/m Pmna
(b) (c)
LJ 'LIHULWH VWUXFW XU L xRe, B Strvidbuvel ( m&hkh@ bFRPS.
y

iPmna F &HOXOD XQLWDU HVWH DFFHQWXDW vQ ILJXU

E L F FDUH FRUHVSXQGH ESPISiRSe tesf@d@WKRIS& EHO R U
2UGRQDUEI® WOFIPQHVWH R PHGLHUB.SHQWUX F

Astfel de moment magnetputernic L RUGRQDUH DQWLIHURPDJQHWLF
Tn H[LV W sugraconductorii de tip 245 [ 1Q )LIJXDDDVXQW SUH]JHQWDW
IXQF LH GH WHP SHdgrietwe %W DJIJFLVFXO GD WiRbtizwmdgneEr @
EORFXOXL WHWUDPHU L SLVFXO VWUXFWERBD QleHé& EdteG D W
QHFHVDU GH UHPDUFDW IDSWQXIO] FRE®WGRQY D BHD WRIDHLIY RWE F
a YDFDQVROWUS U B MMBWX FQV XILUXUBD VXQW FRPSDUD L SDUDP
P D J Q HMPLgentru supraconductorii de tip 245. Domeniul de temperaturi p&atruY DU L D ]
VOQWUH . L . FX WRDWH DFHVWHD PPRHFKQ® XD P®RDC
3,3(1) adFe.

2 FDUDFWHULVWLF LPSRUWDQW D VXSUDFRQGXFWHF
VXSUDFRQGXFWLELW LL FXRUGRQDVHIN D@ B L IVYARBPXBIBHH |
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intensititea piscului magnetic la apropierea de temperatdita pentru supraconductorii
(TLRbpFesSes $FHDVWD LQGLF R LQWHUDF LXQH SXWHUQLF
VXSUDFRQGXFWLELOLWDWH 1Q DFHOD L WLPS DFHVW IDS
VLPLODU FX FHO REVMHGYDWR WIQL WHSRROFY HQ[@RQDOL VG
supraconductorii piE D] F8,HBa(Fe954C00,047)2AS, [87].

IQ WLPS FH RUGRQDUHD DQWLIHURPDJQHa&A FVLWPPH W XE
FULVWDOLQ WHWUDJRQDO RUGRQDUHD DQWLIHURPDJQF
GH )H H[VWWX¥F@XUD FULWPBDOLRD \F XGHLFRASHWIH IVD]DJ B Q DUD
de neutronia FRQVWDWDW F H{QNMNMVAW ROHIKGHWRMHIPLQ UHOD LD
GLQWUH SHUHFKLOH YHFLQH GH )H L LQWHUDF LXQHD OR
LQWHUDF LXQHD DQWLIHURPDJGH W22 pP0@ QLI D@: ChIFLHDHE \@ H WY
structura- PDJQHWLF SRDWH IL H[SOLFDW FD ILLQG R FRQVH
dy; idy FDUH GXFH OD GLVWRUVLXQHD VWUXFWXUDO GH OD
PHFDQLVP GH RUGRQDUHFRUWEXA¥BY D $SRIQOW D% H[EDWFDUH
bloculuitetraPHU vQ VXSUDFRQ@XOFAWRDEHOHD>L UHJXOL HPSLUL
FRQWUDFWDUHD UH HOHL FX LQWHUDF LXQHD9GH VFKLPE

Studiul reZZ VWLYLW LL SHQWUX SUREHOH &XS&)DBRQYG XV
PDUL DOH UH]JLVWLYLW LL OD WHPSHUDWXUL PLFL T. PDJI
)LIXUD D $FHVWHD GH DVHPHQHD UHpéntruFprobel¥ Q U
Ko7FesesSe L ozFescSe, iar pentru probele cy R PDQLIHVW XQ U VSXQ\
mult mai mare (vezi insetul Figurii 1.13F IQ DFHOD L WLPS PD[LPXO
UH]JLVWLYLW LL FDUD¥RGBY,LL\QGLLAH aAid RiEtH @RhetalE Ka cea
izolatoare 3 URED FX F Ré&F8RPE, bddearecea mai mare WHPSHUDWXU GH
metalizolator DUDW vQ JHQHUDO FHD PDL PLFMN WHQIRHDENYWU W DW
SURBRd&sLVWDW FHD PDL PLF YDORDUH D UDWHL GH RFX.

LQGLFkQG SUH]HQ D VXSV D BB Q¥ arASN, Rap@RIQMD UHID G X O
ordonare a YDFDQ GiORW vQ PDWHULDOHOH VXSUDFRQGXFWHF
n(Fe2)h )H vQ VWUXFWXSDH]LQW XQ IDFWRU GH GLULN
VXSUDFRQGXFWRDUH 1IQ SRILGD RWGERQ GHDLR W SWR FRP S
supraconductori, RWX L vQ DFHVWH PDWHULDOH H[LVW SR]JL LL
WHPSHUDWXUL MRDVH FDUH L QW H éhSrgiddani iRiziseigwandpod G H
SkQ 185meV pentru compusul cu )LIXUD E VFCGHQHIHEYHQRG
VXVFHSW LT LD este datara@dap™-ului DQL]RW U R SelefH L WHHIEMDIR U G |
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)LJ SLVFXULOH %YUDJJ VWUXFWXUDOH L#+DIQH
parametri de ordonare pent¢ UDQ]JL LD DQWLIHURPDJQ HMzborBonate JJ HV S
YDFIDRU GH )H D ,QWHQVLWDWHD PDIJQHWLF %UDJJ DMX
IXQF LH GH WHPSHUDWXU SHQWUX VXSUDFRQGXIPpa&NtRIULL (
compusul (TLRyFeSes ,QWHQVLWDWHD DMXQJH OD VDWX4dI.LH Fk

(VWH QHFHVDU GH PHQ LRQDW IDSWXO F LQWHUDF L X
GH WUDQVSRUWFer,Se HWWHH PIDR® UMWVHR DDAMH FFXQ FHD GHPRQ)
supraconductorii din sistemul FegTer.Se [93], care poate fi considerat ca membru al familiei
K«FeySe cux=y =0 [82].

IQ WLPS FH GLVWRUNIKQHMWHH/ KNOUBILPD@W )H X VXEVWL
DQWLIHURPDJQH WLc¢are @Qpe simeira/de QrdtheXV U X HVWH VQORFXL
DQWLIHURPDJQHWLF OD GLVWDQ H PLFL > @ 2UGRQDUH
GH IOXFWXD LL PDIJQHWLFH DBpaConductdiCPRBE, 9| HANNLUDRK U FL

WHWUDPHUL}YWHXFRAWXIUIDHOVRAHVWH R WHQGLQ FRPXQ Sl
SH ED] &®)HbBHGXFHUHD WHQGLQ HL GH RUGRQDUH OD GL
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I[UXVWU ULEHPDDQHAMWUH VH WBWKWIHBX <GAIOOGLRUNFLXQHD UH HC
WHWUDPHUL]DUHD  LYPWRIR@WHEOBEHORWGRQDUHD

200 v T 0.014

y 0m.7!1, Fe:1.58
$K:0.77, Fe:1.60
X K:0.84, Fe:1.58
#K:0.86, Fe:1.5,
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Fig.1.13. Rezistivitatea pentru probelgF&,See FX SURSULHW L VXSUDFRQ((

LIRODWRDUH E ,QVHWXO ,GdpQuluiie tthHspdstHhre@#\aprBpie)deP H D

WHPSHUDWXY¥KHWRHDWH GK@ A D 6 XVFHSWLELOLWDWH

VXSUDFRQGXFWWRRDHWHF GL DJRIDW WUDQTAL LDGD @ B/ WUH UK
RUGRQ ULL RUWRIORI®EUFHSAD. YDFDQ

IQ FHHD FH SULY fe\se FREWHPROHMIE FRQFH QWgdntu EdHL G
D SHUPLV RE LQHUBDHGHQUWRWR W QDGEHLDJIJUDPD GH ID] )l
FRQFHQWUD IylOMP48) surzblatpd DQWLIHURPDJQHWLFL FX WHPSH
RUGRQDUH PDJQHWLF 7HPSHUDWXUD FULWLF GH WUHFH
BWXGLLOH DVXSUD VXVFHSWLELOLWixAel,Sel. DRIDM HROLY AW
DQWLIHURPDJQHWLVPXOXL DQL]JRWURSLF SHIvIQWAU B L WKV
DOLQLHUH D VSLQLORU 8Q FR RifdRal peii Fa\olBtaareiBew R U
[97@ FX WHPSHUDXUD 1qHO GH . $VWIHO DQWLIHURPD.
FDUDFWHULVWLF vQWUHJL L Adnpdr@rhdnt G HRODMFARU HHLQ W G X
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de Fe mai mici dek W HVWH FRQILUPDW @stfelvre¢ixt@itate®Orrhterielélon W L
QHVXSUDFRQGXFWRDUH GLQ Dgfirl MabanisimviwMdddeSBi3purHcu L G |
salturivariabii. 8§ RQGXFWLYLWDWHD SUREHORUWAEX FRYRAHQWUDL E
VHPLFRQGXFputRbict L GRSD L

. . . T . T . - 1000
T 1
1466 a A e I
.
- Supraconductor |
14.64 Izolator _
Z <
< . z
: i {100 2
1462 | ¢ 1 ~
14.60 | Semicon-
ductor
| m 310
1458 L—— SN A T
1.45 1.50 1.55 1.60 1.65
Fe
)LJ '"HS HQ G H QeiDG HR\Q¥FEs( Wbl H El QaHdmperatutor T L
Tn pentru sistemul RhFe.ySe. Sunt prezentate trei regiuni (1, 11, 1ll) cu diferi@URSULHW

structurale PDJQHWLFH L GH WUDQVSRUW >

'X'S F X#&afiymat mai sus, una din principalele caracteristesstemului RFe.ySe
UHSUH]LQW H[LVWHQ D RUGRQ ULL DQWLIHU RIPBghétid & L F H
33 &peQWUX )H H[LVWA IPDL.MRVR&AV UD SR UaVDOWE | HRURGFRDQ
LOQWHUDF LRQHD] UHFDFOREHEORB WBEROUVWHRUGRQDUH QX
VXSUDFRQGXFWLELOLW LL vQ YR OXB0WQNduraH,MWHD P\DW H U !
VXSUDFRQGXFWRDUH HVWH FRQILUPDW GH P VXU WRULO
PLF D FRHILFLHQWXOXL 6RPPHUIH®D @ BDY BB %R fdaxeE X Q (
supraconductoare,QL LDO ID]D VXSUDFREXGXDP VDRPUG®RD VY RDBLUD W X
Y%t H¥ D IRVW FRQVLGHUDW FD ID}RLPEBWXIUAIVWD UG HSIWRYGHDQII
PRQRFULVWDOXOXL VDX GRPLWRILE X AOD Qb RE@ 5/MH WF DY D XL
DFFHSWDWRHIHWWHIH D GRX IDJH DGLF DWKW VXSUDFR
coexistavQ PRQRFULVWD@HACE®Y WID] s WHI\EXOINOWH FoRlk j2olaMareQ D

41



AogFereSe, FDUDFWHUL]DW &GAFMV KRR U D BROIEX Fevotdondd L ID]JHL
supraconductoard: x Fe:Se [101,102].

'LVWULEX LD VSD LDO D DFHVWRU GRX ID]JH SUHVXS
ocuparealss - GLQ YROXPXO SUREHL L I1D]Gard15Q RAY) WD U
nStripe-uri GLVWULEXLWH UHODWLY XQBI@UPBKkQQ IFRXXR R OOE WL
IRVW H[SXVH FDUHYD PHWRGH SHQWUX FUH WHUHD VHPQ
WRWX L SURSULHW LOH DFHVWHL IDJG&EDIX IRX W WRIOK BV
L WUDWDUHD WHUPLF '"HK& M P8OW D WQFO X RUDRIGHBESEL VW D
WUDWDUHD WHUPLF OD WHPIsHUB W BUDI F6FHWVV P £ U B DHGD M ¢
regiunile fazei minoritarecd y-m. SHILXQLOH IDJHL GHYLQ PDL UHJXOD'
SURSULHW LOH VXSUPDHRRQ@GXFWRDXMAW SUHJHQWDWH GI
calorimetriei de scandH GLIHUHQ LDO '6& FDUH LQGLF WIRPSHU
WHPSHUDWXUD GH RTGRQWUB (PR JIQNH) Welkvtu XSiEtevnxilRP&, Se>
[105].

'RPHQLXO FRPSR]L LRQDO UHVWUKQV GH H[LVWAF® D \
ySe(A=. 5E &V 70 4L VHQVLELOLWDWHD OD YDULD LD VW
materiale IDFH GLILFLO HYLGHQ L HSIHDS WFIRHMA OIDO HL O RV XGAVDX
electronice[16@ 2 PRGDOLWDWH GH D GHS uL DFH®LW DBT],ILF XC
FDUH SULQ VXEVWLWX LD DQLRQIFE.,SE DX SH X WX V6 HU HQ O\
continuu tempebW XUD GH WUDQ]L LH vQ VWDUH VXSUDFRQGXFW|
VW UL

Compusul KFe.yS; este izostructural compusuluikkeySe L PDQLIHVW VWDU
VHPLFRQGXFWRDUH FX RUGRIQMEIHD6PDIJIQHWEBB@PL WH Sy Q
VXSUDFRQGXFWRDUH > @ 3H GH DOW -BDIUWHNV ¥Q FRAFHIOU
SURSULHW LOH IL]JLFH L SDUDPHWULL VWUXFWXUDOL SR
$FHVW IDSW D IRVOXGEUHPRADWUD®H vQ FDUH HVWH SUH]JHQ\
ILILFH L SDUDPHWULO R UF&)8¢,& VOV QHOL vQ VLVWHPXO
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)LJ '"HSHQGHQ D GH WHP%W@WrK%temUW@}ﬁ@-Q&(aYLW L |

,QVHW GHSHQGHQ D G&EWHPEXUDW X BD IS HERVQLXH
'LDJUDPD GH ID] SHRNSES, VAEVWKOWOHYLGHQ LDWH WUHL |
VHPLFRQGXFWRDUH LQGLFDW SUHQYWIFFKORDEBDWWHWUXHL U
supraconductoare (culoamaro 6LPEROXULOH UR LL Bhingess 0Y.DQ]JL L

'H UHPDUFDW IDSWXO F F ¥rel$F V8 RICDNV HR PR X SR finpthrta® H D L
metalic PDL MRV GH PD[LPX&Q WHILWXNVNYGW WUDQ]L LD VXSUI
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1.16(a)). Temperatura care corespunde vallk Q X HVWH GHSHQGHQW GH Q
Sz DFHDVWD LPSOLFkQG IDSWXO F LQWHUDF LXQHD SRD)

3H GH DOwW SDUWH HVWWH WHRPKXPRBRXCXFWRU FKLDU GDF
PLF GHFKW vQ DOWH SURBE# RYXG DRQWMNDH/WHB XFRDE R Q WD
LRQLORU GH 6 WHPHWW B WXUHDS WDIW NVKSULPDW L VXSUD]
PDL VXV GH . S HQWRX,5B.FPeEnkuHppovele bu QLEBK D FRQILUPDW S
SURSULHWDRARPREEXFWRDUH > @ LDU SHQWUXVG@XRPEEQLXO
DWULEXLW VWDUHD PDJQHWLF GH WLS 6* OD WHPSHUEL
GLDJUDPD GH ID] VXSUDFRQGXFWRDFélySé,. 2 5DQ RBEN\.IHU BBV
RGDW FX P ULUHD FRQFHBWUDQ /U KFY,BOE\OAMEIMXent &fe
ORF P ULUHD FRQ LQXWXOXL GHW)IH) GH V¥ SWHHPBHR RWRUB F
valoarealc QX HVWH LQIOXK N PWKGRPHWULD . )H VDX GH YDFD
LQIOXHQ DW GH GRSDUHD FX 6 LQGXFH PRGLILF UL vQ VW

IQ FRPSXP&XS®.,S;, VWUXFWXUD FULVWDOLQ HVWH IRUI
GLVWULEX LD DWRPLORU GH )H L )H 3ULQ X-WE&2DdeeumvQ D
L GLVWDQ RdD dtrg-Eluster” L )HFe2 inter-cluster” 06. Cu dopareacu S,
GLVWDQ)HOH PkQ SUDFWLF QHYVF KIPE Hepidésdgesydemafidativ G L
DD FXP HVWH SUHJHQWDMNSWQOLBX GR-YMWDQXHSHHJHQW
VHPQLILFDWLYH RGDW FX P ULUHD FRQFHTQWXQ@W. BL IGIH L6W
F VXSUDFRDWKPWQLE HVYWWH OHJIJDW GHsterDXQRLLDQGERHQ \HH
PDIJQHWLVPXO OD WHPSHUDWXUL vQDOWH PDL PDUL GH
GHYLHUL VHPQLILFDWLYH FD)HL \3H FH XCoOr@poNa Righhtio R U ) |
de tip SG caracterisicSHQWUX WHPSHUDWXUL MRDVH vQ SUREHOH
GH GLVWULEX LD DOHDWRULH D SR]L LLORU )H iM&KLPEI
cluster )LJXUD 107.F >

Pentru sistemul eySe.,S, unghiul Ch2Fel- &K WLQGH VSUH YDORDU
FUH WHUHD FRQ LQXWXOXL GH 6 )LJXUD G &X WRI
PDQLIHVW WHQGLQ RSXV 3ULQWUHGhHX) ki (ONERe20R2)K L X U
VXQW DSURDSH QHVFKLPEDWH FX P ULUHD FRQFHQWUD LF
Fe2&K VH PRGLILF VHPQLILFBWYYDPDGEIHP OD YDORDUHD R
Figura 1.17(f).Astfel, sD FRQFOX]|IHR/MHW HD BUVWRUV LXK LAX WKW UND}
VXEVWLWX LHL GH 6 HVWH VWUKQV FROHODW FX VXSULPCLC
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)L J 'HSHQGHQ & GH G/VENIVRHMO RYHH ,QVHWXO SUH]L!
GH)H D GHSHQGHQ D RFXS ULL SR]L LLORU )H L )H
GHSHQGHQ D GLVWDQ HL D/QORDLFHQOE W VW E DWDWX Y.BIO F

temperaturd.. ,QVHWXO GLQ ILJXUD F D UDWChSd) UWH B SUHWHL.

GHSHQGHQ D X @aKahx (d), OfRA22&HR (), ChaFe2Ch2 ) vQ IXQF LH G
VXEVWLWXQ LR B BESHR®D,S,. Insetul din figurile () | D U DeddruMFei @WK L
Fe2Ch1(2) [107].

$FHDVW GLVWRUVLXQH SRDWH GHWHUPLQD ORFDOL]DUF
QLYHOXO )HUPL FDUH HVWH FRQILUPDW GH P VXU WRULO
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Prinurmare,faproS XV F UHJXO D ULW DONHZ) eSteHifadiOrist@ttiutaDiddhoratht,
FDUH GHWHUPLQ IRUPDUHD VW ULL PHWOV@LVHYV WélBRX/S H F\
2.

S5HFHQW VXEVWLWX LD DQLRQLF 1iFel,8&.% S ORPFWQ ®/H
z=0; £= 2 [109]. Aceste probe au fost studiate VSHFWURVFRSLD IRWRHOHF
XQJKLXODU FDUH D HNOQDDOLWLR CHEOH®HFX XQ IDFW
de la faza nesupraconductoare=(2) la cea SCZ VHPQLILFkQG DFHVW SD
LPSRUWDQW SHQWUX UHJODUHD VXSUDFRQGXFWLELOLW
vQ GRPWEUXEHUW] DVXSUD 6& UL SifREeSRUXPHW /OMF IR S\
GH OD VWDUHD PHWDOLF OD FHD L]RODWRDU S&abBtabilivfiN D W
oGDW FX FUHUWHUHD VXEVWLW® VHD IGHWE D F 8 B VM sBYRILRDAV
WHPSHUDWXUL vOQDOWH LQGLFkQ GddRa brbitaletdr aleHorlorkIR U H O
fier ceea ce poate explica suprimafiga FDUH DUH ORF RGOWIOL.FX VXEVWLW

1.4. 'LDJUDPD GSHOMNUX FRPSX LL VXSUDFRQGXFWRUL

vVQDOWH

$SOLFDUHD SUHVLXQLORU vQDOWH DVXSUD VXSUDFRC(
SRVLELOLWDWHD GLULM ULL IDJHORU L LQYHVIMIIPPDeHD S
e[HPSOX VXSUDFRQGXFWLE L #&3%MHVMWIH WOEhREBBaEe 9 GP@ 5E
[113] LDU DSRL DSDUH GLQ QRX vQ LQWHUYDOXO GH B43H VL X
K (Figura 1.18) [13].

I1Q DFHDVW ILIXUD VXQW SUHJHQWDWH GRX UHJL
VXSUDFRQGXFWRDUH IDQD VROUDFSRQGXFWRDUH LQ WXL EE
SG1, temperaturdc HVWH UHGXV RGDW FX DSOLFMHUHRDVvRUIHYW XQI
SUHVLXQL VQWUH *3D L *3D /D SUHWQ X®IU RTYB® s
PDL PDUH FKLDU L G HTk#iNfegRieplSEIXREghiRE® S2AMe maximul pentru
T. de 48,7 K pentru compusublFe ;Se L . S H QdRbtLPe: o7 ©. Regiunea Sdl
DSDUH vQ LQWHUYDO DSURSLDW GH SUHVLXQL dSgeasvD X W
continu RE LQXW S HQW Brésiwne] denpethtdiiiie: v Q D O W HI @&par@rusé&mai
susGH *3D L GLVSDU OD IHO GH T B88X3:wmwauddst observeddnicO D O
FX FUH WHUHD WUHSWDW D SUHYVL X @d4upraGoAductibilit3 @Lfog D V W
REVHUYDW vQ XQHOH VLVWH P #precOn Eistehn&eQdrdahiceF[RE@ H Q D V

,,heavyfermion” 46.
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5HIXOWDWHOH RE LQXWH vQ XUPD GLIUDF LjgFe,B& UD]H
KogFer7eSe FRQILUP IDSWXO F vQ SULPXO UkQG VWUXFWXU
de-D OXQJXO VQWUHJIXOXL LQWHUYDO GH SUHVLXQL vV\QW X C
regiunea S€, UHDSDUL LD WHE SGRUDWSUHOHRUD UHJLXQLL 16&
structurale ale celulei elementare tetragonale, ceea ce p@pl. QYHVWLJID LL DSUR

pe probe avansate.

60

| O KFe,Se,(R)
m K Fe Se (R)
50 @ T Rb Fe Se, (R) %%H
[ o T,Ro,Fe . Se,(ac) -
40 |
| - O
] 10}
v P
SCHI
L X
12 15
Pressure (GPa)
)LJ "HSHEQESESHSHRQWUX VXSUDFRQGXFWRULL GH WLS

FRQGL LLOWWEHPIBHAILOWHXU SHRWXXRRDWHREDORYLWH vQ

VXVFHSWLELOLW LldcXLFRRAYWOXEAWH U YDMLY YHUWLFD

VXSUDFRQGXFWLELOLW LL OD FHARDBWD IS WRREHHH VDHIHDEM |

supraconductoare: SC L-B& HSDUDWH GH UHJLXQHD FULWLF D SU|]
16& UHSU H lihe@ Wesupratdmductoare [114

8QD GLQ SDUWLFXODULW LAFSeRARY WD QWHSDOH YWV W
EHQJLORU HOHFWURQLFH 1iQ OLWH U D[®8X17,118),\csWeHdesdhiS R U \
VWUXFWXUD HOHFWURQLF SULQ VWXGLXO VSHFWURVFRSI
IQ )LIXUD HV W kgredna Hsjridauv DémdziloiG electronice pentru compusul
KogFe,’Se 5H]XOWDWHOH FRPXQH DOH DFHVMRWUVREXGL L G
VXSUDIRIOKXKWWLORU vQ FHQWUXO JRQHL %ULOORXLQ SXQFV
(punctul M) suntSUH |N@ U Délectidiwed OHQ LRQ P F DFHDVW SDUW
HVHQ LDO GH SQLFWL]LL GH ILHU VXSQUGBdIi@ éste@izet JRQ
$FHDVW GHRVHELUH vQWUH FD®X@HHW{ELVH PR QSkcde® WU H
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DSEULXISUDFRQGXFWLELOLW LL LQGXVH GH IOXFWXD LLOI
.hesting FDUH HVWH tiF % DG rQpuBa) dd-vedere teoretic, pentru descrierea
SURSULHW LORU FDOFRJHQL]JLORU G¢tld hadadte pegAeStMg QHFH V D
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-50

-100

& _“ - -150 meV
; M
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Fig. 1.19.Diagrama structurii benzilor electronice pentru compusigb& :Se RE LQXW GL
HISHULPHQWHOH $53(6 FX SDUW®E BRULXEM S XRD-W XB5 deH QRO L
VXSUDID D )HYQPL )6 >

1.5. Concluzii la capitolul 1

'HVFRSHULUHD VXSUDFRQGXFW LG HO) HW Z00B §cEedai\cH U L [
GHVFRSHULUHD D SHVWH WLSXUL GH PDWHULDOH VXSU
SRILGD GLYHUVLW LORU vQ FHHD FH SULYH WH FDUDFW
PDWHULDOH SRVHG LXER PDUQGEH SVURGIUXBGIWFHVWRU SURSUL
FRQWULEXL OD vQ HOHJHUHD PHFDQLVPHORU DSDUL LHL
GHVFRSHULUHD DOWRU VXSUDFRQGXFWRUL FX WHPSHUL
VPEXQe¥e SURSULHW LORU VXSUDFRQGXFWRDUH

6WXGLLOH H[WLQVH DUDW F R SDUWLFXODULWDWH F
FDUH FRQ LQ )H FRQVWLWXLH VWUXFWXUD ORU ODPHODU
DYDQWDMHD]H SWURFHVKDOBUH VDXD GRSDBEIHO IFWLFLFGRSD L
FRPSX LORU GH ED] QHVXSUDFRQGXFWRUL SRDWH LQGXF
supraconductori& X WRDWH F WHPSHUDWXUD FULWL,BukDFdSE@F R JF
DUH R YDORDUH VHPQLILFDWLY GH PDUH SHQWUX VXSUDFF
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VDX DUVHQL]LL DFHVW V mnvdal peRtridiugiul slpra@onduckiaiv vV IL V. WEHDRN R
structurii cristaline relativ simple pecdr R SRVHG FKkPSXULORU FULWLFH v
&ODVD QRX GH VXSUDFRQGXFWRUL QX GRDiGarEBu@t LQH
VLWXD L OD QLYHOXO )HUPL 1Q PXO LdRWX@MR PDYIQHWELH L)
SRU LXOL @ALDJUDPHL GH 1ID] ILH vQ DSURSLHUH GH
VXSUDFRQGXFWRDUH VDX FKLDU FRH[LVW FX VXSUDF
VXSUDFRQGXFWRUL | U PDJQHWLVP vQ GLDJUDPD GH ID]
propU L HeWupraconductoare sunt intuQ DWH GH H[FIHVAXXF®HEKD LLOH PDJ(
SHQWUX XQHOH FODVH GH FRPSX L VXSUDFRQGXFWRUI
EUXVF RGDW FX VXSULPDUHD RUGRQ ULL DQW®W LG HURP|D JQ«
PDL IUHFYHQW HVWH UHODWDW F RUGRQDUHD PDJQHWLF
FX VXSUDFRQGXFWLELOLWDWHD SHVWH R JDP ILQLW G|
VXSUDFRQGXFWRUL SH EDELOGHWBEBWWBOSVYIBD FKRHMI XRWU FRQ
RUGRQ ULL DQWLIHURPDJQHWLFH SH FDUH R SRVHG FRF
GRYDG D FRQH[LXQLL GLQWUH VW ULOH PDJQHWLFH L VX
&X WRDWH F UH]XOWDWHOH RUX GILILGRUDDWXB BBV SWR-
UDSRUWDWH vQ GLIHULWH OXFU UL FDUDFWHULVWLFLOH
DVXSUD SURSULHW LORU PDJQHWLFH L GH WUDQVSRUW
YDULDAQMHFDWLY VXJHUKQG R LQIOXHQ SXWHUQLF D
FRQ LOQXWXO LPSXULW LORU L D BdifaV Hieker@irbre® ttruCidii V W
PRQRFULVWDOHORU RUGRQ ULL PDIJQHWLWMD HIBILW B DL [F®
GLQWUH DFHVWHD MRDF XQ URO SULQFLSDO vQ LQYHYV
WHPSHUDWXUL FULWLFH vQDOWH
G VLUHD XQRU QRL FRPSX L VXSUDFRQ@QRPWHRU LFEW WH
metodologieideregld H D SUIRGRIWHWVWRU VXSUDFRQGXFWRDWate@HYLQ
WLPS HODERUDUHD WHKQRORJLHL GH FUH WHUH D FULVYV
SUHRFXSDUH IUHFYHQW DHRB GDW) GOO DH MHa ghad\BAFRVESOIHD L Q
DFHVWRU PDWHULDOH OD PRPHQWXO DFWXDO QDWXUD HJ
UPKQH R SUREOHPF®XDRKIDY FHUFHW ULORU SHQWUX VWL
QHFHVLW GLVSRQLBXOLWAOXWMI RXEGRURFRWULH SHUIHFW
$SFWXDOPHQWH SRVLELOLW LOH GH D RE LQH PRQRFUL\
UHSUHKQQWFWRU GHFLVIR'SRDWHK QD MIOAMMHDBIH D UH]JROYD
literaWwW XU UHIHULWRDUH OD SDUDPHWULL LQWULQVHFL DL I
GLQWUH SURSULHW LOH ORUinagetk& W XUDOH VXSUDFRQG
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2.METO "( '"( 2% ,1(5( $/(MONOCRISTALELOR FeTexSe(S), RbixFexySe-:S
| AFeX2(A=Cs,Rb,K;X=S5,Se) | &(5&(7%$5( $ 35235,(7 ,/25ICF

2.1. Metode de sintetizarale policristalelor L GH RE LQHUH DOH PRQRFU

&DUDFWHULVWLFLORDWHBEHDD & & RRIBMMWAUD®W XIUD ©, VDX
temperatura de topirégemperaturade descompunere VR O XE L O L W Dapé HdPauvi®baz& O Y t
HODERU ULL WWHKOQNRKOW U ]LHUWHGH FBURHD Evfmbddstidtdale@ida@eRQUH FIH V L W
L Q Y H V MilvitiDaldgentru fiecare compud&Jn aspect important al proecdsi GH RE & QHU
FULVWDOHORU vO FRQVW,IAVDX/IHH GRHPVRH H © L iy uRdehBeDYCAHEEX K QX
UHSUH]LQW principRl Q eehtri. Horeparase monocristalelor perfecte Prepararea
materialului SROLFULVWDOLQ SREX@HLU EHHPWWBWH SURQVDWHJI
vQ SUL@HLISRUPD VXE FDUH GRULP V RE LQHPfiziseUakeG X V X
materialelor.

Metoda conHQ LRQDO GH VLQWHWL]DUH vQ VWDUH VROLG
metode de prepararemaaterialelor complexe(RHDF LD vQ VWDUH VROLG HVW
materialee LQL LDOH HOHPHQWH WBPKIFRWSRHWRKGEPEBHVXSXQF
a amestecului denaterale iQLeLO® WHPSHUDOMXBED WH YOIWIHHDOL]|HD]
LOWHEMWWIHO DWKW IDFWRUXO WHUPRGLQDPLF FkW L FHO
de sinteWL]DUH vQ VWDUH VROLG

5HDOL]DUHD SURFHVXOXL GH V br@amiter\W R [DANHHLIKQRHAE Gl R 1L MF
SULP X @atdialdesL QL LD O Hficde BIEXLWD/WH vQDOW V SRVHGH \
V DLERRSR]JL LH ELRDR GWNXRULW UHDFWLYLWDWH aleger&€aVvV HP |
FRUHFW D FUHX]HW X @& R&n&seciliDie itad@ivw HDORHFGLXO XL vQ FD
amestecul IQ PDMRULWDWHD tRateWRGWW BUHGWRWILGW W H]XOWDW
IRUP ®éeteSROLFULVWDOLQ talwdieprevaxXeE IRUP  GH

SHQWUX RE LQHUHDFeF&J,B&(SYQHEOIRWLWEWWHLSH PDWHUL
utilizateelementedeFe, Se L GH S X UWlLDVIpMkifitatevQ 7DEHOXO (OHPHC
OXDWH vQ UDSRUWXUL VWRLFKLRPHWULFH FRQIRUP IRUP)
LQL LDOH HOHPHQWHOH DX IRVW PLIDWH DSRL SUHVDWH
excesv. PDWHULDOHOH LQL LDOH DX IRVW SUHVDWH IRORVL
IRVW HIHFWXDW vQ FRQGL LL DWPRVIHULFH FKW ldeDSEFDP
I oxigen mai mic de 1 ppm. Materialul policristalinl RVW SODVDW ycrd alrfGsH GH
vidate S k Q présidine (1102 mbal), i apoi ermetizate.

iQ GHSHQ®@pI@ompBgiui FRPSR]L LD RE LQXW D IRVW vQl
HOHFWULF SkQ OD DSUR[PmiIuwib YemS HUD WD)XSIRLFRQVWDQW
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de 7 zilepentru aatinge eDF LD FkW PDPenWRIXSD WSRUL RPRIJHQLWDWF
QHFHVDU P FLQDUHD UHSHWDW D PDWHULDOHORU SROL
Repetarea acestor procese a contribuitUsAHGXFHUHD VHR® ENX.WIDW LIYO RDJ
policristalele FeSe;Fe-Te; FeTe-6H WHPSHUDWXULOH D X+1600°@iaivtimpul. D W H
de PHQ La&ddrdtiuit 10 JLOH FLFOX 'H RELFHL PDVD SLHWGXW
VROLG D FRQVWLW>XA M) PPDLV B X QQ IGHoeedoe ¢oRtbBIEG abatetiL
QHHVHQ LDOH GH LD VWRLFKLRPHWUL

7TDEHOXO 6XUVD L VSHFLILFD LLOH HOHPHQWHORU FK
RE LQX L
Elementul chimic Starea elementului Puritatea
Fe Pulbere 99,995%
Se Granule(2-4 mm) 99,999%
S Granule (24 mm) 99,999%
Te Pulbere 99,9999%
Rb 6ROX LH YkVFH 99,75%
Cs 6ROX LH YkVH 998%
K 6ROX LH YkVFH 99,95%

8Q DVSHFW LPSRUWDQW vQ RE LQHUHD SURSULX ]JLV I
FUH WHUH FRUHVSX®] GRB QW UKQ REXIFUHDWHD P RQIRES) LVWI
AFeX; RbixFeySe,S; DX IRVW XWLOL|DiWwpal&RX PHWRGH

- OHWRGD FRQYHQ LRQDO %ULGJPDQ

- OHWRGD GH#dinflxH WHUH

MeWRGZ FRQYHQ LRQMED HWWHGXDQGLQ FHOH PDL SUDF
a cristalelor $F HD \eWd d@&3te XWLOL]DW SHQWUX I&d de @atddibldEaXe) HL .
EDJHD] SH VROLGLILFDUHD GLUHE&dE R QdaNieriintd/ [4 EeaWeEe@ H L
WQF OJLWRUXOXL SULQ H[WUDF LH vGQsNRWISH QWD WialEPWL Q
cu amestecul materialelarompusulii dorit. /D W H P S H U DakeXdd Ltopir€@aDniatéfidliului
policristalin sau a elementelor constituente. Apoi fiola cu materialul topft GH S @iV HD ]
FKPSXO WHUPLF FUHDW GH FRQILJXUD LD vQF O]JLW&d& X0 X
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VHSDU 1Z]Z WhSLIWLFDHVID 1D L\ORVOHGID D FoX-P SHMNAADMMCDLWD W@
21SULQ OLQLD SXQFWDW

JRUPD PDFURVFRSLF D DPH¥WHE GEWHUPL® \SRHWUBF
$FHDVWD HVWH LQIOXHQ DW GH WUD QNI MWHXLP IGFH GFL Q AXSU
FD]XO vQ FDUH LQWHUID D HVYWH vQ VWDUH VWD LRQDU
DWXQFL HD VH DVLPLOHD] FX R LJRWHUP OD WHPSHUDWX
SH LJRWHUP @LLQRWHDO S 3HQWUX FD R LQWHUID V Il
SULPHDVF F OGXU GLQ H[WHULRU GHFL vQ DSURSLHUHD
GHFKW WHPSHUDWXUD GH WRSLUH 3R]L LD L Qudificaresl HL
WHPSHUDWXULORU vQ JRQD UHFH (L VDX vQ ]JRQD FDOG 2
FULVWDO IRUPPDQIQPKHG IWWHHEWXREL\G ILH SODQ &X WRDWH
VPEXQ W H WH SURF KV¥X6 06 HH\LH @ HFHIGX PHQQ XFOHD LD VS
YLIXUD VXQW SUH]HQWDWH FHOH WUHL WLSXUL SRVLE

(1‘3

[ Temperatura | el
| ____Incalzitor
|
: . Topiturad
W /
.gﬂ | """"""" . Termocuplu
g
= |
: | Cristale
I Izolare
A 4 I termica
)LJ 6FKHPD LQVWDOD LHL GH FUH WHUH D PRQRFI

Dirjarea WHPSHUDWXULORU VH HIHFWXHD] FX DMXWRUXC
integrat GLIHUHQ LDO 3,° FDUH FRQWUROHD] SXWHUHD HOH
GRULWH &XSWRUXO HVWH FRQHFWDW O DiakisanBlu eSidfdars L Y
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FROQOWURODWH GH XQ FRPSXWHU $FHVW VLVWHP HOHFWUR
vQ WLPSXO SURFHVXOXL GH FUH WHUHR D ]EOHY WIDOMHM®RH GF
Fkw L YLWH]DNGIH BRY/WURO®PRVH FX SUHFL]JLH vQDOW SH
ILH RSWLPL]DWH SHQWUX ILHFDUH FRPSXV OXkQG vQ FRQ
GH DVHPHQHD HVWH URWLW FX DMXWRUXO XRXXLWHRILR WU LA
GH U FLUH vQ VFRSXO GH D HYLWD RFXO WHUPLF GLQ FI
SXWHD GXFH OD ILVXUL PHFDQLFH vQ FULVWDO 3ULQ
LPSRUWDQ L SHQWUXGRE AIXHUWHDWHI VXWI'ONOWRUH]D GH FRE
DILROHL WHPSHUDWXUD PD[LP GH vQF OJLUH L JUDGLHC

Topitura Topitura Topitura
';l I
- Interf:

. convexa , | ‘qkfﬂi L .te I?m de
. Y R /:T‘;\ cristalizare
L [ 4 ——— 1 i 5

o 113 " a4 concava

i g + *’ “’ +

Vv ¥

cristal cristal cristal

)L J 'LIHULWH IRUPH DOH LQWHUIHUHQ HL C

I1Q FHHD FH SULYH W H LRHVORXG DDE H F\UW DWHHVUWH R PHWR
FRPSR]JL LHL GRULW HFunsHI@W. Fenopteu® B WEHD REDIWRIGHL Gh FUH
IOX[ UHSUH]L Qovistaliful & WOH V RDreduiekea temperatur [120@ 'LVWULE
WHPSHUDWXULORU VH VWDELOH WH vQ FRQIRUPLWDWH
SURSULHW LOH VLVWddestd RUW GOIL [ kKREBES)XGLDIJUDPD GH ID
cristalizarea sau solidificarea mateuviai vQXQF HH KBPSR]L LH HOHPHQWH
iIQ )LIXUD HVWH SUH]JHQWDW GLDJUDR@® GHQWUXSER®R
materialelodinflux. IQ FDOLWDWH GH VROYHQW SRDWH IL XQ VLQJ
GH FRPSX L FKLPLFL

Din )LJXUD UHHVH F XQ F RfeStXdmégEnizaRIR ®@Rjeratia L
SRDWH IL U FLW,GBH OWHPSHRDMWDXWHD QXFOHD LHL VSRQWD
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lichide(Tf. L OLQLD WHPSEUBPWYXHY LLLQ MHWWNARHDD SRIDWH 1L
VDX VXSUDVDWXU ULL L DFHDVW UHJLXQH HVWH QXPLW
SXQFWXO PHWDVWDELO HVWH QXPLW UHJLXQHD VROX LH
UHJLXQH LQVWDELO
SHQWUX FUH W H U H Dx%e(B), Ri,Bet), 50O UARRX (AELCS, KHRbX =

S, Se) prin metoda BridgmanB X XWLOL]DW UDWHOH GH H[WUDF LH FXS
GH URWD LH FXSULQV VvQWUH L URW PLQ *UDGLHQWXC
YHUWLFDO D IRVW ¥IOTDM) VOWHEXO VXQW SUH]JHQW
diferitor serii de monocristale din sisteméle,Se(S)y L 55&t5,.

MOLTEN LIQUID
META STABLE REGION\ N

TEMPERATURE

SOLID SOLUTE + SOLID FLUX

FLUX ny SOLUTE
COMPOSITION (Mol % or Wt. %)

)LJ 'LDJUDPD GH ID] D PHWRGHL GH FUH WHUH I

Cristalele de tip FaSe(S), RbhixFeySe.;S, i AFeX; (A = Cs, K, Rb;X =S, Se) au fost
RE LOQXWH GLQ IOX[ L SULQ PHWRGD %ULGJPDQ 3HQWUX
metoda selfflux™ DX IRVW XWLOL]DWH XUP WRDUHOH TWH&EHUDW
fost variat v QW U®+1100°& SHQWUX SULPD HWDS L DSRL DO RVW
SHQWUX XOWLPD HWDS 9LWH]D GH W RWH M IROWLFRO
WHPSHUDWXUL SUREHOH DX IRVW WUDWDYI® ASK ARLEHDL R
GH VDX JLOH DFHDVWD ILLQG XUPDW GH F OLUH vQ DS
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Procedurile experimentale@H PHWRGHL GH FUH WHUH GLQ IOX[ DX
cu stoichiometria FebeSeys ODWHULDOHOH LQL LDOH WHPSHUDWXUL
FKkW L GHWDOLLOH SULYLQG WUDWDPHQWXO WHUPLF ILQL

TaEHO XO &RQGL LLOH GH SUHSDUDUH XWLOL]DWH vQ
Stoichiometria &RPSRI]L LD Pasul 1 Mediul de Pasul 2
Ts[°C]/ ts[h], SUHJ W Ts[°C]
5DWD GH H materialui [ ts[h)/
[mm/h] policristali CR[°C/h]
n
FeTe Fe (4N8praf)+Te(5Npraf) 1100C, 5 h, aer U FLU
RatadeH[W UL la 30°C
3 mm/h 60°C/h
ar = 350°C
FeSeTeix 0,1FeSe+0,9FeTe 1100C, 24 h, aer U FLU
0,2FeSe+0,8FeTe 5DWD GH H la 850°C
0,3FeSe+0,7FeTe 1 mm/h 2°C/h,
0,4FeSe+0,6FeTe ar = 350°C la 40°C
0,5FeSe+0,5FeTe 30°C/h
AFeX; A+FeX+X 950°C, 10 h, FDPHU U FLU
(A =Cs,K,Rb; Rata de argon la 30°C
X =S,Se) H [ W U DnfmihH 60°C/h
ar = 300°C
RbosFeSe 0,8Rb+2FeSe 1070°C, 3 h, FDPHU U FLU
5DWD GH K argon la 30°C
3 mm/h 40°C/h
ar = 350°C
RbisFerySe.S, 0,8Rb+1,9FeSe+0,1FeS 1070°C, 3 h, FDPHU U FLU
0,8Rb+1,75FeSe+0,25Fe{ 5DWD GH H argon la 30°C
0,8Rb+1,5FeSe+0,5FeS 3mm/h 40°C/h
0,8Rb+FeSe+FeS ar = 350°C
0,8Rb+0,9FeSe+1,1FeS
0,8Rb+0,6FeSe+1,4FeS
0,8Rb+0,3FeSe+1,7FeS
0,8Rb+2FeS

IQ VFRSXO VWDELOLULL FRQ LQXWXOXL IDJHORU vQ F
RE LQXWH vQ XUPD HODERU ULL WHKQRORJLLORU GH FUH
;5! L VWXGLXO SURSULHW LORU RARIIXIHW EF H FHNWWHH QRHR
HIHFWXDWH DVXSUD PDWHULDOHORU SROLFULVWDOLQH G

7TDEHOXO '"HWDOLLOH @dtesuldeFS.DHJ adittleomib @uk.] DWH v C
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Denumirea Materialele Pasul 1 Mediul Pasul 2 Pasul 3 5 FLUI
probelor cu LQL LD{ T [°C]/ | proceselor | T [°C] Ts [°C] ILQD(
stoichiomet ts[h], de / ts[h)/ / ts[h)/ Ta[°C]
ria CR SUHJ V CR[°C/h] CR [ tan[N]
FeTeysSe s [°C/n] °C/h]
F191 Fe 4N8 700°C, aer 1000°C, | 1100°C, 600°C,
pulbere, 50 h, 50 h, 50 h, 20 h
Se 5N sfere, 6.5°C/h 2°C/h 1°C/h
Te 5Npulbere
F195 Fe 4N8 700°C, aer 900°C, 1100°C, 600°C,
pulbere, 70 h, 100 h, 50 h, 50 h
Se 5N bile, 6.5°C/h 8°C/h 2°C/h
Te 5N pulbere
F210 Fe 3N8 sfere, | 1100C, aer 1090°C, - 410°C,
Se 5Nsfere 72 h, 96 h, 50 h
Te 5N pubere | 10°C/h 60°C/h
F213 Fe 3N8 sfere, | 1100C, &DPHU| 1100°C, - 410°C,
Se 5N sfere, 72 h, argon 56 h, 60 h
Te 5N sfere 60°C/h 60°C/h
purificate
F216 Fe 3N8 sfere, | 1100C, &DPHU| 1100C, 1100C, 420°C,
Se 5N sfere 72 h, argon 72 h, 72 h, 60 h
purificate, 60°C/h 1°C/h 60°C/h
Te 5N sfere
purificate
F216 F216 pasul 1 | 1100C, aer - 420°C,
step 2R 60 h, 40 h
60°C/h
F227 Fe 3N8 sfere, | 1100C, 3DV Pasul 2 - 420°C,
Se 5N sfere 72 h, FDPHU| 1100CC, 60 h
purificate, 60°C/h | argon pasul 70 h,
Te 5N sfere vQ | 10°C/hla
purificate FRQGI 750°C,
ambiente | 33°C/h
420°C

*HQHUDOLW L SULYLQG PHWRGHOH GH FDUDFWHUL
MetodaGLIUDF LHL FX UD]H ; HVWH SH ODUJ XWLOL]DV
VOWQ PDWHULDO SROLFULVWDOLQ VDRHDR/\RFRHWWGOSRD)
$FHDVW RPSFHOLEGFLGHUHD XQHL
X incidente pe o sexide plane paralele echidistahH F X GlII(FigW XY [D21]. Fasciclele
GLIUDFWDWH VH RE LQ GRDU GDF UHIOHF LLOH SH SODQ'
, QWHU FHRUHMWQNVD XFWLY D UDGLD LHL UHIOHFWRDUH SH SOD
dedrumestegal cu XQ QXP Wh GWOXKHIILPH BRIQGLGLD G HRQWWWU IX KM
Z 1ZVKLKXOXWXE_ UXQOSR®WQ@ G u@X\R EAWIKE K DMK ILLAKOW SO0ZQ G _

_ SULPXO FULOQWG MWZXQWZ URUP XOZW_ SURQ: _kXZ LZ OXL

| pentru a caracteriza structura materialer

13
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ncG2dsin7 (2.1) unde
OUHSUH]LQW OXQJLPHD 6HUXG@GHDPL QWG RN GHR XAV G X Q DKL
%UZJJ

'LVWZQ Z LQVWVWRDNH QLG _W_UPLQZW SULQ _[SU_VLZ

d= B/(h>+k?+?)12 (2.2)
XQ@_ _VW_ SZUZP_WUXOhd VXOQW QG VMN.ZEUIDWIIMWD Sk QMW U X

(@) (b)
)LJ 3ULQFLS L @ze&XHa)s unghidtiFl IG-H GLIUDF LH SHQWUX X

3HQWUX VWXGLXO FX UDQHQOXPHUGRIBIBX®IWRLGRDNQG |
K, iarliniaK estelLOWUDW FX DMXWRUXO XQXL ILOR CRRWMRW EQ G
de catodsste cuprl GHRDUHFH DFHVWD DUH R FRQGXFWKYIKWDWH

'ZW_O_ [S_ULP_QWZO_ZO_GLIUZK L_L kX UZ]_ ; ZX IR\
utilizkQG SURJUZPXO PR@3523WZP _WULL XWLOL]D L ,fig-aRaWRG
GLIUZKWRJUZP _ORU DX IRVW YZULZ L vQ ZG4Z PRG S_QWL
[S_ULP_QWZO 4L k_ Z W_RU_WLKk S _QWUX PRG_OXO VWL
KZOKXOZW GXS IRUPXOZ

2
Y. Si LK|FK| 127 21 BA Yy (2.3)

XQ6x VW _ IZKWRUK@L® G VKLZ@Q.Z @ LAKW RU X OX/RIX QKkWL]Z G_ SU

Z U_10_Kk IPkx1%QKJIJZ S_QWUMNARKWR QXWX GFx- ZERMRREXIO G_ VYV

Vi tLQW_QVLWZW _Z IRQGXOXL 1Q XUPZ XX 2QR|L PR B VE DW] L
kDUH V. G_W_UPLQ kX ZMXWRUXO _[SU_VL L
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s twy v’ (2.4)

XQ%+ VW_ LQW_QVLWZWyZLQOW UIQVPLWIMRASZIM ZBU WLk uL

3HQWUX DQDOL]D GDWHOR éheiXx SRVUWPY BMULLD. 1L RSYAX® X WA
G_YL U_] _UR SZUZP_WUXO G_ SURILO SZUZP_WUXO G_ Z
1Z] KULVWZOLQ _YLG_Q LZW vQ SZUW_ IZKWRUXO G_ Vk:
X,y,2ZO_IL_k UXL ZWRP I1ZKWRUXO G_ W_PS UZWXU daL IZk'

(VWH QHFHVDU GH P fitQake®0OD WRIQBMWHU FLGHDO GDF
GLQWUH IDFWRUXO GH SRQG Héptdt e SdlbRréd QrieBK L& ZIO Ll VEZ W/
A ILQ -PXQWHVWH GHWHUPLQDW L GH YDORULOH RWQLPH
ifactorulRe G_ W_UPLQZ L GLQ _[SU_VLLOH

“ kO Ikc‘

RB ragg

(2.5)

2.6
R 2.6)

undelko LN XQW LQW _QVLW LO_ LQW _JUZO_ ZOH U_10_k LLOF
%UZJJ kXhkLQGLKLL

Studiile XRD pentru probele policristalinefSe; FeTe; FeTee6H L SUREHOH PRQF
de tip FexSe(S), RbuxFerySe..S, i AFeX; au fost efectuate pS UREH vQ pReRPH GF
PXOEHULOH PRQRFULVWDOHORU DX IRVW RE LQXWH vQ XU
DFHVWHL PHWRGH D IRVW XWLODMWMF \FXUG K QG HPUHHANGE Bl XK
c D OL QW Hlxp&iKkentele au fost efectuate la temperatura camerei folosind difractometrul
STADI-3 672( &,( 'LQ GDWHOH ;5" DX IRVW VWDELOLWH GH
VLPHWULD FULVWDOLQ SDUD®RHWRHALORWHOG IFBUVYWWOOL

$QDOL]D HOHPHQWHORU FRQVWLWXHQWH GLQ FULVWL
2 G D WiradieeaF X HOHFWURQL ILHFDUH HOHPHQW SURGXFH XC
FXP ILHFDUH UD] ; SRVHGE GHXQXIHFRUORQYHWPLVWLF P
UDJHORU ; VXQW GH GRXud¥pessX UD ] WGRB W GR\EF RReX@JLPHD
'6 L VSHFWUdSgdf®® §DDHORU ; GXS HQHUJLH (';

6LVWHPHOH :'6 XWLOL]JHD] ndjlotpinFcakeDratéle PHaamdieristiéeD
SHQWUX GLIHULWH HOHPHQWH VXQW vQUHJL\WWG B WH GL
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XWLOL]JkQG GLIUDF LD %UDJJ 6SHFWURPHWUXO FRQVW
P VXWH HVWH SHRigHAR.@WDW vQ
Spectrometrele de tip BOVQUHJLVWUHD] UD]JHOH ; DOH WXWXUR
GDWHOH H[SHULPHQWDOH ILLQG SUHIHQWDWH VXE IRUPD
D UD]JHL ; $FHDVW PHWRG XQH E B|H@PW UFHHJE MWWHI DEQH XQ
FULVWDO &DSDFLWDWHD GH FDUDFWHUL]DUH VH GDWRUH
R VWUXFWXU DWRPLF XQLF DFHDVWD SHUPL kQG XQ
electromagnét [124]. Pentru a stimula emisia de raze X caddtl ULVWLF XQHUJMBURE'®
electroniHVWH IRFXVDW SH SURED VWXGLDW D D FXP MWVWH
WUDQVIRUP HQHUJLD-XHNBE QMHQ GB]W I RBROQHLABEBRD U L P
HVWH UHDOL]DW SULQ WUHL HWDSH vQ SULPXO UkQG U
DWRPLORU vQ FULVWDO 'XS DFHDVWD DUH ORF WUDQVIR
VHPQDOXO GH WHQVURRHVRVUWEA DEPLR/SXQW SHQWUX P VXL

Tub cu electroni y -
' 1 Anod
Electron Beam
Lentile
condensatoare \ Window: Be or UTW
Objective lens

Microscopul optic

Si (Li) Detector

4

Detectorul curentului prin proba- |- - - #” Xerays Collimator

Diafragma lentilei inductive - N _AL
‘D;

Schematic of an Energy
Dispersive Spectrometer '

sage [ ]

Bobinele de scanare -} - -
Lentle - __-A

Lentile |- -

Al doilea
detector []
de electroni ~ ]

(a) (b)
Fig. 2.5(a). Sistemul unui spectrometru cu Fig. 2.5(b). Spectometru cu dispersia
dispersa UDJHORU ; GXS O0OXQ4L UD]JHORU ; GXS HQ

6LVWHPHOH ('6 L :'; GLIHU vQ SULQFLSDO SULQ UH]RC
liniile spectralek. D HOHPHQW XR®LVAQWBAW Y% VXQW WLSLFI8QL W XD
H9 1Q VLVWHPXO :'6 DFHHD L OLQLHD YHFHDWIMWDX DN HIDPIQQ
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GH VXSUDSXQHUH GLQWUH SLVFXULOH FX HQHUJLL VLPLOLI
vQ VLVWHPXO ('; GRPHQLXO ODUJ DO OLQLLORU VSHFWUD
ca un singur pisctPSRVLELO GH VHSDUDW vQ GRX OLQLL VSHFWL

&RPSR]JL LLOH FKLPLFH DOH HOHPHQWHORU GJIS&SERPSF
RbixFeySe.,S, i AFeXo DX IRVW GHWHUPLQDWH DSOLFkQG DWkKW |
Acesteaau fost determinate cu ajutorul me@ QDOL]DWRUXOXL FX VRQGD H

6; 0 VXU WRULOH DX IRVW HIHFWXDWH DVXSUD SODQH:
VXSUDIH H QDWXUDOH 1Q FDOLWDWH GH VWDQ@mRWFE&EH S
7H PRQRFULVWDOHOH VWRLFKLRPHWULFH &C

fost folosite monocristaleleRbpgFeieSe FX VWRLFKLRPHW U Uihinas HiviH U P L
P VXU WRULOH SUREHORU UHSHWDRNEHLWYNH FGHWH GIH VW RW |
GH GHWHUPLQDUH D FRQFHQWUD LHL DEVROXWH D HOHP
PRQRFULVWDOLQH GDWHOH H[SHULPHQWDOH DX IRWY FRC

m2.

2.3. MetodedeF_ Uk _WBWRZUL W LORU PZJQ WLk _

8QXO0O GLQWUH FHOH PDL VHQVLELOH HFKLSDPHQWH
PDJQHWLFH HVWH GLVSR]JLWLYXO FX LQWHUIHUHQ FXDQ
numeleSQUID (SuperconductinQuantum ,QWHUIHUHQFH 'HYLFH $FHVW
VWXGLLOH OXL %ULDQ ' -RVHSKVRQ DVXSUDeMWR (PFVIRTQLH
FXUHQ L HiieWlu25® GHDIJQHWRPHWUXO FRQVW GLQ GRL VXS
LIRODWRU FDUH IRUPHD] MRQF LXQL oR\QSHKWRRE L XXQ@F DL |
HOHFWULF mat&fiWNUXEDWHRXQ GXFWRU U FLW VXE WheEga&iel U D W
FDUH vL HVYWH DSOLFDW 'DF 10X[XO PDJQHWLF FDUH SDU
HO YD LOQGXFH vQ LQHO XQ FXUHQW FDUH GDWRULW VXS
VQGHOXQJDW | U QLFL R Q@GHSQXWOMHBKREIDAS GXBL ,QWH (
FRQVWLWXLH R P VXD UQONWHDYRAQLXYEWRAXEFO HVWH VHQVL
L Q GeXmagnete GH RUGLQXO GH P ULPH DO IUDF LXQLL XQLW
cuplatLQGXFWLY FX XQ FL U Foate\tonstitlidJdetectorul prépA M @@ O FKkP S X
YDULD LLOH FXUHQWXOXL GLQ LQHO PRGLILF ITUHFYHQ D ¢
LHULUH YDULD] SHULRGLF =RBRPROQMDLMN FS XHM WK ROM RARRK) E

ODJQHWRPHWUXO 648, SRDWH GHWHFWD FkPS®¥UL PD.
SKkQ OD 7HVOD HFKL YOI GWinD@rdmy tdePriaivrulY de 15 ordine de
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P ULPH 6HQVLELOLWDWKD $PPODQ@HWRPRWLW FXSOKQG L
VXSUDFRQGXFWRDUH FX URO GH DQWHQ PDJQHWLF

iQ FkPS PDJQHWLF FRQVWDQW VH SRW HIHFWXD XUP W

- 9DULD LD PRPHQWXOXL PDJQHWLF DO SUREHL vQ IXQI

- Comportanentul PDJQHWL] ULL vQ IXQF LH GH WHPSHUDWXU

DEVHQ D FKPBXQNMNLL vQ FkPS

IQ VLVW_PXO 648," SULQKLSLXO G_ P VXUZU_ Z PRP_Q
V_PQZOXOXL LQGXV G_ SUREZVPINQ WRELXZO VXSRIAZKRQ
kZU_ VXQW kXSOZW_ kX V_Q]JRUXO 648," 3ZUW_Z O _KWUF
L GLU_ R W_QVLXQ_ GLU_ kW SURSRU LRQZO kXU K®W XO X
PZJQ_ WLk vQ BREGXK_ S _ XQ PZJQ_W VXSUZKRQGXKWRU '
ERELQZ G_ OZ LQWUZU_ Z V_Q]JRUXOXL 648, IRUP_Z] X
VKKLPEZU_ Z IOX[XOXL PZJQ_ WLk vQ ERELQ O_G_ G_W _Kk I
WQ KLUKXLWXO G_ G_W_k L_ kzZU_ _VW_ SURSRU LRQZO V¥
SQUID-XO IXQk LRQ_Z] kZ KRQY QWWR®Q CGkXKkEUQQIWLWZW _ vQ
vQ ERELQ_O_ G_ G_W_Kk L_ SURGXKQYZUIOZZ LI - HIOKS ZKREZAKY, '
SURSRU LRQZO PRP_QWXOXL PZJQ WLk ZO SURE _L

%RELQZ G_ G_W_Kk L -XQWLUZOK WZWWU LZIOQWXUS UZKR QG
V_.W G_ WU L ERELQ_ kX KRQILIJXUZ LZ JUZGVRP _KMRIX O X
SU_]_QWIZMWUYD ERELQZ G_ VXAl SQIJURWZVR VISRWL QWZW
k ZVRUQLKXOXL %RELQZ k _QWUZO KkRQVW GLQ GRX \
k ZVRUQLKXOXL LZU ERERQZSIGU MRV WRUPW VvQLQLU k LZ
%RELQ _O_vQ PZJQ_WRP_WUX VXQW ZPSOZVZWIZWZ KkZ@WU
SURE L SWIPKX® PKKIQ WLk G_ O0Z SURE V_ kXSO_Z] LQGXk
PLGKk SWLWQNZZ KRQILIJXUZ LZ G_ WLS JUZGLRP_WUX V_ 1|
KLUKXLWXO G_ G_W_KWZU_ kBSROKZXFZZ JI@ XWWKK ZS K MO RID LI
VXSUZKRQGXKWRU

3ULQKLSZOXO _O_P_QW ZO PZJQ_WRP_WUXGCGXRQYUW
VXSUZKRQGXKWRU kX XQZ VZX GRX MRQK LXQL -RV_SKVF
SQUIDdc kXU QW KRQWLQXX _VW_ SU ] QWZW vQ )LIXUZ
XQ kXU _QW KRQWLQXX kZU_ WU _k_ SULQ ZPE_O_ MRQK LX¢
RLQW UI_U Q KkPSXO PZJQ WLk ®&ZU UWU _K_SIZL QGL@® W
JOX[XO kkPSXOXL PZJQ_WLK SULQ 10X QXM ERK OXQXkX UK
kXU QWXO kZU_ WU _k_ SULQ LQ O G _RZU k_ kXU QWXO Q
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1Q OXkUZU_Z GOW PEURSWLKWZO_ kRPSXULORU VWXGLZ
PZJQ_WRP_WUXOXL 648ZQWBRB ' VLJQ 0 VXU WRULOH DX |
GH WHPSHUDWXUL FXSULQW WAWSXUL.PZJQ WLk SkQ OZ

Camp magnetic

Gradiometru » \ A 4 o

. 7 \ | [ /
\ > . Supraconductor | _ ;
~ Campuri slabe

is

’,"’ J oncp'unéa
Curent /Josephson _

e’ Variatia tensiunii

= x pentm cre§ter ca
_+ Campuri puternice constanti a fhxului

it ot ~~

(a) (b)
Fig. 2.6 Reprezentarea bobindd H GHWHF LH126) P SVXKQNIDSLXO GH IXQF
magnetometrulutdlc SQUID [127](b).

2.4. Metode deF_ Uk_\eSWRAUL_W LORU HOHFWURQLFH

Metoda celor patru sondeB GRYHGLW D IL R PHWRG FRQYHQDELC
care permite de exclule FRQWULE X L DepuBeQ@/mdbW. HD RPUV XUD SXU SUF
probei Aceasta este unaldQ PHWRGHOH VWDQGDUWH L XWLOL]JDWE
rezistL Y L Watekidlelo[128,129].

ORQWDMXO H[SHULPHQWDO FRQVW GLQ VRQGH SURE
FX HQHUJLH D FXSWRUXOXIROL BD/QXR)D GH JEW DMCHGULRR AW
sonde sunt situate pe un cristal rectangular cu dimensajhilelc. Sondele sunt aranjate simetric
GLVWDOQI BWHIFEB LMV WH SUH]EQWUBWD@D)LDXGHB P VXUDUH H
VQF OJLWRU SHQWUX VFKLPEDUHD WHPSHUDWXULL SUREF
VWXGLDW FX FUH WHUHD L VF GHUHD WHPSHUDWXULL /
conductor este progd LRQDO FX OXQJLPHD / L LQYHUV SURSRU
WUD Q VA4bteY D O

R=60 @2.7)
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6WXGLXO UHPXMUDUWM DLIRV®) HIHFWXDW SH SUREH UF
SDWUX VRQGH vQ LQWHUYDOXO:tGH. WHRBSWUR W XWUXLUFW RWUILC
FULRVWDWXO FX +H OLFKLG L 6LVWHPXO GH P VEKWLDQWH \DQ
FkPSXUL PDJQHWLFH SkQ OD N2H &RQWDFWHOH DX IRV

U

(@) (b)
)LJ 5HSUH]HQWDUHGHI BDVKE DI HP HDWSRUEBeRH). Inkbigihed. O R U
DUDQM ULL VRQGHORU SH R SURE UHFWDQ.

OHWRGD GH FHUFHWDUH D FDSDFLW LL WHUPLFH

& OGXUD VSHFLILF D IRVW P VXUDW XWLOL]KkQG VLV\
magneticeSkQ ODQ FDGUXO P VXU WRULORU dayrdtRNW DSOLFDYV

0 VXU WRULOH FDSDFLW LL WHUPLFH DX IRVW HIHFWX
F OGRQWNYWH DSOLFDW OD SURE FDSDFLWDWHD perstufi O G X
UH]XOWDQWH 0

C @@ (2.8)
6FKHPD EORFXOXL GH ED]8 HMVRHE 05 BI\S HAQL PHQWDO FX R
PRQWDW SH VXSR{BWDDIE GHREXD D F U dieRmeM WktiQ EaReS H U
DVLIJXU VQF O]JLUHD ®IUR BIBIG MQ GPIR Gl \SH&iaEDNISIFDW H FRX V R D
WHPSHUDWXUD vQ UHJLP GLQDPLF ThHPSMW DWXIUPUBW EGF
FRQHFWDW FX DFHDVWD 7UHFHUHD SXOVXOXL GH FXUHQMW
HVWH GHWHUPLQDW GH IRUPXOD

T Ko T, (2.9)

d 1
undeTy este temperatura rezervorulli, ttemperatura probek +tFRQGXFWLELOLWDWH
ERORPHWUX KL:BRBGGRRVDLEL OLWDWH O IWWMHHMHLFY QW UH DG
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Magnel
Thermometer
Sedled sample space

Coling annolus

Healers and the rmome lers (2)

Dual impedance sysiem

Mulliple thermomelers accuralely monilor

il raters quickly controd the sysiem

fem paeral ure,

PPMS Sample Chamber

Crolder wall of sample cham ber

Contact eads
Sam e

Samle purck

“ eped” bottom connecior

Fig. %ORFXO GH ED] DO VLVWHPXOXL 330¢

La aplicarea pulsului de curent (Figur®2) ULGLFDUHD WHPSHUDWXULL
DYHD ORF GXS OHJHD H[SRQHQ LDO
T R v (2.10)
Ko s
iar la deconectarea curentului pulsat (Figurdl.9 WHPSHUDWXUD YD GHigFUHC
GXS DFHHDuL OHJH H[SRQHQ LDO

tt
'T(t) %e v (2.11)

unde timpul de relaxar@este egal cCv/K $UWTD U HMddidpll de relaxar@putem calcula
FDSDFLWDWHD WHUFGRKQ GHE Wit BdparBi2VX DGGHQGD | U SU
FDOFXOD FDSDFLWDWHD WHUPLF D SUREHL
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(a)

T T T >
A
T T T >
t t, t, s
Fig. BULQFLSLXO GH P VXUDUH D FDSDFLW LL WHUPLFH

DGGHQGHLayLVFKUREH WJL OH D/MGHMHIHIUHDLWHU R O R B Hi)GH WLP

2.6. Studiul calorimetriei de scanare GLIHUHQ LDO

Calorimetria de scanar6 LIHUH @ &D® VRDU FDQWLWDWHD GH HC
VQF OJLUHD Wb RDONHWULHDD SAQ OD R D&EstipredtpuneP PYSHIDDMA X
HQHUJLHL QHFHVDU SHQMDUH VRERFQOL Q BIH®D MOHIWOGHIO G H
GDW ID GH WHPSHUDWXUD QHFHVDU SHQWUX D vQF O]L
SUREHL $VWIHO HDWKWHBD®HURIDW XIO SURED VWXGLDW VI
pe parcursul experimentului.

BULQFLSLXO GH ED] DO DFHVWHL WHKQLFL HVWH F D)\
fizice cumarfi GH HI[HPSOX WUDQ]L LD GBURED SH@EWWX WLBDBAKA
DFHHD L WHPSHUDWXU SHQWUX SURE HVWH QHFHVDU |
PDWHULDOXO GH UHIHULQ 3ULQ REVHUYDUHD GLIHUHQ |
UHIHULQ F DO RANArBGIWH BIDOGK DMVO FDSDELOH V. P VRDUH F
DEVRUELW VDX HPLV SH SDUFXUVXO DFHVWRU WUDQ]L L
ILLQG XQ LQVWUXPHQW GH FRQWURO GDWRrabelevy LD\GW KEGD HI
S RO L P H B0 131.IRezutatul experimentelor DSC este prezentat sub forma unei curbe care
SUH]LQW GHSHQGHQ D IOX[XOXL WHUPLF GH WHPSHUDW)
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FDOFXODUHD HQWDOSLBHWYXBRQH. LQWRUUDBBHDVILY FXO XL
6H SRDWH GHPRQVWUD F HQWDOSLD WUDQ]JL LHL SRDWH

H=KA (2.12
undedH UHSUH]LQW HQWHBQWHDRWARIQW D EWUHRB O R LLLGPW WIILIE

IQ P VXU WRULOH BWKQ XLH®IRGDOGKE '6& P VRDU Gl
DEVR$EHMLY GH SURE &DORULPHWUXO P VRDU SXWHUHLE
FRQVWDQW vQ PDWHULDO FRQIRUP VWDQGDUGHORU FXQI
obicei GLQ DOXPLQLX FX PDWHULDOXO GH UHIHULQ FDUH |
DERUGDUH HVWH XWLO SHQWUX FRQWUROXO FX SUHFL]I
HQWDOSLHL L FDSDFLW LL GH F OGXD H[SEMDLIPHQWORE
GHELWXO GH F OGXU HVWH

a x A

@ =", (213)
undedg/dt UHSUH]LQW U D WHJIGH WRIFCAHEUW XO GH F OGXU P V
HFXD LH GLIHUHQ D GLQWUH SURED P VXUDW L PDWHULL

X A_

G

,QVWDOD LD GH VQUHJLVWUDUH D IOX[XO&L I8 H HQOLMXCL
SUHJHQWDW \I32)L$RKHDVWD LQFOXGH FDSVXOD FX SURED
UHIHULQ UH]LVWRU UH]JHUYRU L vVQF O]JLWRU

OHWRGD '6& IXUQL]JHD] LQIRUPD LL GHVSUH FDUDFW
temperaturile de transformare ale fazelor, de cristaizarGH WRSLUH D ,QVWDC(
DSC- SRDWH IL IRORVLW SHQWUX DQDOL]D DFHVWRU FD
aproximativ 80 la 750 K.

@éﬁprobei- @gASUREHL GH UHIHULQ (2.14)
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Referinti Proby Rezervorul de caldura

e——Conduc. cald||  cPu |
: I

Termocuplu
0 Control. Tem

REZ{SEM Inregistr. Temp.
de cald | | :

o= Inregistr. difer.
Termocuplu de Temp.

Fig.210 ,QVWDOD LD GH P VXUDUH D IOX[XOXL GH F OGXU

2.7. Concluzii la Capitolul 2

&HUFHW ULOH DQWHULRDUH DX GHPRQVWUDW F SURS!
de preparare ale acestora (sintetizate FUH WHUH e¥\WH BU K WRHUWHHG WUHE
LQGLYLGXDO SHQWUX ILHFDUH FRPSXV vVvQ FRQIRUPLWI
constituenteSa GHPRQVWUDW F SHQWUX RE LQHUHD FULVWDC
materiDO LQL LDO HVWH QHFHVDU GH XWLOL]DW FFDAMIBDWY MD QD Z
materialele policristaline F8e; FeTe; FeS au fostRE LGXWH PHWRGD GH VLQW
VROLG $FHVW tstHaogitel H Q '@ H Xa Rdrtecigtbdelor de tiperxSe(S), Rbu
wFeySe,S, LAFeXo. MOQRFULVWDOHOH DR IRXW RESUQRWRHWRGD
SURFHVXO GH FUH WHUH SHQWUX Ierhpemturite reRim&mRGul deH D X
PHQ LQHDBLHQWXO GH WHRSHIUDHW X U L UDWHOH GH

'"HWHFWDUHD IDJHORU H[LVWHQWH vQ PDWHULDOHOH S
SULQ DQDOL]D GLIUDpWRDIUDIPHOR )R B I JHX WHHI H EfNV-ArBaN St
Rietveld DX IRVW GHWHUPLQD L SDUDPHWULL VWU X&&hXe) DOL
unghiurile dintreioni,VLPHWULD JUXXSD &P ISWQ LD HOhbeEXista) afd$tO R U
GHWHUPURD@WHWRGD GLVSHUVLHL IBXBLHILQEX 3L HD XLQ P IHRAHRX
QHFHVDU GH PHQ LRQDW IDSWXO F UH]JROX LD VSHFWUDC
PHWRGD ('6 FX WRDWH DFHVWHD-XRHWRRID RD6L WH XHBWO L |F
de utilizat.

Suceptibilitateamagnetic L P D JQ HaM fopbnvadtigatek X ZMXWRUXO PZJQ _
648, 'LQ DFHVWH GHSHQGHQ H VH SRW GHWtdropedatapeS D U L
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W U e@hfnétic, parametriimagnetici (momentul magnetic efectiv, temperatura asWrip W L F
ale materialelor studiat¢4¢ DUH FDUDFWHUL]J]HD] VWDUHD PDJQHWLF C
6WDUHD | X QHIDHPFHAMDWRBDAW VW D E L O L WezisBilitQL G HGSHH OWE R © HHL
RE L @ik kvetbda celor patrsondeSULQ VLVWHPXO GH P VXUDUH D SUR
(VWH QHFHVDU GH PHQ LRQDW IDSWXO F DWkKkW FDO
VWUXFWXUDOH VDX PDJQHWLFH SRW IL FRQILUPDWH SULQ
Temperaturile de transformariedazelor au fost determinate prin calorimetria de scanare
GLIHUHQ LDO
JRORVLUHD DFHVWRU PHWRGH GH FHUFHWDUH GH S
H[SHULPHQWDOH ILDELOH FDUH FDUDFWHUL]HD] SURSULH
OXFUDUHD GDW
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2% ,1(5($ 0212&5,67%$/(/A8X2(A=Rb,K,Cs:X=6 6H
35235,(7 ,/(),=.&( $/( $&(6725%
2E LQHUHD FRPSX LAF&W(AGLKQRY, CY¥: WHI Re)
5DFRUGDUHD PHWRGRORJLHL GH FUH WHUH GHW&WULV

D DGXV UH]XOWDWH SRJLWLYH vQ RE LQHUHD PRQRFULVWI
L GH GLPHQVLXQL PDUL $VWIHO SHQWUX SURFHVXO GH
UDWD GH H[WURVGLDHW GHW H|P GeivaluRMEDotnn . \AQ fdst optimizate
UHJLPXULOH GH WHPSHUDWXU DYKQG vQ YHGHUH WHP:
JUDGLHQWXO GH WHPSHUDWXU FXSULQV VQWUHQ FDOLLWI
GH PDWHULDORVMQ XWIFGEK R X BL@EDBH )8 VL @Mikwat pin L
metoda de sintzare vQ VWDUHDWROLIGQG IDSWXO F PHWDOHOH D
SURFHVHOH GH DPHVWHF DO HID HIPRIGMOHRAR D X LIcRBEN ) IF-DFS
DUJRQ FX FRQ LQXWI&UMILGIX ROL GHQYPSIRSX LQ GH SSP

3UHSDUDUHD SUREHORU SROLFULVWDOLQH )H6H
ODWHULDOHOH SROLFULVWDOLQH )H6 L )H6HizakeX IR
FRQYHQ LRQDO vQ VWDUH VRODE X WL O UFORH WG BRHHOW\L KD W
GH SXULWDMNEHHQ@@EDOW OXDWH vQ UDSRUWXO VWRLFKLRPF
6LQWH]D L FUH Wbkt ieBctiaw Qv WROMOGRXYEDH GH FXDrohar YLG
SHQWUX D SUHYHQL R[LGDUHD 1Q )L &XQHL WDEWBHA @ B RFEDQ

procesului de sintetizare.

)LJ 7TDEOHWD SUHVDW D FRPSXVXWODQWHWH |RE H QW

SHQWUX D IDFLOLWD LQWHUDF LXQHD FRPSOHW D HOH
L D RE LQ&owoyed XYW XRVW HIHFWXDWH PDL PXOWH BWDS
UHSHWDW D PDW HUHMNDSHX L H QYWHPS O K H B8 tdsf efe&U@ R | L
GH OD GRX SkQ OD SDWUX UHSHW UL DOH VLQWHWL] ULI
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FRQ LQXWXO SUREHORU D |RMWHYHUE' L AD S$W S100 FHBUERIMD AH
PDJQHWLFH 6SHFWUHOH RE LQXWH vQ XUPD GLIUDF LHL F
SULQFLSDO SULQ FRQ LQXWXO ID]JHL LPSXULWDUH FDU
VLQWHWL]DUH FX RSW IdP lempktatd G YWIDRPXWLWRU vQ VHU
Fex6H UHVSHFWLY )H6 SUHGRPLQ PADH W HDV D DRIRGFOD FRXX \
KH[DJRR®IMONc FDUDFWHULVWLF && QWQW PRIFKIK VIXQ@QW)HU Y D C
nominale & WH U 993QKQY) FRQVWDQWHOH UH HOHL GHWHUPL
FenSe nuaraW GHYLHUL VHPQLILRDardaReRveld YK HRE IGQXQW X UP
YDORUL DOH FRQ¥WDQWHO®RILUH HOHL

&UH. WHUHD PRQRFULVWDOHORU GH WLS $)H;
Structura cristalelolAFeX, HVWH FRQ VohainAUK dw FBWKY UH]XOW FI
XQLGLPHQVLRQDO DO DFethdiltRULFRRSXUIR SEHHHWWH. PHFDQ
FXUED L ILWBHROHIVAEHEDUDWH X RU 1Q )LJIJXUD VXQW Sl
KFeS RE LQXWH L ILUHOH XQLGLPHQVLRQDOH DOH DFHVWR

Fig. 3.2. ImaginilelingouluiKFeS RE LQXW SULQ P HWdRGOXE UUG IWPHDSD UL

acest lingou

$EVHQ D IDJHORU GH LPSXULW L vQ DFHVWH PDWHULD!
FRPSR]L LRQDOH 3HQWUX R SWHGL]DMW ROLYADYH PHWRGH |
efectuateu PLFURVRQGD HOHFWURQLF DX IRVW UHDOL]DWH St
GLVSHUVLD GXS OXQJLPHD GH XQG :'6 4L VSHFWURVFR:
DOW SDUWH DX IRVW HIHFWXDWH H[SHULRH W@ ORIU® DI EH
SUHJ WLWH SULQ P FLQDUH D PRQRFULVWDOHORU FUHVFX

'‘DWHOH H[SHULPHQWDOH DOH DQDOL]JHL FX PLFURVR
FRPSR]L LHL SUREHORU GH OD VWRLFKLRPHWULD LQL LD
0E LOXWH L BQXPOW)HOGLFDWH vQ 7TDEHOXO
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Tabelul 3.1. Datele experimentale ale analizei ViESprobemonocristalie KFeS.

Puncte | S (W%) | K(W%) | Fe (W%) | S (A%) | K (A%) | Fe (A%)
P VXU
1 42,13 27,26 30,61 51,34 27,24 21, 42
2 39,92 25,51 34,56 49,48 25,93 24,59
3 40,70 26,86 32,44 50,03 27,08 22,89
4 40,06 24,50 35,44 49,76 24,96 25,28
5 39,43 26,20 34,38 48,89 26,64 24,47
6 38,99 26,09 34,92 48,47 26,60 24,92
7 39,11 26,70 34,19 48,51 27,15 24,34
8 34,23 32,61 33,16 42,78 33,42 23,80
9 39,64 26,24 34,13 49,09 26,64 24,27
10 40,25 24,96 34,79 49,88 25,37 24,75
11 39,75 25,72 34,53 49,28 26,14 24,58
12 39,89 25,74 34,37 49,41 26,15 24,45
Media 39,99 25,98 34,26 49,47 26,35 24,40
Std.Dev.| 0,86 0,81 0,83 0,81 0,73 0,62

&RPSR]JL LD UH]XOWDQW GLQ FDOFXODUHD PHGLHL St
acestei probe esilé1,065(16]:&),986(27&,000(25) (VWH QHFHVDU GH PHQ LRQDW

SXQFW P VXUDW FX GLRHQUHPKXONMIDWHOHURB]L QXYW QXOY
GRYHGH WH RPRJHQLWDWHD vQDOW D SUREHORUpéntyHV F X
DFHDVW -BWIRREELQXW FRPSR]JL LD GH DW SHQWUX !
50,52(98) at.% pentru Se, respectiv, cdedd UHSUH]JLQW oBRRS&HL ED UFE v
OLPLWHOH SUHFL]JLHL GH P VXUDUH HVWH IRDUWH DSURD:E

IQ )LIXUD HVWH SUHJHQWDW VSHFWUXO HQHUJHWLI
KFeS &D L SULQ PNWRBWUXD QX DUDW SUH]JHQ D HOHPHQ!
FRQFHQWUD LLOH HOHPHQWHORU GHWHUPLQDWH SULQ D
QHHVYBQ QRAOQE  WHOH HURULORU GH P VXUDUH

6WXGLLOH GLIUDF LHL bXDUDYH Q DX B PQRIQABP®MMEW,D O HC
Rb,X 6 6H OD VLVWHPXO PRQR/EOIQERAHDUKIS B VISDHLWE D C
VWDELOLW F ERASSULVWBIHEHD] vQ VLVWHP XonRIW RIURE
FRPS&skeSe SRVHG VWUXFWEAUDW PRQRFOLQLF

6BWUXFWXUD FULVWDOLQ@ HDWHR DIXWOWX LV QE)HBXK,LD
| R U P H D9 lurigi axet ,,chain™uri infinite, care sunt separate de atomii alcalini de Rb. Este
necesar deremarcatfipX O F GLVWDQ HOH PLQLRRIG-XUWUH DWSRRQL

KFeS c SHOQWUX .)HEHSHQWUX S5E)HBHQWUX 5E)dHSH QW L
CsFeS L c SHQWUXGRS)H6WF FX DSUR[LPDWLY YDORDL
GLQWUH LRQLL GH ILHU c
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_ S
2500; Quantitative Results
: Eit Line Int Error K Kr W% A% ZAF Ox% Cat#
: S Ka 286.5 16,9250 04335 0.3829 41.90 51.39 0.9138 0.00 0.00
2000— K Ka 128.1 113171 0.2391 0.2112 2555 2570 0.8266 0.00 0.00
| Fe Ka 833 91280 0.3274 0.2892 3255 2292 0.8887 0.00 0.00
o~ | 1.0000 0.8834 100.00 100.00 0.00 0.00
3 ]
o
) 1500—7
—_ . K
1000—
] Fe
500;
] Fe Fe
0— T ¥ y i T T T i T T
0 5 15
E (keV)
)LJ 6SHFWUXO HQHUJHWLF RE LQXW SULQ PHWRGD (

IQ XUPD P VXU WRULORU ;5' HIHFWXDWH SHAFXQuYostW Gt
GHWHUPLQD L SDUDPHWULL VWUXFWXUDOL SULQFLSDOL L
VXQW FRQVWDQWHOH UH HOHL FULVIVOXOL QW S LFGE M WED.QUI
pentru monocristalele RbFeSelVWH SUH]JHQWDW vQ )LJXUD

20 | o | ' |
[ RbFeSe,

015} -
= _ |
>
e- 10 — 8 .
8 | L 8 ¢
_é\ [ Ez ;:; 1
2 0.5
(]
IS

0.0 F -

I | I | 1 \HI I I HHHI 111 It \II [N H\: POy
20 40 60
2 4 (deg.)

JLIXUD 3URILOXO GLIUDF LHL SH &HXOPHIULD B 6RFEKVX
LOQWHQVLW IO HLP IMX QBIWBU D Ufid WD WaQ W/RIQ VILLVOBMWEHDD J J
LQGLFDWH SULQ OLQLLOH Y HidHla Y HYW HFID@DGL FD W USIQL Q
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1Q 7TDEHOXO

VFEFXUWH

AFeXo.

c

VXQW SUHJHQWDWH GLVWDQ HOH LQW
structurii cristaline petnu compusul RbFeSe $FHVWH GDWH DUDW

L GRX OXQJL

c

F -Sd[LVW

O9DORDUHD GLIHULW
See+t6H LQGLF GHIRUPDUHD HYV Hdn tabeGunCronstitiveldivetiGtalete O R U

Tabelul3.2 8QJKLXULOH L GLVWDQ HOH LQWHDIAREP LFH St
distorsiunii tetraedrului Fe3e GLVWDQ HOH GLQWUH LRQL -EetSertln S UL

tetraedru). Unghiurile duble sunt prezentate piiR).

/HJ WXUD 'LVWDQ D Unghiul €]
Fe-Se () 2,434(7) SeFeSe () 1065(3)
Fe-Se () 2,325(6) SeFeSe 1203(4)
SeSe (F2) 3,812(5) SeFeSe () 1085(3)
SeSe () 3,862(7) SeFeSe 1057(3)
SeSe 3,880(8)

SeSe 4,034(6)

FeFe 2,850(1)

Rb-Se () 3,616(6)

Rb-Se () 3,647(5)

Rb-Se (H2) 3,581(6)

Rb-Se () 3,482(5)

Rb-Rb 4,407(7)

Rb-Rb 4,593(6)

Rb-Fe 4,039(3)

Rb-Fe 4,162(4)

Rb-Fe 4520(9)

)LJ

Rb ¢

Fe @
Se @

6WUXFWXUD swtluiRdMFaS8OLQ D FRPSX
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SURSULHW LOH PDJQHANANFHD QWH IHRIR&EFeIEQRW L F L

Caracteristicile magnetice ale sistemuAffeXo DX IRVW GHWHUPLQDWH ¢
VXVFHSWLELOLW LL L PDJQHWL] ULL HIHFWXDWH FX DMX}
'"HVLJQ 0 VXU WRULOH VXVBHEMW LE LPLIN HM pdgnll R@avslel F H
monocristaline din acest sistemX IRVW HIHFWXDWH vQ T @GWSHULYQWOHK @ Q@
"T” . L FKkPSXUL PDIJQHWLFH SkQ OD N2H

Susceptibilitatea monocristalelor RoFeS2D QLIHV W  F DidicE pantH Wisterdéle F L
magnetice unidimensiona[@33], F X W U H Btere) &hbfero@agnetida T<Tn. 'HSHQGHQ |
VXVFHSWLELOLW LL GH WHPSHYyDQVXUKP S HPQWQNXWARP B% QL
SHUSHQGLFXO hhinOuu LG HYMMHLODUH]IHQWDW 'L@ )AED XD UHV\
geometrice, probel® X DX SXWXW IL P VXUDWH vQ FkPS RR2IWQRWIF
VXV GH WHPSHUDWXUD GH . 'LQ GDWHOH H[SHULPHQ
RUGRQDUH PDIJQHWLF PDMHAIYDORDMREY GH DFHDDWHPWH WS
FX PDWHULDOHOH DQWLIHURPDJQHWLFH FODVLFH VXVFHS
L SHUSHQGLFXODU FX DUDQMDUHD GLUHF i{aHungH REHQW |
cristalograficeb (H cc). Astfel de comportament al SIFHSWLELOLW LL D IRV
P VXU WRULOH HIHFWXDWH vQ GLNRULWH. Ek PefeXrhbl jogsd L Q
temperaturi susceptibilitatea pentru compusul RbFafevaloareae 4,2 HLO* emu/mol pentru
P VXU WRULOH v QerpéiSulaOlamsmentilDMonat 8 L HO*HPX PRO v(
FKPSXUL DSOLFDWH SDUD®®O OD PRPHQWXO RUGRQDW

'"HSHQGHQ D VXVFHSWLELOLW LL PDJQHWLFH GH W
unidimensionali KFe5 HVWH SUH]JHQWDW vQ )LJXUD E $FHDV
WHPSHUDWXUL PDL PLAL GHFKWVWHRBWHIIDFN XYOD FRPSRQH
perpendicular FX DUDQMDUHD GLUHF LHL PRPHQWHINBUW ax@DJQF
cristabgraficeb FD L vQ FD]XO FR PR SuscépbdiibtedldtphhBarhturi joase ating
valoareade 2HI0* HPX PRO vQ FkPS DSOLFDW SPBUWDOHQ DHGL FUI
HPX PRO vQ FpaPaRldxs Oistalayficd (H A). EseQHFHVDU GH HYLGHQ
PHQWUX FRoPeSE iLKFeS HVWH FDUDFWHULVWLF RUGRQDUHD
WULGLPHQVLRQDO

/ID WHPSHUDWXUONWP FRPOX L Lo HHEEKWSBD QLIHVW ReBUH W
FRQWLQX D VXVFHSWLELOLW LL SKkQ OD FHOH PA2éstPDUI
comportament liear mai sus ddy QX HVWH FDUDFWHU lchaW'L F HHLH/GIWQ 8 K
DQWLIHURPDJQHWLFL XQLGLPHQVLRRHLGH LF»® DUBLLIGIN VD RRC
VXVFHSWLEOAD WHPSHUDWXUD F Riftr8-bhdid E LOD L FXX ORK IEDE R &/
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H[SHULPHQWDOH RE ERAWHDSHQWHXKOWDWHORU GLQ OX
GHSHQ® MDD D FW H UusMWKFES FRPIBWHVW XQ PD[TR=0E KNHP S

6 ' T T | T T
@ - RbFeSe, |
S FH Il chain i
Co‘ Amoment ‘ |
g 4 _
S 3
GE-) 3 H 1l chain jﬁ/}/} -
< - Amoment %fjﬁr |
S 2K
N 2 o —e—50K ||
H —4— 200K |
1F —A—300K | |
10 20 30 40 50
[ H (kOe) 1
0 ' ' : I : | .
0 200 400 600 800
(b) 4 i ! T T
3 | HAchain i
) L Amoment 7|\|WWWIW" ,
(@] ﬂﬂlﬂw‘w“ j‘l-‘—_‘ﬁﬂ—l
g 2 -QJJMI\I||I||||||||||||||||||||I||||||||||||||||||||||||||||||||||||||||||||II|JT|T|——"—II I_‘” Im Il l/ _
2 pos
= [ A ]
qm 1 S 6 Hi\\(r:::::em s ’ _--
g | s .
Na §4r —=—300K A
LL 0 g % —M 200K 1=
2F o 50K
{./ | 2K
0 1 1 1 1
0 10 20 30 40 50
-1 F . | . |  H(Koe) .
0 200 400 600 800
T(K)
)LJ 'HSHQGHQ D GH WHPSHUDWXU D VXVFHSWLELOLW

D L 2)bj.@nseturileprezint GHSHOQMEH.Q D

'"HSHQGHQ HOH PDJQHWL] ULL GH FKkPS PDIJQHWLRFH&EDU
VXQW SUH]JHQWDWH vQ LQVHWXO )LIJXULORU -® lundul E
G L U H Eh&il-ului. La toate temperaturile investigatmagnetizaHD FUH WH @SURD
SHQWUX HKRISKRH. D D FXP VH D WHDSW angfétagnagoeXiceP D W
NelineDULWDWHD REVHUYDW vQ FkPSXUL PLFL UHIOHFW FF
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dLQ S U Hazdi@nifwre (<1%) de impuritatsf FHVWH GDWH VXQW vQ HRQFR
QHXWURQL L P VXU WRULOH HIHFWXTOXL 0|]VVEDXHU SXEO
6XVFHSWLELOLWDWHD PDJQEMQWUR PRPAX WM IDKVHH
N2HHL N2H P D QnikhMMa temperatura de 60(Rigura 3.7(a)) 1Q LQWHUYD
temperaturb0 K QT Q400KVH DWHVW R FUH WHUH D VXVFHSWLELOL
GHRVHELUH BRbfeEeRiKBeS, pdntru temperaturi mai mari de temperatiiia= 60 K
GHSHQGHAQIme QX HBWHWRHEVHUY R FXUEDUH X RDU D DFHVW
DWLQJHUHD XQXL PD[LP OD WHPSHUDWXUL PDL PDRQQ GH
$VWIHO GH FRPSRUWDPHQW H,¢hdiri DHUNDLHW U R P B WQ.H WFIRFPLS X

IQ )LIXUD E VXQW DU WDWH GHSHQGHQ HOHEDJQF
f(H) pentru proba CsSFeRRE LQXWH vQ XUPD P VXU WRULORU=HIKFW X!
T . L=300K. AFHVWH GH S HiQe@relo@edHceVeXte Vdracteristic materialelor

antiferomagnetice.

35 T T T T T T T T

15} 3
CsFeS
30| — 2 ® L
. 10 }+ o® ut"
E I::.. AAAAA
Ell 12 gt
o S 0 R ‘/
‘c:_ 20+ 1 € AAAA;'l
T « H=10kOe O 5F Laaastagd e 300K]
= & H=0K0e | 5 g e = 100K
10 '..:..o' A 4K
10k , | , | . ! . I -15 e 1
0 100 Ti}t{}? 300 400 T a0 30 a0
H (kOe)
(a) (b)
)LJ '"HSHQGHQ D VXVFHSWLELOLW LibteGsHat#aHKPREaH U D W X

PDIJQHWLF D PDJQHWL] ULL E FDUDFWHULVWLEF

SHQWUX D FRQILUPD FDUDFWHUXO XQLGLPAHEY QD O
QHFHVDU VWXGLXO UH]JLVWLYLW LL vQV DFKbainAile DU S
PRQRFULVWDOHORU &XP HVWH PHQ LRQDW vQ OXFUDUHD
GLILFLO GH WUDWDW v Q VehaX Fuki\Bunt)iXesitalile, Qdea ReHfodtedxplida v C
FUH WHUHUD UH]JLVWLYXWVRIGRENBUWNBDMWS HHIGBDWKXULL $FHI

IDSWXO F FRQGXFWLELOLW P WUHHD FRPIBKXW KO XR-HDVDRDLGL H.
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SRILGD FDUDFWHUXOXL VHPLFRQGXFWRU OD VFDU PDFUR
rHILVWHQ HL QX VX @Wedesai Bela&data dorpeHatdtdly/ prin alte metode.

3.3. Concluzii la capitolul 3

5HIXOWDWHOH VWXGLLORU HIHFWXDWH vQ WH] F X
PDJQHWLFH L D F I©mGoxddiistalald® deRINFRE A DRb, Cs,K; X =S, Se) au
DU WDW SDUWLFXODULW L LPSRUWDQWH DOH DFHVWRU P
FX VWUne&aW,ghdin® SRW IL UH]XPDWH GXS FXP XUPHD]

Xx $X IRVW RE LQXWH PRQRFULVWDOH SHUIHFWH YROXP
AFeX2 (A=K, Rb,CsX 6 ©6H &HUFHW ULOH GLIUDF LHL FX Ul
XQLID]JLF L DEVHQ D LPSXULW LORU

X &HUFHW ULOH VSHFWURVNVBHUNLDF)GXD]|HWXQREXPED G
VSHFWURVFRSLHL FX GLVSHUVLD GXS HQHUJLH ('6 L
D SUREHORU RE LQXWH

x 6XVFHSWLELOLWDWHD PDJQHWLF DUDW SURSULHW
regiunea paramagd WL F L PDQLIHVW RUGRQDUHD DQWLIHLU
momentele magnetice aliniate perpendicular daain’-uri mai jos de temperaturay
SHQWUX RIFESRXLLL HB6H S D U DCchakh@iri@@éntru compusul RbFeS

x Comportamentulli|alU DO VXVFHSWLELOLW LL PDJQHW LFBIURDrL
WHQGLQ H GH VDWXUD LH VXJHUHD] FDUDFWHUXO PH
FRPSRUWDPHQW FX FHO DO-XQBEGSKPHIRVL RQDDQ LFUHTFX
iselHQL]LL GH )H ELGLPHQVLRQDOL VH SUHVX3$¥&QH R |
chain” ) HH FDUH DU PDQLIHVWD FRQGXFWLYLWDWHD P|
HVWH GLVWUXV GLQ FDXEtbaig-drigtFWHORU L VWUXFWX
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4. 35235,(7 ,/(),=,&( $/( 0212&5,67%/(/25 ',1 6,67(08/
FeiwTewxSa& (0 Qx Q0,5 x=1)

41.&UH WHUHD FDUDFWHUL]DUHD FRPSR]L LRQDO L V\

monocristalini

(ODERUDUHD FR prdcé®&®¥q¢ W ROHHWBUH D PRQRFULVWDO
SUREHORU L GLPHQVLXQLOH DFHVWRUD 8QD GLQ HWDSH
FHUFHWDUHD GITB{RJUQPAHHOH HDPULYH WH VLReWFRSEO Q1 F
literaW X U GLDJUDPD GH ID] HVW bistdmelOfR-\6HX WL-TeGHRHdl), S H C
temperatura de topiré R Q J U deHL@QY8C pentru faza Fek6H D VHUYLW GUHSW U
VWDELOLUHD WHPSHUDWXULL GH WRSLUH FRRPRS&HW D
FRQFHQGHID/ XEVWLWX LHQL L @kpere@ele BridgmanD IRVW XWLC
temperatura dé® H Q Ld@ HA0EC. Ulterior,sD VWDELOLW F DG XJDUHD FRF
WRSH WH OD W HE Sétiutb purKtiudl®topite Asistemului ternar F&e Te, iar aceasta
SHUPLWH FUH WHUHD PRQRFULVWDCEBORU OD WHPSHUDW X

ODWHULDOXO SROLFULVWDOLQ IRORVLW SHQWUX FUH
XWLOL]JkQG HOHPSHXQM W BPWIHPLGBEB M OXDWH vQ UDFP&UW XU L
HIFOXGHUHD FRQWDPLQ ULL FX R[LJHQ vQ XQHOH FD]XU
suplimentar. 6LQWHWL]DUHD D IRVW HIHFWXDW SULQ PHWR®D
Capitolul 2.1.1Q VFRSXO GH D H[FOXGH QHRPR HYHNGEQHeIL G
VLQWHWL]DUH D IRVW HIHFWXDW vQ PDL PXOWH RWDSH
VXEVWLWX LD SDU LDO D LRQL GURF&SEDBIX6 HR ¥ W RREQIL QI A HP
sistemului FeyTerxSec FX H[FHV VF yYyXW BEXH PRIQFH QW U DxLADX SBIL Q@ X E
intervalul0 Qx Q A=1.

&UH WHUHIRSUR PRIORFULVWDOHORU D | RNWHHWNHRMAXDDGY
iprinmetodaBLGJPDQ 1Q PHWRGQ BOXFUHQWHDE GVHPSHUDWXU
VOQWUX L & LDU OD ILQDO D IRVW PHQ LQXWC. Rea d2FHH
UFLUH &5 D IRVW YDUIRIWIH@MWIH FUHL WHUHD PRQRFU]
%ULGJIJPDQ vQ SURFDBIX XQOGCOLFW WBIWHOMH GH VAA/rom&UQ JH |
I YLWH]D GH URWDBmMhH afiQay UHREHOH DX IRVW F OLWH OD W
600°C-410°Cpentru2 J]LOH DSRL U FLWH vQ DS FX JKHD

*UDGLHQWHOH GH WHPSHUDWXU FkW L UDWHOH GH FL
FRPSRJLHLH[HPSOX SH®@®W®WQ RN WBOHORU H7H SULQ PHW
GH PDWHU L®DIGat lc@Qripus) €intétizat cu stoichiometria, Hee [137]. Acesta a fost
VQFDSWXOIDRMH GXEOH GHaEX Dhar NIRGHMMOH DX IRVW vQF O]
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1& RBKQ OD WHPSHU®WXIDLPH @ EBDXWW O\DHP S HdeD VB XIS S
FDUH DX IRVW VWU SXQVH v@ R RB S HQY HUDNGLLAD@NV ¥& G B W\
1& 5DWD ILQDO GH B&FRWH D IRVW GH

CelemaiFDOLWDWLYH SUREH DX IRVW VHOHFWDWH SHQWL
Unexempl DO DFHVWRU FULVWDOH HVWH @érenhiaedsgiiid/pendu)L J X
OLQJRXO WIFguR RE)LQXMWDILQHD SUREHL GHRWSLEDWH Gl
0 ULPHD SUREH®PUIRYW ODREXWDW GRD U1BHmG HDPH®@ URQL
F PRQRFULVWDOHOH RE LQXWH SRVHG VWUXFWXU ODPt
seSDUDUH FX SDUWHD GH VXV @H EVWBVOIUPIWORW W R DSUHU BY 1P B
$FHDVW SDUWH D OLQJRXOXL D IRVW GHVSLFDW L SURE]

PRE

(a) (b)
Fig. 4.1. Imaginea lingoului monocristalie .+ Te (a). Lingoul despicat da lungul planuluab
Fel+yTe]_-xse( (b)

$QDOL]D VWUXFWXUDO D kd4JTe\NS4 IO HORNW HEIHE WX D W H E
%QUDJJ XWLOL]kQG SUREH vQ IRQPP BIHQBXEABEHJWHRRH ARIWX V
monocristaline 0 VXU WRULOH DXWIRYIWkIG W XUIDDW S TFORIC\E)EX O 6 7
VXUVD GH UDGLD LHQ@RQ®R PUGERIDMBFDYinieDCKK . Analiza datelor
H[SHULPHQWDOH D IRVW HIHFWXDW SULQ PHWRGD FRQ
XWLOL]JkQG SURJUDPXO )8//3URI 6 XLWH 'H PHQ LRQDW F
efectuate la temperatura camerei.

$QboL]lD VSHFWUHORU H[SHULPHQWDOH UL D FHORU
FRQILUPDW VWUXFW XU PRI DQ R\DED L F X XNULLPMH WLWDLRDU v Q
Figura 4.2 estprezentaprofiluld LIUDF LHL FX UD]H 1j0s8¢] QW8 IXF SAURRPESIX )L
sistemul binar FeTe.

SD FRQILUPDW IDSWXO F vQ FRPSXVXO ELQDU )H7H
SRILVLCDWUDHRQ@X© XD )H SR L) HOQ W H UM38/I39L Bri6tre setul de probe
RE L@XtWwiHey7H vQ GBDWDONXGLDW XUP WRDLEHIB HaWWeR L F K I
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Fev124Te, Fe1s7H 3R]L LLOHKWWRADFMWRUXO GH RFXSDUH vQ FI
FerosiayTe VXQW LQGLFDIW R RQVIDERWMNMOH UH HOHL FUJ¥aUDOL (

DU WDW XUP VWARDUHOH YDORUL C
7TDEHOXO 3R]JL LLOH DWRPLFH [ \ ] LIDFWRUXO G
compusul Feosr4Te
lonii X y z Factorul de
ocupare
Fel 0,75000 0,25000 0,00000 0,964(6)
Fe2 0,25000 0,25000 0,69740(779) 0,130(6)
Te 0,25000 0,25000 0,28230(56) 1,000(0)
1.2 -
° Iobs
cal
0.8 4 obs-lcal

I Bragg positions

| (10° counts)

1 " 1 " 1 " 1

20 40 60 80 l 100
2 4 (degree)
)LJ SURILOXO G LpelpDiverda khandenstdleldi He tip kg Te.

Similar sistemuluiELQDU )H7H VWUXFWXULOH FULVWDOLQH O
FelwTexSe (0,1 QxQO0,5, au fost indexate prin simetriB4/nmma structurii tetragonale.
,QIOXVIREMWLWX LHIFOVXSWSDDRIOM HHIQAH SHOQWUX GLIHQLWH
XxQ0,5) D IRVW VWDELOLW GLQ VSHFWUNOB G L N)OutilugIe HFPH G
RE LOQXWH vQ XUPD GLIUDF LHL SHQ\SdJpoats OliRénta lesafeX G L
SLVFXUL O R UspreQuugrhiiti V&l therd&lrel are locRGDW FX FUH WHUHD F
VXEVWLIWWQWHI X R UHSUHJHQWDUH PDL Fde@ddareavgsclilicidrg U D
CRUHVSXQGH UHIOHF Luddhiurilor 26,82L.QWHUYDO X O
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)LIXUD SUH]LQW UH]XOWDWHOH GLIUDF LHL FX UL
FRPSR]L bBeyHRMHLQXWH SULQ GLIHULWH PHWRGH L GLIHU
GLIUDFWRJUDP HVWH RPYQRHOGWGH BERPEXULDNVIDUHQRWDW S|
ulterior, sD VWDELOLW VLPPBEG/onhcDF KHHDDBRQBPROUHVSX Q& FRP
9ROXPXO IDJHL KH[DJRQDOH SHQWUX GLIHULWH SUREH YD
probelal5 7DEHOXO (VWH QHFHVDU GH PHQ LRQDW IDSW
PDUH vQ FD]XO SUREHORU VLQWHWL]DWH OD S tbmpddatid W D S
cu cele tratate la temperaturi mai mari.

3000

2000

Intensity (arb. units)

1000

10 20 30 40 50 60
20 (%

)L J 3URILOXO GLIUDF IpéhtrufrobeleDihHsiste@id FETSREN U H
V X E VVOL\@X QOPB.

3000

2400

1800

1200

Intensity (arb. units)

26.4 27.0 27.6 28.2 28.8
20

Fig. 44.5HIOHIPILDQ IXQF LH GpénXuledikine26,4 Qta Q29 .
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Astfel, optimizarea temperaturilor a permeducerea fazei de impuritate sau chiar excluderea

acesteia pentru proba F216st3. De asemeré&a, ¥ WDELOLW F FDQWLWDWHD

PLF RUDW FRQVLGHUDELO vQ PRQRFULVWDOHOH FUHVEFX
materiale irL le au utilizat SUREHOH RE IOXXW&RGLLQXWXO PLQLP DO
IRVW DWULEXLW PDWHULDOHORU peXtridcatd®@ X EpWeap®@steH L
FRPSR]L WHLF D aViolebbau fost efectuater Q FDPHUDRBX ®SFHDVWD GR)Y
WHPSHUDWXULOH GH VLQWHWL]DUH L SUH]JHQ D R[LJLORL
VWUXFWXUDOH UHIHULWRDUH OD RFXSDUHM BR JILOQX\VOR v @
analizelor Rietveld suntp H{lHQWDWH vQ 7DEHOXO

F195

w *
S Br N5
s
8T *
= . F213
‘0
c
&
£ * & F216 st.1
1 \ !\ |
: |
0.0 Pl b \ /b F2165t3 ||
L 1 L 1 L 1 L
30 40 50 60
2 4 (degree)

Fig.45 3URILOXO GLIUDF LHL FX UD]H ; SoHdSe&XREE HQXIWEH PRL
GLIHULWH PHWRGH L FRQGL LL GH VLQWHWL]DUH 6HPQX

total pentru proba F216st3

1Q FHHD FH SULYH (AT sSFOPSWDELGIBW F GHYLHUHD YD
7H 6H vQ FULVWDOHOH RE LQXWH HVWH QHVHPQLILFDWLY
VOQWUH L 5HVSHPWDIUY. DA R QQOL QXWK QYR X 6
'"HYLD LLOH PD[LPH SHQWUX UDSRUWXO 6H 7H REVHUYDWH
50/50 % ceea ce, corespunde stoichiometriei f25& ss. Raportul Fe/(Se+Te) din probe a deviat
PDL SX LQGBEHHOD YDORDUHD VWRLFKLRPHWULF LQGLFKkQG
2ULFXP QX VH SRDWH H[FOXGH vQ WRWDOPHQW&IuQgdiIRP R .

lingoului cristalin.
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7TDEHOXO 'DWHOH VWUXFW XtueRiQéntrBR EeieQaXcWH GLQ D

Factorul de ocupare a atomilor &RQVWDQWH Faza Faza

Proba cristaline tetrag hexag.
Fel Fe2 Se Te a,b c c(c (%) (%)

F195 0,970 | 0,030 0,487 0,513 3,80131 | 6,02841 87,66 1234
step 3 (4) 4) (16) (16) (44) (104)
BrN5 | 0,907 | 0,093 0,484 0,516 3,80202 | 6,04893 9448 552

3) 3) (12) (12) (40) (90)
F213 0,930 | 0,070 0,489 0511 3,80112 | 6,04092 9450 5,550
step 1 (5) (5) (12) (12) (21) (70)
BrN9 | 0,950 | 0,050 0,495 0,505 3,80206 | 6,04283 9844 156

3) 3) (11) (11) (31) (73)
F216 0,929 | 0,071 0,490 0,510 3,80253 | 6,02996 9861 1,39
step 1 (3) (3) (12) (12) (34) (88)
F216 0,924 | 0,076 0,510 0,490 3,80035 | 6,03086 1000 -
step 3 3) 3) 9) ) (30) (84)
F216 0,945 | 0,055 0,512 0,488 3,80211 | 6,03093 9929 0,71
step2R|  (3) 3) ) 9) (26) (83)

opuLbD LD SDUDPHWULORU UH HOHL FULVWDOLQH L D
VXEVWLWX LH HVWH 6UH \WQUNDRU VOQH)IDIXIWW F YDRQRULOEF
pentru sistemul FgyTerxSe (0 Qx Q0,5 VXQW FXSULQVH vQWUH LDU
valorile constanteic VH J VHVF vQ6LQWHUYDROXO c 9ROXPXO FF&
HOHPHQWDUH RVELIOHD) c&VROQWUWHD Q Wit @akte D UH OHDIW R GH St
aproape lieDU D S D U D Puh\abbhpo@Qaxrient nielear pentru parametra. S D VWDELOL
valoaregparametruuc VFDGH RGDW FX P ULUHD FRQFHQWUD IZHL G
HVWH HYLGHQW F&enéntaieF->W P WH D HFBl G RQMIL W (LUY3at=V XEV
0,5. Reducerea valorii parametrulw, reducerea YROXPXOXL FHOXOHL HOI
comportamentupiscului unghiului ZEdin Figura 4.4UH] X OW \GCBEN&WMHNdd Te cu
LRQL GH 6H |$dffjim rod QUAG HIEdaVdoniliordeTH $FHDVWD GXFH OFL
OD PLF RUDUHD O X Q-JReRlinlpladuhd VO R U LFOROUN)HD DWKW UHGX
c, poate duce dUHGXFHUHD GHQVLW LL,\\\0DUW DGRD VODD QLD KC
temperaturii criticéelc, G XS FXP VH VXJHUBM] vQ OXFUDUHD

IQ DIDU GH PHWRGD GLIUDF LHL FX UD]JH ; SHQWUX VV
PHWRGD VSHFWURVFRSLHL FX UDJH ; FX GLVSHUVLD GXS (
GXS HQHUJLddre gunt GHVFULVH vQ &DSLWROD X\VRUL 3MH QRN
PLFURVRQGD HOHFWWWRQLOFVX&sWBRBLOH DX IRVW HIHFWXD
PRQRFULVWDOXOXL vQ SEQFWH. 5% n8de®aH@FPWH QA QR @MW IDS!
VWRLFKLRPHWULLOH RE LEXWKH BWEH PHGEIHPHW KE®IWHG6 RG
GHWHUPLQDWH SULQ DQDOL]D 5LHWYHOG 'H H[HPSOX FF

a C
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compusul BR61, este Eg@ufe. SFHDVW YDORDUH GHYLD] GH OD YDC
GLIUDF LHL FQEWUD{ HD F HDRé\W TeSBREXOWDWHOH RE LQXWH (
FRPSR]L LD DFHVWRU1SURBHHOGHFRPSRFXLLOH RE LQXWH
2ULFXP VvVQWUXFkKkW PHWRGD :'6 HVWH R PHWRG DEVROXW
PDL ILDELOH FRPSDUDWL,/ft -Ega 5 HIOW YRID G Q XQV H DELHD X O
GHWDOLLOH P VXU WRULORU SULQ FHRWRRJL GB BIQBOHRQ W't
de monocristal&eSesTeops RE LQXWH
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Tabelul 4.3. Rezultatele analizei chimice prin metoda EDX pentru probele ffeke

Proba Fe Se Te Detalii ale
P VXU WRUI
F195 step3 0,990 (10) 0,455 (9) 0,545 (9) Mediadin 5 puncte
Br N5 0,978 (10) 0,498 (10) 0,502 (10) Media din 35 puncte
F216 stepl 0,992 (10) 0,469 (9) 0,539 (9) Media din 10 puncte
F216 step 2 3 1,015 (10) 0,491 (9) 0,493 (9) Media din 5 puncte
F216 step 2 2 0,996 (10) 0,455 (9) 0,549 (5) Mediadin 10 puncte

4.2. SDUWLFXODULW LOH PDIJQHWLFH FDUBTWIS&ULV WL

Un interesseparatvQ VWXGLXO PDWHULDOHORU VXSUDFRQG)
LOQWHUDGE LQWQUAB PDJQHWLVP L VXSUDFRQGXFWLEJSQLWD!
PDQLIHVW XQ FRPSRUWDPHQW RDUHFXP GLIHULW GH F
DQWLIHURPDJIJQHWLF FRH[LVW FX VBeSUDER QYQGREWILHWO LG
VHQVLELOH OD VFKLPE ULOH FRQFHQWU Dehti Linvestigardx E V \
SURSULHW LORU PDJQHWLFH DOH VLVWMBNOD&IL SecaiR Q F |
PRQRFULVWDOH FX H[FHV RD).QLP GH )H L DQXPH \

SURSULHW OLOH P DJ @dd)Wer#Sel ( DOHOBRPSX.LORU

Caracteristicile magnetice ale materialelor studiatdosti determinateGLQ P VXU WF
PDJQHWL] ULL L VXVFHSWLELOLW LL PDIJQHWLFH $X IRVYV
, QWHUYDOXO GH WHPSHUDW XU BHQMWYX HIXFW QDA HIRAFU M X
magnetometrul SQUIDMPMS 5Quantu Design)

6XVK_SWLELOLWPWNKDDRZ KQP B/ L& _ N2 SHQWUX PRQ
Few7H HVWH SUH]JHQWIDWWQBLOXWZF PDL MRV GH . DFH
FX VF GHUHD WHPSHUDWTFRUlalac&sQW B B S\WsE P BEXIWHW XYW R D Q
FODU GXS FD dtebsvada/bdrudS Resdedtiq laémperaiwdD UH ORF WUDQ]L
vQ VWDUH FX RUGRQDUHD DQWHWHRPDIDWWSEFLGEBMUD
SHQWUX SUREHOH RE LQXWH FXVH [FHDMWGE | YUDLONR B B N)BHUVAHK
sistematic de la 65 K pentru probaycu SkQ OD y=@8HDatéld 3unt prezentate
vQ 7TDEHOXO

'LQ GDWHOH H[SHULPH®WDO/MH HFSEN L@ X@W/IHV BWEOWDLX IR\
PDJQHWLFL D D FD -WeéisB S7/H3) DWRRPHXWKMNH P D XQiHWsIEH KMV H
SDUDPHWUL DX IRVW GHWHUPLQD L IRORVLQG UHOD LLOH

?VW_ ELQ_ VWZELOLW k vQ U _JLXQ_ Z SZUZPZJQ_WLK
W_PS UZWXU _VW_ G-WeksdiLY G_ OHJHD &XULH
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$= Kal(T- , k), (4.1)
XQGH FRQVWZDRW#HE KZXUIZKW UL]_Z] kRQWULEX LZ PRP_QW
PDJQHWLFL kZU_ VXQRVVZGEWWYUPKRQSWXWWXY IL_kZU_ LR

Kn=N g%g? Y(S+1)/3ks, (4.2)
XQG- IVW_ QXP UXORLRQLWRW kKGWRROXPQWZ OXb-%RW]|PZ
IZKWRUXO VS _kWURVKRSL%*) ¥IWO E®WOQWUX LRQXO G_ )_

égud CB:5Es;? 6 (4.3)

FeTe
/ BRN10

F(10™2 emu/mol)
N

=)

E 3t

)

e

e [

g 2f H = 10000 Oe

L P

- /;’/ Py 3.66 R

- 1F 4=-209 K -
0 100 200 300 400

T (K)

Fig.48 'HSHQGHQ D GH WHPSHUDWXU $0 VBO/UFBIBWH B L QWWF
monocristaline Fey7H P VXUDW vQ FKkPS PDJQHWLF GH

Astfel, pentru compusul cu stoichiometriab¢7H DP R Er’F LLIQ2KIKA0,4346 T respectiv

pentru 4y,p= 22 -2064K SH FkQG YDORDUHD RE LQXW SHQWU

48878:
este:ézud 2% ;° 8L :z ravvuvk® L uz vJr Rezultatele calculelor pentru temperatura de

RUGRQDUH PDJQHWLF PRPHQWXO PDJQV¥sLpentiul HrBbale Y
Faw7H VXQW LQGLFDWH vQ 7DEHOXO
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Tabelul 44. Parametrii magneticgicRPSX LQWRa&J )H

Denumirea | Stoichiometrie Temperatura de | Momentul Temperatura

probelor ordonare magnetic efectiv Curie-Weiss
PDJQHWL

Br 61 Fevos7Te 65 K — -206K

Br_56(1) Feiiz4Te 63,3 K B— -158 K

Br_57(2) FeiisTe 60,9 K B— -136K

9DORULOH QHJDWL¥H GHEP R@Q@QXWH SBEQWRPLQDUHD LQWHUD
vQ FRP SxTeLMiHentele magneticks DOH FRPSR]L LLORU VWXGLDW'}
WRDWH DFHVWHD VXQW PDL PLFL FRRSHDWLY LFRXQ¥D MRRD
vQ VWDUHD FX VSLQ PD[LPDO $FHDVW GLIHUHQ GLQWU
GHQRW IDSWXO F vQ DFH WL FRPSX L VH SRW J VL LRQL |
&XUED GH PDJQHWL]DUH WsdtdghiemeSistiizky dix sisterrub-ex. Ld. F X
are i caracter lieDU 1Q )L Jo¥rd Prezentateurbele demagnetiare RE LQXWH vQ
P VXU WRULOKRWHRBRWXWWWUHD GH . skoitigonédriedife R POSQ& QL F X
'LQ ILJXU VH REVHUY F GHSHQGHQ HOH SHQWUX SUFR
FD DWDKMWWDNMELOLW F RUGRQDUHD DQWLIHURPDBQRYWHRW H 5L
FRPSX ELQDUL )H7H HdtWrnaki FeRelS® X HeTesSe>» L )HSak:
5HIXOWDWHOH P VXU Whiagheti@eRSUWH @ WWKHBSRVEILE Q) WKFP 8 X U
GH N2H FDUDFWHULVWLF FRPSX LORU PRQRFULVWDOLQ
VXQW SUHILHQWDWH vVBISHQGHQ HOH RE LQSeWkHE BB W U X
DUDR GBWF FGHUHD WakeRds R FUMIW X WIHLUH D VXVFHSWLELOL
Tn 3HQWUX WHPSHUDWXVWL IKDQFE RHFIG H HFRKQAHQ WHXD RED L&
GLIHULWH SURILOXUL DOH GHSHQGHQ HL VRVFWDHFREGDWLHK
FX FUH WHUHD VXEVWLWX LHL WUDQ]L LD vQ VWDUH DQW
mici. Astfel, valoaredemperaturiG H W UTxQdddeldd la 65 K pentxua L DWLQJH
SHQWUX FRQFHQWUD LD 3IHQWXIXVWaWX YH PWHVW R DQR
26,2 K. La temperaturdin SHQWUX FRPSX LL FX \(\}d FeRKa Reé My ldd L O H
WUDQ]JL LD GH ID] vQ VWDUHD FX RUGRQDUHD DQWLIHU
WHPSHUDWXUL L FRPSR]L LL VXVFHSWLHLYNVWIDWHDHKNVWHI
PRPHQWHORU ORFDOH 3HQWUX FRQVHQ@MUDVWD B H WK BWI
VXVFHSWLELOLW DQRPDOLELEHRQXQ DWH
0 VXU WRULOH VXV F H $#&inEdo@dusvl FeTeSh pefagtdaé @ HFk P S X U
slabe(de 10 Og aplicate paralel la axa GXS U FLUH vQ OLSVD FkPSXOXL
wubDQgox® VWDUH VXSUDFRQGXFWRDUH 7HPSHUDWXUD G
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valoarea del . 'LQ )LJIXUD VH REVHUY Fx S$HQWdleéd FR
supraconductoare esmmplet VXSULPDW OD U FLUH vQ FkPS )& FF
VXSUDFRQGXFWLEL OAstéD \pertin c@ripRRIRBeIQes HVWH FDUDFW

VXSUDFRQGXFWLELOLWDWHD ILODPHQWDU LDU VWDUHD
(vea Figura 4.11).

300
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[EnY
o
o

M (emu/mol)
o

-100

-200

-300

H (kOe)
Fig. 4.9 'HSHQ G ihtgnditatéad k Rifi magneticaPDJQHWL] ULLFEH&B8B& XULOF

T T T T T
26 2K 41, 5K

:\ *% H =10 kOe FeTe Se

©

F(*10°emu/mol)

0 100 200 300 400
T(K)

Fig.410 'HSHQGHQ D GH WHPSHUDWXU D VXVFHSMWLELOLW
sistemul FeTexSec P VXUDWH vQ FkPS PDJQHWLF GH )
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1IQ FHHD FH SULYH WH FRPRX&/:R¢g) PXVXW RERK VR FHRPSIXE
PLFL c&ata@ansticisimilare FRP S X L O Raderty, 8pWw-ldddike * (SGL), maximul
VXVFHSWLELOLW LL ILLTG DW H MW DN EgM XADHISUStHrelzBritégX U D
susceptibilit L BAHU EZFC pentru compusul Fedg&Se, 1HRPRJIJHQLW  Lv@H GHDBAYHH(

ZFClatemperaturd ~ . SHQWUX DFH DV Y] HRRS RIANWH DW tu Starea
supraconductoare.

=
I

e
o 0} ? e -
= 3 0.95 T
= OO JEEL) Sy
GEJ o g oss| FC ~ .
‘T‘o 1 g £ 050 _.r".-'-.- T
@
— / ‘o 0.75 _.".
i‘_/ § 9! o
L L ont - «
2L & S FeSe,,Te,, 14
| gzFe o F
@ 0 5 10 1‘5T(K) 20 25 30
3 A R U R SR SR R
0 5 10 15 20 25 30 35
T (K)

Fig. 411 'HSHQGHQ D VXVFHSWLELOLW LL PDIJQHWJ/Sa GH W
P VXUB®X\s UVRLBKPS GH PHQ)RLSVD FKPSXOXL =& ,QV
VXVFHSWIRBL ©)ANIH YWRHPSHUDWXU SHE#HAUX FRPSXVX

BURSULHW OLOH P DJQ H:yle, /S8 (D-00H4; FRP)SX.LORU )H

1Q JLIXYBVWH SUHJHQWDW VXVFHSWLELOLWJ&\skabe PD J(
D IRVW P VXUDW vQ FkPS PDJQHWLE GKS QWHQDGBKI VD W KkPL
magnetic (ZFC)4L GXS U FLUH vOL®kBH SIHRGHWYW H Hdfdr 6tdida W
VXSUDFRQGXFWRDUH FDUD F Dimddated Bkpdfimedtaldl iostddternirRtP SR | L
temperatuacriic GH WUHFHUH vQ VW DI HernwriX @ abB FEREE& XFV RDO RD
de 14,8 K.

0 VXU WRULOH VXV FparsMati e OR®e LI X QDFkP DGEDW FX
VXSULPDUHD RUGRQ ULL DQWLIHS2DDQHWIRFH WQHFR RS
PDIJQHWLF LUHYHUVLELO OD WHPSHDMNWXO LV K\NRBH/FHW L&H U
compusul FeTeSes OD WHPSHUDWXU LT, RIHIOFHCFW. GRRKNWWUDF LXQl
IOXFWXD LLOH GH VSLQ DQWLIHURPDJQHWLFH L VXSUDEFI
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VXVFHSWLEL1Q&W LRO\WRW REVHUYDW L vQ F R#SSpdntru PaReQ R F |
temperaturalc are YDORDUHD GH 9DORULOH FDOFXODWH C
valoarea BDWKW SHQRMWWKKW 7H SHEESdHYsun) maimari GHFkW XQX FH
LQGLF F VXV piolwyBDLDKRASKXWHBPH HVWH GRPLQDW GH HIH
Curba demagnetiare HVWH SUH]HQW D \3). BuQa fle Qixt&te2is LQGLF FDUDF

supraconductode ordinul doicaracteristic compusului Fedé&e a.

1 1 1 T " T T T T T] T — T L T
0 | CENNnEN e ConeesseesNN- P[ FeSe,Te, i
AN 1 6
2L FC .I T=14,8K . A
L 1 ] T Y
. | ® E |‘ ooooooooooooooooo /' \ ooooooooooooo
S 6r / . 2 |
£ | 5
: | ¢
L Y 4 Tl Rdbessestevetems. L ik 090000000000 ']
Sl : FeTe,Se,, ATF339 _I_] g ™~ f'/
L ° ®Le
2 zre o ] : \r ook
14 _!/ H=10 Oe ] . , , , ,
N 1 1 1 1 | 1 | L | L 1 -60 -40 -20 0 20 40 60
0 5 10 15 20 25 30 35 H (kOe)
T(K
a) '® b)

Fig.412 '"HSHQGHQ D GH WHPSHUDWXU D VXVFH®&avgsEdaOLW
P VXUDWH vQ FkPS G-dllungi bixed. SOLHFDWDGIHQGLF WHPSHUDW
stare supraconductoai®). Bucla denisterezisD PDJQHWL] ULL RE LQXW OD W

'"HSHQGHQ HOH GIEIWXKNFPFEHBUWLWXQLW LL PDIJQHWLFH P V
RE Lp@nxr\setul de probe cu stoichiometria Fgbens VX QW L OKgu&w U D W
413. 3UREHOH PDQLIHVW GLYHUVH WLSXUL GH GHSHQGHQ H
SUHJ WdléementeslHQ LngSXULILFDW Hostinixatb WO &L ILL DPELHQWH
YDORDUH PDL PDUH DIMXNFéiBMd,Edr&FIUWMFREWEIY XX RGDW F
WHPSHUDWXULL ([FHS LH HVWH SURED ) FDUH DUDW X
. SHQWUX DFHVWH $UHR B\HU B Q W.H 48| Watth EBVE W PH Q HLIiLP S X
FesOs sau fie L P S Xilot Wéxagonale FS&¢ 1Q FRQWUDVW SUREHOH SUI
SXULILFDWH L SUHAXPUDRNH 8$Q@WDE HR YDORDUH D VXVFH
BURED QRWDW ) QX SUH]LQW R FDUHYD DQRPDOLF
WUDQI]L LHL QHUZH\ v DFIHDYWOBSWRIE LPSXULW LORU
'DWHOH RE LQXWH GLQ P VXU WRULOH VXVFHSWLELOL\
axeic QRWDWH vQ ILIBUS SWIEQ U PSE =)& VXQW SUH]JHQWDW

a lungul axet

ordin
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Fig.43 '"HSHQGHQ D GH WHPSHUDWX&v@ PMOP\SFNB2EHNVQ B LD LFW L
pentru probelé&eSesTenrs 1Q DSURSILHUHHSW H FODQURADDMO LD GDWIRUDW
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Fig. 414 '"HSHQ G HXWHEKHBE WL ELOLWenlperaj@ SHE)W UXHS bsReksHOH )
P VXUDWH vQ FkPS P2al@gd\aket B SIHDARDW LGHGLF WHPSHUDYV
stare supraconductora@HQWUX SURED QRWDW )

6H REVHUY F SUREHOH FDUH FRQ LQ ID]D KH[DJRQDO
VWDUH VXSUDFRQGXFWRDUH 6F GHUHD O LPLL L FKLDU
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DFHVWH SUREH SDULW DRRRRUIH OH]JHHL FRHFDIRM DOH GH LPSXUL
vQ VWDUH VXSEBDEWQRXFWRREMHWODH FDUH FRQ LQ R[L]JL SUH]
&HD PDL SURQXQ DW DQRPDOLH UHVSHFWLY eaHD P

VXSUDFRQGXFWRDUH GH . DIRVW RE LQXW SHQWUX S

Valorile calculate pentru Bla2 K YDULD] v-Q@WAJdntru diferite probe ceea ce
LQGLF FDRMRFWE WAD ULL VX BdBaRQQEDWWERRPUIKUH]IHQWDW
VH SRDWH GH UHPDUFDW IDSWXO F GLIHUHQ D GLQWUH D"
GLIHULWH GH FUH WHUH FRQGL LLOH GH SU#GuddivfBgtuH UL
F RSWHPLMWMMHPSHUDWXULORU L D FRQGL LLORU GH FUH
SURSULHW LORU DFHVWRU PDWHULDOH

Magnetizarea pentru setul de probe Fgbers SUHJHQWDW vQ )LJIJXUD
SHQWUX P VXU WRULOH HIH & #sxpbaVirdbeDibta@ LBrHb WHighr &l 4 \B1KDP S H
DUDW EXist&@¢zisGBUDFWHULVWLFH PDWHULDOHORU VXSUD
HIHFWXDWH OD WHPSHUDW X4 DingaHaxeic. SuplintektBrSpddtBuibddinwW G
probe, sunt prezentest UH]XOWDWHOH P VXU WRULO R UoHnabededdd W H
histerezis LQGLF GRPLQDUHD VXBUKDFRQBEBPWQRMMDMW )L FC
LPSXULW L GH R[LJHQ FKW L LPSXULW L KH][Delste®easH DU
5 VSXQVXO GLDPDJQHWLF SHQWUX DFHVWH SUREH GRPLQ
FkPSXUL PDUL GDWRULW FRQWULEX LLORU SDUDPDJQHW
mare a buclei dhisterezis 5 VSXQVX0 GARPDQQHOWDFHVWH SUREH SH
FKPS P VXUDW

(VWH QHFHVDU GH QRWDW IDSWXO F SUREHOH FX F
GLIHUHQ H PDUL vQ FHHD FH SULYH WH U VSXQVXO PDJQ
GLIHUHQ D®WhRt®@xzBPDIJQHWLF L UHVSHFWLY DFHVWH SUR
FRQ LOQXWXOXL GH LPSXULW L KH[DJRQDOH ODL PXOW FL
SRVHG FRQ LQXW GLIHULW DO IDJHORU IDFSSAXXJQ W D LIH DKKH [
LPSXULWDU QX SRDWH IL FRQVLGHUDW FD FDX]D SULQFL
GH bow SDUWH SUREHOH SUHOXFUDWH vQ FRQGL LL DPE
SHQWUX SUREHO Hhe&ltd argoR.UADadSth pr@babbilDpoate fi datorat centrelor de
,pining” DGL LRQDOH IRUPDWH Gt RBMRBDLHIX UL WU HDRIW) I
%ULGJPDQ DUDW FRPSDUDWLY FX FHOHONIHW HQS)URKHDF|
sunt prezentate curbele désterezsRE LQXWH SHQWUX P VXU WRULOH DV
OD GLIHULWH WHPSHUDWXUL 6H SRDWH GH UHPDUFDW ID
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temperaturi caracterisiticildfish-tail” REVHUYDWD HRWQG XKW RULL FX WHPSH
SH ED] GH RJ[L]JL GH FXSUX
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Fig. 4.15. Bucla dehisterezigentru diferite probe de tip Feggeos P VXUDW OD . FX
magneticaplicat dea lungul axec D Bucla dehisterezsRE LQXW SHQWUX SUREI
RE LQXWH GLQ P VXU WRULOH HbHFWXDWH OD G|

'LQ O LPHD KLVWHUH]JLVXOXL RE LQXW SHQWUX PDJC
VXSUDFRQGXFWRULL GXUL > @ DX IRVW HVWLPDWH
FkPS DOH FXUHQWXO XEeSedleld DR \8 B @/ VialdXerite UefnBedDaturi sunt
SUH]JHQWDWH vQ )LIJXUD /D WHPSHUDWXQDFIGHS JHGR @\
valoarea de 9,#.0* A/lcm?,

SD REVHUYDW F FXUHQWXO FULWLF VFDGH DSUR[LPD'
N2H DSRLYW@QW OG®HDU SkQ OD FHOH PDL PDUL FkPSXUL
a probelor de transmitere a curentului. Estimarea curentului critic p@ntru0 din datele
HISHULPHQWDOH D IRVW UHDOL]DW XWLOL]kQG GHSHQGH

i(T) =j(0) [1-(T/Te)"" (4.4)
unde:;p=0,5;n T=1343K. Fit-DUHD UHVSHFWLY HVWH DU WDW
din Figura 4.16, indikQG SHQWUX DFHDVW PBURGEH Y bAdD USHAH BHW
YDORDUH HVWH FRPSDUDELO FX FHD GHWHUPLQDW Si
supraconductoare din sistemul Baff€o.).As, [143]. Din datele experimentale, avem la

temperatura de 2 K valoarea pentru curentul critig-€8710* A/lcm?,
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Fig. 416 'HQVLW LOH FXUB QWXREKPSSBHDWQHAWLF OD GLIHUL!
,QVHWXO SUH]LQW @ditBH Q@KPS DHRXRU HSHNVW E P SH U D W

4.3. SBURSULHW L HOHFWURQLKI DOH FRPSX LORU )H7

SHQWUX HVWLPDUHD SDUDPHWULORU VXSUDFRQGXFW
FDUDFWHULVWLFH PDWHULDOHORU GH VWXGLX DX IRVW HI
"H S HQ Glelt&@neratur Pezistivit LR IRVW RE étqxstandard c&or patru sonde
IRORVLQG VLVWHIPXWODRG H LAFH W X UNDSRK DL]LFH 33

'HSHQGHQ D UH]JLVWLYLW LL GH WHRSHUDAN XU HH B R/@F

4.17.

Fig. 417 '"HSHQGHQ D UH]LVW L Y(I)\penttulm@étrigdatuPRB,FeU D W X U
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IQ DFHDVW GHSHQGHQ VH PDQLIHVW R DQRPDOLH
VWUXFIWXIQD DQWHUYDOX @ GIH” WHP.SHHDRDWWUWULY LWDW4B FRF
PDQLIHVW XQ FRPSRUWDPHQW VLPLODU VHPLFRQGXFWRL
regiunea temperaturildf "Ts UH]LVWLYLWDWHD PDQLIHVW ROWHQGHRD
D WHPSHUDWcodpottaeDroelalé RHHD FHVWQGEHD IXQGDPHQWD!
FRPSX LORU OHQ LRQ P IDSWXO & GDQR®PH®KO;EMIBd® P S H |
temperatura la care are lanomalialain REVHUYDW vQ )LJXUD GLQ GHSI
i:6, $FHVW IDSW GHPRQVWUHD] FXSODMXO SXWHUQLF GL
VDUFLQ vQ DFHVWH PDWHULDOH

Rezistivitatea probelor Fe&des FX SURSULHW L VXSUDFRQGXFWREL
GHSHQGHQ H GH WHPSHUDWERDL AR \F DGH FPWHHRJS HPUWHDWDXOUL [
GHSHQGHQ HOH UH]JLVWLYLW LL SHQWUX SUREH GLIHULWI
FX VWXGLLOH UHFHQWH > @ DVXSUWDe daid Lav VEtabilit \Wwh L L
comportament similar pQWUX SUREHOH FX FDQWLWDWH PLF GH HJF

10|

cm)

w10~ :
o
(6]

—+—BrN5
—=—F213
—e— F216 stepl
—o—F216 step3

0.0 horrr A~ ~~~cer

T (K)

Fig. 418 ' HSHQGHQ D GH WHPSHUDWXU D UHpgaWM IWLLW BH'
diferite probe dtip FeSesTeops P VXUDWH OD U FLUH vQ .OLSVD FKkF

$FHVWHD FRUHXREBWDWKOH DQDOL]JHORU ('; FDUH QX DX
RE LQXXWMHHP REVHUYD F PDL VXV GH WHPSHUDWXUD GH \
LPSXULW L GH R[LIJHQ PDQLIHVW R FUH WHUH ORJDULW
SUREHORU FX SDUDPHWULL VXSUDFRQGXFOWRXQ YV IBIPDS
DFHHD L WHPSHUDWXU FD L SUREHOH FX SURSULHW L VX
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GH R[LJHQ SRVHG YDORDUHD UH]JLVWLYLW LL PDL PDUH
UHJLVWLYLWDWHD DWWKXWBEWQW FXW URBHQW BEX SUREHOH F
SURQXQ DL SUHJLQW R DQRPDOLH OD DSUR[LPDWLY DFH
VPSU WLHUHD VSRULW D SXUW WRULORWOGH VDUFLQ SH
i1Q )LIXUDHVWH SUH]HQWDW HIHFWXO FKPSXOXL PDJQH
WUDQIJL LH SHQWUX FRPSXV%0 VXKSHQGE KT SMENPR U X)HB\WN H
FKPSXUL SkQ OD 7 DSOLFDWH $.00UDXOW G4RIDSE@ddiGaeQeG L F
VQF OJLUH GXS FH SUREHOHIO |RWW EW GFLLW HF v © X DRSO H
GHSODVDWH VSUH WHPSHUDWXUL MRDVH RGDW FX FUH
RE LQXWH vQ XUPID FGMXUVWPW. BRUWFKLPEDUH PDL SURQXQ
aplicat paralel laaxc FRPSDUDWLY FX FRQILJXUD LD SHQ&WwkX FKPS:

FeSe Te ase '
08} £2§669%
\ B:.s 05 a~'§§8§ &9 0.8 _EESSO'STeO 5 .4‘;://
— /o/ | r /o [
e ' | o H=10kOe s oo o/ /'/ —e—H=10kOe
S —e— H=20kOe o ayy i —e—H =20kOe
04 —e—H=30kOe |1 = g4l / I 14 —e—H=30kOe |]
3 —e—H =50 kOe S $/ —e—H=50kOe
VRS H=75kOe S oy H = 75 kOe
0.2 AT o H=100kOe |- o2l s ~ e H=100kOe | ]
aadiy —e—H=120kOe ) —e— H =120 kOe
/o/oa/ /o/o/!/‘: H =140 kOe /0 '/ o H = 140 kOe
Og 10 12 14 16 18 %5 -~ °1'2‘/5” 12 16 18
T (K) T (K)
a) b)
Figg4® 'HSHQGHQ D UBH WWPYSMUDM XU SHEWUX SURE
P VXUDW vQ FKPS PDJQHWLF SkQ cOD L7 viDS PHFD \R DSIDUHM

perpendicular axed.

1Q )LIXUDXQW SUH]HQW D Werhperat® i QFKHRAZ OB tpeGoiH A T)
estimatDSOLFKkQG BWUQ W HXW OGHH MésisBuittedR, vQ V WRWHIDaele
FDOFXODWH DUDW foAr€@ simiRalP dhtdi\pdBeH dfékitecu deplasare pe axa
temperaturiior FDUH FRUHVSXQ G HpiBU DAL Bidd alé5ad e BikdiUFoQdCu
apropierea temperaturiic, panta curbeHc(T) pentruconfiguraiaHIl ¢c GHYLQH PDL PL
FRPSDUD LD FX FHD SHQWahXanwahta SurbeHi0) Yéhtruddmtigurala HQ F

oc devine mai mare cu apropideetemperatua Tc.
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150

100 -

g TIT,
S
:l:S F216 e Hllc
50 b F213 m Hllc
BrN5 2 Hllab
BrN5 4 Hllc
[ F213 o Hlic(C)
(O3 1 . L . I )
11 12 13 14
T (K)
Fig. '"HSHQGHQVBIPSHUDWXU D F kR:SpéiarX E krUnhagheticHV X S H L

aplicatparakl axeic (smbolX U L v ) Fodralldlanuluab (triunghuri deschiseP WUD HOH
GHVFKLVH SUH]LQW R2IB valduatéGS ) QRDLED BSLUVREARDEIEYrafuH U P L F
4.4). InsetXO GHPRQVWU Hd Detentpétedud dp@rahe@trului de anizotropie FkP S X O X1
critic superior hee=Hc®/He* vQ YHFLQ WDWHD WiidenBuptbBBYX ULL FUL

SQLIRWURSLD FkKkPSXOXL FRHWHB PLIDHMIHADPDQLIHVW
FUH WHUH SURQXQ DW F X.de&SUWR-S113 pehtddiAV H P S H 8 IDQMEJD. L
3,6 laT/T. L vQ ILQDO DM+ &pERtrcl/ DORDU B WDW vQ LQVHW
4.20). Anizotropia mare a parametrulgioc UHIOHFW FDOLWDWHD VXSHULF
FRPSDUDWLY FX FHOH UDSRUWDWH vQ OLWEHOQDPaNtXU=0 (VWL

DX IRVW HIHERINKX Doidiuluv @/erthamdielfandHohenberg (WHH) pentru
VXSUDFRQGXFWRUL FRQY HBu(D)RDQ BITL(AHRD)RIV) kPebitrid fegibhtd V L D
de cuplaj slab [146]. Valorilel,  VXQW VLPLODUH SHQWUX GLIHULWH S
- 7 SHQWUX FRQILIJXUD LD FkP SX @atdareatRa) pievitri Fo Bdb&) D O |
P V XU DaNungblhplanulueb HVWH HJDO FX a 7 $FHVWH NAOPRUL
RE LQXWH vQ OXFUDUHD GDW GHS HVF FX PXOW YDORDL
caHp=1,84T; a 7 L SRW IL DWULEXLWH vPSU WLHULL P ULWH
ILHU GLQ LQWHUVWL LL FX PRPHQWXO PDIJQHWLF ORFDO S
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4.4, 6WXGLXO F OGXULL VSHFLILFH

& OGXUD VSHFLILF D IRVW P VXUDW SULQ PHWRGD GH
SURSULHW LORU IL]JLFH 4XDQWXP 'HVLJQ vQLLBRMPUFNDIXH
DSOLFDW SkQ OD N2H &kPSXO PDJQHWLF Dchpmbélon SOLF

0 VXU WRU Lepétifiee Pe@tiebnhpusul binar key,Te VXQW SUH]JHQWDWH v
$FHVWH GDWHD BRIQ LLWAW WK FI\W X U D Gonconfitéd] GBWHMM X ORF v(
FRPSX$SWWIHO GpQ) @B WIHDQRIBDVWPDOLH SURQXQ DMS7 OD W
Magnitudinea eeasti anomaliL YDULD] QHVHRQWIURKDWLMULWH FKP
0 VXU WROGXMLL VSHFLILFH DV X&R&3asdR &ettDdRelpeGit sa/deS )
SUREH FX SURSULHW L VXSUDFRQGXFWRDUH GLIHULWH "
VXQW SUH]JHQWDWH vQ )LIJXUD

3 A L N B 1
I FeTe 80 4 1-—v—H U FLUH
BrN10 ] {—AH VQF OJLUH

— ' I ﬁ | omn 7 U FLUH
. i : H 7 VOQF DILUH
!100- | % i |
o\
©
E -
-
~— 50_
O L

100 200 300
T (K)

Fig. 422 &DSDFLWDWH MVMPOHQF ¢ WHPSHUDWXU .SHQWU

'LQ DFHVWH GHSHQGHQ H VH SRDWH GH UHPDUFDW IDSW.
SUH]LQW XQ FRPSRUWDPHQW VLPLODU L DSUR[LPDWLY D
din probe L DQXPH SURED %U 1 FDUH:®%RYH @NHFSXUL\B QR FC
WHPSHUDWXUD GH . 3ULQ VFDODUHD HQWURSLHL GL¢
VSHFLILF OD WUDQI]L LD 9HUZH\ P V 30/t esXS\W L F R Q WHDQV
LPSXULW LORU R[LGLFH GLQ DFHD VMR OS td@I dirFfgural 4RR Q V \
HVWH LOXVWUDW F OG XUD/MASH BIH § A QTEat@nde3atkH jdasgsM D U H [
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GHPRQVWUDW F SUREHilat¢ ,butk” \WPOSQLD AR G X IDIQR RQXEBOD W
temperaturade ¥4 K. IQ SUREHOH FX VXSUD FR@ G XFMWALFBN. DWWILWH K
GHSHQGHQ D F OGDXWHIOKWSHFH]HRM DWID GIGF )UDSWIXO F F
VXSUDFRQGXFWLELOLW LL ODF OGXUD VSHFLILF HVWH P
G RP laQupraF OiGsperifie totak 3ULQ XUPDUH HVWLPDUHD H[DFW
F OGXUD VSHFWILHP B\HWIHP SRUWDQW SHQWUX HYDOXDUH
calcululparametrilor supraconductori.

'"HSHQGHQ HOH F OGXULL VGEH¥Q I LFG RV RehtiGidirite jdroDeyV D U
OD WHPSHUDWXUL PDL PLFL GHFKW . Rtxaped/ laSdatelpH Q W
H[SHULPHQWDOH vQ GRPHQLXO GH WHPSBMIDWXHpermiBL PL
estimarea valorii coeficientului SommerfeldatribuiWH FRQWULEX LHL HOHFWUF
FDUH FDUDFWHUL]HD] FRQWULEX LD UH HOHL FULVWDOLRQ

50
FeSeo_STeo_5

40L + BrN5

« F213

+ F216stepl
30r o F216step2 £

lattice

20

C (J/mol K)

10

' 50 ' 100 ' 150 ' 200
T (K)
Fig.42 'HSHQGHQ D GH WHPSHUDWXU D F OGeseg:légsVSHFLI
6HPQXO LQGLF DQRPDOLD OD WUDQ tapdciatéad HerHH\ /L Q
cristaline Insetl prezZLQW OGXUD VSHFLILF vQ UHJLXQHD WHPSHU
P ULW

PHQWUX SUREHOH Buprac®htRcRdre HideastP MR G RIHU HV
coeficientului vQ VWDUH.QRQPWDPS FH SHQWUX SUREHOH VXS
XUPDW GH HVWLPDUHD FRIHDGRHDWK EPIO FMHIDGWD GHQ W |
SUHJHQWDWH vQ 7D E H @usapracondietifstebkS URIEGIROHL OH RE LQ
PVXQW EXSULQW6 mwiBH $SFHVWH YDORUL VXQW PXOW PDL
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antetULRU GH DO L DXWRUL SH®DQIWU XaldfiR RERMLd. micV pePtid D U H
FRQILUP SXULWD W Hidiat® C8GWG HD S EBOBRWNDORDUH LQG
IDJHL FDUH FRUHVSXQGH VW ULL VIXBVHRQE RFRBRG FK BIW
GLQ GDWHOH VXVFHSW LE 5 2nhol KB) RED DROW X SHI@®EBINGR W D
SRDWH |LARQWIEDXEXNVLHL PDJQHYOLEH D GRIWRIWMA LOIRWD FHA
FesOs OD WHPSHUDWXUL PLFL QX HUD G& D WHSWDW R FDUH

40 + -
I:eseosTeo.s et
30+ .-
o~ * -
& ¢
¥ ’.’.’ ’k
Ie) 2% - _ & “e :
%20—,’ ‘,;z:,,-
E Y. ~ Y:r bl
: _ &« :::::r
o aof sl + BrN5
10} A Tt - F213
UL + F216step 1
L < F216 step 2
O L 1 L 1
0 10 20
T? (K?)
)LJ "HSHQGHQ HOH GH WHPSHUDWXU SHQWUX GLI
reprezetareaC/T vQ IXQH?LH GH
7TDEHOXO SDUDPHWULL GHWHUPLQ Dai pradbeldFeFe¥Se&d W R U |
Proba , n Tc 0 AN
(mJ/molK?) | (10*J/molK%) | (mJ/molK?) (K) (K)
Br N5 52 75(2) 24(2) | 138 266 3,36
F213 0,82 8,5(1) 25(1) | 132 281 4,26
F216 step 1 0,96 9.4(1) 25(1) | 131 259 3,95
F216 step 2 193 9,0(1) 23 (1)

BHQWUX SUREHOH FX VXSUDFR QRE XIFQW VI XTYORIIMBHKED Fgt S U L |
QHFHVDU GH PHQ LRQDW IDS Wcéleulate pewtin pRkele @il pARFAaiR U
VXSUDFRQGXFWRUL PDUL L SHQWUX SUREHOH FX VXSUDF
$FHVW IDSW LQGLF F FRQWUIOEX WL RQBRHD ORDQ B XORXIUEL @
de temperaturi utilizat pentryfit ~areaDUH GRDU R LQIOXHQ PLF L QX
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FDOFXOHORU L SULQ XUPD[ftHreNwwX\OWLR QD WS URDFIH G XV D LGS
valorilorparaAPHWULORU FDOFXOD L

BHQWUX R HVYWLPDUH LQGHSHQGHQW VX8QLPBEWIMUH
F OGXUD VSHFLILFos3®sSURER&KRUD)NWH OL]D W bordake RERD UHD
descrierea spectrului de fonoraduat vQ F R Q V Ld&lélUcddmbikiat EinsteirDebye. Celula
HOHPHWWWUDJRQDO )H6H 7P4NMXFRIXEDH SR X DOQcééa L Gt
cegenerHD] PRGXUL QRUPDOH GH YLEUD L Hmofiétaf@vdailtderXerli L O H
DebyeCp iuntermen Einstei®e FX GLVWULEX LL HIDOH DOH SRQGHULI
I Einstein. Aceast modelareeste vQ D b4 rezultatele studiului experimental asupra
supraconductorilor de tip keSe efectuate FX vPSU WLHUHOQOHQRH®E&D W >
VPSU \WundutréhDL49].

9DORULOH WHPSHUDW X U& O R3 intHE peramietril beWwiMitHaréa
HISHULPHQWDO D GHSHQGHQ HL GH WHPSHUd2ur$& prid F (
expresia:

C = Cpi( 41)+ Cp2 4b2) + Ce( %)+ nT (4.5)

Fit-area SDUDPHWULORU SHQWUX SUREHOH VXSUBRERQG
RE LQXW DEDWHULOH PLQLPH @G#MUOLDD WHOR DOH®HFW @ P WD QL

oD . 'HSHQGHQ D GH WHPSHUDWXU D F OGXULL VSH
optimizate 4b1= 127 K, 42 /5 . HVWH SUHIJHQWDW SULQ OL¢
4.22. Prin lina XQFWDW vQ )LJIJXUD SHQWUX SUREHOH FX V.

SUHIHQWDW FXUED FDOFXODW SULQ VF GHUHD GLQ F OG
normale nT (cu n= 23 mJ/(mol K).

/ID WHPSHUDWXUL PDL PDUL GH . DPEHOH FXUEH FRLQFL(
VOWAH WHPSHUDWXUL SkQ OD . $ F H D VanplinfeRt@rrodeluG D Q
XWLOL]DW SHQWUX VLPXODUHD FRMHWQERBXD WHID SRMQFRQ EF K,
FRQWULEX LHL IRQRQLFH QX D IRVW QHFHVDU SHQWUX S
islabi, SD GHWHUPLQDW F YDORULOH HVWLPDWH SHQWUX F
YDULD] vQ LQG¥HIUMDRXOHQWUX GLIHULWH SUREH L VXQV
UDSRUWDWH vQ VWXGLLE [TASAW HAS@R DDRAV BYXQQV D K HWWHI L ¢
OHJDW SUREDELO GH HVWLP ULOH GLIHULWH DOH FRQWL
sistemului FeSe(TepHQWUX D VHSDUD F OGXUD HOHFWUR®fitk L V
areprintrun popOLQRP GH SXWHUH LPSDU Celio& bhavdudd.. Adi&skid) L P H
R PHWRG VLR EadpéntruGritervalul de temperaturi 1521 K pentru coeficientul
electronic normas- D R E Jal@aXe&/n = 90 mJ(mol K? L S HQ W U X=I@CBAMI(RA) B0
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care corespund temperaturii Debys = 235 K. Cu toate aceste®¥, H Wapkdxifarea Debye
VLPSO IXQF LRQHD] ELQH GRDU SHQWUY X KWWHP DHUHEMW XD ]
UEDUH HVWH PXOW PDL P erRpelGtttiFde W -ar® Wik Wwnvdbe(-RQ \GW DWW P
aceste valori pentru, L, p, sunt supraeagerate ( HFXO DFHVWHL SURFHGXUL
GHPRQVWUDW UHFHQW L vQ FD]XO SQLPEAS[UPO)JORU VXSUDFI
& OGXUD VSHFLIICE SHOQWRWUWRDMWH SUREHOH D IRVW
FRQWULEX LHL D UH HOHL @LQ GEpgaciX eldatrane HRL ILA S WHRW Q'
Ca/lT vQ GHSHOQTpe@tru ptobediferite v QU terval de HPSHUDQY XMHFLQ W
WHPSHUDW XU L éste(piézewdt Q] L) LHKU3-D VW D E b&@. WobEle av
supraconductibilitatebulk” PDQLIHVW RSDRGROQ MW QDA MADS

80

F213

O
o F216step 1
o F216 step 2
(\I; 60 | & BrN5
- Schottky
2 —— BCS F213
S —— BCS F216
E 40 —— BCS BIN5
y
S A S | ... Y eretetore

20

Fig.424 'HSHQGHQ HOH GH WHPSHUDWXU DOH F OGXIULL VS
pentru probaliferite. Liniile solide UH S U HfitL-QW.FODHUH GHVFULX UHVSHFWL®
supraconductoare pentru probele supraconduct@aik” SULQ PRGHOXO % &6 L
6FKRWWN\ vQ SURED QHY®SB2ADFRQGXFWRDUH

O ULPHD DQRPP®OUHOHID FX FDQWLWDWHD ID]JHL VXSUI
SURED FX SURSULHW L VXSUDFRQGXFWRDUH V Xcaldd(a D W H
laTe. FX WRDWH DFHVWHD vQ MXUXO YDORULLCGHa J VLWH R
FKkPSXO PDJQHWLF GH N2H SRDWH VXSULPD FRPSOHW V
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GLQ DFHDVW SURE D D FXP DUDW P VXU WRULOH VXVFF
QHJOLMDELO DVXSUD F OGXUHUHWDIHHRFLISENF$OHGEWQ | BXWE
VSHFLILF HOHFWURQLF QX HVWH OHJDW GH FRPSRUWDP
SDUWH GLQ DFHDVW DQRPDOLH HVVCH pentrl [obeéld [ H D
VXSUDFRQGXFWLELWDWEIE SORQXIQPPBW U IF\I.X RELMDHPID\. WP DIJQ R (
UHSUH]LQW R FDUDFWHULVWLF FDUH UHIOHFW SUREDE
$SDUL LD DFHVWHL DQRPDOLHL GH WLS 6FKRWWN\ VXJHUI
FKPSDBQHWLF LQGLF UHOD LD DFHVWHLD FX JUDGXO GH C
IRVW VLPXODW FX PRGHOXO VLPSOX DO VLVWHPXOXL FX
print- R OLQLD SURQXQ DW SHQWUX BXRELDP BbXVV KREQUPWIRWGE &
FKPS GLQ N2H

'HSHQGHQ D GH WHPSHUDWXU DCé DO RV D @ BIDE [ DIVF H S

GHULYDW GH ODIRPREGHEPXSDUNIOPHWUXO LQWHUYDOXOXL |

GH WHPSHUDWXU IR OR V‘élégdesdRely  RQUGHBIEI VIDRWA. MW | DW SH
F OGXULL VSHFLILFH SHQWIK\FesA\Q@L RWUJEH CGH RHE IFHX WHBvVQ
VXQW SUHJHQWDWH vQ )LJIXUD SULQ OLQLD VRmkG SH
Curbele, fit~-DWH GHVFULX UHJRQDELO F OGXUD VSHFLILF FX F
mici de 5 K, care poate fi atribuit efectluLP S XU LW L GaRprdvirklokaiiiDde i faza
QHVXSUDFRQGXFWRDUH KH[DJRQDO SUH]JHQW vQ DRHVWEF
iQ )LIXBD/XQW SUH]HQWDWH GDWHOH SHQWUX YDULD LC
DSOLFDUHD FkPSXOXL PDJQHWLF SHQWUX XQD GLQ SURE
Pentru o prezentare mdrODGDWHOH VXQW DU WD WRQ®WXI EiXdifd K5IH W
GHSHQGHQ HOH H[SHULPHQWDOH DOH F OGXULL VSHFLILF

$FHVWH GHSHQGHQ H SHUPLW R HVWideterihiHat DinFdatels X O >
VFKLPE ULL F OGXULL VSHFLILFH vQ IXQF LH GH WHPSHUL
MXPLMM GLQ VF G4 H B SHDORUQ LD HyHHS REWLYXW HVWH SU
YLIXUD SsUuLQ s wu HOH GHVFKLVH $FHVWHD DWW X
GHWHUPLQDWH GLQ VFKLPEDUHD UH]JLVWLYLW -a&lungukKk DS
planuluiab GHFkW SHQWUX FkPSXOc D&DQFRWWHDMHU B OIHD IRX BDXD I
valoareaHc a N2H FDUH HVWH GH R REE RQIXWD IGH QG H |
UH]JLVWLYLW LL 5H]XOWDWH VLPLODUH DXABRMIME SSUH]H
GHWHUPLQDWF YDHORHDWAHI DW GLQ F OGXUD VSHFLILF I
GHFkW FHD GHWHUPLQOWWALYQ W XU DVFRAHDL\OMD UIH-lo@ G D W
[154].
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Fig.45 'HSHQ&eER WHPSHUDWXU DOH F OGXULL VSHFLILFI
magnetice aplicate pentru proba cu supraconductibilitaiék” Q RWDW ) 6 JHDWL
GLUHF LD GH FUH WHUH D FkPSXOXL

4.5. Concluzii la capitolul 4
Monocristalele de tip FeTeSec F X GLIH UL WHO0 DX B¥MKI=W XDIXL IRVW RE |
prin aplicareameted GH FUH WHUHIRMOIXGIBDRQ WWXGLLOH GLIUDF
SHLWYHOG DX IRVW GHWHUPLQD L SDUDPHWULL VWUXFWX
OXQJLPH GH X3XH3V HDXP LRQDWéceffoR PEBER$IX LD I1Q XUPD FHUFHW
astDELOLW H[LVWHQ D RUGRQ ULL DQWLIHURPDJQdHMTeFH G|
FeTeiSeo L )dSa Pentru probele FeFeSe ss-astabilitstarea spinglasslike” 1Q FHHD
FH SULYH WH F®&R&RSXMVXDW HOMH P Maghetidé Rau LderRodstrat posibila
FRH[LVWHQ D vw ULL DQWLIHURPDJQHWLFH FX VWDUHD
VXSUDFRQGXFWLELOLW LL IL O eskRlitucieMarelddprac@ndo@areivdH P D
VXJHUDWH GH DQRP GOISHOE/FONBWIEE L Q LFKPSX UL PLFL
6WXGLLOH SURSULHW LORU VWUXFWXUD OHSePDHI@HHW LV
XQ LU GH SURSULHW L LPSRUWDQWH
X &RQGL LLOH GHSSRESDRBAIHGBPXHOPLFDWLY DVHEBE&e SUR
lor 3SIXULWDWHD PDWHULDOHORU LQL LDOH FkW L HIHFW
GLIHULWH VXQW IDFWRULL SULQFLSDOL vQ RE LQHUHD &
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X 0 VXU WiBterézBwuimagetic DX HYLYHD@ ROWVQDOWH DOH GHQV
Jc pentru probele supraconductoare Fesba scare sunt atribuiteeRPRIJHQLW LORU L
GDWRUDWH GH]JRUGRQ ULL OD SR]JL LLOH FDWLRQUIk&H L
PDL PDUH D FXUHQWXOXL FULWLF GHFkW SURIBROH I |
IRUPDWH GH LPSXULW i1I0° AZDOBPQWD XGAXUHQWXO FUL
compusului FeTesSees HVWH FHD PDL vQDOW YDORDFES&TI&D S RUW
LQGLF FDSDFLWDWHD PDUH GH WUDQVSRUW DO FXUHC
valoare LPSRU®/MD@QWU X SRVLELOH DSOLFD LL vQ HQHUJHWLF
Xx 0 VXU WRUAWH KNOKBFLILFH HYLGHQ LD] R YDORDUH H|
Sommerfeldrezidual pentru probele FebeSes FHHD FH LQGLF XQ DSRU
VXSUDFRQGXFWRDUHG EBRRQPDOHWDWHD vQépame D SURE

105



5. STRUCTURA, 0$*1(7,608/ , &25(/$ ,,/( (/(&7521,&( 11 6,67(08/
Rbo.sFeseSe-S,

2E LQHUHD FRPSX LORU L DQDOL]D FRPSR]JL LHL
5HIJLPXULOH L FRQGL LLOH GH SUHSDUDUH SRbQM:U X FL
vSe,S;, FX YDULD LD VXEY Wih WXKW.RIGDDRRQQYHRHLRQDO %ULGJF
L SHQWUX VLVWHRDK,GekSe[5V & BEVRDIWHU LDDX IIRPDIRVD WHFRP S
SROLFULVWDOLQL )H6H L dinderven®WMxH B/ X U0 W (PEA2B 96800 U
L- 6 L BEtalic $PHVWHFXO PDWHULDOHORU
vQ FDPHUD FX DUJRQ FX FRQ LQXW UH]JLGXDO GH R[LJHQ |
DX IRVW SODVD Wddte'Sk LROMHEGK PGIRL VQFKLVH )LROHOH D
la temperaturade 107C L PHQ tin@Xe\6RUH OD D FH DV WDi, fidlel® &iHostD W X
VXSXVH SURFHVXOXL GH VWU SXQJHUH vQ MRV SGcurratd) WL F
de 3mm/h.&RPSR]L LD Ik R®OVWHBHOX SHQWUX GLIHULWHiferiHle LL G
VXEVWLWX LL HVWH SUHIHQWDW vQ 7DEHOXO

7TDEHOXO $PHVWHFXO LQL LDO L FRPSR]L LbxFQBO D
:S; determinate din analiza WDS
Denumirea | 6 XEVW $PHVWHFX &RQFHQWUD LD HOHPH
probei az
Rb Fe Se S
(1-x) (2-y) (2-2 (2

BR16 0 0,8Rb+2FeSe 0,748(27) | 1,593(16) | 2,000(19) | -

BR16 05 0 0,8Rb+2FeSe 0,736(40) | 1,611(14) | 2,000(30) | -

BR28 0 0,8Rb+2FeSe 0,786(39) | 1,612(22) | 2,000(28) | -

BR100 0,1 0,8Rb+2FeSe+0,1] 0,750(33) | 1,596(13) | 1,905(22) | 0,095(2)
FeS

BR99 0,25 0,8Rb+1,75FeSe+ 0,739(26) | 1,592(16) | 1,752(22) | 0,248(7)
0,25FeS

BR96 le 0,5 0,8Rb+1,5FeSe+0 0,734(25) | 1,597(27) | 1,511(20) | 0,489(13)
5FeS

BR96 1 0,5 0,8Rb+1,5FeSe+0 0,734(24) | 1,603(26) | 1,507(20) | 0,493(13)
5FeS

BR80 1,0 0,8Rb+FeSe+FeS| 0,765(23) | 1,605(19) | 1,017(20) | 0,983(18)

BR87 1,0 0,8Rb+FeSe+FeS| 0,764(27) | 1,595(16) | 0,998(21) | 1,002(16)

BR82 11 0,8Rb+0,9FeSe+ | 0,844(32) | 1,585(20) | 0,922(23) | 1,079(24)
1,1FeS

BR101 1 1,4 0,8Rb+0,6FeSe+ | 0,802(15) | 1,620(14) | 0,634(25) | 1,366(16)
1,4FeS

BR101 Ro1l| 1,4 0,8Rb+0,6FeSe+ | 0,791(36) | 1,610(17) | 0,650(23) | 1,350(8)
1,4FeS

BR102 1 1,7 0,8Rb+0,3FeSe+ | 0,822(21) | 1,585(18) | 0,312(16) | 1,688(15)
1,7FeS

BR97 optic | 2,0 0,8Rb+2FeS 0,787(16) | 1,595(11) | - 2,000(12)

BR97 1 2,0 0,8Rb+2FeS 0,735(16) | 1,611(17) | - 2,000(24)
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&RQFHQWUD LD HOHPHQWHORU vQ SUREHOH VWXGLDW|
DQDOL]DWRUXO &DPHFD 6; '‘DWHOH (30% VXQW SUH]JHQWLE
PHGLL DOH P VXU WRULORU VQUHIJLWWUDWH SBH XCQWHQUEL
60 M (URULOH vQ GHWHUPLQDUHD FRQFHQWUD LHIL5®EVRC(
SHQWUX )H SHQWUX 6H L 6 L SHQWUX 5E &RQFHC
QRUPDOL]KQG VXPD FRQFHQWUD LLORU 6H 6 OD XQLWDWE
GHYLHUL HVHQ LDOH vQ UDSRUWX®D®G@ 6HQAHUX DNRIV\W HF E
&RQFHQWUD LD GH )H GLQ SUREHOH GLQ GLIHULWH VHULL
FRPSR]L LL FX YDFDQ HOH GH )H FDUH FRUHVSXQG VWRLF
deviereadelastoKLRPHWULD Rb@FeMEa,YHPWOH PXOW PDL PLF GH
KixFeySeS; XQGH DX IRVW UDSRUWDWH YDULD LL VHPQLILFD\
oD RGDW FX FUH WHUHBK®QXEMWIWX LHL GH OD

2 FRQVWDWDUH LPSRUWDQW VH UHIHU OD PLFURVWU>
DOQWHULRU SHQWUX SUREHO®™HPILBURXERWX®W REWLF X RU VF
cu,stripe-XUL PHWDOLFH GH P UQBRRSUDMH URABWUL $)0 > (
SUHIHQWDW JVQ AR®GD LL GH UM |ROW HWP L QD®/WF R@ijsR L LLC
uri, care corespunde Risesfe o170 $VWIHO D IRVW GHWHUPLQDW
,Stripe-XUL FRUHVSXQGH ID]HL FX GHILFLHQ GH 5E $F
RE LOQXWH SULQ DOWH PHWRGH

(a) (b)
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(c) (d)

)LJ ,PDJLQHD RSWLF D VXSUDIH HL &#AJ/L\BWRE B ARRINE
BR28), (b)z=0 (proba BR16), (c2=0,1 (BR100), (dg=1,4 (BR101). Toate imaginile sunt
OXDWH Fdadhificate(D6A0).

(VWH QHFHVDU GH D QRWD vQV FDVREXU®W MQFWHMN RU
mai mare (0,7/2) pentrwstripe-uri FRPSDUDWLY FX GDWHOH VWXGLXOXL
> @ L UH]JRQDQ D PDIJQHWLF QXFOHDU > @ 1Q WL
L HI[DFW GH GHWHUPLQDUH D FRPSR]L LHL FRQVLGHU P
GHFKkW FHOH PHQ LRQDWH

SD REVHUYDW F FKLDU SHQWUX S WRB,H Ouh fest ppdibDd® D L
D GHWHFWD FD U H ¥tbpeV W Q X& RVBGGIQnSHD(Myura 5.1(c)) 1Q DFHOD L \
SUHJHQ D ID]HDHRAD $JOHWLFH PHWDOLFH D IRVW GHWHFWDYV
O|]VVED$H®D QGLFKkQG F VHSDUDUHD IDJHORU vQ FULVWDO
VFDUD VXEPLFURPHWULF

6WXGLXO VWUXFWXUDO DO FRPSX LORU
Analiza structuii cu raze Xa probdor monocristalinedin sistemulRbixFeySe.;S, a
depistat SHQWUX WRDWH VXEVWLWX LLOH SUH]HQaD 1FHD XOH
cll4c 1Q )LIXUD D HVWH SUHIHQWDW UH kFXDVNYHVFWIW
z=1,0.RezolvareaLQL LDO D VWUXFWXULL FULVWDOLQH4BMCLRVW
suprastructura®? "'HWDOLLQH- UIGDWWOXFWXUDOH SHQWUX WUI
=0;z= k= VXQW GDWH vQ 7DEHOX4n VXQ®QW JDXWB BRDL LD
ionilor de Fe; patrudin ele VXQW FRPSOHW RFXSDWH )H )H )H )H
SDU LDO RFXSDWH L R SR]JL LH )H HVWH YDFDQW )LJX
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Fig.5.2.(a) 5H HDXD pentFulcBdtBRIF Fig. 5.2.(b) 5H HDXD UH F LiBEIR

A

Rbi.xFeySe.,;S,cuz= 1 pentru celula i 7 . RbixFeySe.,S, cuz= 1 pentru celula

¥ 1¥ 1.
7DEHOXO D 'DWHOH itWw UbRlatotalelpentt S U REBHHVOHOE X O/ E V
L vQ FDGUX®mpentdutelud$T LDOH

6XQVWZWX LI O 1 2
ODVD PRODU | 314,66 254,38 218,59
a=b c 19,6765(8) 19,2864(6) 18,0348(8)
c c 14,5847(15) 14,3516(7) 14,0386(10)
9ROXPRO c |5646,7(7) 5338,3(4) 5033,2(6)
S5HIOHF LLOH | 45872/2730 | 52362/3352 | 36487/2437
Junice Rint = 0.2419 Rint=0,1757 | Rn =0,1457
GooF 1,007 1,002 1,022
Ry, 0,0594, 0,0863 0,0794
WR: [1>2 \(1)] 0,1418 0,1673 0,1634

Tabelul 5.2 (b)Coordonatele atomicey,z L IDFWRUX® SR |@HppEddWibhii
GH )H vQ FDGUXAQ4npen8uHdelNaSDi LOOAIWU X SUREHDHO; ER. VX E\

Fel Fe2 Fe3 Fe4 Fe5 Fe6 Fe7 Substitu L
X 0,5 0,206(2) | 0,5023(2) | 0,3031(2)| 0,4979(3)| 0,4023(3)| 0,3965(2)| z=0
y 0 0,111(1) | 0,4026(2) | 0,1969(2)| 0,2039(2)| 0,1017(2)| 0,2974(2)
z 0,75 |0,748(1) | 0,7538(3) | 0,7488(5)| 0,7473(2)| 0,7480(6)| 0,7479(4)
sof 0 0,104(2) | 1,0 1,0 1,0 1,0 0,896(2)
X 0,5 0,2021(2)| 0,4999(1) | 0,3033(1)| 0,4999(1)| 0,4021(1)| 0,3945(2)| z=1
y 0 0,1051(2)| 0,4016(1) | 0,1969(1)| 0,2046(1)| 0,0981(1)| 0,2987(2)
z 0,75 |0,7488(3)| 0,75391(1) 0,7504(1)| 0,7465(1)| 0,7504(2)| 0,7488(3)
sof 0 0,504(2) | 1,0 1,0 1,0 1,0 0,496(2)
X 0,5 0,2007(2)| 0,4996(1) | 0,3034(1)| 0,4997(1)| 0,4024(1)| 0,3938(2)| z= 2
y 0 0,1058(2) | 0,4000(1) | 0,1970(1)| 0,2056(1)| 0,972(1) | 0,3002(2)
z 0,75 | 0,7513(2)| 0,7539(1) | 0,7503(1)| 0,7460(1)| 0,7499(2)| 0,7513(2)
sof 0 0,542(2) | 1,0 1,0 1,0 1,0 0,458(2)
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iIQ FDGUXO DFHVWXL PRGHO HVWH SRVLELO GH FRQVL
FRQWUDVW FX SRJL LD )H ¥SDAUT LD DWRHFXIS DAV'G VM DFRZNAUOGHDY
SHQWUX WRDWH VXEVWLWX LiLiO N XQ WF SWXHD]W B W Q WD G Q X1

Fig. 5.3.6 WUXFW XUD F U L\é.Se,5Q6 HHHQW V X VEE JUX 8Q KB 06 WDA
FHOXOHL 11

(VWH QHFHVDU GH PHitGateR QW W XIF/SXMXO00 F v Q iF DB URDWF
UDSRUWDW ZzZavgliMeHdl [8F Wertrtd cristalele KiFeySe L &MoySe. Analiza
structural L Q L de@e&@stora a fost realizatv @adrulgrupei V' S De ld@m 1 Q adtFgrlip
VXQW DVH SR]lorilér d& ) HH BIDMHJ R OV KQW FRPSOHW RFXSDWH
FH XOWLPD HVWH SDU LRO4ARGRSUVRMW_BREPR[LPIB WILLY DXWR
LQFRPSDWLELOLW DMmhn culdAtsled expernental@deOsiidiuui GLIUDF LHL
neutroni [15 @ delaceealatele structural@au fost interpretater Q FDGUX® TEHO X&H L
a,()8, ¢ FX GRDU GRX SR]LonildeGe I HULWH SHQWU X

(VWH QHFHVDU GH QRWDW IDSWXO F ¥R¥YX L®HVRAULLH
VWU X F W X puteidaGptobalér noastrBbxFeySe.S;, $FHDVWD QHJOLMHD] |
OD V&AW LQWHQVLW LOH HJuSWHHILCPEEm Mm@t eRAC dalst & &pDAN H
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concluzionadin FRPSDUDUHD UH HOHORWQ HIFLSHDRE eElulele S3AH]HQ
L ¥ 1T¥ 1

iQ )LIXUD HVWH SUH]JHQWDW YDU laD Ild BXSDXD\BW M)
$PELL SDUDRHMHYIF DH) DWW DK HO DQUHIFOR FURMGWWUHD FRQ LQX
conformitate cu leged®d HIDUG LQGLFkQG IRUPDUHDv @detXAcédtifapty RO L
VPSUHXQ FX DEVHQsupliéptdrevy @ F\KILFPHEWULL D MUXHE YA \@thkibtix 6 L F
ionilor de Secuioniide SV@R]L LLOH DQLRQLFH

19.8 P Rb, Fe Se, S, | 14.6
O
19.4 414.4
< : <
© o
19.2 +
S {14.2
19.0 -
414.0
18.8 Cl 1 1 1 1 L 1 L 1
8.0 0.5 1.0 1.5 2.0
eZ-z SZ
)LJ O9DULD LD SD&OPHWYXBD\RW LWHX RbOFeLSeYS.. VWHP X O

3H OkQJ PRGHOXO \fitW-areaPWWKUDOFOV KQDQADSHQWUX WRE
DVHPHQHD HIHFWXDW ¥ V¥ 1 F DG XIQ XFSHIA/X.SAaddsia (permite o
comparde GLUHFW D GDWHORU VWU X RW,Re),Bet)H cS dh@lgapoxatd L V W
pentru sistemul Kx\Fe>ySe.,S,[107@ 'DWHOH UHVSHFWLYH VXQW LQGLFL

IQ FHOXOD ¥ 1¥ T W R BthMdhtd-SIRWVAHHEQ VGIROXH FR]Q LL FULVW
cu diferii IDFWRUL GH RFXSDUH SHQWUX LRQLL GH )H L 5E )lI
SRIJL LD JHQHUDWONH vQ DSURSLHUH GH vQ WLPS FH SF
(0,5; 0; HD FRQVWLWXLH FLUFD OD VXW 26 S9L5H D DI
PDQLIHVW VFKLPE UL QHVHPQLILFDWLYH vQ IXQF LH GH V
VXQW GH DVHPHQHD SDU LDO RFEXSPEBVH DEHXCGOQWHD HRID W
QHPRQRWRQH FX VXEVWLWX LD FDUH SUREDELO WUHEXL
ILLQG FHD PDL vQDOW SHQWNUX SUREHOXOF X VXORWW.IYWXB IC
FRQFHQWUDXLMVWGHPBEDQ L QHFHVLW VWXGLL VXSOLPHQ\
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Tabelul 5.3. Datele structurale pentruofeL.eSe-.S;, L G H WFDO U ktfi¢turiiprobelor v Q
FDGUXO FHOXOHL ¥

¥ MhvQ JUXSD VSD LDO

Substit.z | O 0,1 0,5 1,0 1,1 1,2 1,4 1,7 2
Compozi | Rbog | Rhbo77 Rbyo,77 Rbo,76 Rbogz | Rbo7e Rbogo | Rbo77 | Rbo7s
ia GXS| Fee Fes Fer 60 Fer 60 Fei 63 Fe 60 Fey 61 Fes Fer 59
analiza | Se So.15 So,54 S Si1 Si16 Si51 Siee | S
cu razeX Sa ss Sa 46 Se Se 9 Se s S& 49 Se 31
Masa 315,65 | 306,13 | 287,81 | 264,95 | 271,89 | 257,54 | 245,15 | 233,4 | 219,5
PROD 2 8
a c 8,805(1| 8,754(1)| 8,706(1)| 8,623(1)| 8,624(1| 8,608(1)| 8,545(1| 8,535( | 8,462(
c ¢ ) 14,579( | 14,480( | 14,352( | ) 14,310( | ) 1) 1)
14,588(| 1) 1) 1) 14,304(| 1) 14,235(| 14,15 | 14,04
1) 1) 1) 3) |50
Volumul | 1131,0 | 1117,20 | 1097,57 | 1067,08 | 1063,8 | 1060,29 | 1039,3 | 1031, | 1005,
&) 8(19) |(12) |@o) |@o |21 |@3) |15 |01y 8Q)
= i 10; 10; 10; 10; 10; 10; 10; 10; 10;
(gcm® | 4,634 | 4,550 4,354 4,123 4,244 | 4,033 3,917 | 3,760 | 3,625
PP | 29,579 | 28,496 | 25,964 | 22,833 | 23,541 | 21,701 | 19,752 | 18,00 | 15,94
9 5
0 ULP 1 T T 1 1 T T 1 T
a 7 7 7 7 7 1 7 10,251
cristalelo | 0,01 0,02 0,02 0,02 0,02 0,04 0,03 0,20 0,02
r (mm)
Domen. | 3,272- | 3,291+ | 3,309+ | 3,341+ | 2,848+| 3,347+ | 3,372+ 3,376 | 3,405
VHOU 28,971 | 25,956 | 25,923 | 24,993 | 24,974 | 24,999 | 24,974 | + +
Z 27,48 | 25,99
1 5
5HIOH| 11441 /| 6985/ 7329/ 8241/ 7166/ | 6634/48 | 8036/ | 9284 /| 7574/
colectate | 779 571 561 495 493 9 478 617 520
/ unice Rint = Rint = Rint = Rint = Rint = Rint = Rint = Rint = Rint =
0,1363 | 0,1527 | 0,1118 | 0,0828 | 0,0674 | 0,0830 | 0,0957 | 0,068 | 0,085
1 9
Date / 779/6 | 571/0/|561/0/|495/0/|493/0 | 489/0/3 | 478/0 | 617/ | 520/
restraint | / 36 38 38 38 /34 8 / 35 0/38 |0/36
s/
paramet
ers
GooF 1,005 | 1,000 1,002 1,002 1,000 | 1,008 1,005 | 1,004 | 1,004
R1, WRy 0,0633,| 0,0635, | 0,0573, | 0,0458, | 0,0564,| 0,0453, | 0,0671,| 0,049 | 0,048
[I>2\D] | 0,1946| 0,1688 | 0,1985 | 0,147 0,1903 | 0,1198 0,2149] 9, 8,
0,150 | 0,149
6 6
R1, WRy 0,0986, | 0,0919, | 0,0756, | 0,0585, | 0,0742,| 0,0693, | 0,0848,| 0,073 | 0,064
0,2221 | 0,1887 0,2172 | 0,1523 | 0,2079| 0,1323 | 0,2387 | 9; 9,
0,16 0,163
59 7
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7DEHOXO 2F X SianbHOHS RYL BEORHW L 6 vQ FHOXOD ¥
Subs 0,0 0,1 0,5 1,0 1,1 1,4 1,7 2,0
WLV
az
Ato | 3R]L RFXSDUHD SRJL LLORU DWRPLF
m
Fel | 4d |0,246 |0,302(8)]0,303(9)] 0,304(1 | 0,2962 | 0,323 | 0,299 | 0,277
(13) 3) (15) (18) (8) (10)
Fe2 | 16i |0,943 |0,925(7)| 0,924(8)| 0,922(1 | 0,942 | 0,925 | 0,924 | 0,917
(11) 4) (14) (18) 9) (10)
Sel | 4e |1 0,920(9)| 0,731(9)| 0,496(1 | 0,446 | 0,249 | 0,152
0) (13) (13) (8)
S1 e 0,080(9)| 0,269(9) | 0,504(1 | 0,554 | 0,751 | 0,848 |1
0) (13) (13) (8)
Se2 | 16i |1 0,924(8)| 0,732(8)| 0,501(8 | 0,451 | 0,239 | 0,155
) (10) (11) (6)
S2 16i 0,076(8)| 0,268(8)| 0,499 | 0,549 | 0,761 |0,845 |1
(8) (10) (11) (6)
Rbl | 2b |0,856 |0,822(9)| 0,828(7)| 0,814(1 | 0,931 | 0,895 |0,820 | 0,817
(11) 0) (11) (15) 9) (12)
Rb2 | 8h |0,781(9)| 0,761(9)| 0,756(7)| 0,742 | 0,860(8) | 0,776 | 0,754 | 0,761
(10) (13) () (10)

Fig. 5.5(@) 6 WU XFW X U probelbtRBW  Fig. 5.5(b).ReprezentarealsK HP D W

sFeySe.-S; pentruz ,RQLL )H ' pentrudiferite tetraedre Fe: Fe2 cu trei
SR]JL LLOH A, YHFLQL 6H 6 L XQXO

2): Rb1 (0, 0, 0.5), RbX(y 6H 6 SDWUX YHFLQL HFKLY
SR]L LLOH L 6H(x6, 2.
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7TDEHOXO "LVWD Q HK@H KIRXQLLFH3Fe£SeSH @ @ B XMGIEOID
z 0 0,1 05 1,0 1.1 14 17 2
Fel S | 2488(1)| 2,476( | 2,469(1) 2439(1) | 2441(2) | 2411(2) | 2409(1) | 2,383(2)
e2(S2) 1)
Fe2 S | 2496(2) | 2,486( | 2,475(2) 2449(1) | 2445(2) | 2,413(2) | 2406(2) | 2,366(2)
el(S1) 2)
Fe2 S | 2447(1)| 2,437( | 2,421(1) 2,388(1) | 2,390(2) | 2,357(2) | 2,345(1) | 2,306(2)
e2(S2) 2448(1) | 1) 2428(1) 2,395(1) | 2,391(2) | 2,358(2) | 2,349(1) | 2,309(2)
2/458(1) | 2,442( | 2,430(1) 2404(1) | 2407(2) | 2,375(2) | 2,365(1) | 2,319(2)
1)
2,446(
1)
Fel- 2,778(1) | 2,758( | 2,736(1) 2,699(1) | 2,697(1) | 2,668(1) | 2,660(1) | 2,630(1)
Fe2 1)
Fe2 2,731(1) | 2,724( | 2,718(2) 2,704(1) | 2,706(1) | 2,689(1) | 2,689(1) | 2,674(1)
Fe2 2908(2) | 1) 2,863(2) 2,832(1) | 2,835(2) | 2,801(2) | 2,803(1) | 2,778(2)
2,881(
2)
Se2 11035( | 110,59 | 11056(3) | 11038(3)| 11034(4) | 11005(5)| 109,/8(3) | 11030(
Fel- 3) 3) 107,32(6) | 10766(6) | 107,74(8) | 10832(1 | 10885(6) | 10)
Se2 10773( | 10726 1) 10906(
6) (5) 5)
Se2 10729( | 10756 | 10756(7) | 10769(5) | 10757(6) | 10741(7)| 10704(5) | 10623(
Fe2- 5) @) 10777(5) | 10774(7)| 10764(9) | 10824(1 | 10856(7) | 7)
Se2 10798( | 10778 | 11332(5) | 113,74(5)| 11391(7)| 1) 11418(6) | 10968(
7) (5) 11383(8) 10)
11275( | 11297 11449(
5) (5) 8)
Se2 10303( | 10301 | 10307(6) | 10345(7)| 103p64(9)| 10431(1 | 10461(7) | 105,79(
Fe2- 6) (6) 11237(4) | 11180(4) | 11172(6) | 1) 11084(5 | 11)
Sel 11280( | 11266 | 11271(4) | 11237(4)| 11232(6) | 11120(7)| 111,51(4) | 11000(
5) (5) 11178(7) 6)
11281( | 11281 11047(
4) (5) 6)
Devier | 1,581 1571 | 1559 1,530 1522 1,486 1474 1421
ea Sl
de la
plan.
Fe2
Fe2
Fe2
Fe2
Devier | 1,460 1,462 | 1,453 1433 1,433 1,405 1,395 1,354
ea S2
de la
plan.
Fe2
Fe2
Fe2
Fel
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OHGLXO ORFDO DO WHWUDHGUXOXL
PDL DSURSLD L 6H 6

L XQ LRQ 6H 6

IRUPDW GH LRQXO
vQ WLPS FH PHG]

LRQL HFKLYDOHQ L 6H 6vQ FXPXHPWH SUHBDQMDXW RQL )H

GLVWDQ HOH mtrhiuRterL ) F
OHQ LRQ P F YDULD-RelR BV M WROTNHO R/UH YHH DV XENAvsid W X |

EXQ FX FHD UDSRUWDW K&FeRQS&LEX[1UA]. ESteHhérEsar delrdirad taptul

F

25

2.4

Fe-Se(S) distance (A)

2.3

1.00

0.99

0.98

Ratio of distance

0.97

)LJ

GLVWDQ H HFKRIKYDSBWWX GLVWDi@elktdReU Fe2 )H
echivalente Fe2& K

&K
Fel & K

Y)LIXUD

&4) Fel-Se2(S2)
Fe2-Se1(S1)

(3) Fe2-Se2(S2)

| (Fe2-Se1)/(Fe1-Se2)
| (Fe2-Se2); o /(Fel-Se2) |

[ (Fe2-Se2)jy, /(Fe2-Se2) o,

(b)

0.0

0.5 1.0 15
z

9DULD LD FX VXE

L G MD-Q
E D UDSRUWXGKLIaG

Liniile punctate verticd VHSDU SL

E

L FHD P Dter-&usterH ) HFe2.

2.9

n
©

Fe-Fe distance

0.95

Ratio of distance

0.94

UDSRUW XO- )L VOVID @ LiMaMMeD ) H) H
.intra-cluster’ )H)H OD G liitewtDserD )H)H PDQLIHVW R WHQGLQ
VXEVWLWX LHL

L UDSRUWXO (
R

Fkw

(b)

(Fe2-Fe2)

intra /(FeZ'F;ez)inter

2.0

Fig.5.7 9DULD LD FX VXEV'

mintra-cluster’ Fe2 ) H

)H

G L \b6\
L G loMalD C

E D UDSRUWXG¥2laG
L WUHL -GH2VaWW&ICh2H cele, inter-cluster’ Fe2Fe2,,intra-cluster’

Fe2Fe?2 la, inter-cluster’ Fe2Fe2.

supraconductoare de cele- ne

supraconductoare.

115



IQ )LIXULZF HWWH SUH]JHQWDW YDULD LD XQJKLXULOR
FUH WHUHD VXEVWLWX LHL 1Q WHWUDHGGERY )¥XQ JKHXHLS
PDQLIHVW R WHQGLQ GH DSYRSGHWHFG&H XVQHWKH X O/ XBWW [
=2,0 (Figura 5.8(a)).

o or i 0.94
D o i '
n 109 7 L 0.92 '
g S =
> '
L 108F B Q T \
S § 0.08F :
9D 107 5 I .
8 0.07 !
o 12} 1 O :
o : 0.06 ;
$ 10p ! D 1 16F ! =
& 7 ! I !
& ' D [ '
& 104 b ! . :
3 ' (b) ) !
102 H : : - ——g = L | ]
114 | : S 1 < |
D . = 14t ! i
~ 2 !
8 2 : '
& é 13} ; .
& g :
) I X () ]
(9] '
12 1 1 1 L 1 " 1
0.0 0.5 1.0 15 2.0
z
)LJ ODULD LD FX V> )LJ ODULD LD F Xfactdrialvi\

XQJKLXULORU GLQ WH\deocupare & SR]L LLOR Uoni HHHS HIQ
XQIJKLXUISDWUX X@dKkLX E D GLVWD @hHZe, B laRl@nuF
unghiurilor din tetraedrul Fe2 a unghiurilc Fe2)H Chde laplanul Fe2Fe2.
GH ©OID.Liniile verticae vQW UH
VHSDU SUREHOH VXSUD

nesupraconductoare.

2 WHQGLQ VLPLODU HVWH J VLW U LBH®DWUHXVEDWE XX
timp ce celelalte unghiud LWL D DFHVWXL WHWUDHGUX VH PLF RUHD]
VXEVWLWX LHL $RD®WHWWHIZOBORW GH )H SULQ FRPSDU
&K L &K DUDW F FX FUH %19 lalD2 tetrEed\ E&Y ¥evirté InuB kaio D
UHJXODU LQGLFkQG VF GHUHD GLVWRUVLXQLORU UH HOH
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pentru sistemuK1xFeySe,S, vQ FDUH D IRVW REVHUYDW FUH WHUHI
FX VXEVWIDNXXUBUDW F DFHDVW IDSW FRQWULEXH OD VXS

SHQWUX J VLUHD XQ H L parBnvetriiot rtttuRad, & foBtlahalirhy DU LD L[
GLVWDQ HLQDIXIRFPKIEMINSEDV X VHWKRY BLVWDQ D HpahRRREF &
F kWealCh2 de la planul Fe)H PDQLIHVW R FR QFUH XWHHH &/I6 WX E X
FXP HVWH SUHIHQWDW vQ )LJXGEHDVHBHRVDY HRRIRNSiRIGE DFARA
raportat pentrgistemulK 1. xFe.ySe.,S, [107].

&DORULPHWULD GH VFDQDUH GLIHUHQ LDO

1Q )LIXUBK HWWH SUH]JHQWDW VHPQDOXO '6& FDUH F
QHFHVD Umap@aww® SHUDW XULL SWddE ¢l W IQH. WBIDERRVUIX BXIR E|
VXEVWAADX cKHFUM IWWWPSHUDWXULL GH OD . SkQ OD
anomalii clare.3R]L LLOH GH WHP SHUDW-DX 6 RVWHISANY WRU DRRA[I
FD L FHOH UDSRUWDWH ,&&,Q8V VW XFER@RWFH LSYUA RO P DWW REED
[8016@ 6WXGLLOH GLIUDF LHL FXD Q/HIX W WERHQ/LF BIDNAk pdaisD X V¥ \
DWULEXLUHD DQRPDOLHL GHSLVWRWID O FODR PDLVRALXH
dominante 245 ded VWDUHD FX YDFDQ HOH LRQLORU GH ILHU
YDFDQ HORU $ GRXD D QR FD ORWWODWNWH ESHWD WXWI]L LHL
VWDUHD DQWLIHURPDJQHWLF $)0 $QRPDOLD TpwfbsyWDW
DWULEXLW WHPSHUDWXULL GH VHSDUDUH D IDJHORU XQG
[105.

SHQWUX SUREHOH FX VXEVWLWXHVWH G WBH @WDILWDLWEH B R
FHOHODOWH GRX WIQRFDQQWHQVLW LOH DQRPDOLLORU V
FDUH DX ORF RGDW FX FUH WHUHD VXEVWLWX LHL 1Q )LJ
WUDQVIRWWUXFORUWDOH L PDJQHWLFH vQ IXQF LH GH FRQ
'6& OD VQF O]JLUH

7UDQ]JL LLOH VWUXFWXUDOH DUDW VFKLPE UL QHPRQ
temperaturiloiTs T, vQ LQWHUWYDOXCQUPDWHGHWHEHD VHPQLILFDWL
pentruz ! 1Q DFHODVIHWERKSPE vQ PRG PRQRWRQ VEDKQG
la 470 K (pentr (VWH QHFHVDU GH QRWBWVIHD EW B T¥ HIR Q UW/DL
SHQWUX VQWWDUDHIOLGM W XEVW LW XITkLv QY DOW H U® B OSKHIEVIV U X
DSURSLDWH XQD GH DOWD FHHD FH ThDGIHWARLU L AL O QG QWL
D DFHVWHLD vQ FXUED '6& GHAKW LQWHQVLWDWHD DQRPD
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)LJ '"HSHQGHQ D GH WHPSHUD Wphéle B XV ¥R ENDW XWX LL H6

din sistemul RbxFeySe.S;, &XUEHOH UR LL DUDW UH]XOWDWHOH RI
OD U FLU¥ertiddleyIQWBHUXSWR ULR GILO HW&HD QIV]I OD vQF

De aceea, pentru a confirma suplimentar originea anomaliildy lalT,, a fost efectuat studiul

VXVFHSWLELOLW LL SUREHORU vQ GRPHQLX&G0&XHDMEKP SH
UHVSHFWLYH VXQW SUH]JHQWDWH vQ )LJXUD 7TRDWH V
HYLGHQ LDWH L vQ GHBERWHRQLHIOHWKREFHSBMW XU iQ UH]:
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YDULDELO G LJFeqSaLsy hPaxsemsdilui DSC D VXVFHSMELELOLW

LQYHUVXOXL VX FHSWLELOLW LL
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54.3URSULHW LOH PDJQHWLFH DOH PDWHULDOHORU
BURSULHW LOH P DaQdtawiblesind DrdgnERM&UBQUID (MPMSS5,
AXDQWXP 'HVLJQ vQ LQWHUYDOXQ GHilWHP S U D\ XAKP § X3
HIWHUQ Skag OD
'HSHQGHQ HOH VXVFHS$AWELURQW LHL GPHpahg-ME idBdbaix U
FX SURSULHW L VXSUDFRQGXFWRDUH 4L QHVXSUDFRQG X
YLIXUD D Ui Egka/sIBEWLY

2 Rbl_XFel'(SSeZ_ZSZ

F(10™% emu/mol)

—v—14
—A-17
~0-20(Hllc)
~m-20(H_|_c)

F(10™% emu/mol)

0 100 200 300 400

T(K)
Fig. '"HSHQGHQVBI P SHWVRXWKHS WiipehtrO prabeld dupraconductoare (a)

I nesupraconductoare (b) din sisteRih xFe>ySe.S, PV Xd MIQWF k P 8 kGéddplicat dea
lungulaxeic 6 JHDWD LQGLF WHPSHUDWXUDzGH WU@QBL LH
VXVFHSWLPLOXWDW HDQ$FRQILIXUD LD FKPSXOXL PDJQHW
HVWH SUHIHQWDW=2SHQWUX SURED FX

0 VXU WRULOH DX IRVW HIHEWXDaplicatParalePaSei PéntQprobeler
FX VXEVWLWX LL $% RVUPMSWR BLWOH WBHWHDQHOLQLDU FX W
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RogFeisSe > @ &X FUHUOUWHUHXQU XEDWLWXYXXWHAHSWLELOLWD)
QHVHPQLILFDWLY GRDU PDL VXV GH WUDQ]JL LD vQ V!
nesupraconductoare ue VXVFHSWLELOLWDWHD DUDW R GHSHQ
PDL VXV GH WQDRIXUD 6& E HVWH
GHSHQGHQ D VXWFABSMOELOHWGH. WHPSHUDWXU SHQ2V U X
P VXUDWH vQ FkPSXO PDJQHWLGE SO5 O MWHDBN. CGBIHW FH GBE IORAX DX
mici de 50 K, susceptibilitate& DUH R YDORDUH PXOW PDL PDUH UL DU
WHPSHUDWXUD 8Q FRPSRUWDP K@QWenndeRlu@ B fostst@abiit YahtH SV
WRDWH SUREHOH FX VXEVWLWX HHS WV WIHNOH/\Etd cBrRdegstic) W D
pentru un antiferomagnet anizotropic cu axalLLQG GLUHF LD DOLQLHULL
FRQFOX]LRQ P F DQWLIHURPDJQHWLVPXO DQL]JRWURSLF F
FDUDFWHUUVY®W LFH Q S/HRB P&l SENWSH P X O

'"HSHQGHQ HOH GH WHPSHU&RW Kbtpemro piohek gupiaSndudoa® L W\

FX GLIHULWH VXEVWLWX=100fapicaupardlaiaxcy X QIS SGAHHJHQW D W
5.14.

Cu cea pentru probele ai”

FC Rb, Fe Se,. S,
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Fig. '"HSHQGHQ HOH VXVFHSWLELOLW LL =)& L )& GH
supraconductoare din sistemuliRbeySe:S; P VXUDWH vQ FKPS Galung@H D S(

axeic 6 JHDWD LQGLF WUDQ]L LD vQ VWDBHI.VXSUDFRC
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9DORDUHD VXVFHSWLELOLW WLL piding! VSXXNV R UR FG D@ RB H
YDORDUHD VXVFHSWLELOLW LL =)& HVWH VHPQLILFDWLY
probelece SkQ OD 2GDW FX FGH WBUHIX@ X@DW L WHX WHLR E"
FRQWLQX D WHPSHUDWXULL GH WUDQ]L LH vQ VWDUH 6&
QHPRQRWRQ SHQWUX QLYHOXO VXEYWLWXDUHL WHP S H ULF
WUDQI]L LH PIDL PLEHF&GW SURED FX \ZXgY sk Ar&temderbtird de D U
wWuDQ@JL LH 7UDQ]JL LD vQ VWDUH 6& SHQWUX SRk ébte- X V
IRDUWH LQJXVW 1X DIRVW REVHUYDW RLEUMHWWHXDE& O HOW

FX H[FHS L Dz-S0,PR)ERfdbafEX PDQLIHVW FHD PDL PLF WHP:
de 10 K.
)LIXUD SUH]L Qister&ziXFOH PHD BIHWL] ULL SHQWUX SU

temperatura . FX FkP S XO Hdplk& ded/lufgul axec 5 VSXQVXO GLDPDJQ
SUREHOH FX LQWHUYDQGXO GHX WXENSV L DS AbRESH IGaReGIDlar
FX FHO SHQWUX SURE® | U VXEVWLWX LH

Fig. 5.15. Buclele dbisterezisP WUDWH GBPS RPQJQHW La&ubg8l@tecE DW GH
pentru diferite probe supraconductoare din sistemukiRbySe.,S,.

IQ DFHOD WLPS FRRSDUDWLKXRLEAEDXDVH REVHUY |
Hishtaill” SHANUREHOH FX VXEVWLWX LH FKLDU z40,%)HAQaASthX V X
LQGLF R VFKLPEDUH VHPQLILFDWLY D GLQDPLFLL IOX[XC
SRDWH IL DWULEXLW GLIHUHQ HL vQ K5LYWURXEKX DD RASD B
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PDL VXV VFKLPEDUHD GLVWULEX LHL VSD LDOH D ID]JHL 66
SUHIHQWDWH vQ )LJXUD 1D FHHD WBXQMXY® MLHGI.DRDE
poate datora apropieri deQWHUYDOXO FULWLF GH VXSULPDUH D VW
FDQWLW LL GH ID] 6& L PRGLILF ULL GLVWULEX LHL HL vt
UHGXFHUL SXWHUQLFH D U VSXQVX9OXL GLBDVPWHQ at¥E 6 DI
FRPSRUWDPHQW DQRUPDO QHFHVLW VWXGLL VXSOLPHQW

3ULQ XUPDUH VWXGLXO PDIJQHWLF HIHFWXDW DUDW
VXSUDFRQGXFWLERQIF&Se. 5 VO BUOW WHOHOH $FHVWD GLIH
dela sistemul KFe,Se,S, XQGH VWDUHD 6& VH H[WEQG[H7BkQ OD VX

6WXGLXO UH]JLVWLYLW LL SUREHORU

)LIXUD L J)LIXUD SUHJLQW GHSHQGHQ HOH GH
SUREHOH VXSUDFR Q Gi&dapmarddduietoale. Bditdad geriru ambele tipuri de
SUREH PDQLIHVW R GHSHQGHQ QHPRQRWRQ FX FRPSRU
XQ PD[LP OD WHPSHUDW XXDYV F DAHU-ACH Wik Rrd\@leFciondo dad L L
metalic mai jos de temperaturBn. Temperaturdm LQGLF R WHQGLQ JHaQ HU D
PLFL FX FUH WHUHD VXEVWLWX LHL WRWX L FHKX IHDJEFWS DT
YDULD LH QHPRQREWR/XEYMWQWMXXLD HVWH JUHX GH vQ HOH\

Fig. '"HSHQGHQ D GH WHPSHUDWXU D UHJLVWLYLW LL
sistemul RbxFeySe-S,.
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)LJ '"HSHQGHQ HOH GH WHPSHUDWXU DOH UH]JLVWLYL
sistemul RbxFeySe S,

7TRWXDLVQUHILVWUDW R YDREDWUREBH®®D FX BHLHYIUKWLY LW
'RDU UH]JLVWLYLWDWHD UH]JLGXDO SHQWEZX SUREBWHR/KB!
FRQWLQX RGDW FX FUH WHUHD FRQ LQXWXOXL GH VXOI

QLYHOXO )HUPL L VDX R FUH WHUH vPSU WLHULL GDWRU

)LIXUD SUH]JLQW GHSHQGHQ HOHV GIHL VP HP)SUHWD M/ X%
FkPSXUL PDIJQHWLFH DSOLFDWH vQ YHFLQ RKPYISESMUDQ]L
VXEVWLWX LD L  maghetickjkoP@ WHPSHUDWXUD

SUREHORU FX VXBEDMW LW/IX QHYGE W8 UWPH G H UdirLre@stivitatead QU H ] |
VWDUHD QRUP®O OGLIHUGHGHHD SHQWUX WHPSHUDWXUD |
P VXU WWRXIMPOHRSWLELOLW olHU H FfBHHWAR P RUGI®ILAY L OpgrdbaF R P ¢
SXBhysFesSe vQ FDUH DFHDVW GLIHUHQ S D@ XR EBWHSU GDWHFF XR
FUHed¥KP SXRDJQHWLF F XU E H@eflagHHDEpae Yermpetatiri mahich/Figura
SUH]LQW GHSHQGHQ D GH WcHsBERiibHRWN) YhtruDprdb&l® SuX O X
GLIHULWH QLYHOXUL GH VXEVWLWX LL HVWLPDW XWLOL]k
QRUPDO (VWLPDUHD FkmMHe@EAIrUuUFULWLBD VRESWUURDOL]DW
modelului WerthameiHelfandsHohenberg [46@ IR ORV L Q Glcx(QY H-O B0.69D:
(dHAT)/dT)|Te. S-asthilit F KPSXO FULWLF VXSHULR UprBhaldu?W 6lla@5 O D
7 FX FUH WHUHD VXEVW2ZWX LHLQWH MSIRL SkKQGCHBLDFXRBUH
FRQ LOQXWXOXL GH VXOl FRERUKQZL SkQ DD FXOPOWKED )DH] D W
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(VWH QHFHVDU GH PHQ 2=-RQDcWtenipEraveXl OUH Ga&E¢RaEmai F X
PDUH YDORDUH D FKPSXOXL FULWLF VXSHULRU

)L J '"HSHQGHQ D GH WHP 88 WELWXWL VWHURK P S G/LLED
YHFLQ WDWHD WUDQI]L LHL 1\%$3ESrR 8GIXERD 1)A41,3 H
12.
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)L J '"HSHQGHQ DaGH )LJ 9DULD LD WHIR SH|
F kP S X O XdupEridiHW pefatru probe cu  FKkP S X O XdupEBriogitHW EKRK VX E VW
GLIHULWH VXEVWL &HUFXULOH WQURKW MrEspding
temperatum Tcestimat GLQ P VXU

UHJLVWLYLW LL L VX

& OGXUD ¥rgdteFalelor

iQ )LIXUD VXQW SUH]JHQWDWH GHSHQGHQCH®tH GH \
probele selectate cu diferitt!y XEVWLW X LL 1W HP®WKH D WDXQX.OP GHKUDW
SHQWUX SUREHOH VXSUDFRQGXFWRDUH FKkW L SHQWU]
FRPSRUWDPHQW GHVWXO GH DVHP Q WRU ILLQG GRPLQ
supraconductoare, anomalia de la temperati& LWLF HVWH Gt MELGD ®B/H (
H[SHULPHQWDOH $FHDVWD GHYLQH YL]LELO GBidddisEXS
F OGXUD VSHELIDF'V AVRWBBQWUX F OGXICH SHEHW UM I k WOI N |
I U VXE WRyEMSe sthtprezentat vQ )LIXUD

2 SUREOHP LPSRUWDQW SHEWWMW BBIOB WO BUHH G HWDHDURR
fononilor,Cat L PDJQGQUQRWXFUDUHD > @ D IRVW JoWEaNS& SUI
PDQLIHR®ULFHW L PDJIJQHWLEE SRR YW HOEpYIB upkadanductor
RhpgFe sSe. Studiul sistemuluRbysFeySe..S; D H'Y L Qukl €@nipbridment antiferomagnetic
DVHP Q WRU SHQW WX GHBBHWB HSUR EGHO W XEVWLWX LH 3UL
FRQWULEX LHL IBMAR QDR RBVW XMILO L]DWSHH QW R XV R OOUGHXQUHD
pentru probele nesupraconductoare I3er sSe cu Cia(0) pentruz Lodbr& S cu Ciat(2)
pentru z SHQWUX SUREHOH FX VXEVWLWX LL DFHD&W F
UHV S hhénwucy Qiat D G L FCia(0) + €ia(2)] pentruCia((1) pentru proba ca = 1;
0,5[Ciat(0) + Ciat(1)] pentruCia(0,5)] pentru proba ca = 0.5 etc
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)L J '"HSHQGHQ HOHCFG 8 GXHWR S HUEHFXILLFSHQWUX SURE

din sistemuRbyxFeySe..S,.

IQ LQVHWXO GLQ )LJXUD VXQW SUHIJHQWDWH GHSHC
vQ UHS U KJH®QQV DXUHTS laHer@Eraturi mai mici de 10 K pentru probezcu L

$FHVWH GHSHQGHQ H PDQLIHVW IBRY GUHH JL PX@ LD QWY

GH WHPSHUDWXUL GH OD OD-XQ .URBUHV XL QUG LR | K
supraconductoare @ HVWH PXOW PDL PLF GHFKkW vQ FHO ODOW
mai mici de 4 K au fostfjt -ate prin expresi€/T= + 7. Aici
WHUPHQXO GLQ F OGXUD VSHFLILF
FRQWULEX LLOH UH HOHL

(
UHSUH]JLQW FRHILFL
FDUH H VAYDH COAVQH DI
L PDJQRQLORU OD F QGQYXUB RAS I
HVWLPD L LQGHSHQGHQW GHRDUHFH WP SIH WHW® % D D3MHX W

( p), au valori comparabile. Valorile calculate ale parametrilo. VX QW SUH]HQWDWF

&RQWULEX LD IRQRQLF EH® B J\WHSNWIDF RHNFE WR BUR F X

IRVW FRUHFWDW SHQWUX GLIHUHQ D vQ WHPSHUDWXUD
cu valoareap SHQWUX FRQWULEX LD QHVXSUDFRQGXFWRDUH P

IRVW F D O FEXODuW D>GUBNZIS )]Y3 undeks INa VXQW FRQVWDQWHOH

UHVSHFWLY $YRJDGUR LDU = HVWH QXP UXO GH DWRF

p SHQWUX WRDWH SUREHOH VWXGLDWH VXQW GH DVHPHQI

S-a stabilit F alorile experimentale pentpparametrul YDULD] vQ LQWXBUYDC

mJ{mol K% SHQWUX WRDWH SWREH O H X X \PHESV \a=\8,RER dBebl ceF X
VXJHUHD] R FDQWLWDWH QHVHPQLILFDWLY GH LPSXULW
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0394 mJmol K D IRVW UDSRUWDW KiF&556 WerscteSENR ESIORS U L H
VXSUDFRQGXFWRDUH SUB8&.QPe@rulpvubie| e FO. S& 1S ludicle ctz o
1,2,valoareparametrtui FUH WH VHF@HID FHOWLQYGLF R FUH WHUH D F
Valoarea factorului DUDW R VF GROG BV FQW L\@ X U H Ou Wbxi&aAcdteadsX L H
J VLW R GLIHUHQ G K @ S D BitdprbBtkvii Yoentru probelel U V XE VW LW
= 0) din diferite s&J LL G H ,Eééll cd\hid poldte fl [SO LS WD) GLIHUHGE I DeRP SR
asemenea;® REVHUY DW pentrY pab&dlob BerkSe suntfoartesimilare cuvaloarea

= 1,018 mJmol K% U D S Rp¢tDK¥e,Se [158@ FHHD FH VXJHUHD] FDOL
a probelomoastre

O9DORDUHD FRHILFLHQWXOXL 6.p&hBuHDbhd © stperCpnuudidaateld Q
IRVW FDOFXODW GLQ GHSHQGHQ D GH WHPSHUDWXU D F
entropiei latemperaturd., folosind expresia

iiYi/lﬂ’@ & iin]J@ 6 (5.1)

Valorile n sunt de asemenea prezeetatQ 7DEHO XO FR P SR RUMEEXSe,
valorile n GLIHU VHPQLILFDWLY SHQWhidiXi SHAWH XG ISQ FGEHHG LGV
SHQWUX v Qrighe&HDFAHYVWDHL YDULD LL DX IRVW DQDOL]DWH G
DSOLFDUHD FKkP,SXQOKLURDBRAWUREEX LD IRQRQLF L PDJQH
FX FHD SHQWURR @ kPG QJIXUD HVWH SUH]HQ® VW U GWIHH |
FKPS QXO L vQ FkPS GH 7 vQ IXQF LH GH \WsHebSaA Pedtid X U
toate aceste probe, anomal@G L Q Y H F le@p&valuWTHéte destul dev@st L O LPHI
DFHVWHLD QX find ¥ Xi© W HP D L Rleplasdsdd Eeknperatufi GH FkP 9X0 GH
[5158@ (VWH LPSRUWDQW GH PHQ LRQDW ORISWX® foRrte DP S
DVHP Q WRDUH SHQdékH del @A HEeL FRH/ 13 G ReBEEPOUWHL F OGXULL V
electroniceCel. AcestIDSW VX FHUMHFHGXUD DSOLFDS®D DV HVMHPHEF
SRDWH FUHD HURUL VHPQLILFDWLYH viQ $FOD® X|[®X)X2 FPARHIL F
XUP WRDUH O Hsuipin¢mar&epidtdiev @ LEBWE@ GFkPS QXO SHQWUX W
mari deTc VH REV&ie ¥D BH UQ & E Wstpratdn@uetibilit L LL aRela temperaturi
FXSULQVH VQWUHFDUHL VXJHUHD] SUH]Hmenre@HWQWV LUL OR
VXSUDFRQGXFWRDUH (VWH QHFHVDU GH PHQ LRQ®WHDEBW
supraconductoarg fost REVHUYDW R DQRPOELUHUWGHBRW® DQW HAQY D (
temperaturi de la 20 Kla 40 RresupunenF DFHDVWD SRDWH IL DYyd&delaie W F
GDWRULW QHRPRJHQLW LORUtLQ@WHD®WH FH DRV SUADEMQD
vQ FRQVdeGddéRralcbntribuLHL UH HOHL U XPRX@RQYLORU
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7TDEHOXO 3DUDPHWULL FDOFXOD L GLQ GDWHOH

Rbl—xFGZ—ySQ—zSz-
Proba Substitu ia (OK) D n N
z mJ/mol | mJ/mol mJ/mol | St udVv

K? K4 K K? u.f.
BR19 NSC 0 - 097(1) | 2154 - -
BR16s1 0 0,18 1,10(1) | 2065 107 45
BR16s8 0 0,24 1,07(1) | 2084 107 45
BR26s1 0 0,09 0,99(1) | 2139 6,2 26
BR26s6 0 0,08 104(1) | 2104 7.1 30
BR26s11 0 0,30 104(1) | 2104 13,7 58
BR26s12 0 0,10 102(1) | 2118 9.8 42
BR26s13 0 0,09 0,98(1) | 2146 74 31
Media 0 0,15 1,02(1) | 2118 10,3 44
BR98 0,25 0,51 0,91(2) | 2200 53 23
BR96 0,5 0,23 0,83(1) | 2269 39 1,7
BR80 10 0,12 0,79(1) | 2306 35 15
BR87 10 0,25 0,78(1) | 2316 37 16
BRS82 11 0,23 0,77(1) | 2326 15 0,6
BR107 12 0,81 0,764(6) | 2332 1,4 0,6
BR109 13 0,81 0,764(6) | 2332
BR97 20 151 0,533(6) | 2629 -

Fig.5.22”HSHQGHQ HOH GH Fig.523.DLIHUHQ D QP WDXQU
F OGXULL VSHFLOddgehtriH O FKPS QXO L vQ FkPS GH
probele RbgFer sSe din diferite serii. temperaturd pentru probe RizFe sSe

6 JHDWD P DWW B Udinldgtéden selectate
VXVFHSWLELOLW

&X FRQGL LDCEFSHOQORNL®HHULWH SUREH VXQW DFHOHD
vQ VF GHUHD FRQWULEX LHL IRQRQLORU L PDJQRQLORU (

130



SHQWUX DS W-HO0 SWfBSE Hediake. Valorile calculate ale parametrilor rpedéatele
PHGLDWH VXQW DU WDWH vQ 7TDEHOXO ,peftiu@dRelunddaté R H
este 10,3nJ/(mol K). Saltul specific redus & G/ nTc, pentru datele mediate a fa 0,79.
SHQWUX SUREHOH FX FHD P R&2ml/nol ¥ eaRIDIgdtifiE RAuE [E.@ D W
IRVW FDUH HVWH SX LQ PDL PLF GHFKkW SHQWUX WHRU
VODE $FHDVWD GLIHUCHYHQ LRBD IGHXYD CORINXVIHDSEFIRE,S X V X
careeVWH R FDUDFWHULVWLF SHQWUX FXSODMXO SXWHUQL
DFHVWH GRX VLVWHPH VLPLODUH QHFHVLW VWXGLX VXS
QHFHVDU R PHWRG LQGHSHQGHQ@W GH HYDOXDUH D SDU
)LIXUD DUDW GHSHQGHQ D F OGXULL VSHFLILFH H
W HP SHU D WTx pedtrir prabéld. supraconductodRerFeySe.,S, FX GLIHULWH VX
Magnitudinea anomalieOla T DUDW R VF GHUH FRQWHRBX FHX WXXIHEHUM
UHGXFHUH D FDQWLW LL IDJHL VXSUDFRQGXFWRDUH &X |
Ca lacoeficientuluiSommerfeldn. $SFHDVWD LQGLF F VXSULPDddrd@&eV XS
ORF REOWUH WHUHMHWVYWBVWIWRXLMHLGH UHGXFHUHD GHQVL
$FHDVW FRQFFROXILHEBIWEBWHOH GLQ )LIJXUD SHQWUX S
din sistemuRbi.xFeySe,S,cDUH DIUBWHQG@ D vQ F OGXUD VGHAPRPAUD WH [ €
FKPS QXO L vQ FkPS GH 7 vQ IXQF LH GH WHPSHUDWXU

Fig. 5.24."HSHQGHQ HOH GH \ Fig.5.25.DLIHUHQ D QP WIXQML
F OGXULL VSHFLGddentrtH O FkPS QXO L vQ FkPS GH
probele RbxFeySe,S, FX GLIHULW temperaturd pentru probele cu diferite
z V X E V Wdinéi¥temul RbsFexySe-,S.

SD VWDELOLW F RGDW #XHFOB WOINHD \DXEHVO®RW R IUHG
de aproape 6 ori, a magnitudinii anomal@iGLQ F OGXUD V6 KHALH\FW MPRDW/D C
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GLIHCH-QTD 2 UHGXFHUH PDL PLF GH OD OD RUL D IRV
a parametrlui n pentru aceste probe (vezi Tabelul 5.&. HVWLPDUH FDQWLWDW
UHGXFHULL GHQVLW LL VW ULORU FX VXEVWLWX LD HVWH
VSHFLILFH HOHFWURQLFH PHQ LR @D jivdbele Ba> O/ Kdte irhpatanD W L
GH PHQ LRQDW F UHGXFHUHD GHQVLW LL VW ULORU GH ¢
F OGXULL VSHFLILFH HVWH vQ EXQ DFRUG FX UH]XOWDWH!
F RGDWHFXYHUHD VXES/MQWWXXLHH CGMWHDQHIFWD YR WRIWWD OH G
WHPSHUDWXUL PDL vQDOWH GDWRU W PritJ Hr@aaftd- suprimareB R U |

temperaturiiTc v Q V L \RWHF&.)60.,S, poate fiatribuit anumeacestuimecanism.

'LDJUDPD GH ID]
YLIXUD SUH]a@W |@gehuldiseuRbxFeySe-.S;, care UHSUH]LQW
totalizare a rezultatela@tudiilor efectuatev Q O X Ealt@dJnkhi mici temperaturW WDUHD GH
D SUREHORU EX VXBEWWHLWXSUD F R Q GXURVDR\DXUEH V& IXWPE&iddH\WV D

WHPSHUDWXULQ QW DWHDQGI& LH

Fig. 5.26.D L D J Ud2 RazaTl-z pentru sistemuRbixFeySe.;S,. Starea supraconductoar8C,

PHWDOLF DQWLSHWURPBDUBWDBQHWLF FXPVMINEDQ H RUC

SDUDPDJQHWLF 1 U RUBRDDUHDLYDFDMMUHORBW YHUWLEF]
i nesupraconductoare.

5.8. Concluzii la capitolul 5

1Q FR Q Ktdilldetalate de structuii, SUR S U LiHaghetic€ Boddudtili W LL L
termodinamice efectuate asupra probelor din sist&lFeySe.,S, DX HYLGBQ W DMX O D
importante ale acestui sistem:
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1. 6WDUHD VXSUDFRQGXFWRDIHHP2IG\DIWWFSQWE D D¢ X\
WHPSHUDWXUD GH W/\DDUDYW LGRHWUM \QWM P B IR Pe@truz=H OD
SkQ OD ZSHQWQRXFRPSRUWDPHQW QHPRQRWRQ D
PDQLIHWMPSXO FULWELF VEKBHHLRRWLQJH YDORDUHDR GH
=025.

2. StareaaniRWURSLF $proptietadeFDBDFWHULVWLF SHQWUX WR
RbixFeySe,S; LQGHSHQGHQW2GH W XFEMWWW X HIHH VXEVWLWX
WUDQIJ]L LH vQ VWDUH $)0 DUDW R VE-®HUF KRty L Q X
=2.

3. 6WUXFWXUD RUGRQDW D YDFDQ HORU GHulirtesd €W U X
VXEVWLWX LLUDHQRMS RUBRWXOBRWVWUXFWXUDOHTys® VWL
VEKLPE QHPRQRWRQ FX VXEVWLWpentrix= 8 S Q68K VF D
pentruz=1, L DSRL FUH WH GLQzO®X OD . SHQWUX

4. 9DULD LLOH GLVWDQ HORU L Xd&pddtaterX O/KE VGAL QWX H WD
VF GHUH D GLVWRUVLXQLORU VWUXFWXUDOH

5. )DJHOH 6& L $)0 FRG[DWDQMPWHQW GH ID]JH VHSDUD
V XEV W Ek W X)),Ldimensiunile ,,stripe -urilor SC sunt de ordud micrometric
&RPSR]L LD af2stdithwmet i 7osesfFe2o17qc05€¢ vQ WLPS FH &@HQW |
corespundsstoichiometrieiRbpsFeiesSe 3HQWUX SUREHOH FX VXEVWL
6& L $)0 HVWH UHDOL]DWeshibinisténietdu GH OXQJLPH

6. Latemperaturimimari GH WUDQ]L lmixigs8H L PDISUREHOH EX VXE
1, PDQLIHVWDhIFRWEG XHWDOLDBDD WHWERSDAMXUL PDL PDI
metatsemiconductor. Stare&sH ED] HOWMWFWURBHORU FX VXEVWL
L Q F O Xdlki@uz HVWH GH DVHPHQHD PHWDOLF

7. 2 UHGXFHUH VHPQLILFRDAMWL ¥ OO XOUWIR BOGIEFHLLF OD WU
reducere aGHQV VMW WLORU GH Q Pbar® podteegpkc@ V)HUIWPLPDUHD
supraconductoar&é¢ DUH VH REWVHUNYU R @/BIWHDQVXEN VW WX VL\WMH P

&21&/8=,, *(1(5%/( , 5(&20%$1' 5,
iQ XUPD FHUFHW ULORU HIHFWXDWH vQ OXFUDUHD D
UHFRPDQG UL
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X $X IRVW HODERUDWH UL RSWLPL]DWH UHJLPXULQOHH WH
monocristaline perfecte ale unor materiale din familia calcagdnORU GH ILHW\Te,L DQ
FerwTeixSe, AFeXz (A= Rb, K, CsX =S, Se),u L 5fkeySe.;S,.

X $ IRVW HIHFWXDW VWXGLXO FRPSOH[ DO SURSULHW L
HOHFWURQLFHFBLE FeRTRSSeIAFRR B = Rb, K, CsX=S, Se),uL 1.&5&
ySe,S, VAWQ LQWHUYDO ODUJ GH WHPSHURWXXUL PDIJQHWLFE
X SHQWUX SUREHOH PRQRFULVWDO L Q étriipincip@lidsétvieturBliX IR\
SDUDPHWULL UH HOHL FULVWDOLQH SR]JL LLOH LRQLORL
PDJQHWLFL WHPSHUDWXUD GH WUDQ]L LH PDJQHWLF daL
FKPSXO FULWLF VXSHULRU FEBERPRBHXOHBWGL WAHQ WFLIRMDIW HID-
YHUPL SULQ LQWHUPHGLXO F URUD DX IRVW H[SOLFDWH V
X $ IRVW GHPRQVWUDW VWUXFWXUD XQLID]LF L DE
FRPSX LORU XQAFR8X: AR R, Rh,REX>S,lSe). Spectrosc@pcu raze X cu dispersia
GXS OXQJLPHD GH XQG D HYLGHQ LDW FRPSRIJDLDWWRE
VXVFHSWLELOLWDWHD PDJQHWLF PDQLIHVW XQ FDUDFW
regiXQHD SDUDPDJQHWLF L DUDW RUGRQDUHD DQWLIH
VXVFHSWLELOLW LL PDJQHWLRH FNDWXNXD GH WXHIRHSHADD WEXC
FRPSXAE®XRU SUHVXSXQH R LQWHUDF LXQhhirE X\WeHUQLF GH
X $X IRVW GHWHUPLQD L SDUDPHWULL VWUXRW&tUDOL
GLIHULWHxWOXEWNIWWULQ VWXGLLOH GLIUDF LHL FX UD]H ;
PDJQHWLFH DX HYLGBQWIDWURPOBRIHWIHD vQ olSBPSXLLL
FeTeSe s Pentru probele FeteSe sa fost depistata starea ,,sgglassOLNH”~ 3HQWUX F
FeTesSeez P VXU WRULOH PDJQHWLFH DX GNWRRQVMWDRWLSRVE
cuVWDUHD VXSUDFRQGXFWRDUH ILODPHQWDU

X 0 VXU WhiktgreZsthi PDIJQHWLFDX HYLGHQ LDW YDORUL vQ
critic jc pentru probele supraconductoare Fgsbeys FDUH VXXQW DWULEXLWH
LQWULQVHFH GLQ FPKX]D LEBDHRUFOGMQARIQNVBH L DQLRQLFH 2
YDORDUH PDL PDUH D FXUHQWXOXL FULWLF GHHRMMSURE
IRUPDWH GH LPSXULWLOKCcEDSHRDNVUWBD FFHJHQW X O FUWWLF FI
FeTesSes HVWH FHD PDL vQDOW YDORBd$eLkTEEDSR QW DKW FIHDU
PDUH GH WUDQVSRUW DO FXUHQWXOXL vQ DFHVWH PDWH.L
DSOLFD LL vQ HQHUJHWLF
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X 0 VXU WRU L spetiffee entdulptobele FegsSesys DX HYLGHQ LDW R YD
GH PLF D FRHILFLHQWXOXL 6RPPHUIHOG UH]JLGXDO Ft
VXSUDFRQGXFWRDUH SkQ OD L GHPRQVWUHD] FDOL
X 1Q SUHPLMWW X FREOSKeESE,S,sD GHPRQVWUDW F SUDJX(
VW ULL VXSUDFRQGXFWRDUH VH DA¥UQR.JFHD O®HPRY AHIPWU B
VXSUDFRQGXFWRDUH FRH[LVW FX VWDUHD D QixddégenderRtP D J:
GH FRQFHQWUD -1IDD VWIWKEEWILIWX FILHID BWHU XO DQL]RW URWSLW
F WHPSHUDWXUD 1pH0Qe Wa¥1b K penfx VXENQVLOMX L z=2H€ERHW U X
FH LQGLF UH G Xirilét dritf@om&yneétitel D F

X BHQWUX WRDW UHJLXQHD PRhhkFe/, 8¢ %Vé-h \Atabilit trueiQraV/ L V \
FULVWDOL Qe fieK Sd®dbilt¢ HWHPSHUDWXUD GH WUDQ]JLWLH VW
RUGRQDWH VH VFLPE QHPRQRWRQ FX VXEVMWLWS3KMH GID C
Kpentruz=1, L FUH WH GLQ QRX 3k® OD . SHQWUX

X SD GHPRQVWUDW F OD WHPSH U DREXRLS®.S,LF R L\NFXEGNV LV
z" 2 PDQLIHVW FROQEGHWFWQEREOLMWIMWED WHPSHUDWXUL vQ
semiconductor. D J VLW F VWDUHD GH ED] [ naRRagXlel20iftlusiF X FR
probei cuz HVWH GH DVHPHQHD PHWDOLF

X SD VWDELOLW R UHGXFHUH FRQVLGHUDELO D DQRPEL
supracondulRDUH FDUH DUH @R B HOG B WE VFDWRt e Ser. 13, beed/ o H P X
LQGLF UHGXFHUHD GHQVLW LL GH VW UL ODsu@rimai® XO
VXSUDFRQGXFWLELOLW LL REVHUYDW RGDW FX FUH WHL
X &RQGL LLOH GH SUHSDUDUH D SUREHSIRRS UQ&KHddLAD R D
SXULWDWHD PDWHULDOHORU LQLmMix&yeédH FRIRW X LL BB RRUFWX P U |
SUHFXP L WUDWDPHQWHOH WHUPLFH SRVWHULRDUH VXQV
vOQDOW L SOLFDPHWOWLY IV LK Q
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08/ 80,5,

/ID ILQDOXO DFHVWXL VWXGLX VXQW RQRUDW V DGUH
GH FRQVLGHUD LH FRQMWXFUWRDXO XX U MDLQ (@@riOL@enPanéhta
VQGUXPDUH VSULMLQLUH SHQWUX U EGD thHunguHp@rivddBi | L W |
GH SUHJ WLUH D GRFWRUDWXOXL L GH HODERUDUH D DFlI
OD IRUPDUHD PHD FPHWRKFBEWIWRUWOEODEKUWDWHD GH D H
WHP GH GRRKWRARGNSHUWR QDB D RBRRIWGK@QIGXDWHD GH D GH
FHUFHWDUH ™ SH FDUH vPL GRUHVF V R DSURIXQGH] vQ YL

'H DVHPHQHD GRUHVF Vor éokiBieXde\HY/G URKBRBED{ba®) lon,
‘U %RXUR 3IDrYReleaMorel SHQWUX VIDWXULOH L VXJHVWLLOF

0XO XPHVF FROHFWLYXOXL /DERUDWRUXOXL )L]JLFD
5 G X DQX" L DGPLQLVWUD LHQLFDMW LSHXQWKIDXX IV SUHL ML]Q K C
RELHFWLYHORU SURSXVH vQ WH]

0XO XPHVEUDY RY 9hrFRAippbva Irina pentru posibilitatea de a efectua
P VXU WRULOH GLIUDF LHL FX UD]JH ; SH SUREH PRQrRFULYV
SULYLQG LQWHUSUHWDUHD L DQDOL]D GDWHORU H[SHULF

0XO XPHVF HRORabxOXlian, SHQWUX GLVFX LL ITUXFWXD
constructive asupra tematicii tezei de doctor.

0XO XPHVF FRODERUDWRULORU &HQWUXOXL GH &RU
([SHULPHQWDO 9 ,QVWLWXWXO GH )L]LF DO 8QR¥HMW VLW
, VWYDQ .p]8SAQ@WUX SRVLELOLWDWHD GH D WIHFOWWN{D FPXDOX)
Prof. Dr. Alois Loidl, PD. Dr. Hans-Albrecht Krug von Nidda, Dr. Zakir Seidov pentru
GLVFX LL L UHFRPDQG UL OD WD DankHRdutelpErtrWWdprigiH si 0 X O
DMXWRU vQ P VXU WRULOH '6&

1X vQ XOWLPXO UKRLD LHXO XBHVAWB QLORU SHQWUX v
caremileDX RIHULW vQ DFHDVW SHULRDG

0XO XPHVF SHQWUX VXSRUW

SURLHFW ,QVWLWX LRQDO &66'7 $

SURLHFW SHQWU)CSSDTQIH.8001E6RUGFHW WRUL
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