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BBEOEHME B MAIMHETOXUMWIO
KOMIMJIEKCOB JIAHTAHOWNOOB

Aptem boromsikos

OI'bYH UHctutyT « MexayHapoaHbi Tomorpadoumydeckum ueHtp» CO PAH
HoBocnbupck
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MarHetToxmmma

- pasgen XxMMmuu, nsyyvarwuwmm MarHUTHble
CBOUCTBA BELUECTB, a TakKkKe UX CBA3b CO
CTPOEHMEM MONeKyn

- TEPMUH «MarHETOXMMUSA» UCMONb3yETCS
KakK KpaTKUI aHanor BblpaXKEHUS
«uccnegoBaHne XMMUYECKUX COoeaUHEeHWUWN
MarHUTHbIMW MeTogaMu»
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BewecTtBo B MarHUTHOM roJie

BHyTpn obpa3sua co3gatoTcsa AONONAHUTEIbHbIE MAarHUTHbIE Noa. B pesyabraTe,
MarHUTHOe MnoJie BHYTpM obpasua onpeaensieTcsi BblpaXeHUeM:

B=H +4
- BEKTOP MHAYKLWUM MAarHUTHOrO NoAas BHyTpM obpasuya

H - BEKTOP HaNpPAXEeHHOCTU BHEWHETO MarHMTHOI O Mo

| - HamarHuueHHocTb egMHMLLI 06beMa BellecTBa

MarHnTtHaa BOCAPUMMYUYMBOCTb (X ) - Ko/nu4YecmseHHass mepa omkauka
Bewecmasa Ha sBHewHee MazHUMHoe nose

B=H +4ad =H +4mH
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X =Xdia+ Xpara
ﬁ,CMB/MOHb
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— obycriogneHa Hanu4uem nocmosiHHoO20 MagHUMHo20 MOMeHmMa,
KOMOopbIU rpu MpurioXeHUU 8HewWHe20 Ma2HUMHO20 Mosis
opueHmupyemcsi 800/1b HarpasreHus rorsis.

[TocmosiHHbIU Mag2HUMHbIU MOMeHM Moxem bbimb 00y Cri08reH:
S -- HecrnapeHHbIMU 3/1eEKMpPOHamMu, cobCmeeHHbIU MagHUMHbIU MOMEHM

(criuH) KomopkIX HU4YeM He ypasHo8eW eH

-- OpbumasibHbIM MOMEeHMOM 3JsiekKmpoHa. MazHumHoe rnone
803HUKarowee rpu 08uUXXeHUU 37IEKMPOHa BOKpy2 Adpa

I -- 5l0epHbIM cnuHoM. Hekomopesie si0pa obrnadarom HeHyresbiM
CIUHOM, KOmophkIU co30aém Ma2HUMHoe riorie.
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OcobeHHOCMU nnaHmMaHouoos8

B cnyyae 4f-noHoB (anemeHTbl P3M) Hanuuune
CUNBbHOW CNUH-OpOUTanbHOM CBA3WM MNPUBOAUT K TOMY,
YTO «XOPOLUMM» KBAHTOBbIM YUCIIOM SABMSAETCHA MOSIHbIN
MOMEHT KONnyecTBa ABUXEHUS

J=L+ S

JJ+1D)-LL+D+S(S+1)
2J(J +1)

g, =1+



ﬂpamaaHemWM 803HUKaem 8crieocmeue U3MeHeHUSs aHepeuu
ypOGHelj amoma ripu riomeweHuu eco 8 MacHUMHAOe riorsie .

OcHoBHOE ypaBHEHME MarHetoxumum — aTo popmyna BaH drneka, kotopad
aaet obulee BblpaXkeHne Ang MonsipHOM MarHUMTHOM BOCMPUMMYNBOCTH:

N> [(EP)? /KT —2E? 1exp(E, /kT)
> exp(EJ /KT)

Z:

(i) - KO9(pPULMEHTbLI PasnoXeHNss SHEPTUN N-TO YPOBHSA MO CTEMEHAM

n BHELUHEero nonsd

E =E +EYH+EYH® +...




YpaeHeHue BaH ®rieka

Ecnn unmeetcsa TONbKO OOAWH 3HEpreTu4eckum
YpOBeHb C J, Toraa
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YpaeHeHue BaH ®rieka

Ecnn ocCHOBHOE COCTOAHWE — CUHITIET, a IHEPTInUsA

BblLLIENEXaLLnX BO30YKAEHHbIX COCTOSAHMI >>KT, Toraa

E(Z)

n

x=N>(-2E?) =N«

— ompuuameribHa, a e€ 8knad 8 MazHUMHYK 80CIPUUMYUBOCMb
rnonoxxumerneH. Takou ekrad MnocmMosHHbIU U HOCUM Ha3eaHue
« TemrniepamypHo-He3asucuMblIl napamazHemusmy (TIP)



La

Ce

Pr

Nd

Pm*

Sm

Eu

Gd

Tb

Ho

Er

Tm

Yb

Lu

YpaeHeHue BaH ®rieka

B npubnmxeHun cBoOOAHOrO MOHA, MOMSAPHasd
MarHMTHas  BOCMPUUMYMBOCTL AN MOHOSIAEPHbIX
KOMMJIEKCOB MOXET ObITb NpeacTaBneHa B BUAE:

Nnglué‘J (J +1) n N:Ué(gJ -1)(9, —2)

J) =
2(J) 3KT A
‘ l \ /
Y |
TemnepartypHo-
3aBucut oT T He3aBUCKMbIV
3akoH Kropu napamarHeTuam
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OcobeHHOCMU nnaHmMaHouoos8

- Haubornee xapakmepHa cmereHb OKUCIeHUs +3

- CnuH-opbumaribHoe 83aumoodelucmaeue 3Hep2emu4YecKu
bornbuwe Kpucmarsniu4eckoa2o roJss U eospacmaem ¢
pOCMoM rnopss0Ko8o20 HoMepa

- MacHumHsbie ceoluicmea oripeoersisstomcs 4f
3IEKMPOHaMU, KOmopble XOpoWw o 3KpaHUpo8aHbl

- Huskonexauwue ypo8HuU riepemewiaHb! CriuH-
opbumarnbHbIM 83aUuMo0elicmeuem

- MexuoHHbIE 0bMeHHbIe 83aumoioetcmeaus criabbie
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| 93+ 410

3 2 1 0 -1 -2 -3

S=0 L =

ouamaaHumeH

- Hacmo ucnionb3yrom 05 duamazaHUmMHo20 pas3baesrneHus
Komririekcoe P33

- [lns onpedeneHus OuamazHUmMHou cocmaernsnoueu
rnapamazHUmMHbIX KoMririekcos P33 uamepsirom 8ocripuumM4yu8ocmp
uzocmpykmypHbix komririekcos La(lll)

180 Mo = 0.0
T =0.0

0= - .
cm’K / mol
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A

2
T “Fap

AE =7/2-\
~2200-cm™

|'.' Fs

S=1/2 L =3
J=L+S={5/2,7/2}
E,=AJJ+1)/2
A~ 640-cm™

2 =2.54
F5/2 Hlets Hp
- T =0.804

g, = 6/
: cm’K /mol




La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Ho

Er

Tm

Yb

Lu

AE = 6-A
~ 2280-cm
\ 3H5

AE =35-A
~1900-cm™

- 3,

S=1 L=5
J=L+S={4,5, 6}
E,=AJJ+1)/2
A~ 380-cm™

3H4 Mg = 3-98 14
5 I =1.60

g, =4/
: cm’K /mol
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AE =15/2-\
~2200-cm

15/2

—— 4

AE =13/2-\
~1920-cm

13/2

4
+
AE=11/2-A
~1620-cm™

A4
== “,,,

11/2

1 0 1 2 -3

S =3/2 L=6

J=L+S-=
{9/2, 11/2, 13/2, 15/2)
E,=XJJ+1)/2
A ~295-cm
4|9/2 Mo = 3.62 145
g =gy AT =163
cm°K /mol
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CHL L IR
Nd3* R o T S
1.8 . .
EL 4|
15/2
AE = 15/2:)
~ 2200-cm™!
— 4|13/2 0 50 100 150 200 250 300
AE = 13/2:) TR
~1920-cm
—— 4. 4|9/2 Mo = 3.62 145
AE = 11/2:)
~ 1620-cm’? _ ZT :1636
4 g, =8/11 :
el P cm°K /mol
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34 4+ |4
Nd3+ 4f 3 2 1 0 1 2 3
E‘ 9,
4 o C
15/ 8 2
© 3
AE = 15/2-) % =
~ 2200-cm’? = E
L. 4 3 a
13/2 o
AE=13/2'_71»
—— 4. 4|9/2 Mo = 3.62 145
AE =11/2-\
~ 1620-cmt _ )(T — 1636
4 g; = 8/11 :
LY cm’K / mol
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CHE L K
Nd3+ 4f B N
-9/2, +9/2
EL 4 4
|15/2 I 9/2 -712, +7/2
AE = 15/2:) -5/2, +5/2
~2200-cm™!
-3/2, +3/2 —
4 ARl
) I 13/2 Mone MarHuTHoe
N ok NUraHgoB none
4 4 =3.62
AE = 11/2:1
~ 1620-cm! )(T —1.636
gy =8
- %y, cm’K / mol
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el — 4,

AE =15/2-\
~ 2240-cm!

—— 4,

AE =15/2-\
~1960-cm™

— 4,

AE = 13/2-%
~1680-cm*!

4

AE = 5% 5

~1400-c m5 I

J=L+S=
{4,5, 6,7, 8}
E,=XJJ+1)/2
A~ 280-cmd
5|4 Mo = 2.68 145
g =5 AT=090
cm’K / mol
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——5H

AE =15/2-)\

15/2
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~1250-cm

¥ 6

T H 11/2
AE = 15/2-\
~1050-cm™!

L__6H
A

AE =13/2-\

~ 850-cm™?

[&=-H,,,

AE =T7/2-\

~ 670-cm’?
= 6H_

9/2

S =5/2 L=5

J=L+S={5/2, 7/2,

9/2, 11/2, 13/2, 15/2}
E,=\J(J+1)/2
A~190-cm™

6 =0.84
H5/2 Hess Hp
2 »T =0.089

9, =2/
cm’K /mol
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6H5/2 Mo = 0.84 145

=gy AT =0089
cm>K /mol
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,__ b6
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. 6
AE = 7/2'}\4H 7/2

~ 670-cmé
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45+ * ¢

- Cnekmpsbi momuHecyeHuyuu Sm(lll)

coomsemcmeytom riepexooam:

A4
G5/2

> GHJ
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{,1,2,3,4,5,6)
E, = A J(J+1)2

A~ 350-cmd
7FO Hee = 0.00 45
5 T =0.000
0= - .
cm’K /mol




Eus*

E 1‘? 4 F6
AE =6-A
~2100-cm™

. AE =5\ 7F5
~1750-cm™
.ﬂ_" 7
AE =4 F4
V~ 1400-cm?
—— 7F,
AE=3-A

~ 1150-cm

=2\

7|:2

Af6 [+ ¢ F 7
3 2 R
. T=300K
—IE L _E,Lleff :34lLlB
' T =145
= 1em*K /mol
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Her =0.0024
T =0.000

cm’K / mol
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AE =6-A

A4
AE =5-A

l?

AE =4-\
~1400-cm
AE =3\

~ 1150-cm

=2\

~1750-cm™
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A6 8 T8 [F F 1
3 2 1 -1 -2 3
C8NZ  2.085
ALt 1 2
i 6.5% - yAR: z6‘10_3
N erimo
2 ._
46“';0“'iﬁd"iébuééd”ihsduégo A= 3SOcm_1

T/K

-
e
g; = -

Mo = 0.00 245
T =0.000

cm’K / mol
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AE =5-A
~ 1500 cm?

I — 7|:5

AE =6-A
~ 1700 cmt?

S=3
J =

L=3
L+ S =

(0,1, 2,3,4,5,6)
E, = L J(J+1)/2

A ~-285-cmd
7|:6 Mo = 9-12 145
0. = 312 2T =11.81
cm’K /mol




La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Ho

Er

Tm

Yb

Lu

Dy3+ 413 '1‘3‘1' '1‘2\1' 'T‘l 'T‘O 'T‘_l 'T‘_Z 'Tts
- S=5/2 L=5
T sz J= L+ S ={5/2,7/2,
o H) 912, 1112, 1312, 15/2)
| AE=11/2-?H9/2 E‘J = kJ(J—I_l)/Z
I A ~-380-cm?
AE =13/2-)\ 11/2
*~25°°°gH 6H15/2 Mo =10.65.4
o g,=4/3 4~
=y, cm*K /mol
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Erst 4+ Tf Tj Tf w T.l 'T‘-z 'Tts
A S = 3/ 2 L =06
E
. J=L+S=
w0 {9/2, 11/2, 13/2, 15/2)
— Ay, Ej =002
e % ~ -800-cm-L
|— 4|
0 13/2|] 4 = 9.58
AE = 15/2-\ |15/2 ILle_-II:I 11 48ﬂB
~ 6000 cm't _ )( — :
= 6/5
e 45 o) cm>K /mol
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EA S=1 L =5
- 3|_|4 J=L+S5S=
AE=5-x_ {41 5’ 6}

3y E,=XJJ+1)/2
I > A ~-1300-cm2

N 3H6 Mo = .90 145
) 2T =7.146

g,=7/6

le=- °Hg : cm’K /mol
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g =g AT =257
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T =0.0

;= - .
cm’K / mol

180 Mo = 0.0145
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OaHoMonekynsipHole marHetuku (SMMs)

»BblCcOoKas aHusoTponua (D)

»00nNbLLOE KONMMYECTBO HECNAPEHHDIX
9I1IEKTPOHOB

>Tb (1), Dy (111), Ho (1), Er (1ll) (bonbluoe
3Ha4yeHue M;)

»>crnabble MEXNOHHbIE OOMEHHbIE
B3aMMOOENCTBUS

Th3* Dy3* Ho* Er* Tm3*

7 0 5 4 3
I:6 H15/2 |8 I15/2 H6
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OaHomonekynspHole marHetuku (SMMSs)
H=DJ,?

5-
4
34 —o05kK

1.8 K for dilution
24 —18K

——22K
11 —30k
0] —40k
1]
-2
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-1.0 v

-4 3 1000500 0 500 1000
5 H/lOe
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CINACUBO 3A BHNUMAHKE!!




