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Abstract

The field of low-dimensional magnetism has received considerable
attention in recent decades, as the theoretical modeling of interactions at
low dimensions can be done easily, and novel phenomena often occur
experimentally. This thesisreports a nuclear. magnetic resonance (NMR)
study of the quasi-one-dimensional antiferromagnetic (AFM) spin-chain
system, SrCo,V,0s, including a detailed study of its magnetic phase
diagram.

We measured the V°* NMR spectra at different temperatures and
magnetic fields. For a fixed NMR field (~26.8kG) applied parallel to the
c axis, the temperature-swept spectra show an onset of AFM transition at
4K, but there is a coexistence of paramagnetic and antiferromagnetic
phases down to 3.9K. Following that is a spin-flop transition in the
range of T=3.3-3.9K. The stable AFM state finally occurs below 3.3K. By
analyzing the spectra, we found that the antiferromagnetic ordering of
Co*? moments is commensurate with the lattice.

We also investigated the field-induced metamagnetic transition by
taking the V°' spectrum at several different fields across the phase
boundary at 2.5K. We found that the metamagnetism is caused by the
spin-flop transition, and not the paramagnetic-antiferromagnetic
transition.



Our findings will also facilitate a better understanding of similar
quasi-one-dimensional spin-chain systems such as PbCo,V,0g, as well as
related theoretical studies.
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9 3cos 6 — . (3cos’ 8 -1
(.r_ L (,)L — (()‘;) L{l) (I)L (i)j,_ + (.‘i{.) 7}

R 2-10 ¢ > 3 RIS ARERA L FE A (Satellite Line) o

R

.3 ey
Fl2o RIgF A e ik s HIRS S

|=g:€~ G > 4ol 2-11 S 0 g EE A i B B A A I et

A G fie =+ 4k (Nuclear Quadrupole Resonance)[15,16] -

m:ii
2

| 5
=4 3
2 m=t=
—————————Q:‘ 2
‘\\ . - 1
S —— m=*t—
2

Bl 2-11 &35 g, g A A

21



2-10 Yoo B £45 PR (Spin-Lattice Relaxation

RFP ety L4 BB EAM  Fd AT EEy RET

iR R AR B R R ER R (T £ R b
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DR PR B oAz w2 3 % (Hlyperfine Interaction):ha
Lo FIBT I grBendp s L Ll %ﬁd 2P AR B - FEPRR
12 # (First-Order Time-Dependent Perturbation Theory)® # %

-+ 4 %= (Fermis Golden Rule)) :
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HY o P 53 R PEREE B ad S0 H S &5 7 4p B ¢0 Hami 1 tonian °
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He o <th (t)H, (O)> % 48 B Svfic(Correlation Function) @ 9 o p#
Bt 0 pFH, i AL 0 RIS M ARG 0 F 2

B3k th (t) e AT R +ho- I P
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t
<H e (D) H e (0)> - ho2e - (2-30)
#B¥ o fiLi Ak PR (Correlation Time) e
#(2-30) 5 F » (2-20)50 ¢ > 718
1 y°h’r,
?1 _W (2-31)
EEBHHF? o ¥ g7 ok &fF5% (Fermi Contact Term)?® 3K A

d 3B 23 8% (Fermi Liquid) > T, £ K Lﬁ < Korringa

relation - °F

2 _ h 7/e2 - —
TTK" = /A= constant (2-32)
7R

’n
Ry fer, A s T AR T SRR K S A #E
# (Knight Shift) -

B0 BAARR TR 8 TR TR 2R 2 enfy

§ o BRMAI R AR AR 2R R (DM G5

-

T

Tl(l-T—)_"l T<T,
7.(T) =+ T i
[ (T_ 1) T,
ST (2-33)

2T AAARER > rfrr, s ¥ ¥ fe b (2-3D)F » Wy GdeiT

RERFE T EF Bt B 4o 2-12 M7 5 F e & o
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$=% H5EFe NMRERSZ

-1 H&EEH

d %?f’?@#ﬁ{%%-ﬁ REDBEATR > AR BLER D
# 3] NMR erdicdy - F ﬁ“)Tﬁ»%' B AR BFIRERE 4ok £ 7 &
e BEREH BN R kR s (Skin Effect) o
i h s Ko SR S SICOV,0, & H fh et £ B 5 T E g
b BEERETT o 7L P esEaity (Magnetrogyric Ratio)
22 Cu vty enfiipo T E T A2 RF] Cu o NMR 5t - A9

Fefk P Bk IERE o Fl 31 S -

Bl 3-1 &8 EmmE

25



3-2 NMR:h& P2 2

AR ONMR BRI 2 5 0 p %% F (Spin-Echo)iz & 4 4r
-k #& -V 4R 7+ (Saturation Inversion Recovery Method) @ # —‘F'T * o

BT > v R T B4 BT

3-2-1 B %-w % = (Spin-Echo)

be % = F or Bl FID T 5 NMR 47 8 Rl e 5 > 78x 2 e F &
spin-echo % £ ] NMR szt g2 ?  HRFo @ £FHEY & BRF
PERE o R 23] et se g8 (B,) A7 5 5 ¢h(inhomogeneous)
ABy » Flpt F & RS P 3 (w=y(aB,)) » FID 5% 3L

4R E S 00 FID USR5 T » 8 8 FID 3USLf i § 2kehdpte

Time —>
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FID 3@ @37 5T, » 22 AB shld 1% 5

1 1
%T—-F]/(ABO) (3-1)

*
2 2

B T, 5 4353837 S FIDen® IR o AB, 525353 3 -
R CER=E i NS+ 4) f i Spin-echo Hjtra & 2w
7

Spin-echo #3F % NNR 9 2% 27 B A Ad B AP Y 3 B

N\

Wik 7] FAAP L - B HEREE EFERFR (S £ -
B180° ek fbr > PERAY S 272 16 > AT RS B FID @4 b -
Az gL > £ % Spin-echo o e Bl-3=3 447 [16] -

Spin echo:

T
T m
T
pulses PP —
r_ ., 2r_
- - 2
I T + _l'ﬂ_ ; :
signals FID k - T |-— 1
—F ST
I ——C g -
=== T Spin echo
— ¢ o

Bl 3-3  Spin-echo % #Fe2 2n 5L
Spin-echo AR5 @ A At @ - t=0pF > it B ()
T otz ph ) o 5B B X 9 en00° PR s o BT 58 A (D
WDy bl ot t=rPE o 2RA R 3R OM § AT A I B - 2

& — _l;[‘:_#E]:al}LH‘é'ra ;J_}_X'—;"'é"‘/’l‘4t-‘

—\\

tp = (Phase) > 7 £ oM R § %



B 180° ek e > % 17 OM K #%180° , £ AT A $ﬂv FREAK > #1)

Spin-echo W EL » 4o @] 3-4 #7771 o 2. 18 » X M A » A EE %R 1F[16] -

2T

-~
]

B 3-4 Spin-echo #%f#: 90°_7_180°
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3-2-2 A& fo-F #-tx4 > (Saturation Inversion

Recovery Method)
P de RRPERET hE R A * ofr-F B2
(Saturation Inversion Recovery Method) » 4-B] 3-5 #7F o

T, measurcment:

Saturation pulses hMonitor pulses
Fig Fig 0 T
Y > = = d
T
pulses H H ’7 !
] — e
"r.w 'r'r 2 2'{:: 2
(75 = f, = T,) ~

- [

F,}

Bl3-5 T, B iRl e s

ApARr = B0 R AR RN R hTEs

I
ETINS

o> 7 (M,)=0 - % & B t {5 £ h4c— B Spinecho
% o o Spin echo “vt g~ ] 22 B ageE it 55 B (M) & Z fh b enT

B M BB AR

t

M,(t)cl-e " (3-2)
Flat o AirdEd FEFRORE 0 TV RIFET, -
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Hd s = B O0° % x4 % 4 7% (Saturation Pulses) & 4 frfs

3 (Saturation Comb)[16] -
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4-1

Y3

PiE & &R

AA R PR IR Ko B 4-1 ST o

RF Generator

Computer
<>
RX TX
A
»  Pre-AMP
Duplexer Power-AMP
P < TX
v
RX 500
Network
Analyzer
y
Selector
!TX P N 1 ES Probe

Oscillator

B 4-1

ke
ke
"
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R AR R el 2 2 F (RF Generator) > Fd %
i e NTNMR dic %8 > sc %% fir < #ic(Pul se Parameter) » 04 7% g &
(Observe Freq) ~ *% 7 B (190) ~ ﬁs?] R TR P S e PR ORR B
F & (F1_Unblank and RX Blank ) ~ £z 5P F (Acqg. time)--
2% @Mk A2 B(RF Generator) ¥ M A 4 F % 5 & %> §
LESg)) Sad oy s A

BFoowird ol 24 BenTX ,%(Transmltter)ﬁﬂ s P e &k
~ B (Power Amplifier)*x+ H# F » 2 (43| X ML HPIRA B
(Duplexer)en TX = » ‘& d v en s 31 Ped (Probe) » L IEHE
E(Selector)en TX A 25 H 5 — BB ¥ r1:5 3% TX-P-N(Network
Analyzer) » ¥R =3 eni s £ b it d e o

AW R RE AT o PR NGRS FIL GO RS T R
(Network Analyzer) » £z ®ME ¥ JRAg 5 5 % 94 5 (Observe

Freq) » & RIF& firenit £ 0§ it ? if > R BT H S 4o

reflect rf

y — |n Input rf (1)

F1o 8~ RF 2 F s RE £ - (2 F 5 0 Ply=0 -

EFSnRFBERS >Ry <0 TEARF 2 mA N £ § &8
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start frequency(MHAz) min db

"'ﬁ 82 sweep points ]-‘}1 5273

stop frequency B 3!4017 min frequency (mhz)
|63 44

DB

[} [} 1 [} ] ] [l [} [}
62 6225 625 62?5 632 6335 635 6375 64 6425 645 6475 65
MH=z

B 4-2 A TIK

GFRBA  FRESP AR TN AL R irigd 4
® 1P = $14F 4 (Probe) ¢h S (55 Sample) » #% e ~ 3F 459 jjir
FRER Y L Ap M RE S BTRLG B¢ R FAE

4Bl 4-3 #7F o

Sample

Bl 4-3 F&T LR

d 3t NMR 8tk 5 LC #tps > Fpt i =

Oy = —— .
R \/E (4-2)



B @, bR IRARF o
AdEd AREA BLFEF R
(Observe Freq)4p F > 4oo @ #ift o
FE A H (X M Antenna) &2 7 ik B (Oscillator)id g » * %

W iRl B~ SRR RLT § 2T ) 0 1K SRR e A4 S

102my rigger
50.0my AST)'l'.??ee '

Chi1

@ 50.0mve o
; 1of3

Bl 4-4 A BEA
Fo&? PR ER B(Cryostat) » R4 & & 2 Z 304 > & B4
e F (INDEE T ~ ik 5 (LHe) g st ~ Ac sl - 3¢ A midhion

PR 4] 4-5 o .

Superconductor R Power Supply

B 4-5 RERBT LB
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MEAA (S S FEPSHBI FRBHPS TN L
% e dmitk B (Duplexer)snP s> ptpF > L € BiR T 2 @A
gk B (Duplexer) s RX =5 > @ % B TX 2 > £15 Ao in s B
(Pre-Amp)® | #cik 2 4 % (RF Generator): RX =4 -

TR CUBLE B~ SR BREOSUR S- fRi  TE S R A
# % (Duplexer) » Flpt % &4 #im ik F (Duplexer) s * g % e

MELE AHPIGER A B ORA 2 € F ATERER o
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YoBl 4-6 T 0 A B A X Z BINA - AL LIRS @éﬁﬁﬁ‘—%(LHePIZ) ~
¢ 4 ket (Cold Traps)€ w44 # <% 3% (He Balloon) -
e d BRAE(LHeP12)  # i B ehsb i 5 1 A4 R4 o0 Mg §

Rig=iks > AL~ Lerfi o FIL T gRY SR RF A A2

A 18 B ers a2 (Cold Traps) B A& ezt 5 5 1 B Vi xR

FREGWSE F o L RREEJIH LR F W FR(Freezing

i

Point)en7? e » #-R A5 5 % P vk g & A H 5 g 8T b 1P
(Cold Traps) > MiE DA it P e

v e g f % H(HeBalloon) » B 4 & ehxt i 5 @ BEFahw g g
F ood 20 g b iz MR 45 B (Cryostat 8 chE i + 207 § R iFH
(LHeP12) /i 453¢ A _'ﬂt“i%‘»?" e FrPt g AL EAL L

Ling -
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¥IF REHREFEHSB

b-1  NMR#E ¥

AP ER RSl BEET PESET ANMRIEH > A WS
BIIC-BLC ~Bx,C -
5-1-1  BJ||CNMR #f 3#

SrCo,V,0, :4p Bl (Phase Diagram)4-® 5-1[9] -

T (K)
I S R N N -

02 4 6 8 10
H (T)

B 5-1  SrCo,V,0;, =4p Bl (Phase Diagram)

AP RE R AT 20K R S Bl 5-1 i d e T

T BAEHESE AR 52
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| Soectrum BIIC, T225K — 55,00KG
— 50.92KG
— 47.35KG
—_— A3, 78KG
— 40, 7KG

! //\- — BIKG

— BOKG
_ —DBG
' —241KG

6 4 20 2 46 8 101
Fiegy Sifi04

Intensity (arb. units)

Bl15-2  T=2.5K 7 F s o NVR 45 2%

B

B 5-2> 7 @ AL 1| SrCoV,0, tip i % {4 & &3] NMR
SHEGE b AR B L bl4e:B=24. 12KG ~ 26. 8KG ~ 28. 52KG--- & >
NMR 7o 2 & W 5 = 3T 0 fLens 304 > L3k ihd i f
(Knight shift) s it & » F]pt H &b se @B3-T (7 > 2 @30 d

=4 (Knight shift)s f @ > Flt Hy, 22 4 e dm T 7 o
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fepes TREIZ LA E LG ABE BT D EF RS R
M chlfep RPN S 0 AP RRIE B b Bl G L A - B SrCo,V,0, 0
Hifhe? e BV ieFepad- B4R 5- 8V %o
AR #7ig % ViehH, % e o T 387 = 248k > 97004 ¢ )

Mo B HHALE 0 4o F) 5-3 ¢

Bp R AEP O BRFRIR S P Ao AL F ORI
BELREYD I E L BIDEPF - LI A AR S
(Incommensurate) o F|* BK H, € ST HFIEH r oo » N & R RIS
4 EMEFREMET TR > HB NS

fou(r)=f,+ f,cosqr -1

g fa(r)da7 Pl Venggmips o f o ST sl Jrig

F(fo=yBy)» f, 3 BRDLIRI S < o r L) F e q L4



R B 1T] -

B r=na> H¥ a il ifhiodd - fed G(reciprocal
lattice wave vector) » ¥ #q % 7+ = &

q=09,G =q02—” (5-2)
HY50q,s 7 Z#c B 5 Commensuratee ¥ 2 > B 2 Incommensurate ©
B(5-2)3%F » (5-1)7* ¢
= f,a(r)=f, + f cos(2znq,) -3
AR BRI PHRQy A 5= BEARTR

SR p RSB LR

(1) q, = Integer - &uqu0=1:>q=2:
fapk o F ~(5-3)F
f . (r)="1,+ f, cos(2zn) (5-4)
= f =1 +f
ABVeaR ST F4pk > F A NMR Mg 2§ -

B ORI S S R 5 o

T PR i e S S

=10 -5 1] 5 n 15

freq. shift(%)
B 5-4  q,=1:NMR #F ¥
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1 T

f,+f  n=even

f,—f, n=odd (5-5)

= fvsl(r) :{

Bk i 3% 5 B 5-5 o

—— L = T A
- -1 v 10 P

freg. shift(%)
®l9=0 . g =% &7 NMR 2 3

1
(3) q0¢§ cInteger » % ~ (5-3)5% » 7 @ IRATH L — A T Sl s

(f,+ f_

f,+f cos(2zq,)
= f . (r) =4 fy+f cos(47zq,)
fy+f,, cos(67q,)

(5-6)

iCBE AT 3 5 ] 56 -
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1 = . L .
Bl 28 100 102 Juty

freg. shift(%)

B 56 q ;t% JInteger 7 NMR #g 2§

SEF e s 4 T URE T SpinFlop f AR
(B=35. TAKG) ° & M_H & P75 it B g & 2 Spin-flop @ LF

W Bk g > B4Rk Fl 5 - d 3 SrCo,V,0, it A g Bt
B B

-\

Ty A B [9] e e L NMR e 2 > 7 P R LR T R
KLt @ R FRHH AT 4 0 5T LR A
PR it 3 0 3 p S o TR R
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)—h
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[
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.
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AL ET BB BB AR NMRAEH > A B 5 B=26. 8KG

21 B=40. TKG » 4~ 5-7 £2 5-8 -

T (K)

F - it
[ Hile

I S S .
H (T)

BIC B=268KG

o~
0
o —)
c e 3
-
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~ — 70k
< 17k
= 1
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Z |0k
- —
z Tk
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— - 0 4 8
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BiC B=26.8KG

4 5k

s

m —

s 3 Ol

*AA 3.85K

3.8k

M 3.7k

— 3 3k

N N\

M —_—

TR T

N — N ,—ifk
-4 () 4 Q

Freq. shaft (%)

F15-7 B-26.8KG > 3 i & trNUR 47 34

Intensity (arb. units)

45T 91 5-2 AT EAT AR m s R R 2 AR
B R B AR 00 FII SRR R 2 B B e

Ak e
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S = 2 W e D
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B/IC B=40 TKG
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1y
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Fc% 3 3K
l w— |
\:-/ e L
ﬁl} 2.8k
7 s ) T
/p)

2 M 2k
= —17K
g Mw |
— - .

0 4

.
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Bl 5-8 B=40. 7KG > # I g & - NMR # 3
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GG NG 2 B AT TR S - B G e
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NP SR P P B T #’};

# -

-~ BV - BT - etk 5 LIVGe,O, 7 0 E R BRARIT AR R R R

P 4 B ILE| A AR b S 0 4o ] 5-9[18]

L i nfh -

Lte

NMR absorption spectrum (a.u.)

I

LiVGe, 0, single crystal

90T

4

Mﬂ.ﬂs K
Mj.?ﬁ K

N\

2562 K

24.52K

442K
43K

244K |

2299K _

148.0

148.5

149.0 149.5
frequency v (MHz)

150.0

B 5-9 LiVGe,O, T —T, 7 NVR #£3% [ 18]

= ~d Spinfluctuation it > ¥ 72 ¢

1

Hfpitde™ @3 ARG > J 2k 3 3 (Thermal

Energy) = »% ot 2

e 3 i
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oo
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e= i > w cPNMRAE 3%
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FHERSRFG CH, T2 EE T mEEa~brcphd &-

£ R TP AT 2R A R ehd B s 4o 514 SR o

T

B 5-14 H, % T ¢ i §

Aps v g BAC s 2 B||Copaid {5 ok

42 BLCwe i

2 G AN BERH- I3 E- B R N
FALRIE R FlG s AP R ARER R Selg FIS B e 7

oo 37 g #Fes 7] 4oF 5-15 77

(a) (b)
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B 5-15 ¢ » #& % Tetragonal structure- 2.4 s &Fiplh =+ >
L AEMRI A Be P EFRRS AR R R RS
EobdeE e chT o BINR AT B EHA LA BRI
Flio FREI DByl o IR FL Ak o BHHE T R &4 5
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H5-2 Knight shift and susceptibility
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W1 5-16 22 B 5-17- 7 v 319 toipa i oo K(T) cndgdr gz p(T)
AR bz $0BIIC 0 A ¥ LA T=30 - 50K § - BEA RS B
HUBLC A F @ @y LEFEAR -

N ISTE R L R

30 0 Kcwith2T T:35K\
28} e Kabwith6T

K (%)

R T
v (emu/mol*Ce)

Bl 5-18 ZHFEHBEREF
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d B 5-18 ¥ BB EKY y2 Benbl 50 s 7 C b
2T > 3BkFRT K& y2z R ke i ALz C
T > 3Bk Fim™ s K& y2 B e S HMR %o

K2 yz Benid a8 2[14] ¢

Ahf

K (T)= . " 2, (T)+K°
A/uB (5_7)

He o K L% % Bifas #i# A" 5 Hyperfine Coupling
Constant’ N, % Avogadro’ s Constant- u; » Bohr Magneton® K

P ERRAMDZ FEH

Fpw ]l

hf
K (T)=—2 ;1) % K, = 0.37365 7(T ) + 0.001
AILIB
hf
A 0.37365x55.829x102 2%
N a5 Hp
=2_1kOe
Hg
Ahf
K, (T)=—"2_ 5 (T)+K,=0.30624(T)+0.004
AILlB
hf
Ab _3062x55.829x1022¢
NAlLlB Hpg
_1.7koe
Hpg
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d ATE AT e R R EEEE T LR
(Magnetic Anisotropy) » &g it FehE Rl % £[9] -
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5-3 Critical Exponent

— 025
— 02
=019
—— =045
=054
—— =031
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hh & v P O FRP N W A OO O N 0 ©

2 4 6 8 10 12 14

TK

Bl5-19 K. - T(k)F

3 B %#(Order Parameter)$* 2 L€ & > 5 F ;%%'
d 5 B Sl g k2474 % > blde @ - FE4p % (First Order Phase

Transition)¥? = F£4p % (Second Order Phase Transition) @ @ Jﬁ £
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'ﬁ B %% bipgpraicg i );']ﬁlm‘ i e ?é"ﬁmﬁi%‘ﬁ‘]él
Fens g ho BALH RS g A S EKRIET M INh T 0T

250 d 3 e ofc A IR 8 Skl (vd R & (Curve Fitting) >

i

rE I RS giil"}unb—]@*‘? LI IEH g 33 o Bdel dAPN G T 0T
(Intrachain interaction)4&f «2 3 i¥* (Interchain
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