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Investigation of the specific heat of LiCu,0,

and the calibration of *He calorimeter.

student : Bo-Cyuan Lai Advisor : Dr. Jiunn-Yuan Lin

Institute of physics

National Chiao Tung University

Abstract

The specific heat of the 1LiZnCu, O, was measured from x = 0 to
0.1. Two magnetic phase transitions are found at 22.7 K and 24.5 K in
LiCu,0,, and the magnetic anisotropy is observed at 22 K. When the
magnetic field is applied in the c axis, the specific heat represents
ferromagnetism. However, the specific heat represents
antiferromagnetism with applied field in the ab plane. We speculated that
the pinning effect only in the ab plane results the magnetic anisotropy.
The Debye temperatures have been calculated by fitting the specific heat
from 160 K to 300 K. Then, we subtract the phonon contribution of

LiZn,Cu, O, to extract the entropy probably associated with the helix
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magnetic and ferroelectric ordering. The entropy difference between the
pure and doped Zn”" samples is proportional to the missing Cu”" spins.
After calibrations of the thermometer in different temperatures and
magnetic fields, we set up addenda tables in different magnetic fields.
Then, we utilized the non-magnetic standard sample, Ag, and confirm
that y term and Debye temperature are consistent with the values in

Kittel’s book.
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B 3-1PPMS #h *4£:¢ B > ()% %ednd] 4 5~ $£ 1 ¥ (b) 3He [k %

PR

Liguid nitrogen
Teservolr
PPMS probe inserted

through top of dewar
High-T. Magnet Leads

Ligquid helium

reservoir

Magnet protection circuit

Oxford Instruments 16 tesla
magnet mounted mside
dewar

] 3-2 PPMS + 3 #5335 B] © [12]

+ 3Rl & e 79 k&L 5 (sample-mounting platform) ~ 4v £ %
(heater) ~ T 5 8 & 3* (platform thermometer) ~ [F] A § & 3* (puck
thermometer) » % #-# 4 (thermally conducting wires) « & & &t * #

# 4F W 7 (sapphire) 3 H e R &I 5 Ww i E R R LA
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\ | saveLe /
THERMAL h: = THERMAL
Sty PLATFORM | | F

BATH
(PUCK FRAME) / \ ‘ (PUCK FRAME)
E HEATER

THERMOMETER

@] 3-3 + 3* {1 /& (Calorimeter Puck) (a) Puck #i# 7= & ®I[13] - (b)°He

BT el # 3 Puck o [12]

3 . %
3.3 “He "#/8 % 3t

He "% 8 s e B A1% 4 ol % "He k& 78§ b 45 o 'He ¢

- A FRTIER G IK PRS- 8 CHe G AR o LAl FH

/4 #r(Evaporative cooling)s< /i T 38 & 4 4% & millitorr ~ -] T ¥ % 4%

R REET 04K iR o

10



e SHAFT OF S
HELIUM=3 INSERT

{H — PUMPING SPAC

CONDENSER AT
i S 2K

~— HELIUM SUPPLY—
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CONNECTOR

B 3-4 °He "4 8 & %25 B - [13]
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34 VEARERE

1972 # R. Bachmann 3 % X327 — ZATant £ 8 R332 0 flz
% 43 382 | (thermal relaxation method)[14] o +“ 423 £t £ ik
(adiabatic calorimeter) » T #TF (& PIFF R iiE o L 422 VR R VE (ac

temperature method) » T &t { 7 5 B SR BB E T 0] HF

\\\

B0 PPMS & * #5558 2 F P S A o

@ * PPMS P& & &b # > F B4k &) A platform b oo %k 522
platform z_ ¥ 12 £ 5kbdx o Bl 35 57 o B > H¥ Co~T & 52 F
Bl S 2 B R Cy Ty Lplatform b #1028 & 0 K, 5 E49%
A R Bo K & platform $2 puck 2o @B £ & e 4 i 8o T H_puck

SRR o
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Sample | Cy, Ty

A A A A A A A
Ty Heat Sink

B 3-5 v ARl E T w Bl e [15]

3 5RE A L 2R 5 R cooling A BREFE 0 LR PE o S E
Po 138 5 4 platform » f o FEHE 1R 5~ 402 2 platform - A2
AR ERRE S ABRBMP o ® LA RER BEERE T(OHBRE

tR i d SR 3-6) i h KT St
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, ~ ¥ Sample Platiorm Temp [fit] [~ Sample Temp [from fit)
i ? i3
Total Heat Cap 83804038”{‘ ¥ Sample Plattorm Temp [meas) ™ Heater Power [meas)
Sample Heat Cap |28.62 70.47 B /K
Adderda Heat Cap 55184 70 28 8K ' 210§ SRR T S R S
R AR . e
Time Const [tau] (3182 sec ' o 2200 - PR A S
Tirne Corst [tau2] |0 sen i o 2195 Ee EECEEEEE
= 1 ' ' 1 1 '
Sample Coupling 100 % Baanf e
fat] 1 i i ) i ]
L
Base Samp Temp (21 688G K i e e S e
Awg Samp Temp (218958 K S e et et b b b o
TEITIDF“SE 041408'([189/;] 21 700 """'E""""i""""i'"""‘:"""'i"""':'"
e (IR3] 1.0 15 20 25 a0
Fit Guality (Chi Sq) [5.33 Tie sy
Debye Temp not available Pause I Restime ‘ Abart ‘ Undo Zoom I Help ‘

Bl 3-6 T,(t)¥ P t cr%g it Bl(black wire) % #& & ¥ 4 (red wire)

d 8] 3-5> 2% i 44t platform ¥2 4 5e4 W8 T 3 BB E S 47500

dr,

P=Ca?+Kz(Tx -T)+K(T,-T),) (3.2.3-1)
dTl

0=C, dtx +K,(T, -T,) (3.2.3-2)

4o% platform 224k &2 B chiE0G (T K>>K) 0 RIS PP 4

platform 2 # & u8 & £ 5 da ke (T 2T,) » #411(3.2.3-1)(3.2.3-2)

dT,

P=(C,+C,) " +K(T,-T,) (3.2.3-3)
d R EAEP=0 "~ o 2 f2N T
T,(¢)=T,+AT exp(—t/7) (3.2.3-4)

#¢ AT=P/K, » r=(C.+C,)/K,
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Platform thermometer & ¥ T,(t) > puck thermometer € ¥ 7 > d J*

AT TP t en it o R\ Y K& (fitting) AT &2 T 5 >
Lo b P FP LTk smirdlehe wwipoorud AT=P/K, 7 8K, >
_F_Il«)\T (C +C)/K ]l\]—t (C +C)° L‘L*S?\FT’I?JS‘E-_ » 3L ]Faﬁ'}

R
/)s

i‘ N

P
'3\
=i

R HEI R ERFREINC, B d g R fraﬁfm R
(=R N O

r1 4 el AN AL S T Simple model | 0 i * # platform 22 %

ZRBEFG FapkRT o

#p ¥+ Simple model » PPMS :# 3% i£ ¥ = & model > #£ 5 " Two-tau
model | > if * *% platform 22 % 520 B E 7 45 g w o 10T R4
Two-tau model - 4 %5 o

A platform 24 52 FERT Fok T > AR % Two-tau
model X Gp|& A 47 o d 3 HE#T G 7T, 2T, KITHRAR(3.2.3-1)
81(3.2.3:2) » B N FRTS 2 A S AT

I,(t)=T,+ Aexp(—t/z,)+ Bexp(—t/7,) (3.2.3-5)

d¢ 7, =1/ (a+p) > t,=1/(a-pf)

e

Kl K2 KZ
= - -
2C, 2C, C,

(3.2.3-6)
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JKIC?+2K2C.C, + K2C? + KXC? +2K,C?K, —K,C.K,C,

2C.C,
...... (3.2.3-7)

BFAPTIGLTOHPFRT t %0 2B ¢ # & (fitting) 1 A

Ber ~7,&E  F#*»*>(323-6)- (3237))&"’ g2 C Eo

3.5 VRARERFE TR

i¢ * Quantum Design” PPMS i& {71t # ch g RlimAzde™ @ § L&
&Rl ST 0 BF GRS RIS S8 £ 403 % platform
+ o 3= platform 2 » # 3L Y 0 B {S 3k (FR AT H] L S F g R o

B BREARY 0 T 3 BEE R FRT R

— s o od AR &=T 5 (sample-mounting platform)é £ < %)

& 3mmx3mm > Flt FRER ST Y mp T 8 2.5

mmx<25mm - > EREYEZ 05mm~Ilmm > 5ER 7+ 7% s 5

AT s d At £ PIPF platform 24k & F & 450

BEAR TR SR L BT AR
- WA (grease) @ EHER I B 5§ oo e EA R ER

te platform + » R 18 R GMEE N ERY T
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@l 3-7 platform £ & 5-3% % - L. B > + & 2% & 0 T & & platform >

PR AR L ER16]
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Frd ot HERSHE

4.1 gecnt #FEE & L 7

hig- % AP H RO 2 E R #2228 0 Debye A
o A R R B B iR 4R B 4R 8 3B 55 0.5 %R
5K ]300 K st 44 0 4o 4-1 0 d % 4210 K {4 & £ 3 F) grease 0

GEEE & HEES O RSN T R S

210K & 2k o

28 — - - b=

o Al-Ti 0.5%

244 o Al 9@9388886_

1560
20 agg
16 8 4

12 4 o -

C (J/mol K)

—
0 50 100 150 200 250 300
7 (K)

B 4-1 Al & AL-Ti 0.5% C $ T b (2B -
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gt Al B BT AT A
C = Cos + Cp, (4.1)

HY Cy 2R3 VWA ~Cy 583430 o d AR TRAREG ]

Debye ;8 B FF » v 7 B AT NS

C =yT + BT3 (4.2)

y BB YT R R 3 A BT A B £ o F1% BB 50 > T f
CIT %t T° el B ® & N3 S B o o5 & 1 e Al 22 AL-Ti 0.5%
T Ao @AY L 1388 134 mlmol KX 5 % p 5~ Cpg = YT ¥
FRLF BT RA R FARIRE RS R Gy 0 4 B

WAk g Debye $i-7 migf)l?e

X
Cp = 9NkB(—)3f P xS (4.3)
H ¢ Xp=0p /T ‘QD,—.» Debye ERE ‘Ebh:bfrCeqmr"q I
€= yT+INkg(D) [0 X :e; (@)

HP @& r 138 mlmol K> TP s F s p=375K- %k a
PR 42 VU FIERE Y RE P HRBAR5- R ATk

Debye 13l 4 # & 5 et B F A7 o 9T AP A Gy § e
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% Einstein #7338 -

9k
Cp = 31vk3( 2By —— ()
(e T -1)2
AT T R et BT B 5
C=yT + Cp + ngCg (46)

ng % Einstein 38 b &) o A %% ~ 1.38 ¥ 1.34 mJ/mol K> » T+ 3

BE O Op 8 np ehiE > 7|30 4 4-1 7 i T4 » Einstein 7 (& e

BEd SR 4-3) S Hdcdpd fe- R o $HR T Robert G.

Mortimer 2 ¥ #t & @ 5] Al 0 0p=389 K[17] > A ety E% Op=

383K B H A & g [ o AT A P fipig & 7 eh¥ Debye = 4234 #
R -

& 41 Al 1 Debye 8

y (mJ/mol K°)  |0p (K) ng Or (K)
Al 1.38 383.1+0.35 0.063+0.004 |648+25
AL-Ti 0.5% |1.34 380.5+0.41 [0.112+0.007 [707+22

% 4-1A1 & ALI-Ti 0.5%% & F 3]0 6p ~ O & ng
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