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EPR STUDIES OF THE MW-TEMPERATURE PHASE TRANSITIONS I N  L i m o 4  BY 

cu2+ IONS 

M.A. Hefni*, A.B.Abd El-Molz 

Phys ic s  Department, F a c u l t y  o f  Science,  Ass iu t  U n i v e r s i t y ,  Ass iu t  

* 
and l4.N. ( f a l l a l  

Egypt 

E l e c t r o n  paramagnet ic  r e s o n a r c e  (EPH) s p e c t r a  of  Cu2+ doped l i t h -  

ium potassium s u l p h a t e  (LPY) l i m e  been s t u d i e d  at  d i f f e r e n t  tenip- 

e r a t u r e s .  'She spin-1Iamiltoniai-i g and A pa rame te r s  have been eval-  

uated.  Phase t r a n s i t i o n s  i n  LPS were observed a t  l o w  temperature .  

The measured g-values i n d i c a t e  a rhombic f i e l d  f o r  Cu2' i n  t h e  la- 

t t i c e  a t  *he t empera tu re  range 300 - 215 K. Between 215 IS and 123 

K an orthorhombio f i e l d  suggested.  The bonding parameter  ( d 1, 
Fermi-contact  term ( I < )  and t h e  f r e e  i o n  d i p o l a  term ( P )  a r e  eval-  

u a t e d  u s i n g  t h e  p r i n c i p a l  g and A va lues .  The ground s t a t e  were 

f u n c t i o n  for Cu2+ i o n  i n  (LPS) is determined. 

2 

INTRODUCTION 

Lithium potassium su lpha te  (LiI[s04), due t o  i t s  i n t e r e s t i n g  

p r o p e r t i e s  ha3 been sub jec t ed  t o  various i n v e s t i g a t i o n s ,  i n c l u d i n g  

*Present  addres s :  Phys ic s  Department, F a c u l t y  or* Science,  Sana'  a 

Un ive r s i ty ,  Sana ' a  P.O. Box 15764 Yemen. 
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HEFNI, ABD EL-MOIZ, AND GALLAL 56 

EPR s t u d i e s  (1-6). The c r y s t a l  s t r u c t u r e s ,  t h e  e x i s t m c e  of pos i t -  

i o n a l  d i sorder  and domrin s t r u c t u r e s  i n  p a r t i c u l a r  have been inve- 

s t i g a t e d  by X-ray and neutron d i f f r a c t i o n  (3,7,8). Low temperature 

s t r u c t u r a l  phase t r a n o i t i o n n  have been s tudied  by Rarnan sca>tar ing  

(2,6), and EPR (4,9,10). IIowever, t h e r e  i s  no enough informations 

in l i t e r a t u r e  on t h e  EPR s p e c t r a  of Cu2+ i o n s  i n  these  mater ia ls .  

The EPR method provides  i n  d e t s i l  descr ip t ion  of t h e  e l e c t r i c  f i e -  

l d  symmebry produced by t h e  l igands  around t h e  paraniagnetic i o n s  

(11). It can be used a l so  t o  obta in  informations about t h e  inf lue-  

nce o f  d e f e c t s  on t h e  low -temperature phase t r a n s i t i o n s  ( lO, l l ,  12'). 

Hefni  e t  a1 (13-16) s tudied t h e  EP3 s p e c t r a  of  Cu2+ doped i n  a var- 

i e t y  o f  hos t  l a t t i c e s .  

In t h e  present  work, we r e p o r t  t h e  r e s u l t s  o f  t h e  EPR study of 

Cu2+ ion doped LPS. The I n t e r e s t  of t h % s  study i s  t o  f i n d  t h e  s i t e  

symmetry and t h e  ground s t a t e  wave funct ion o f  t h e  ion. Also, 

t h e  a t t e n t i o n  has  been focused t o  c e r t a i n  se lec ted  ternperdure ran- 

ges t o  i l l u s t r a t e  t h e  low phase t r a n s i t i o n s  which take p lace  i n  th- 

i s  mater ia l ,  

EXPERIMENTAL 

LPS c r y s t a l s  doped with Cu2+ which i s  used in t h i s  work were 

grown by slow evaporation a t  room temperature from an aqueous sol- 

u t ions  made up of equi-molar q u a n t i t i e s  of potassium sulphate  and 

l i th ium sulphate  monohydrate t o  which 0.05 t o  0.1 mole percent  of  

copper sulphate  tias auaea as  impurity. A l l  t h e  reagent used in t h e  

present  i n v e s t i g a t i o n ' a r e  of a n a l y t i c a l  grade. 

The morphology o f  t h e  grown c r y s t a l s  a g e e s  with t h a t  i n  (17) .  

LPS c r y s t a l s  a r e  hexagonal a t  room temperature and i t s  space group 

i s  P63 (C;), with a bimolecular u n i t  c e l l  of  dimensions a = 5.1457 

Ao and C = 8.6298 A'. The four  oxygens of  t h e  SO 

ed a t  t h e  four  corners  o f  a r e g u l a r  te t rahedron  with t h e  sulpher 

atom at  t h e  center .  The l i th ium Ion a l t e r n a t e  with t h e  sulphur io- 

ns. Each potassium ion i s  surrounded by s ix  sulphate  i o n s  and each 

group a r e  s i t u a t -  4 
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LOW-TEMPERATURE PHASE TRANSITIONS 57 

su lpha te  i o n  c o n t r i b u t e s  one oxygen t o  t h e  potassium ion  forming 

approximately an octahedron.  

The EPR measurements were c a r r i e d  o u t  on povder samples u s i n g  a 

Brubker ER 200E-SRC X-band Spec t romete r  w i th  a 100 ICHz modulat ion 

and TMl10 c a v i t y .  The sample t empera tu re  was c o n t r o l l e d  w i t h  an 

Oxford I n s t r u m e n t s  IJodel ESn 900. The g v a l u e s  were determined UR- 

i n g  t h e  DPPH resonance a s  a s t a n d a r d  and a r e  a c c u r a t e  tof0.0005.  

RESULTS AND DISCUSSION 

EPR s p e c t r a  o f  t h e  snmple were r eco rded  at  d i f f e r e n t  t empera tu res  

i n  t h e  t empera tu re  ranged from 500 K t o  120 K. A s e l e c t i o n  of  t h e  

f i r a t - d e r i v a t i v e  EPR s p e c t r a  o f  t h e  powdered c r y s t a l s  r eco rded  a t  

v a r i o u s  t empera tu res  a r e  shown i n  Fig. li22. They show R t y p i c a l  th- 

r e e  g-values  s p e c t r a .  From t h e s e  s p e c t r a  one can o b t a i n  t h e  s a l i e n t  

f e a t u r e s  p e r t i n e n t  t o  t h e  c a l c u l a t i o n  o f  t h e  spin-Hamiltonian para-  

m e t r i e s  (12,13,18).  Furthermore,  such o b s e r v a t i o n  p r o v i d e s  a conve- 

n i e n t  way for s tudy ing  t h e  t empera tu re  v a r i a t i o n s  o f  t h e  EPR spect-  

r a  of LPS : ~ u * +  

The v a r i a t i o n  wi th  t empera tu re  o f  t h e  g-values and 63Cu h y p e r f i -  

ne  t e n s o r s  i s  c o n v e n t i e n t l y  s t u d i e d  i n  t h e  powder samples t o  obvia- 

t e  t h e  need f o r  l e n g t h l y  s tudy  o f  t h e  c r y s t a l  i n  t h r e e  planes.  

The EPR spectrum a t  room tempera tu re  (300 K )  c o n s i s t s  cf f o u r  

l i n e s  i n  t h e  low f i e l d  s i d e  ( co r re spond ing  t o  g z ) ,  one broad l i n e  

i n  t h e  mid - f i e ld  ( co r re spond ing  t o  g,) and f o u r  l i n e s  i n  t h e  h i g h  

- f i e l d  s i d e  ( co r re spond ing  t o  g 1. The s t r u c t u r e  o f  the  broad line 

i s  well r e s o l v e d  at low temperatures .  It cou ld  be  d i s t i n c t l y  seen 

i n  t h e  gx p a r t  below 'I' = 190 K. The g e n e r a l  form o f  t h e  s p e c t r a  i n  

t h e  t empera tu re  r ange  from 300 1; t o  230 II i s  t h a t  expec ted  f o r  a 

s ix-coordinated copper complex having t e t r q o n a l  symmetry with a 

s l i g h t  rhombic d i s t o r t i o n  ( 19). These s p e c t r a  a r e  e s s e n t i a l l y  s i m -  

i l a r  t o  t h a t  r e p o r t e d  p r e v i o u s l y  ( 2 0 ) .  

s 

However, impor t an t  d i f f e r e n c e s  were obse rved  in o u r  temperaturo 

dependence s p e c t r a ,  e s p e c i a l l y  below 230 IC where t h e  bes t - r e so lved  
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Y i gur 

GALLAL 

K and 

s p e c t r a  i s  o b t a i n e d  (Pig.  2) .  'tle observed t h a t  t h e  i n t e n s i t y  of 

t h e  l i n e s  i n c r e a s e d  and t h e i r  l i ne -wid ths  decreased.  The h n e r f i n e  

peaks,  p a r t i c u l a r l y  those occur ing  i n  t h e  l o w - f i e l d  s i d e ,  show ad- 

d i t i o n a l  s p l i t t i n g  a t  'i' = 215 I< and down. We have observed weak 

d o u b l e t s  and s i n g l e s t  between t h e  main EPR peaks (Pig.  2) .  These 

weak peaks r e p r e s e n t ,  i n  a l l  p r o b a b i l i t y ,  the fo rb idden  t r a n s i t i o n s  
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LOW TEMPERATURE PHASE TRANSITIONS 59 

Figure 2. F i r s t - d e r i v a t i v e  EPR npectra  o f  Cu" i n  Limo4 
p o l y c r y s t n l l i n e  sample taken a t  T = 215 K , .  190 K, 165 K 

and 123 K (during cool ing) .  Weak l i n e s  marked a t  t h e  

extreme p o s i t i o n s  are components o f  t h e  65Cu i so top  

which appear below T = 190 K. Forbidden hyperf ine peaks 

b n i ,  = t 1 and A niI = 2 2 .are shown. 
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60 HEFNI, ABD EL-MOIZ, AND GALLAL 

BM, = 2 1  , mI = 3 1 and P 14s = k 1 , b mI = 5 2, p e r m i t t e d  by  t h e  

second o r d e r  p e r t u r b a t i o n ,  due t o  the quadrupole  moment of t h e  cop- 

p e r  n u c l e u s  and p a r t i a l y  due t o  t h e  l a r g e  h y p c r f i n e  coup l ing  cons t -  

a n t  A. The l i t t l e  d e p a r t u r e  from e q u i d i s t a n c e  between t h e  four l i n e s  

O f  cU2+ i o n  can b e  a s s igned  

c t r a  at  t h e  t empera tu re  r ange  215 - 123 K cou ld  be  a t t r i b u t e d  t o  

Cu2+ i o n  i n  or thorhombic  symmetry. This i s  an expe r imen ta l  ev idence  

t o  assume a phase  t r a n s i t i o n s  i n  LPS at, T = 215 K. Tomaszewski 

and Lukaszewicz ( 3 )  s1ioi.r t h i t  a f r e e z i n g  o f  t h e  oxygen i n  a d e f i -  

n i t e  p o s i t i o n  r e s u l t s  i n  t i l t i n g  o f  t h e  SO4 t e t r a h e d r a  and lower ing  

t h e  symmetry down or thorhombic  cmc:p The t i l t i n g  o f  t h e  s u l p h a t e  

t e t r a h e d r a  expla in . ;  w e l l  an e l o n g a t i o n  o f  t h e  l a t t i c e  i n  a - d i r e c t i r  

on and s h o r t e n i n g  i n  t h e  b - d i r e c i i o n  as a r e s u l t  o f  t h e  phase  tran- 

s i t i o n  from t h e  bcxnLonal t o  or thorhombic  phase.  They s t u d i e d  s t r u -  

c t u r a l  analysis o f  LPS a t  low t e m p e r a t u r e s  by  X-ray d i f f e r a c t i o n .  

They p rov ide  t h a t  LPS h a s  a f i r s t - o r d e r  s t r u c t u r a l  phase  t r a n s i t i o n  

i n t o  an orthorhonibic phase  (cmc;) a t  190 K on coo l ing ,  and t h a t  be- 

tween 190 I< and 164 K t h s  hexagonal  phase  and or thorhompic  phase  

a r e  c o e x i s t .  A t  170 K, t h e  l a t t i c e  pa rame te r s  f o r  t h e  or thorhombic  

phase  a r e  c = 5.202 A', b = 8.701 Ao and c = 6.619 A'. I n  a d d i t i -  

o n ,  an i n t e r m e d i a t e  hexagonel  PG3 mc phase  was proposed  a t  tempera- 

t u r e s  between 216 K and 190 K on coo l ing .  O n  t h e  b a s i s  o f  Raman sc- 

a t t e r i n g ,  Dansa l  e t  71 ( sueceoter:  t h i s  phase  t o  be Lr igonal .  

to 101.1 sylnmetry e f f e c t s .  The EPR ape- 

On p a s s i n g  th rough  165 K, a sudden changes  i n  t h e  s p e c t r a  were 

observed .  Due t o  t h e  r e d u c t i o n  of  t h e  l i n e - w i d t h  t o  about i t s  h a l f  

v a l u e  ( 1  1 G ) ,  some a d d i t i o n a l  f e a t u r o  a r e  observed .  The EPR peaks  

due t o  t h e  less  abundant i s o t o p e  65Cu ( I  = 3/21 were r e so lved .  A t  

1G5 K t h e  65Cu ueak peaks  appeared as s h o u l d e r s  i n  t h e  mI = k 3/2  

h y p e r f i n e  components at  t h e  low f i e l d  side. rheee  veak peaks  were 

r e s o l v e d  in t h e  mI = 4 3 / Z  components and a l s o  appeared a s  shoulde- 

r s  i n  t h e  mI = 5 1 /2  componedts a t  T 127  I;. 

On c o o l i n g  f u r t h e r  t h e  s p e c t r a  o f  t h e  smip;e underwent d r a o t l c  

changes a t  12; K. The innin r c s u l t s  ve rc  a s  a maximuni o f  a nc? t h r e e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



r
 

Ta
bl

e 
1. 

T
he

 
sp

in
-H

am
il

to
n

ia
n

 
p

ar
am

et
er

s 
fo

r 
Cu

2+
 

io
n

s 
in

 L
PS
 e

v
a

lu
a

te
d

 a
t 

d
if

fe
re

n
t 

te
m

p
er

at
u

re
s.

 
2 s 

30
0 

2.
38
02
 

2.
18
42
 

2.
03
01
 

96
.2
 

33
.3
 

74
.5
 

0.
78
62
 
-2
20
 

0.
62
14
 

-0
.1

50
 

R
l .-.
 5 

27
0 

2.
38
59
 

2.
18
2'
7 

2.
03
01
 

98
.0
 

33
.3
 

75
.5
 

0.
75
10
 
-2
23
 

0.
62
28
 
-0
.1
45
 

25
0 

2.
38
78
 

2.
17
89
 

2.
03
11
 

98
.0
 

34
.4
 

76
.0
 

0.
70
75
 
-2
32
 

0.
64

88
 
-0
.1
33
 

,Z ci 
24
0 

2.
38
42
 

2.
17
83
 

2.
03
15
 

98
.0
 

35
.3
 

76
.5
 

0.
71
30
 
-2
31
 

0.
61
52
 
-0
.1
66
 

5 z 
0.
60
94
 

-0
.1
48
 

23
0 

2.
38
16
 

2.
18
39
 

2.
03
37
 

98
.0
 

35
.3
 

76
.5
 

0.
71
80
 
-2
34
 

21
5 

2.
39
10
 

2.
17
13
 

2.
03
35
 

98
.0
 

35
.3
 

76
.5
 

0.
72
02
 
-2
26
 

0.
62
19
 

-0
.1
53
 

2.
58
16
 

2.
30
16
 

2.
38
16
 

2.
38
16
 

2.
38
16
 

2.
38
16
 

2.
38
16
 

2.
38
16
 

2.
17
13
 

2.
17
 
13
 

2.
17
13
 

2.
17
13
 

2.
17
13
 

2.
17
 
13
 

2.
16
78
 

2.
16
55
 

2.
03
04
 

2.
03
76
 

2.
03
76
 

2.
03
76
 

2.
03
76
 

2.
03
73
 

2.
03
13
 

2.
03
46
 

98
.0
 

98
.0
 

10
0.
0 

10
0.
0 

10
0.
0 

10
2.
0 

10
2.
0 

10
2.
0 

35.
3 

29
.4
 

29
.4
 

29
.4
 

29
.4
 

29
.4
 

31
.4
 

29
.4
 

76
.5
 

76
.5
 

78
.5
 

78
.5
 

78
.5
 

78
.5
 

80
.4
 

80
04
 

0.
67
00
 
-2
41
 

0.
63
71
 
-2
90
 

0.
63
71
 
-3
03
 

0.
63
77
 
-3
03
 

0.
63
71
 
-3
03
 

0.
63
71
 
-3
01
 

0.
63
84
 
-2
97
 

0.
60
57
 
-3
21
 

0.
62
14
 

-0
.1
38
 

0.
58
12
 
-0
.0
97
 

0.
57
76
 

-0
.0
86
 

0.
57
76
 

-0
 -

08
7 

0.
57
76
 

-0
.0
86
 

0.
57
84
 
-0
.0
89
 

0.
58
36
 

-0
.0
98
 

0.
57
30
 

-0
 -
08
4 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



62 

s e t s  o f  f o u r  l i n e s  a , b and c each  cou ld  b e  l o c a t e d  which i s  

sh0i.m i n  P ig .  2. These  l i n e s  a r e  t o o  weak t o  b e  ana lyzed .  

HEFNI, ABD EL-MOIZ, AND GALLAL 

I l l 1  I l l 1  It I1 

Our s t u d y  c l e a r l y  shown LPR s p e c t r a  from Cu-0 complex i n  LPS at  

t h e  t empera tu re  r ange  from 700 K t o  215 I<, c h a r a c t e r i s t i c  o f  a rho- 

mbic compressed system. whi le  t h e  observed  CPR s p e c t r a  th rough  t h e  

t empera tu re  r ange  from 215 K t o  123 K i s  c h a r a c t e r i s t i c  of o r tho ro -  

hmbic f i e l d  around i h e  Cu2+ ion .  lprorn t h e  observed  EPR s p e c t r a ,  t h e  

spin-Hamiltonian p a r a m e t r s  have been e v a l u a t e d  and a r e  g iven  i n  '?a- 

b l e  1. The observed  v a r i a t i o n  of t h e  g - f a c t o r s  w i th  t e m p e r a t u r e s  

a r e  s i m i l a r  t o  t h e s e  observed  f o r  copper  doped Zinc  T u t t o n ' s  s a l t  

( 2 1 )  and Z i n c ( I 1 )  bis(pyridine-3-sulphate) hj rdra te  ( 2 2 )  systems i n  

which Cu2'. e x p e r i e n c e s  a rhombic d i s t o r t i o n .  The l a r g e  v a l u e  gz i s  

t y p i c a l  o r  Cu-0 bonding  ( 2 3 ) .  From t h e  o b t a i n e d  p v a l u e s  we a l l o i l  

t o  g e t  i n fo rma t ion  on t h e  e l e c t r o n i c  ground s t a t e  o f  t h e  i i i ipurity 

cu2+ i o n  i n  LPS. 

Dudley and IIatharray ( 2 4 )  sugges t ed  t h a t  f o r  rhombic g-va lues  

> gy),  i f  (g,  - g,) / (g,  - g,) = Ii i s  g r e a t e r  ( w i t h  gz  > 6, 
than  u n i t y ,  t hen  e predominant ly  dZ2 ground s t a t e  i s  p r e s e n t .  F o r  

a d 2 2 ground s t a t e ,  t h e  va lue  of R i s  expec ted  t o  b e  l e s s  than 

un i ty .  The p r i n c i p a l  g-va lues  o b t a i n e d  at  t h e  v a r i o u s  t e m p e r a t u r e s  

g i v e  H 4 1, a s  s h o w  i n  Tab le  1. Prom t h e  c a l c u l a t e d  R va lues ,  we 

sugges t  t h a t  t h e  e l e c t r o n i c  ground s t a t e  of copper  ion i n  LPS i s  

predominant ly  dx2- 2. 

x -Y 

Y 
Koto and Abe (24 )  r e p o r t e d  t h e  f o l l o w i n g  e x p - i n s i o n s  t o  c a l c u l -  

a t e  t h e  f r e e  ion d i p o l a r  te rm ( P ) ,  Fermi-contac t  term (K) and t h e  

bonding p a r m e t e r  ( d2) : 

P = 1 4 ( A x  - Ay)/17(Ag,, - be;,) 

d2 = (7/6) [ (Ay  - AZ) /P - A gz + (11/14)  D. &s - (6/14) 

K 

where A E z  = E ,  - E x ,  b g, * ge  - E x  and LL % = ge  - gY ( g e  i s  

t h e  f r ee - sp in  g-value and equa l  t o  2.0023). The v a l u e s  o f  

a r e  shown i n  T a b l e  1. The va lue  o f  04' is c l o s e  t o  u n i t y  f o r  i o n i c  

bonds and becomes s m a l l e r  w i th  i n c r e a s i n g  c o v a l e n t  bonding. 

g , ] ,  

(A/p) + ( 2 / 7 ) d 2  + A gx - ( ? / l 4 ) A  e;Y 
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From t h e  va lues  of the parameters p , d 2  and K (Table 1 )  which 

g ive  t h e  nature of t h e  bonding, it i s  found that Cu2+ doped In  LPS 

i s  bound by a mixture of i o n i c  and covalent  bonds with the surroud- 

ing  a t o m  (25). 
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