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ABSTRACT 

We have s tudied  the electrical and  infrared propert ies  of 
Bi2Sr2CalCU208 c o m p o u n d  in three  states.  Electr ical  
a n d  IR m e a s u r e m e n t s  show tha t  the  pure  powder  s ta te  
s a m p l e  is a s e m i c o n d u c t o r ,  t h e  c e r a m i c  
B i2Sr2Ca lCU20  8 sample  p repa red  after a n n e a l i n g  at  
820°C for 240 h o u r s  shows  a T c of 85 K, w h e r e a s  
Bi2Sr2Ca1Cu208 sample  prepared  th rough  glassy route,  
i.e. mel t ing  at  1250°C and  annea l ing  at  820°C for 240 
h o u r s  shows a drop of T c by 5 K. The infrared spectra  of 
superconduc t ing  ceramic and  glass ceramic s ta tes  in the 
available f requency  range  of m e a s u r e m e n t  reveals  the  
p resence  of three  phonons .  Since the vibrat ional  mode  
a r o u n d  595 cm -I is due  to CuO2 layers and  as the CuO2 
l a y e r s  a re  r e s p o n s i b l e  for T c in  t h e  c e r a m i c  
supe rconduc to r s ,  any  change  in these  layers will affect 
the T c. The shifting of the 595 cm -I mode  towards  lower 
f r e q u e n c i e s  in the  g lass  c e r a m i c  d u e  to d i f fe ren t  
p repara t ion  process,  indicates  tha t  there  is a change  in 
C u O  2 layers  r e su l t i ng  in a c h a n g e  of T c, w h i c h  is 
confirmed by Four probe dc measurements .  
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INTRODUCTION 

The b i s m u t h  base  cupra tes  Bi2Sr2CaxCuyO 8 (where x = 
1, 2, and  y = 1, 2, 3) be longs  to a c lass  of h igh  
tempera ture  superconductors  having T c in the range 80- 
110 K depending  on the  phase  of the  compound.  These  
compounds  have no rare ear th a toms as in YBCO [1-2]. 
It h a s  b e e n  e s t a b l i s h e d  [3-4] t h a t  t he r e  are  t h r e e  
superconduc t ing  phases  i.e. the  (2201) phase  having T c 
- 8 0  K, the  (2212) phase  with T c equal  to 85 K and  
finally the  (2223) phase  where  the T c approaches  110 K. 
The (2212) phase  has  been  extensively s tudied due to its 
easy formation and  s t rong correlation be tween the hole 
concen t ra t ion  and  the  critical t empera tu re s  (T c) which  
has  been  demons t ra t ed  by various subs t i tu t ion  s tudies  
[6-7]. The 2223 and  2201 p h a s e s  are difficult  to 
synthesize as a single phase.  

A close correlat ion be tween  the vibrat ional  behavior  of 
the  semiconduc t ing  and  i somorphous  supe rconduc t ing  
Bi2Sr2CaCu20 x is expected because  of the  similarity of 
their  crystalline structure.  

The role of phonons  and  other  low energy excitations in 
the  m e c h a n i s m  of high T c superconduct ivi ty  is current ly  
a central  issue.  In the  p resen t  study, we i n t e n d e d  to 
compare  the vibrational  modes  of the Bi2Sr2CaiCu208 
c o m p o u n d  in  t h e  s e m i c o n d u c t i n g ,  c e r a m i c  
s u p e r c o n d u c t i n g  and  glass  ceramic  s u p e r c o n d u c t i n g  
states. 

EXPERIMENTAL PROCEDURE 

The  b u l k  p o l y c r y s t a l l i n e  s a m p l e s  of n o m i n a l  
c o m p o s i t i o n  B i 2 S r 2 C a i C u 2 0  x were  p r epa red  u s i n g  
s tar t ing  mater ia ls  such  as Bi203, SrCO 3, CaCO 3 and  
CuO of 99.99% purity. Mixed powders  were g round  in 
an  agate mortar .  A port ion of g rounded  powder  was  
p r e s s e d  into pel lets  of 3 m m  t h i c k n e s s  and  1 cm 
d iame te r .  Two pe l le t s  were  m a d e  of t he  above  
dimension.  One of the  pellets was placed into a furnace 
and  hea t  t reated for 240 hours  at 800°C. The un t rea ted  
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pellet is ma rked  as sample  III, the hea t  t rea ted  peUet is 
marked  as sample I. The remaining powder was calcined 
at 800°C for 10 hours  in air. The calcined mixture  was  
me l t ed  in a covered a lumina  crucible at 1050°C for 1 
h o u r  in  an  electric furnace.  The mel t  was  q u e n c h e d  
rapidly on a s tainless  steel plate and  pressed  quickly by 
ano the r  steel block, resul t ing in a disk of 2 m m  thick. 
This glass ceramic disk was placed into the furnace and  
hea t  t reated for 240 hours  at 800°C. This glass ceramic 
s a m p l e  is m a r k e d  as s a m p l e  II. Res i s t i v i t y  
m e a s u r e m e n t s  were made  on all the three samples  us ing 
s t a n d a r d  F o u r  p r o b e  t e c h n i q u e .  D u r i n g  t h e  
m e a s u r e m e n t s  each  sample  was  cooled to 20 K us ing  
closed-cycle cryocooler. The resist ivity of sample  III 
dec reases  slightly as the  t empera tu re  is r educed  and  
t h e n  s ta r t s  increas ing  as the  t empe ra tu r e  is fu r ther  
lowered indicating the semiconduct ing  behavior. 

R E S U L T S  AND D I S C U S S I O N S  

Fig. I represents  the resistivity tempera ture  dependence  
for sample  I, II and  III. The resis tance of sample I s tar ts  
decreasing as the tempera ture  reaches  100 K and it falls 
to zero at 85 K. For sample  II the  room t empera tu re  
res is tance is higher  as compared to I. For sample  II, the 
zero resis tance is obtained at 80 ° K which indicates  tha t  
in  g l a s s  s u p e r c o n d u c t o r  i .e. s a m p l e  II, t h e  
superconduc t ing  volume is reduced and  hence  in t u m  
the  T c of the  sample  drops, which is a consequence  of 
different prepara t ion  processes.  From Fig. 1, we also 
observe t h a t  there  is a large difference be tween  the  
electrical resistivity of sample Ill as compared to I and  II, 
which  shows the  resistivity behaviour  of an  amorphous  
and  a semiconduct ing  state. Below 160 K the resistivity 
of sample  III is very h igh  whe rea s  the  resist ivi ty of 
sample I and  II is zero, below 80 K. 

Infrared spectra of the pellets were taken  us ing Nicholet 
Spec t rome te r  equ ipped  with DTGS de tec tor  and  CsI 
beam splitter. Spectra  were m e a s u r e d  in the range of 
200 to 4500 cm-i with a resolut ion of 4 cm-1. Samples  
used  for IR m e a s u r e m e n t  were not  pol ished in order to 
avoid any contaminat ion .  The absolute  ref lectance of 
the  sample  was de t e rmined  by compar i son  wi th  the  
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k n o w n  reflectivity of an  a l u m i n u m  deposi ted  mirror .  
The reflectance spectra  of samples  I, II and  Ill are shown 
in Fig. 2. For samples  I and  Ill, we observe t h a t  the  
reflectance decreases smoothly with increasing frequency 
and  three  p h o n o n  modes  are observed in the  p resen t  
spec t r a l  range .  The r educed  re f lec tance  a t  h igh  
f requency  could  be due to the  sca t t e r ing  from the  
u n p o l i s h e d  surface  of the samples .  Due to diffuse 
sca t t e r ing  from the  gra iny  surface  of sample  I, the  
spec t rum taken  against  a s t andard  reference mirror  was 
s t rongly distorted, especially at  h igh frequencies.  We 
observe from Fig. 2 t ha t  the reflectance of sample  I is 
quite h igh  bo th  at  low and  high frequencies.  This  is 
because  th is  sample  was coated with a th ick  layer of 
a l u m i n u m  film in order to make  correct ion due to the 
scat ter ing losses. 

It is well known  tha t  Infrared spec t ra  of a m o r p h o u s  
semiconduc t ing  mater ia l  are very s imi lar  to those  of 
crystals  with the same composition, with the difference 
tha t  their  line width is larger. Since sample I and  II are 
polycrys ta l l ine  mater ia ls ,  the i r  IR spec t ra  resembles  
those of semiconduct ing sample Ill and  the difference in 
the  l ine wid th  of these  samples  is obvious  i.e. the  
vibrat ional  mode associated with the un t rea ted  sample 
is very broad as compared to those of sample I and  II, as 
can  be seen from Fig. 2. 

In order  to s t udy  the  opt ical  p a r a m e t e r s  of these  
samples  the  exper imental  reflectivity da ta  of fig. 2 was 
ana lyzed  u s i n g  Kramer-Kronig  rou t ine .  F i rs t  t he  
ref lec tance  R(0)) - r 2 (co) is t r ans formed  to obta in  the 
phase  angle difference 0 (co) between the  reflected and  
incident  waves. 

0 ((o)= f o  InR(co')dco'a) '2- 0) 2 

(1) 
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The real and  imaginary par ts  of the  dielectric funct ions  
El(t0) and  E2(to) are related to the reflectivity r(to) and  0(o)) 
th rough  the  complex refractive index (n + i k) where  : 

2 
l - r  

r 2 1 + - 2 r cos 0 (2) 

~ Ilto~ = 2 r cos 0 k 
r 2 1 + - 2 r cos 0 (3) 

Also the  real  and  imag ina ry  par t s  of t he  die lect r ic  
funct ions are related to n(to) and  k(to) as 

(to) = n2- k2 
(4) 

a n d  = (5) 

The optical and  dielectric cons tan t s  are t h e n  u s e d  to 
calculate  the  optical conduct ivi ty  and  the  energy  loss 
function.  

Fig. 3 r e p r e s e n t s  the  real  pa r t  of the  f r e q u e n c y  
d e p e n d e n t  dielectric response  funct ions  ~i((0), for all the  
three  samples.  We observe tha t  for the superconduc t ing  
s a m p l e s  el(to) is negat ive at  low f requencies .  This  
corresponds to metallic behaviour  of the mater ial  in the  
normal  s tate  at  ambien t  tempera ture .  As the  samples  
are  cooled down below the  crit ical t e m p e r a t u r e  the  
mater ia l  t ransforms  from metall ic  to s u p e r c o n d u c t i n g  
s tates .  This observat ion is conf i rmed by four probe 
r e s i s t i v i t y  m e a s u r e m e n t s .  S a m p l e  Ill r e m a i n s  
semiconductor  at ambient  t empera ture  as well as at low 
tempera ture .  The values  of static and  high f requency 
dielectric cons tan t  m e a s u r e d  by extrapolat ing to lower 
and  h igher  f requencies  are in a g r e e m e n t  wi th  those  
p u b l i s h e d  in l i te ra ture  [6] m e a s u r e d  by A.C br idge  
method.  
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different states. 
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The characteris t ics  of phonon  b a n d s  in Bi2Sr2CaiCu208 
observed in these  m e a s u r e m e n t s ,  are s imilar  to those  
s tud ied  by neu t ron  scat ter ing [8], e lectron energy loss 
spectroscopy [10] and tunnel ing  [I I]. 

TABLE 1 

Vibrational modes  and  T c of Bi2Sr2CalCU208 c o m p o u n d  

Sample 
No. 

II 

Ill 

Material 
Bi2Sr2CalCU208 

Tc 
K ° 

Trea ted  Ceramic  85 
for 240 hours  
T r e a t e d  G l a s s  80 
Ceramic  for 240 
hours  
Untreated Powder - 

K 311 

K 311 

310 

Phonons  
cm-1 

358 595 

358 586 

480 585 1450 

From IR m e a s u r e m e n t s  i.e. from Fig. 2 (a) and  Fig. 2 (b), 
we observe 3 phonon  modes  in our  m e a s u r e d  f requency 
range.  The calculat ions and  a s s ignmen t  of vibrat ional  
f requencies  for Bi2Sr2CaiCu208 are reported in ref. [12- 
14]. Seven IR active phonon  modes  are predicted.  We 
obse rved  only th ree  b e c a u s e  of the  low f r equency  
l imitat ion of our  spectrometer .  The observed p h o n o n  
m o d e s  are s u m m a r i z e d  in table  1. The v ibra t iona l  
modes  of non-superconduct ing  samples  a round  310, 480 
and  585 cm -I are due to the  individual  cons t i tuen t s  of 
the  B i2Sr2Ca iCu20  8 compound ,  where  as the  m o d e  
a round  1450 cm -I is due to undecomposed  CaCO 3 and  
SrCa 3 p resen t  in the  un t r ea t ed  powder  sample.  After 
h e a t  t r e a t m e n t  the  SrCO 3 and  CaCO 3 d e c o m p o s e s  
completely and  hence  we do not  see any mode  a round  
1500 cm -~ in the superconduc t ing  samples.  Following 
the  assi_~ .nments of ref. [13], the vibrational band  a round  
595 cm- is ass igned to CuO sliding mode. The sliding 
mode  of CuO plane  couples  with the  mo t ion  of free 
carriers and  gains anomalous ly  large intensity.  Hence 
the  vibrational  mode  a round  595 cm -I which  is due  to 
CuO plane has  a higher  in tensi ty  as compared  to other  
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modes  as  shown  in fig. 2 (a) and  2 (b). The p h o n o n  
mode  a r o u n d  595 cm -I p re sen t  in  sample  I shi f ts  to 
lower f requency in sample  II. This  indicates  t h a t  there  
is a change  in  CuO 2 layer  a r i s ing  from the  var ious  
t echn iques  employed in the  prepara t ion  of the  samples  
[15-16]. The CuO p lane  p lays  a major  role in  the  
electronic s t ruc tu re  of the  cupra te  superconductor .  In 
Bi2Sr2CalCU208 sys t em the t rans i t ion  t empera tu re  T c 
increases  with  the  n u m b e r  of CuO layers [ 17-18]. Since 
CuO 2 p lanes  are responsible  for the  critical t empera ture  
in these  mater ia ls  any  change in energy of these  modes, 
as  observed in the  IR spectra,  will br ing in  a change  in  
the i r  crit ical tempera ture .  This  was  confirmed by four 
probe measurements .  
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