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Bi2Sr2Ca(n~llCunOy(N=2,3) Superconductors by 

Using Reactants 12 or Fe12 
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Kunuzuwu Institute of Technology, 7-1 Ohgigaoku, Nonoichi-muchi, 
Islzikuwa 921-8501 

(1njinal.form July 26, 1999) 

The change of superconductivity induced by intercalation is very interesting We have investi- 
gated on intercalation into Bi22 12 single crystal and Bi2223 polycrystalline superconductors 
using FeIl or 12 as reactant. The iodine intercalation by using FeI, as a reactant into Bi2223 
phase is reported for first time as long as we know. In iodine intercalation into Bi2212 by 
using Fe12 as reactant, the critical tem T,-cl,,set in out-of-plane measurement has suddenly 
decreased on X=0.95. Similar changes of Tconset with higher X have been observed inde- 
pendent of directions and reactants. TConset of I,Bi,Sr,CaCu20 intercalated by FeI, is a l i t -  
tle lower than one of 1,Bi2Sr2CaCu20y intercalated by I,. This !s likely due to the change of 
hall concentration induced by reduction of host In iodine intercalation into Bi2223, the 
smaller change ofTConrrt with incrcasing amount of intercalant is likely due to the number of 
Cu02 planes between ntercalant layers. 

Keywords: Iodine intercalation; Bi2212 single crystal; Bi2223; Fel,; TcollSet 

Bibased copper oxlde superconductors wth layered structures have a chemical 
property of taiang in another elements behsleen B i 4  double layers Th~s property is 
called mtercalat~on, and these elements and superconductors are called lntercalant and 
host, mpechvely In general, an intercalabon leads to the expnsion along the eaxs, the 
change of tempenme dependence or rnsompy m electncal c~nchictlwty''~~ BI based 
supemnducto~ have a drast~c feature m theu electncal wansport aruwtmpy 'Ihe n o d -  
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state m-* lwshvI@ typ ldy  mes llneerly wtJl tempmlm, whereas lk Out-of- 
plane resrsbvlty vanes lke a one of SermCOndllCtOlS In adhon, the m-of-plane 
mst~uty is changed ldce one of metals after intacalabono6' 

The change of s ~ ~ v l t y  mduced by mtemlabon IS very mtmsnng We have 
m v ~ g a t e d  on lntercalahon tnto B12212 mgle crystal and B12223 plycrystalhe 

tntemhon m Bi2212 by usmg FeI, as a readant') In OUT lBcent work, we have 
succeeded m todm mtendabon mto 812223 s u w  by usmg FeI, as a maant 
In these Imercalabom, it needs oxygen for sqmat~rn of I, b m  Fel, It IS kely that 

superconductorsuslngsomehalogensandhalldes I n ~ O u s p a p e r , U R r e p o r t e d ~ ~  

oxygenwreleasedh host- becauselntercakhon wascamedold m vacuum 
sealed py-ex tubes m wll lead M m  of change of supemdmvlty betwstl 
FeI, and 1, We have mveshgated on the tnfluetm to the m w t y  of Bi,Sr,. 
Ca,,,~C40@=2,3) due to the todm mtedahon mto Bi2212 smgle crystal and Bi2223 
polycrydtne supaconductors by usmg FeI, and I, as reactdnt 

EXPERlMENT 
Bt22 12 smgle qskd and B2223 polycrystaulne superconductors were pqmd usmg 

the m p d ~ e n f s  Bi203, PbO, SrCO,, CaCO, and CuO In the process of prepmhon of 
B12212 smgle crystal, at first feed and seed rods were smtered by ordmry solid state 
reachonwththe1aboofBiSrCaCu=22 1 8 1  2,thenslnglecrys$lwgrownma~at 
a rafe of lmmh by travellug solvent floahng ZDne(TsF2) method Bt2223 
plycrystalllne was prepared by ordinary sohd state reachon process wth the ~ I IO  of 
BiPbSrCaC~184034191203306 Atf i r s fmedpowderwasdcdmagold  
boatat 800°C for 16h and then ground and peUeted at 3%MPa Then pellet was smtered 
at 845°C for 120h tn m 

Host and reactant were placed m 8mm-duuneter p y a  tubes andthen wuum sealed 
at 0 3Torr The len& of p y ~ x  tube after sealtng was about 8cm Interchon usmg Fel, 
was carnal out at 150-161'C for 24-144h wth tk tsnperatum gap between host and 
reacoutt prts Intercalation by I, was camed otd a! 150°C for 2 4 4 h  

To chamckrm the mtercalates, surface xamng or powder X-ray d~&xtton(XRD) 
wth CuK a rad~ahon, analysts of composthon by fluorescent X-ray d y s s  
mtcroscope(0 Imm cb ), wpht c b g e  measurements before and after memlabon and 
resistance measurements by four-probe method wth 1-5mA, were camed out From 
~ ~ , t ~ ~ ~ ~ ~ i ~ ~ t h ~ ~ ~ e 2 0 ~ 2  e 635 - 

Fig 1 show the X-ray -on paaems of B12212 pnshne and I,Bt,Sr,CaCyO, 
DdEachon pattem(a)showsBi2212 pnsbne phase Pattems(b)and(c)showthe 
intercalated phasesbymtng I,andFel, a s r e a c t a n t ~ v e l y  The value ofX 
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IODINE INTERCALATION OF Bi2Sr2Ca(, -, ~Cu,,0y(n=2,3) ... [ 101 1]/207 

(dhtwodmtod by Fol, 
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FIGURE 3 Expended patan of fig2. 
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FIGURE4 O u t - o ~ p l a n e ~ w t y v s ~ c r w e s f b r B @ r 2 ~ O y s n g l e  
crystal and IxB$3r&3&Oy intercalated by FeI,. 

60 80 100 120 140 160 
Temperature [K] 

FIGURE 5 h-plane resistivity vs tenperatlne cwves fix B i 2 S r 2 w O y  sngle 
crystal I x B $ ~ * W O y  - by 12. 
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FIGURE 6 Tempetahne dependwce of mistance for Bi,Sr,Ca$u30v and 
1xBisr2ca2aoY - by FeI, or I,. 

Fig4 and Fig5 show the temperatwe dependence of out-of-plane resmwty for 
IxBi,Sr2CA&Ov intercalated by FeI, and mplane mshwty for IxB12Sr2CaChOv 
intercalated by respechvely The out-ofplane reslsbuty becomes metall~c as the X 
value increases In M out-of-plane and m-plane Qrechons, the cnt~cal tern- 
T, has suddenly decrwlsed on X=095 and 1 00, mpecbvely These sudden changes 
of T, wth hgher value of X have been observed independent of duechons and 
reactants 

Fig6 shows the tempemnt depedmw for IxBi2Sr2ca2cuJ0, intercalated by FeI, or 
I, A h u g h  trans~t~cm wdths greatly lllcrease wah mcmsmg X ,  T, has a lmle 
change wth maeasing X In icd~ne mtedaoon lnto 8122 12 plycrystal, T, greatly 
decxease wth YIcreasing p’o’ T~IS h f f t  betwen Bi2223 and Bi22 12 plyc~~std is 
likely due to the number of CUO, planes betwen udercalant layers 

Fig 7 shows the dependence of T- on X for IxBI,Sr2CaCy0, and IxBi,Sr2Ca&&Ov 
T, of IxBi,Sr2CaC~0, intercalated by FeI, is a Me l o w  than one of 
IxBi2Sr2CA&0, intercalated by I, Ths is likely due to the change of hall -on 
incluced by releasmg of oxygen 6cm host matenal m mtercak mchon. 
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IODINE INTERCALATION OF Bi2Sr2Ca(,.l~Cu,0y(n=2.3) ... [1015]/211 
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FIGURE 7 Depemkm of critical bAnpaatmeCT& on X for IxBi2Sr2Wy0, 
and IxBi,Sr2Ca&0,~ 
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