
Caloris Basin: An Enhanced Source for 
Potassium in Mercury's Atmosphere 

Enhanced abundances of  neutral potassium (K) in the atmosphere of Mercury have 
been found above the longitude range containing Caloris Basin. Results of a large data 
set including six elongations of  the planet between June 1986 and January 1988 show 
typical K column abundances of -5.4 x lo8 K atoms/cm2. During the observing 
period in October 1987, when Caloris Basin was in view, the typical K column was 
-2.7 x lo9 K atoms/cm2. Another large value (2.1 x lo9 K atoms/cm2) was seen over 
the Caloris antipode in January 1988. This enhancement is consistent with an 
increased source of K from the well-fractured crust and regolith associated with this 
large impact basin. The phenomenon is localized because at most solar angles, thermal 
alkali atoms cannot move more than a few hundred kilometers from their source 
before being lost to ionization by solar ultraviolet radiation. 
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sium ( K )  have been frequently ob -  
s e n e d  in the '~tniosphere (1)  of  

M e r c u n  since their disco\.en by l'otter arid 
hiorgan (2 ,  - 3 ) .  Much uncertainn and dis- 
cussion has been associated xvith the source 
'xnd distribution of  these constinlents. 
McGrath t~ 0 1 ,  ( 4 )  have attributed thc source 
to  photon or  charged particle sputtering 'xrld 
subsequent evaporation from the surface 
regolith. Morgan ct a l .  ( 7 )  proposed '1 source 
composed of  a mixmre of  volatilized micro- 
meteoritic and surface n ~ a t e r i ~ ~ l .  Sprag~ie  (6) 
has fitted obsen,ed Na a i d  K  bunda dances at 
both h i e r c u n  and the ,IIoon \vith a model 
of  atoms diffusing (7) from rocks at depth 
along grain b o ~ n d ~ ~ r i e s  and micro-cracks. 
Potter and Morgan (8) presented e\.idcnce 
that a major influence on  the distribution of  
Na about the planet \vas prcssure due to  
radiation '~cceleration, \vhile Tyler c.t a/. (9, 
10) reported Iatinidinal asynlmetries in both 
K and Na as \veil as north polar enhance- 
ments of  Na. 

Results reported here are from the anal\.- 
sis of  a data set including SLY elongations o f  
the planet h i e r c u n  bcnveen J ~ l n e  1986 and 
J a n u a n  1988. Obsenations 1vei-e made at  
the 1.5-rn Cassegrain reflecting telescope at 
the Catalina Obsen.a ton,  Mount  Bigelo\v, 
Arizona ( 11 1. The spectrograph slit ( - 1 crn 
in height) \vas placed across the disk of  
i l le rcun in either a north t o  south orienta- 
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tion or  in alignment parallel t o  illcrcun-'s 
equator ( 12) .  

T\vo factors create conditions favorable to  
obsening both K emission lines (13) from 
hiercu$s atmosphere. Radial velocities up 
to  10 kndsec benveen h i e r c u n  and the sun 
shift the \v'~velength providing solar flus t o  
excite the shorter, D2 line at 7665 L%. In  
addition, the large r'~di'~l \-elocities benveen 
Earth and M e r c u n  displace the emission 
lines in i l lercuris atmosphere 'I\~CI!. from 
the telluric O2 lines. Obsen ing  \vhen both 
lines are \.isible provides nvo measurements 
of  resonantly scattered light which can be 
independently converted into column abun- 
dances of  thc scattering constituent. 

Potassium has a substantial ad\.antage 
over iY'1 for mapping of  thc '~trnosphere. 
\I'hile cross sections at lint center in the nvo 
fine-stnicnirc components of  K are re1'1tive- 
ly large ( 141, colurnn abund,ulccs N, o f  K 
are relatively low (10' t o  10"' K 
atoms/cm2). The  lo\\- intensin makes obser- 
\.'~tions difficult, but still kasible \vith mod-  
ern equipment. The ypical optical thickness 
of  the more c'~sily o b s c n d  sodiurn is such 
that the intensit\. changes more slo\\-ly n i t h  
abundance. 

For at1 optically thin atmosphere such '1s 
the K atmosphere at  Mcrcun., the rate o f  
emission (15) is ~ 4 r I  = q.\' photons cm-' 
sec-'; \vhere .\' is thc \.ertical column abun- 
dance (atoms cm-'1, ~q is the photon-scattcr- 
ing coetiicient (photons  sec- ' atom- ' ) ,  and 

is the cosine of  the angle made by the local 
zenith and the pdth from the planet's s u r f ~ c e  
to  the obsencr .  The rdte o f  emission from a 
1-cm' colunm along the line of  sight, 4rI.  is 

expressed in Rayleighs ( 10' quatita cmC2 
s e C i )  aftcr Hunten t,r d. (16 1 .  The q u a t ~ t i y  
q varies \vith exciting frequency 11-1. Thus  
intensit\. is directly proportional t o  the line 
of  sight abund'111cc o f  K,  d o n g  \\.ith the 
geometrical hctors  \\.hich ,Ire e,~sily calculat- 
ed. In this \\.ark, thc brightness of  Mcrcun.'s 
surface \\-as used CIS ,III intensin. s t a n d n l  
(1x1. 

Table 1 sho\vs a log o f  obsenations and 
relevant paranleters for each frame analyzed 
and pres>nted here: the K c o l u n ~ n  abun- 
d'xnces are shown in Fig. 1 .  Slit orientation 
is north-south in all cases. An average vien- 
ing angle \\.as calcul'~ted for the spatial ele- 
ment san~pled. H o r i ~ o n t ' ~ l  wctors represent 
units of  20" longimde , ~ n d  are labeled. Re- 
cause of  smearing due to  atnlosphcric mrbu-  
lence (seeing) and to  drift of  the slit during 
exposure, spatial resolution fdls short  o f t h e  
theoretical idcal f 0 .157  drc second per pisel i 
by '1 1'1rge f,tctor i 191. The  illuminated longi- 
rude r'~t;ge visiblc from Earth t\.pically \.arks 
from 6 0  t o  110" bccause obsen.,~tions 'Ire 
made near grcatc5t elongations from the 
sun. The Iongimde range bcncath the slit is 
cletermincd bv geometric projection effects, . - 
guiding ' ~ c c u r ~ ~ c y  and ~xtmosphcric mrbu-  
lence. \'ertic'~l divisions in Fig. 1 [and Tdble 
1, 1'1belt.d N. C,  and S1 rcprescnt three 
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Fig. 1. \ 'cn~cal  barc represent potassium column 
.lbundanccs in unit\ of  10' atoms cm'. Thrcc 
latitudinal rcsoliition scitors o r  brns .Ire \lio\\n. 
T h e  top  rectangle slio\\s .~huncianccs sought!, 
corresponciing t o  north polar and high northern 
Iatinldcs; the ccntral rectangle abuiid,~nces from 
mid. lo\$, and equ.1toria1 I.~tirucic\: the bot tom 
sector abundance\ tiom south polar .und high 
southern latitudes. The  longitude o n  Llcrcun's 
surface beneath the armosphcric mcaaurenient is 
sho\vn d o n g  the hor~zontal  ~ \ i \ .  The  longitude 
should be interprctcd as roughl! lo cat in(^ the 

C . .  
center oi'thc be.mi, \\ hich can be seen horn k ~ g .  2 
t o  extend o \  cr man!. cicgrccs. Lhrted \ cirrc.al lines 
connecrlng barc In J.lnuan 1988 'lnci Liarch 1988 
indicate glob.11 a\.cr.Igcs a i d  shoulcl not bc Inter- 
prcted as obscn .1tlon\ ho \ \  i n s  n o  1.1tin1din.11 
\.ariar~on. (~alorrs Rd\in i \  ~ c n r c r e ~ i  at .~hou t  700' 
longitude. 



broad latitudinal sectors, roughlv descrtbcd 
as north polar, m~d-latl tudcs and equatorial, 
and south ~ o l a r  zones. In some frames 
greater spatial resolution \\.as obtained but 
for ease of  plotting they \\.ere rebinned into 
three resolution elements. The histogr '~m in 
each bos  represents the zenith column abun- 
dance founh for that 5ector \Vherc only an 
a\ erage value v, as obtalned for the obscn ed 
area. the same aluc IS s h o ~  11 111 each latlnl- 
dinal bos  ~ v i t h  a dotted line connecting 
them to  indicate that the \ d u e s  arc not to be 
interpreted as representing uniform distri- 
bution. Figure 2 illustrates the relat~onship 
bcn+,een the illuminated portlon of  Aicrcu- 
n, the beam size (spatial resolution element) 
and lo~lgitudc for the obscning period in 
October 1987. 

The outstanding feature of  Fig. 1 is at 
220" longitude \vhere the avcrage column 
abundance is 2 . 7  x 10' K atonis/crn', a 
factor of  -5 greater than the typical \,slue 

from all other data, - 5 . 4 ~  10' I< 
atoms/cm2. This longinlde falls over Caloris 
Basin centered at -200' longitude (Fig.  2 ) .  
Because of  atmospheric turbulcncc, the saln- 
pled atmosphere In these nvo  frames 1s 
prlmarllv that from abo\ e the Calor15 Kasln 
and slightly to  the south\vest. Although \vr 
have reported latitudinal asvrnrnctrics in 
neutral potassium before ( 9 ,  I O ) ,  thi5 is the 
first report associating such large enhance- 
ments \\.ith a specific surtace feanlre. The 
h ~ g h  511t a\ erage ( - 4  greater th'ul the mean 
of  all the data) seen near 45' l o ~ l g ~ n l ~ l c  n ~ a \  
be assoclatcd \ \ ~ t h  the bad11 fractured ter- 
rain antipodal t o  Caloris. Troughs vie~ved 
on  the surfice bv Mariner 10  are interpreted 
as graben \vhich formed during \.ert~cal 
g rou~ ld  motions induced by focused seismic 
\\.aves from the Caloris impact ( 2 0 ) .  

The relatively large colbrnn abundances 
obsened above the region near 220" longi- 
nlde can be attributed t o  the increased ditfu- 
sion of  K from the crust and regolith in the 
Caloris Basin region. There, severe fracnlr- 
ing penetrates t o  depth and creates a physi- 
cally conducive medium for transport of  K 
out of  rock assemblages into the nensvrk of  
micro-fractures and cracks \\here rapid rego- 
lith difiilsion carries them t o  the surface- 
vacuum interface and tlley are liberated into 
the atmosphere (21 1 .  

Ionization is the most important loss 
process of  Na and K from the aunosphcre. 
Because of  Mcrcun. '~  highly eccentric orbit, 
the time required for solar ultra\.iolet radia- 
tion to io~lize all but l l i .  o f  the neutral 
population varies as shown in Table 1. Once 
the neutrals are ionized, electric fields gener- 
ated b\. interaction of  the inherent magnetic 
field ~ v i t h  the solar \ f ind,  s\vccp a large 
fraction of  them into the interplanetar? me- 
& L U ~  \\.here the\ are lost from the atrno- 

sphcrc ( 2 2 ) .  Some fraction impact the sur- 
face. arc ncutr,~lized and are recycled into 
the atmosphere by evaporation or  sp~lttering 
from the surface. 

Escept in limited regions near the termi- 
nator \vhcrc radiation acceleration is direct- 
ed parallel t o  thc g rou~ ld .  potassium docs 
not movc far  bout tllc p l ~ n e t  before ir is 
ionized. Once ,I neutral Na or  K atom is in 

the atmosphere it is controlleci by its physi- 
cal interactions n.ith the sol,~r ionizing flux 
and \vith the surtice. A general discussion of  
ga-surface interactions o n  i l lcrcun. '~  sur- 
face can be found in Hunten cr ( 1 1 .  ( 23) .  
\Vhen a Na o r  K atom lea\.es the surface on 'I 
ballistic trajecton \\ ith c n c r p  conunensu- 
rate to  a surtace rernper,~mre of  -500 K the 
average trajecton distance is approsimately 

Fig. 2. The rcl.it~\-c s17c\ of 
the runlit portlon of Alcrcu- 
17. a i d  the .i\.crAgc rc\olu- 
tion element (bc-im sire) ,ire 
sho~vn .  Thc cl~arncrer of 

g ~ t u d c  range cont,ilning Ca- 1 subearlh longitude -268- 

hicrcun. (8.3 .Ire \cconiisi is 
s ~ i o ~  n For the d.i\ o b s c ~ ~ a -  
tlons ~vcrc  rnaclc o f  thc lon- 

Table 1. Obsc~~. i t ion \  of ~trno\phcric  potJsslum. Eypo\urc times var!. from 3 to  6 rnlnutcs. N, C. ulcl S 
corrcsponil to the latitude bins of  Fig. 1. The p h ~ s e  anglc 1s measured ~t the ccntcr of an ~liuni~nateii 
body bcnveen the light souric cluncl the observer. 

Average 'Ize Mercury, vew  from Earth 

+subearth latitude-4' 

L ~ n c .  l'h~be Hclioccntr~c Erniss~on Cosine 
franc nurnbcr -11111e angle d~stnnce i s - , ,  g i t  l o  smcrgsnt 

scitor UT icIcgrcc\l i AUi rayleighs) ulglc 

1 9  J l l l l l ~  1 Y 8 6  
132. 58. S 0253 8 8 0.416 8 1 26 7 0.88 

(~ '  49.1 0.94 
S 49.2 0.89 

132, 59 S 0301 8 8 0.416 8 1 35.4 0.87 
C 70 7 0.94 
S 63.7 0.89 

D2. 60 N 0312 8 8 0.416 8 1 53.4 0.9 1 
C, 66.5 0.95 
S 63.7 0.92 

2 L l c ~ t c ~ t ~ l ~ ~ ~ ~  1 YcS6 
1)l. 63 S 1334 6 8 0.365 6 1 14.3 0.78 

C 24..i 0.91 
S 13.0 0.80 

13 . L l < l l ~ / l  19s- 
D l ,  99 ,111 1315 118 0.433 40 16.9 0.86 
D2, 101 All 1341 118 0.433 76 13.5 0.82 

S J l i t r c  1987 
D1.76 S 2206 108 0.433 37 22.6 0.73 

C 48.3 0.85 
S 29.2 0.75 

Y . / l l t l l>  1 %S7 
D2. 93 S 0251 108 0.429 7 0 65.3 0.74 

C 78.3 0.87 
S -8.3 0.76 

14 (3( f< l l l c~ i  1 OcS- 

1)l. 291 S 2132 10" 0.395 5 2 123 0.72 
C 426 0.90 
S 126 0.74 

D2. 296 S 2222 107 0.395 100 116 0.72 
C 153 0.90 
S 104 0.75 

22 ~ ' l t l l l L l r ~  198,s 
D2.40 A1 0110 3 2 0.331 129 322 0.84 
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the s a n e  as its scale height. ensemble of  
neutral atoms \vill make only tens of  hops 
before most are ionized (see Table 2 for 
relevant parameters). If the K atoms bounce 
in a random \valk from a localized source 
region, the ensemble \vill not spread beyond 
-180 krn from the source region ( 2 4 ) .  
Potassium, u i t h  its srn,~llrr scale height, 
shorter flight distance and shorter ionization 
time hecomes the preferred species o\.er 
sodium for mapping spatial var ia t i~ns .  

The diameter o f  the inner Caloris Hasin is 
roughly 1300 k n ~ .  Concentric rings appedr 
at greater d~stances ounvard from thls main 
ring giving a masinlum dla~neter  o f  at  least 
1700 knl t o  this impact featurc. The hasin 
interior is filed u i t h  exte~lsively ridged and 
fracnlred plains. LVell-fractured terrain es- 
tends ounvard beyond the Caloris Montes 
range for another 500  !an o r  so. Thc imp,~ct 
that created Cdloris Basin and associ,~ted 
ridges and fracnlres is d x e d  by Strom and 
Neukum (2.7) and pl,~ced ne,lr the end oflate 

b o n ~ b ~ ~ r d r n e n t  at k l e rcun ,  and fol- 
lolving the period of  core formation. Thus, 
it seems likely that the basin is underlain by 
deeply fractured material (26). 

At the longitudes o f  the "hot poles" (27) 
sustained subsurface heating could increase 
the efficiency o f  alkali atoms difusing to the 
surface. If the source flus is limited by grain 
bout lday d i h s i o n  , ~ t  depth ( -  10 !an), the 
\varmer s u b s ~ r f ~ ~ c e  m,~terials , ~ t  these longi- 
nldes \vill provide only a second order effect 
,IS ,Itoms difuse more rapidly through the 
cracks to  the surface. If the source flus is 
limited by the physical properties of  the 
crust and regolith through which atoms 
must traverse to  make their \vay from the 
deeper source t o  the surfLlce, then the higher 
subsurface temperatures associ,~ted with the 
"hot poles" could contribute to  the increase 
in  bunda dances observed at the longltudcs 
near Caloris alcl the antipodal terrain. O f  
course u.e cannot rule ou t  a stochastic pro- 
cess such ,IS the serendipitous volatilization 
o f  a large impactor. 

A source directly coupled to  insolation 
(evaporation or  photodesorption) u o u l d  
show masimum enhalcements u h e n  the hot  
longitudes are near the subsolar point at 
perihelion. Although the obsen,~t ion near 
45" longitude falls close t o  perihelion, the 
one ne,lr C:aloris does not. 

Recycling of  ions to  the coolcr surface 
benexh the polar cusps of  the nlagnctic field 
Ivhere they undergo neutralization and sub- 
sequent reintroduction into the neutral at- 
mosphere has been suggested (28. .?0) as a 
source of  some obsened  enha~lceme~lts.  I p  
(29) m d  Goldstein t7r , I / .  (22) h,~ve estim,~ted 
rei>.cling etlicicncy t o  be about 50%. too 
small t o  explain the factor of  -5 seen at  
220" m d  -4 at 40". 

Table 2. Transport paranctcrs for socllum and 
potasslum at h l e r c ~ ~ n  

So- Potas- 
I'ararnctsr clium sium 

Iliameter Cdori\ Basin, 1300 k n ~  
H o p  tlms T ( m i n i  - 3 -2 
ScJc hcight at 500 I(; -49 - 32 
H (knl) 

H o p  clistancs d, i h i  -49 - 32 
Ionuation tlms T, 

I hours) 
Perihelion 1.4 1.0 
;\phclion 3 2 2 2 
l>l\tanct. tr~vcrscd before 

lonizatlon, D ( h i  -350 -180 

Ll'hile this report n.as under revielv the 
\vork referenced in (18) \vas p ~ ~ b l ~ s h e d  (.jO). 
The most intense region in figure 1 o f  (-30) 
(omitted from the s u m m a n  o f  "emiss io~~  
p~tches"  in their table 2 )  falls over C,~loris 
B,~sin. The Ixgest and brightest p ~ t c h  o f  
figure 2 of  (.?I)) coincides lvith the anti- 
p o d ~ l  terrain. This patch changed inten5in 
over ,I period of  one E x t h  day. imply- 
ing that degLlssing \vould be variable. The 
nmsimum intensin. ,lrc,ls of  figure 3 o f  (30) 
are over regions not  im,~ged by Mariner 
10, and those of  figure 4 o f  (30)  have 
not been correlated lvith m y  major surface 
feature. 

The increascd di f f~~sion o f  alk,~li atoms 
from the crust m d  regolith from regions of  
deep fracture is probable as a cause of  
the enhancements o f  K emission presented 
here. Significantly I q e r  abundmces found 
in this da t ,~  set occurred when Caloris Basin 
o r  its mtipodal point u e r e  in the field of  
vielv. This is good  evidence that the in- 
cre,~sed f r ,~cn~r ing associ,~ted Ivith Caloris 
Basin formation provides loc,~lized enhance- 
ments to  the g l o b ~ l  sourcc mechalism, dif- 
f i~sion o f  atoms ounvards from s ~ b s u r f ~ ~ c e  
mater~als. 
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31. Spriid t h ~ n k s  arc g i ~ c n  to M .  Leake h r  intcrcstlng tlnn s!stem: the U.\O tcle\ropc .dloc.ltion cornmlt- tion site cation ,~fi'ects the in-pl,~ne ~ . c ~ . ~  
rbscus\ion\ conccrnlng C.~loris H a m  tVc are alro tcs .unii schs~llihng tcans for ~iiequ.its telescope tlmc hence the corresponLling in-planc 
gratchl to: E. Karko\clik,i, S Sclinc~der. .uiii K. ~ncluiiirig thr ii.ltc\ rsqulrcd to  rn,ikc thcss ot'srm a- 
\\.ells for .~r t i s t~nce  at the tele\topc .lnii 11 ~ t h  ~1.1t.l tlon\. TIIC rcrc.ircli \\ as iuncicii by s.-\~.-\ gr,lnts B\.S \.'I~LIc. Therefore, the 1'; \ - ~ ~ S L I S  ill- 
anal!.\is: \\.. Srnytli for his help with t o p l ~ r  regard- S G T  5005065 and S.\GZ 143 and .I i f  hltakcr PIanc B\'S plot for t3-t\.pc c ~ , p r , ~ t c  super- 
Ing r a d ~ a t ~ o n  aciclsratinn: K.  I>~nl\er and 1). Yncicr r o u n i i a t ~ ~ ~ n  grmt  of the Rcscarrh Cnrpor.ition. conductors shoulcl scparatc into LA-. Sr-. 
for computational a\\lstancc. H Rlzk tbr tiiapplng 
sofnrarc: c Fink fix LISC (I< hl\ ('('ID ~i'1t.1 .1~q111\1- 5 r)cicmi,ct- 1989: a~ccptcd 26 lunc 1990 and Ra-c1.1sscs and their \nhcl.lsscs '1s in the 

c.1se o f  the I', 1-ersus in-planc i.cu.() plot. 
This e s~ec ta t ion  is borne ou t  a\ \\ill be 
sho\vn helo\\. The  present \\.ark stronglv - .  
suggests that the T, for e,jch ~1 '1~s  o r  sub- 

Hole Density Dependence of the Critical Temperature ,I,,, is ,,, ill\,e,L~ k,ar'lbolic ~ l l ~ c t i o n  ,he 

Coupling Constant in the Cuprate Superconduc~ors in-plLme B\'S or  the hole dc115in I I H .  This 
relationship leads to ,In import'mt constraint 

A bond valence sum (BVS) analysis was performed for the p-type cuprate supercon- 
ductors. The superconducting critical temperature T, versus in-plane CLI-0 BVS 
correlation for copper is grouped into classes and subclasses. Only within a class o r  
subclass for which the nonelectronic effect is constant does the variation of the in-plane 
CLI-0 BVS reflect the corresponding change in the hole density ti" of the C u 0 2  layers. 
This study strongly suggests that the T ,  for every class or  subclass of the superconduc- 
tors is an inverted parabolic function of t i k , ,  and so is the coupling constant A for 
Cooper pair formation. 

I N UNDERSTANDING THE SUPERCON- 

ductivin of the cupratc supcrconduc- 
tors it is vital t o  h o ~ v  \vliat s t n l c n ~ r ~ ~ l  o r  

electronic f ~ c t o r s  govern the magnitudes of 
their superconducting critical temperatures 
7''. The 7, values o f  the p-n-pc cupratc 
superconductors ha1.e been corrclatcd ~ v i t h  a 
number o f  pdrameters, n-hich include the 
hole densities ( t i H )  per C u 0 2  unit in the 
C u 0 2  layers ( 1-4). the Aladelung potenti'lls 
(10, 1 I ) ,  the clectronegati\,ities ( 12-15). thc 
in-plane C L I - 0  bond lengths 116. 1 7 ) ,  the 
electronic densities of  states at the Fermi 
level (18).  the bond I-alence sums I R\'Ss) 
(19-23). and the hole densit\. t o  etfective 
mass ratios (21).  Oxidation o f  the C u 0 2  
I~yers  ( that  is. hole doping) remo\.cs elec- 
trons from the .u2-)j2 b ~ n d s  \vhich ha\,c 
~n t ihond ing  character in the in-plane CLI -0  
bonds (2.5, 26).  ,is  ti^ increases. therefore, 
the in-plane CLI-O bond length ii.c.u~o i is 

puished by the size of  the 9-coordinate site 
cations (that is, I,a-, Sr-, and Ra-classc\) 1 16, 
1 - )  because of  the combinecl electro~lic arici 
nonelectronic ctfects. The Sr- and Ra-classes 
cont,lin subclasses \vhich Jre f ~ ~ r t h e r  dlstin- 
guished by a sccondan nonelectronic factor 
associ~ted \vith the nuniber o f  C u 0 2  la!rers 
per unit cell o r  the cation substitution in the 
rock salt layers. E\.en- class or  subclass o f  the 
T,  \-ersus in-plane i.c,,.(, plot sho\vs a m a i -  
nium, so that el en .  cl,~ss o r  s~~hc las s  o f t h e  p- 
r\.pc cuprate supcrconductors posscsscs an 
o p t i m ~ ~ m  hole dcns in  iri,,,) for \vhich the 
T ,  is m ~ x i n l u n ~  ( T ,,,,,, j ( 16, 17) .  

By clefinition, the bond \.alence of  an in- 
plane C L I - 0  bond should increase \vlth the 
shortening o f  its lengtll (2- ,  28) .  Since the 
in-plane i'cL,~(, ciccreases \vith increasing I I H ,  
the R\'S of  ,un in-pl'~ne C u  atom obtained 
only from its in-plane C u - O  bonds (hereaf- 
ter referrcd to  as the in-plane R\'S) is cs- 

that the cobpling constant-h for Coopcr pair 
f o r n ~ ~ ~ t i o n  is a11 in\ ertccl par'1bolic function 
of t i H .  

The  bond alcnce I of  '1 bond i is defined 

80 laver - 

CuO layer - 

0 
L' 

\- 

Cui1)O layer - 

BaO layer - 

Fig. 1. (Top, S c h e r n ~ t ~ c  i l ~ ~ g r . i r n  ,421 s h o \ ~ . i n p  
t h e  Arrangement o f  drorn\  round ,i 9-coordinate 
site in p - ~ p e  cupr.itc supcrzonituctorc.  T h e  c ~ t -  
loris Are representcci h~ \hadcd  c ~ r c l c \ .  a i d  t h e  
oxvpcn .Itoms b\.  unsh .dcd  circles. T h e  9-coordl -  

shortened. In addition to  this electronic pccted to  increase \\.ith increasing , IH .  r ia t i  C.I~IOII  K IY.I.J'-. SS'-. A I I C ~  R.i2- in t h e  L.1-, 

f~c to r .  the in-pla~?e vcu~o is also controlled Therefore, J ' I . ,  \ crsus ~n-plane R\'S plot Sr-. and R"-ela'\ su~ucollduc' tors.  rest'ectl\-el!'. 
i Bottom) Schcmarlc i l l a g r ~ r n  I 42 I \ho\\ . lnp t h e  by the nonelectronic fictor (16.  I - )  (for should ha\.e '2 m,tl ; im~~m as in the corre- drrLingcrncnt of arounii rllc K,12- cLitloI1 In 

example, steric s t r ~ i n )  associated \\,ith the sponding 7, \.crsus in-p1.1nc I . ~ ~ , . ~  p lo t  The ~-B,~ ,c~,o ,  = -',, ,,llrrc tilc cLitlons arc I n c i i ~  
cations l o c ~ t c d  at the 9 -coord in~ te  sites adjd- steric f'lctor associated \vith the 9-coordina- cated I.\ sh.idlng 

cent t o  the C u 0 2  I~ye r s  (see Fig. 1 ,  t o p ) .  
fi'ith the increasing sizc of the 9-coordinate 
site cJtions, the in.planc c u . ~  bond is Table 1. Calculated a. I.<,,,, ~ n c i  R X l S E  ( root - rnear i - sq~iarc  c r ror l  \ '~ lues  O o m  t h e  leact-squares t i t t ing 

lengthened to the extent of rc- o f  t h e  Ida-. ST- dtlil Ra-clascec alici their  s u b c l a s ~ e s  \\.ith t h e  equation* AT, = -ai l \- i2 

suiting sterlc s t r ~ i n .  The T,  \.ersLls in-plane C o m p o u ~ i d c  cr x l o - '  RhISE '  
r c , , ~ ~  plot of  the L , - R D ~  cunrate sutxrcon- . .~ L . L  

ductors is grouped Into thr& cl~ssc!: distin- 
Sr-class 

... - - 

(T12~,Cci,  iBa,CuO, cubcl.issh 6 . 0 9  i- 1.01  2 0 1  
&I 1 1  TIhanglx). 1)cportmcnt of Chcrn~stn., Sort11 C,lr K i ' S r ~ ( C a l ~ ~ y ~ ' C u ~ " *  euhclassc 3 . 7 8  t 0 . 7 0  2 . 1 2  
011n.i Sratc L'n~\cr\~n..  K.11~1yli. S(' 2-605LX204 (TI,I <Bl1) ' ISS~(C:~~,. ,Y, ) C : [ I ~ ~ -  c ~ ~ l ~ c l , i s c "  1 . 8 5  ? 1 . 0 1  2 . 1 8  
C:. C'. T o r x d ~ .  C-c~~tr,il R C \ ~ ~ ~ C I ~  ,1114 l > c ~ c l o p ~ ~ ~ c ~ ~ t  r)c 
partmcnt. F I '111 I'ont dc Scmour\  .lnii ( 'c~mp~ln\.  'R\.S ~.ilciiI~tcii u ~ n g  the ~n-plane ri,, ,, \alucs from: "'I-.ir.~scon i f  , I ! .  I if), for L.il ;S~;( .LIO,.  -I 'L~I\C : ..:! 41 : 'C;roc11 
E \ p u ~ r ~ i c ~ ~ t a l  St~tioti .  tV11111111g~o11. I)F. 19880 0356  I c 1 c c i 1  3 ;  H I  r ! +St.indard dc\.l~itlon\ of the i?h\cn.i~I T. v.ilut~ tioni tllc ilu,liiratli tit\ 
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