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aqueoais ' .solm!ons have- dea.no~,s~ta~edthat t h e  " , • . . -  
T 'h rough  t he  ~se  ~ f  the  u h r a s o n i c  reaaxat ion tech-  :- : l a n i h a n i . d e S f o n n - b o t h  L-mev .and  Outez-~phere ion  ' - 

n ique ,  it  has  b e e n  demonstra ted-~ha~:  si:gn,ifi,cant " ; .  . i. pairs  WiLh-ni t rale  ~ 1.0-- ] 3] i-n:d sulfare. {9;I  l ,  t 3, I z~] 
c O n e e m r a t i o n s  Of i n n e r - s p h e r e  l a n t h a u i d e  c o m p l e x e s  " b u t  e s sen~a t ly  :only outer -sphere .cornp]ex .es  wi~h , .. 
;exhI in reg i :0ns  w)e~e  t h e  local  dSelectl ic c .onstani  is " " . . . . .  . . . . .  ,* ch lo r ide  ~ 1 5 ] - . W h e n • ~ e  so lven t  dSe!ectrac c o n s t a m  - 
l e s s * h a n  t h a t  o f w a ~ e L  t J n f l e r  t h e  s a m e  C 6 n d i t i o n s  . " i s  i.0~.~.~led b2¢ : k e p e a t i n g " i h e ~ ] i r a ~ 0 n S ~  m e a 6 u r e m ~ n ~ t , s  " - 
c a l c i u m  ,w~t n.o2 f o r m  these e.omp]exe~. There . fore ,  
h n ~ h a n i d e  N n d h a g  t,o a b iochemica l  m o l e c u l e  at  t he  

.ca lc ]um.binf l ing  si te will not o c c u r  i f  the  ,x,egion max- 
i . o t m d i n g  ~i-~ si/,e ha~ a ,da-e]ech-,i~ ,con~tan~ ] o w e l  
than t h a t  o f  w a t e r  ,and ff Lhe ~cation s M e  i s c r u c ~ .  

T h e  e h e ~ c a t  samitar]~y o f  e-aa~um an d ~he rare 
eart~hs, c o u p l e d  ~tO the  ] a t t e f s  ease. o f  spec t rose ,opie  
o b s e ~ a f i 0 n ,  has  led  to  ~som0 .rphous h n ~ h a n i d e  sub- 

..stitU6.ons l,o de~e,ct c M c i u m  b~nding Sites in  ,~-amylase 

in a q u e o u s  aicol~Ols, t h e  ~raCfiOnl Of i nne r - sphere  
n i E a t e  c o m p l e x e s  is inc reased  mad Chloride f ~ r m s  
inner-sphez~e c o m p l e x e s  be~,~vz a wa ie r  •m01e f r a c t i o n  ..- - 
o f O . ~ 5  (soaVem d.~e~e.C~r~c corastan.~ o f  6 8  {16 ] ) :  
A surpr i s ing  I e suh  has  b e e n  ObtMned  ~ 'hen  ~he " " - 
t , e : [ i ~ r d r ~  p ~ r e h ] o y a t e  ~7~  IS '~]'te ! ~ g m a d  ~ 1 . 7 ] .  T~his 

~ a n d  has  lra.,di,~i0na~y been  u s e d  as  t h e  an ion ic  f o r m  
,0f *in.err: el.ectroly~es; w i t h  lhe  a s s u m p t i o n . b e i n g  
m a d e  t h a i  n o  b i n d i n g  occu r s  betv~een .~e  ca-l~on ma f l  

1 ] ;  f laermoly~in 1.2] a n d  'bovine s e r u m  a l b u m i n  . /_~rcM,olate in s o l n l i o m  T~e  ex";stence Of L v m e r - ~ p h e r e  
. [a ,4]  .--B:othtypes .o.f~ataons have .a!s o oucees.sfu]ly . . • . .e~bmm.perc 'hl~rate  c.omp~exes ~t  wa ,ez  m o l e  .. . . . .  . 
aC!.~a~e.d-the.eonverslon Of . t ryp~in6gen  ~o t r yps in  - . - fra.et~ons .belOW 0 .9  (die]ec~rk; e~Zsfan i  o f  ¢. i ) i - :  - "-_ ) .  
[5 ] ,  I n - s o m e  c i s e s  the  h n t h a M d e s  a p p e a r  u r n . t o  b i n d  . - i nd ica te s  t h a t  .as :the. dieaecliie¢org-- ta)',~t decreases  " 
to a mo]ecu te  t h a t  a c c e p t s  ca tc ium,  and ha ihe c a s e  " . be]owt laa~  ,~bse rved in  wa~er ,  the,  1 . a n i ~ d e  . ibns  - : - 
,of :St-amyaase t h e  r e g i o n  o f  l a n t h a n i d e  ~ o n c e n t x m i o n  will  t e n d  *6!c0mp]ex  -,~Sth ~ny  afi~on~ wh i ch  are  m "< ~i~:. 
- ~ , v _ h i c h l e a d s : l o b i n d i n g ~ t t h e ~ a l c i u , r n z i z e h a s b e e n  .-.:". _- n e a r p r o x i m i . ~ y .  ._i ~ --.- - ~ -  - ,-i-~. : - -  " ' : . .  i . .  
- d e m o n S t = t e d  t o  be.a: f u n c t i o n  o f  Which  b u f f e r  syst ,em . . . .  ) S m c e : t h e - d i e t e c / A c  VonstanI  :Of l h e  e n e i r o n m e n (  :-i 

: was)adl i zed  i{ 6 ,7] .  S ince6a]caum subs!titufion' byl she " :: : Lu the  re~ .on  o f  tfae Z~ciUm ~ : m ~ g  ~ites need~-~ot:. i:: i 
t a n t t i ,  arf ide.s  ~ . b e e o m i _ n g  a n  a r n p o r t a n , l : . b i o c h e ~ c a ]  : -:, . - r . e s ~ m b l e - ~ a t  o f  ~ . f f ~ m p ! i e l i ~ d  i n  ;Watee; .  i t  -;s";essen- ?-.:~(_ 

. lool~ii t  i s irnportmai.tzo de.i .ermine ~n.der  wha¢ e x p e r L  . •. : tial: t o  de~ermine  ~: calq;~am a n d  Ihe  l a f i t h a n ~ d e s - r e z c t . .  
mentiil•.Condifion~ ,he,ea~a0nSm=e simTflar 0r,equa;ea!ent~i: ? :-  s imilaf i  r a a a  f u n c t i o n  ,cifdie]ec.triezonStiint-.-!We:- • '.i 

• - .Wehave .p rev i0us iv /&: 'm0ns t ra t ed~ tha t "~ . . aque0nz . i : : .  • p V e : c h d s e ~ ? t o e x a m i n e . t h e a s S ~ c i a ~ i 6 n ~ e a c t ~ o n , -  ?.":[  
:solu:t ion itie-a'nech'anism ofaan thav . jde  asso.3iai iOn,  i- . .: .: ...-~e~tween :caleiuna a n d  &;r.c]~lbrz~eto-.~ietelr~ne i f :  .:-- ' "7  
.0ceurS.via.a: rn.ul, t is!e ~ p).oCess :?[.8] ?i~wolvinz: ca ti,~Sn- .: .::. ) : - .  d i f fer-en Ces:.be :tween: ~he-; ~.ata:onsexis i ~  - - 2  as:~a .function-.-_ .. i:~:i i!: 
l i g a n d  b o n d . £ o r n i a t i o n . , a s . ~ a h e : / a t e - f l e ; t e r r r d n " : n g : .  - ; .  : ,!:-.) : -  6 f : g o ] y e n l - ~ , i S / n p o s ~ t i 0 n .  and . id i eXec tZ i¢ : - eons t a -n : t . . : : / . : ; :  i i:.<-.-. 
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• '2,. E x p e n m g n t a l  : . . . . . . . .  . . . .  . .-.... : :  : ...... -. ~. : .  - . 154=11  MHz, . . tNS p rocess  ¢.oa:reeponds to.~the f o r m a -  
4 : :  . ' - -  . . . . .  :L- • : : . .  " .  . . :  • . -  " . . . .  : : .  " . :  . . - - : : . . : :  .... : : t i o n  o f  : t h e  : 0 u a e r - s p h e * e  c , 0 m p l e x .  T h e  : t h r e e  . ' 1 0 w e s t  

:-.--.. :).A:-st 6 c k  s o l u t i o n : o f  .Ca(,Ci,0~)="wars p r e p a r e d . i n  --. :- .: ..- • d a t a ! j 0 i r u t s  f o r  c a l c i u ~  c o e e s p o n d  t o : s y s t e m a t i c .  
":: . w a i e r b y  a d d i n g  p e r : c N 0 r i c - a d d  t.o Ca:C0z. ~ d " :  - . . . .  ' - .  de" ) i a f ions  f,~.om *he Single r e l a x a t i o n  C~rve a n d  m a y  
- .hei i t ing t o  f e m 0 v e t h e  CO:.: p r o d u c e d .  T h e  :solutiOns " .. L n d i c a t e  i h e  exist .ei~ce-of s o m e  i n n e r - s p h e r e  c o m p l e x  

. d i s t i l l ed  W a , e r a n d  rneihar~oL T h e  ~l~kasonic  r ehXa-  .. : m o l e  f r a c t i o n s  :D;fly, ~ e r e -  m a y  ex i s t  s o m e  i,rmer- 
: : : f i o n _ e @ i p m e n t  a n d - t . e c ~ q u e  are  , s imi l~  :t.0 t hose .  '. • " -. :sphere : c a l c i u m p e r c h l o ~ a , e  . complex .  T o  .check .on . 
" descfil~ed b e f 6 r e  [ 8 . 1 7 ] ~ T h e  •Ca(Ct 0a)a w a s  insoaubae " " l i f ts-we redUced- ihe .  CMcium c o n c e n a r a * i o n  t o  0 . 1 0  M- 
' i n i h e  a q u e o u s  m e t h a n N b e l o w  4 0 %  water ,  b y ' e o l u m e .  . t o  p e r m i t  Soluh~l i .Wand ~he w r i e r - c o n t e n t  w a s  
. - o n e  s o l u t i o n  was . s i n  d ied  w h i c h  was  0_ 1:00 M in t h e  - de creased.  T h e  a:eshlt w a s  .an. increase:-.m t h e  •relative 
-sal t . .a(a  .wa~e~ f r a c t i o n  o f  .32%: .. " • • a m o u n t  o f  o a t e r ,  sphe i0  5 0 n p a i r ;  a n d  o n c e  ~gain a 

- - : . . ~ -  . " " . . l ow f r e q u e n c y  ta i l  Was p re sen* . .Howevez ,  a t  w a t e r  
. " . . . comp~s i t i ons  05 5t3% or  more,. ,o~fly o n e  r e l a x a t i o n  
3 .  R e s u l t s  : : • " o , _ . . . . .. _ -. as  p,~sen~t, a n d  th is  is  a t t~ibu: ted ~o the  .eXisience 

. . " . - . : .. " . ._ . .  ~ f  ou~ez-sphe~e ,emnpJeXes. T h e  r e l a x a t i o n  ,data a re  " 
- : .  q f a  chemica?  r e a c t i o n  existS, fo~ a s-ys lem a n d  i f  " s u m m a r i z e d  ]n- iab]e  1. " " " " 

~he -character is t ic  ~elaxat i .en t~me i s  wi~hin  ~ e  T h e s e  d a i s  i n d i e a i e  , tha' t : the c h e m i s t r y  ,of ! h e  

f r e q u e n c y  ~rzaige .of .the u lk rason ic  e q u i p m e n t ,  t h e n  l a n t h a n i d e  i,ons is  fur~d_arnenlally d i f f e r e n t  f r 0 m . t h a t  
-the u l t~ason ic  .hbsorbance  5nm-ea~esovm- i h a i  obseawed o f  c ~ l c i u m  when": the  idielect.ric cons~an l  5s less than 

... d i f ferenc 'e  ~s e a i i e d  iia.e excess  absorl~ance~.~.. T h e  . " ~ola.s o r  po]a~ r eg ions  Of  t h e - m a c r 0 m o l e e u t e .  A ! l h 0 a g h  
- vari'a_lion_, o f p  a s  a f u n c t i o n  .of f r e .qneney  f i t s  a lantha~Ade i o n s  • tend_,:o bh_~d:through o x y g e n  a t o m s  

-- . ,The td t r a smf i¢  r e l a x a t i o n  d a t a  o b t a i n e d  f o r  al1 o f  e5 { ~ .  - 
O . . '[heS'olu:iiOnrS :eon' taining c.a].ciJam ~n:d-:some m e t ~ n o l  --- ~ ---. 

" exl 'gbi~teda :small, b u t  me.amrrab]e :excess a b s o r b a n c =  ~ " ' - , , .  -- 

" :#ig:.~"~Athi'nthe.shows.,his-.ex~&gs.ab~,;orban.ce~{equency xang:~ .of  10  I-'o-as.Z.fui~cxion210 Ml-Iz. • . =~ . " .. . • - . - . . .2~<. ~ 

. o f  f r e q u e n c y  f o r  0.2,00 .M ~ . - ( I I 1 ) ( 1 7 )  a n d  0::200 M ,~_ ... .  . .  ~ ' .  ' 
• ' - - ' " - " " . . . . . . .  . . . . . .  " i [  / " " • Ca ( I I )  perc.'l-fl0rates fit.w.a-t~;r 'mole  fra.cti.on = 0 , 5 8  a n d  t~ ' . .  ~ ' :  

-:. .dielec:tric.clons~an,-=52. T h e  Er( .Cl0 , ) .a  d a t a  ea f ino t .  . .~ } ~ : : ' ~ :  . . /  
b e  ,fit b y . a s i n g t e  r e l axa t ion . : cu rve . , . and  ~he e x p e r t -  " " I '5 '~" " - 
m e n t a !  '.data.:are z e p r e s e m e d  a 's- the . s u m  o f . : t h e  o v e r -  . -  - . 

/ / -  

]apping.re]axati0m- [.1.7] ~ " t he -h i .~ - f r equen ! cy .  p e a k  -. " - - . .. .. 

. o f  i • i -  -';- ~a 
~g~j.c,¢. J ' .- 
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Re]a : : a~ ion  da~la 5.~i ,~ule~-sp.~e,'.,.e :¢ .o lnplexes  .. . . " " 
Ca  ATripliba de  c " " " ] 7 e 1  [ -9±I  13-+:13.4 . " . 1 1 e 3  
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R e l g x a ~ o n  d a m  f o r  i ] m e z - s p h e r . e  c o m p l e x e s  . . .- - : . - -- / . i " --  :" - " i " . 
:-f' . .  : • - " ~i  

N~a amaez-sphe~e  c e m p l e x e s ~  . 
Ca A m p l i t a d . e  e 

Ca  F~e:t]nen¢3, d 
£~ A r n p l ] r a d e  e 
~Er F r e q u e n c y d  

N ~  soh~b]e.  

289+--17 - ~ 1 3 0 ~ 3 7  - 7 3 6 " 2 8  2 3 1 e 7  
9 . 8 -*0 . 5  7 . 3 ± 0 . 2  $ . 8 M ) . 3  - ~ 2 . 1 ± 9 . 4  

t 6 5 ~ 6  .= 
1 2 . 3 - ' 0 . 5  " 

a T h e  b a c k g l , a v m . d  ~_ 

.m R~e~on~e 1 , 6 .  

e Unia~ a~e 1 0  ~ m o p e r s  s e c a / c m .  
;d Uniis a z e  M t - l z .  

e C a l c i u m .  pe~c~hlo~a~  e o n v e n ~ r a t i e n  i~ O. t ~ 0  :},I. 
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f C a t e n l a l e d  B a c k g r o ~ a ~ d  i s  ( 2 0 . 7  ~ 2 . 9 )  .N 1 0  - 1 7  a a e p e r s  s e , e 2 ] e r n _  " " " 

• , The m~_~;mtade o f  ~he z ~ ] a x a g o n  f ~ e q u e n c y  i s  ~ o o  h i ~ a  f-or ~he  fo : r rna~ion  ~ f  e~dcinan i n n e ~  s p h e r e  C o m p l e x e s  i n  a q u e o u s  " 
me~ :hano l .  T h e  f r e q u e n c i e s  s3~o~ald b e  e q u a l  ~o ,o2r l e s s  *hm'~ '~laose e x p e c t e d  ]n  w a t e r  f o r  inn:e~ s p h e x e  c o m p ~ e x a ~ i o n .  

[ 1 8 ]  ,. b i n d i n g  a l s o  o c c u r s  , ~ . h l o u g h  ocher d o n . o z s  "! 1 9 ] .  

] f  ~ h e  l a n i h a ~ i d e  b i n d s  ~ o  t h e  c . a u m e r  i o n  i n  so,],~. ,1i,on 

b e l i z e  a ~ t ~ a c h m e r ~ t  ,~o the b i o c h , e m ~ c a l  b i n d i n g a i ~ t e ,  

t h e  r e a c t i v e  i o n  w i ] ]  b e  ] a r g e ~  , t h a n  g a 0 I )  a n d  z h e  

e l e c l ~ . 0 s t a ~ ] C  c h i n - g o  w i ] l  .be , t he  s a m e  o r  ] e s s .  A ] t h o u g h  

. t h i s  w i ! ]  n m  p r e v e m  l a m h a n ,  i d e  b i n d i n g  i n  s o m e  

~ - 3 , s t e m s ,  i~ w i ] ] - f o r  t h o s e  i n  w M e h  ' t h e  c a t i o n  sLze  

- . . . - . 

R e f e r e n c e s  - - 

i - - " " " " 

I ] ]  S r n , D ] k a ,  G .  ~ . ,  B ~ a ~ b a u m ,  E R ,  a n d  D a z ' n ~ l t ;  D I ' W .  

{1971}- B ~ o c h e m .  ]@, 4 5 5 ~ - 4 ~ 6 ! .  
{2 ]  , C o l m a ~ ,  P . M . ,  ~?r~eavez, L : iH .  a ~ d  Ma.~hews,  B. W. 

(~197,) B ~ o c ~ m .  B i o p h y s .  R e s .  C m n m u n .  4 6 ,  1 9 9 9 -  
20 t )5 .  

d e ~ e } m i n e s  i f  b ' , m d i n g  i s  p a s s i b l e  a t  a W e n  .~i te :  l J n d e ~  ~3~ 13inab . . . .  lg I~  G~nae : ,  J ~.- ~ n a  D~,,,~11 D W 
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