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Thmug‘n ihe nse m* ihe uhrasomc *e]axaimn -tsch- S

imque, it has been ﬂemmlsnateﬂ thm mgmﬁ-canit :
:cmlwcemmtmns of mnm—spherc lanthanide’ tcnmplcxes
‘exisi in regions whera the local ﬁnele clrie constant is-
-Igssthan that ﬂf water, Undst ihe. same acbnd:imm
‘ealcium will not form these complexes. Therstors,

lar:thanide binding to a biochemical molecule at the

:v:aicmm bmﬂmc site will not oeoar if the region sur- oo

‘Tounding this sig has ] aﬂze}emn«: wnsmm lowey
“than that of water and if the cation size is C—I‘H\{:]E]

- ‘The chemical similarity of calgium and the rare -
“earths, x:ﬂ:mpleﬁ to the latter’s ease of spar:tmscspm

observation, has led 1o isomorphous hanthanide sub-

stithtions 1o detect calciam binding sites in w-amylase” -

{13, mermm]ysm [2] and bovine sexum albumin:
{3,4]. Both typss of gatiohs hawe also mmssi‘uﬂv
act] vated Iihe conversion of Iiyp;m@gen 10 hypsm

‘ {5] In:some cases the lanthanides : appear 101.to }mm o

toa mmecule ‘that accepts calcinm, and in the case
“of asamy]ase the region of ]umthamde concentiali on
“which leads to binding at the caleium sire ‘has been

é.;was utilized 8, 7] Smce calcinm substitntion by the -
lanﬂlamdas i -bBc OFIE AN Amporiant: bmf:henuca]

f.twal it 13 Jmpanam 1o uﬁiemnne Lnﬁez w[hax e:;pen- I
: men tal- condmons the cations aye mmlar or @qu]va’ent e A

*mpnstrated ‘that in; AEROUS,
smof Jamhamde_assnmaimn

: ,,"stsp 19} Uhmsonm :rf:}a:-;ahrn mvestlgat:ons m."-';* .
.. ‘aggecys- solations h‘ava ﬂan‘m)rm?ﬂi"‘d ihat the
" lanthani des forar toth inner-and m.i:er-sphere don ;. -
- pairs with nitzeis [10-13] snd sulfate [9,11,13, 1»%'—] o

- but es:.em,a]]y only DIHBJ‘SPEBT" mmp]mes with -

LE -

chloride [15}.'When the solvent dielectric constan? - o

I Enwsa'ed by zepeatmg the' nhra;omc meamremen:ts
in aqueous alcohols, the fraction of mner-—s;;heae ,
.. hitrate complexes is inereased and chloride fmms - j ‘
. inner-spheze complexes ] below a waie"r ‘mole fmcimn S
. of OL85 {solvent dislectzic consiant of 68 {1—5}}
A surprising result has be=n obtain edwhen the -
~tetrahedml perchloraic ian is the Bgand 173, This™
- Bgend has traditionally been LSBﬂ #s the anionic fo:m
- of *inert’ electrolytes; wﬁ}’ the as’sump’mn being
‘made thii no ‘binding « oecurs between the cation anﬂ
_ “perchioraie in solution, The existence of mne:r~$phe:r.e
B ’;-er'bmm perchlorate: Lomﬁleves at water mole
. Fractions below 0.9 {dielectric constant of 71)-
Cindicares that as the. digleciric constont deq.,:reaseg
" below ih‘ai observed inwater, zthe ]anthanzds mns
“will tend 4o wx:'omple;x w:fm any Bnm
o :nem" pm::;]mrz ¥- - X
demonstrated to be a furiction of which buffer system© - '
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otime A1, nimber 2

w2 '-Expenmental

A_stock soiutlon of Ca(ClO‘;)@ wasrp:epar:"
ater by addmg perchlanv ‘acid to CaC0s and

“wefe made up 10 a final concentration 6f 0.200M
“salt by ditu A9 wﬁh the cofrect pmporn onsof

- distilled water and methanol. The witrasonic Ielmm-- f s

- tion; eqmpmem and’ 'echmque are similar to thosa™:

. described before {8.17]. The Ca(C104) Y2 was msn]ub]e 3
cAmthe aqueous methanﬂ] below 40% watet by volume. .
ol Ider:reased "Ihe result was an increass im 1}1& rﬁ]anva
- .amount of :mif::r-sphem mn pair, an ‘
- Jow frequency tail was present. However, at water -
.- compusitions of 50% or more, only one re]a:s;anwon
* . -was present, and this is attributed to the existence
. of onter sphere «cmmp]exes The re]axa:mn ﬂam are' .
" summarized in. table 1, '

o Cne “soluimn was studied which was Q.JGD M in ihe
ait ata water fractmn of 3,,,5 o S
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: If a chanm:?’ reacimn exists fm— a sy,-.mm and ﬂ’
i _' the tharacteristic relaxatien time is within. he:
: fxequenry range of the uluamm;: -eaqmpmem then

" -the ultrasonic’ absn;r?@ance increases over ihat Dbsews:d '

"for the backgronnd absorbance of the mon-reacnmg
- solvent system alone. Ai a given frequency, this™ -
dn’ference is call,ed The excess absorbance, j1.. The
.-variation of Jasa funmmrn of frequenﬁy ﬁls n '

: rstandard TUTYE for a single melaxaimn Process, and
':systematxc dewahms at the high orlow f:requemy

“ends are, usually attribuied to the emstence Df at Ieas’t -

r",_one additional relaxation process.

- “The ulrasonic relaxation data obiained fur a]l nf

) 1he solitions. r:i:mtammg calcium and some ‘methanol _
exh.lbzted @ small, but mea surzbie BXCESS absmbanc% _

N ithin. th-s frequeney Tange - ‘of 10 10 210 MHz.
“-.Fzgi'l showe this.excess abrorbancs as a funcﬁon

RS

‘of frequency for 0.200 M Ex{HD) {17) and 0.200 M -
“Calll) perchloratas at water mole fraction =0.58 and

~dielectric vonstant: —52, The Er{Cl 04)3 aaia ncannot ,

‘be fit by a smg]e :Piaxanon curve, and the- EXPEri= .
- menfal data dre Tepresented as, the sum of the over S
{171 "Fhe- high- frequency- peak R

Iappmg reiaxan ]
- is aftributed 16 ow ter_SpheJe exbmm perehlora te

complexes and: the' lnw fzequency peak to the:
“inner -sphere ones‘ []' ' The x«.laxatlcm amphmdé’_ :
Lisa measure of the.ion:palr concentrations times-

the. square of the “vo!ume m‘hange for a. Teaction”
: step {assu' g'AH is smal i he cmcmm ata are
: mterpreled m f{.r ‘ [ ‘ :

- ton of The oL
*+ data poinis for f:al;::mm comespord 1o systemanc

g - deviations fiom the siny g}e re]ax*aimn cHIVEe. and may

- '-_'dematﬂ the existence of some mner—sphe:re comp]s;x
- whose relaxaiion ﬁequency is lower than the experi-

. »mPntal *'quuency Tange. ’Thus, al the ]owesi waiex
mole fractions only, therd may exist some inner-

o Sphere calelum perah]maie complex. To check on ,
. ‘this we reduced’ the calcipm concentration. to 0:10 M-

6atmg te remove the €Oy produced. The salutmns:'f l

May 1974 :

s pmx:ess‘cmxe;pop ﬂs to.the fmma-
r—sphere complex. T he thres lnwest

1o perml\i sn]ubﬂﬁy amd "fhe waier confeni was -

and once againa

“These ﬂam indicate Thai ihéchemstry Df 1hf: :

- _lanthamﬂa ioms is | fundamamaﬂy differsnt from: that -
- of calcium when the dislectde constant is less than -
~that for water. Under these conditions a }anihamde .

ion will exhibit mmnspevmc binding Wn_h counter -
jons or polar regions of the. macrommlonu]we A]’ih@ugh

,]anﬂmmde fons. &end to bnad ﬁmm 1gh mxygem atoms

Tsbyp -
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o F.\g i Ulirasc.mc relaxancn data for 0,200 M Eﬁm 04)3 and '
SN L 20D M La(CJ 04)2 ata waler mnle ﬁactmn of 0.58'and !
TR &uﬂcc

iely r'onsta;zi Di‘ 52. 3, Expeumenial ﬂaia Tor Er(Cl’Dﬁ,)g.
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‘2 The backﬂ'mmd i
P Reference 16.

© LUnits are 1027 :nép,exﬁ sec® fem. .'
d Units are MHz.
Cﬁlcium pﬁmhloza*ﬁ: con@enimimn i3 D.3105 B, -

Caleidated Bat},gronnd iS{20.7 = 2.5) x 10717 nepen nax:za : : I : -
B The magniinde of ihe relaxgtion fwzqufncy is too high for the io:maimn of C‘E]'\':}LT'} inner apﬁ:e*e tnmplaxer in aquemas S

o33 b 25 % 10717 nepers secTiem. The salt concentration is 0.200 M.

: *naﬂmml T‘lﬁ i”mquam::e"s shauh} bg w.qual ﬁo or 123§ ﬁma; &hm&, ‘mpm ed m wa‘f:ez f@r z:cmh 'ﬁpl’lBIE complman on..

1 8]'",; bi’ndﬁg zlso oﬁagﬂis i.’timu gh mé‘nﬁ donors’ [19] .

1f the lanthanide kinds to the counter jon in solution
before attachment 10 the biochemical binding site,
“the reactive ipn will be Jarger than Ca(ll; and the

eled;rbstmm charge will be the same or less. Mth@ug’h

“this will ot prevent lanthanide bmdmg in somg
"sysmms it will for those in which Tbe cation size

detamnnet if binding is possah!e at a :wen site. ?I}rme,

*r;emparabla tﬂnﬁxnons:, calcinm will not fozrnthese .

‘innersphere complexes, and hence ﬂh& binding of ihs‘.‘ '

smzller solvated czﬂ\.mm ion will 2ot be hindered o
these sites. The bmdmg of ﬂm 1amhfm1ﬁe ion, bui
'nol calc¥ m, is eBDDSlStBIﬁ wmh 1he @bsarvw ions on
‘&»ramly]ﬂse where Lu{lﬂ) azi:waﬁmn was fornd to-
Ceur ] uznﬂex different conditions ﬁ:?[epen-dlnc Tpon. -
'rmhttner the Ianthamda ion was ‘associated th %he
b\]ffﬁI anjon I3-71. ' » :

-Thus we c-oncluﬂe ﬂ'ua? if the -Ef @h’ya environ- R
it menfz :.uzmundm g the hwdmg site :s ‘somewhat hlydm-;i—:
phobie, then alonthanide ien. cannot bind. I the.

site is hyﬂrophlhc ‘both types of cations can bind

ngcan be expécied
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