
~l()l.~of.llQ,r ~w:as: n:t~-~, found to ba m~'t v~ra,a"tU$,, 

~,w.lect:t'\1~ u,ni ux4V~l!$al'l3' a'~>f!lic~b~ adeor:billf.l:'ttt -o:vatl.:'iibl$ 'tO' 

:tnaust~~ ~ln 'the ·$tt\dy o£ 'the u• ot m:ol~~lt:tr .Qiev~, -in 

.~o:t'~'t~on ~tl catal.y.~.ti.$ 1~ o..f :~~'1 •igntf't~n.u~ in tntiuil't:ry 

~- .bQS £1'6-e.~"utlllf WOOetiv~ -~~at dQP..:t ot int~~t in recent 

'Jiii)l!'I:S• ~~ttt-~ n.~ aynth•!~•'l?iid o~ .fQ-~~ ~ ~~Ufts tate 

er:.-..~tta\llna·t h$~~t,~t ;alu~G' $l!lll~~0ll o.t gr~~(ii l ••d l.t 

$l~tan~s. StrtlQ~~lY 'tb.4¥ comp·r.!tite a ~~o:rr~ bailted ~ au­
:in.t':htitala· oJttending ·th~ril.me.UtillOtml n~'t w~k of ;;t;t04 and 

Al.04 ·tot~taoora litlk'Stl tog~th'i;}J.!' tb"L~ugh ·-cru:~®Jl oqgon ntoma. 

·fi.h~ 1t1~rph1e ?i'abtilti:tu.'t.iO~!l Q£ ailtetut gy· c!W'IlitliWJ gtvea 

~irse ·t~ a ~t, n~.ltivo· ~h~s• cO!nga:t$at~tl w t::u,tio.na •. 4~Qlit-e;~ 

tt(JJi be r$preo~n't:ti4 qr· ·tlw: •ptrioa fo-1:~ult1, 

,VJh~a M 1» tn• CO*.lP~ntiatinZl ec:ti~a w'itb. re.ency n. 

1A t~s. .o;etd• :ro~la .r: .tf@; ~ii.t~tlY ~u..al ttl o~ 

gootnt' t:h.m. 2 (W?) e1ti.Ue: ,n-o4. 't~"Je6lt~rc lW~· ~oi~, onty 

'tf) tjt~ t4tratt.tl6;~. ·;ttHt stt:'ilC''ttnmil £~~~1$ ot ·:!l z:-Ut., can 

/ 



~-

~ns r.;:ttio y/x U:S:!~l;V Ha~ $. Va"lUfl .Of. 1~ d~~£~~- 'f.;tr.}(b: th.~ 

!S)~tura. ~~1trs £l'@~O$ G>'t~c·M""'"D ot ~11t•a al-$ OOBJi)tl~o4 

'Qt a,l'!t'~l:l~())~~~ot-. ot t«,.'C't1bAtlra. 111. btU.ld~ untta g()ing :frOJJ 

~.ng .e~tctt~~e. to ~l)iaett~. timtl~llW,· ~eottt•a u.~ claatdi!id 

tl.giu.g eOltt!~ll at~~-rat tm:ktiii a ·~~lit;.e• ii>·•' .& :and X oou.l•'t o;t 

li'dke~ GUboOctabJ.}dm ( ~iit~S fJtl· ~-h~~ftl• Su,C~ ~ '{)Olyh.:!J!tQnt 

~t:.s;O ®llerl a s~it~ wtt,, hi\$ a eeatrtl). f..~ at di~t~r 

0.65 u, acctiu.t1~1.0 ~~\t£at· $;l.X m~mb~r~ .:rt.nga of o~·g$11 

~'t.,'mtt W!th- fr.• dit1•ot& .. ot o.~22 um. lrt t~, mi:n~l'ittt fft~aet'l• 

um tnt:~ -~ntrl•tl.c .fnujaftl1t0's. (.~116l'!tas ~~ ~. ':l), th$ eubOGcto• 

·t."~- ~e lil1kd ~'d:tb 'l.m:tif5ing ~}f'S&U -~tll:'lltro ·.~1; 1n a ~e-tra• 

n~..ara.l etmm~tru~ f!he oth;.1~:ie-. utdt .. conn,()~t«l a:to.ng. tf:O 14~""" 

me-~b~r~ ~i.ng$! ;glv-. ~i~~, tl4): h§%~got4f;il :iii:rl~·' Zn 'tbi• ~,. tbe 

't'¥0:llfhail~a .~"Qll.U'$;e a ~~~~· vti:th M 1tst&$W, d{.$.illlQ't .. ot" 

~..w ~· Md n-cn~•1blfit t~ugh £\ll'lE t~el.vtt-ml(JtiibePed ~of! 

e)t~~e~l: ~tt):fll$i ·~vtt~l ·a fl'• il~J'Ilirfitt1:"$l ;o.f ·0. 75 mn.. 
'GieiU.$ 'tO· tbe: 1~l'"y!iJiO taltlti~\f:ituti·O!:'i of 0-i. JJ'.f. Al., 'tO. 

tb~ee di.~~nsi~nal o~gen t~•tttiO~~t ~~~ :~"'1 ~Jt~-.-~ ~&'ttv• 

:.l)~rge. ~l~$~t~iil t;r.· eSJ't10a8. ·~ttliie ~tiQM -c~ be ·ucbi.J;ug'ed 

'bu ot~•11· oeti.an,Q rJt dtfte-re:nt natur.~ utltl vl'!tenoy. ~ unlJ' 

3int:t.t• ~tfol'W ~tl .. bs ~~~ but &~o ~~t,;le~e8 ~1: oati: .. t)}UJ/ 
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wch ,~Ul a~(N·Hj):+ ;,~t\ l~(a:l'fk):·t 0 ~'lJ:e only ~.~.tiflA t& th•· 

~tttr• ot the cnti~- tbn.:t :eau, b~ =tl'O~uc~ tq ion ~h~e 

~- tb.e QG!tl s'tabiltty o.t t,ho ~eolt.t~. Gan~ll..Yt ~ao11tea. 

tTfl'iil h1:€1l.g.r ~1 t t.J. mtio nrs ~;;ore acid ~abl~· ;;i19v1118 ·or one 

t;r~ltt t:~£ m~l.eOti1 .. • -~~~- ~.t a. :£aw t:Q.rA't~~ug ~ mi.xtu..r() o£ ~l~~te• 

ll~1.tb. t:l!.lf6lrmtt ~~~-Em .ana/m! $lZtJAl• 1$ po~~b.le ~g:~_~W!t -th~ 

£ltoe av~.rtl:lr"t~J o£ th~. zeoUt&a i'ill~V(!: ~1)1eof4@ ti:ime!l$1Qn•· 

i:b@ ion e~~ng-e ~an~~ ,of ~m~ t~nsitt~ mt;tal 

iO!iti 'in SQttli'te .A ~~ $i'.H.tdi~. blf· G:ll. ~~ fll: {26.2,) ~ in 

~Ql.i.-t~ X. by \;1oi·tf ~t ·t'll. ;{e-63• ·2fS4.l mld D;kl.ee t'Jt· at (220-J •. 
. . ) 

.. li1 tht-Ju~b .$.~~m!. :;$t\..---dj,-fJa ~- llltll~ctA~r $1tav• ~ ~ ;t .!l&Jf411Vi~MJ 

.inorgaQ.to ~-. nt~~Q i:O}'Ul .(Zl.Q, at,· 20!1,. ·211;· 2\8) b~· bH-~ 

~P.~~d 'tn Ut~m~a, Qat$ stu(V ~th tl~ ho~bioict~, parQ• 

. ~tg.uo;'tt in ;$t'i.ll. ~ki~· sn_,, in tnto D~G."ti.ou,- tU'fl pr•®.ted 

tl~ &Ol\)tiGn Cb~t(Wi0ti.QO: Ot p~~t.2·t ()a ~ind$ :I'Ole:CU16--r 

~t~v~ - 13~ (powtt:e-r to~ eul)~l:t&d ,t;_, 13.n.n Ch:fJtil!Qm t.ta., 
. Jingl3ldt- ® gift) •(lnd ·it~' dG:sork?tion .f'r:o• itut ~.o:ttiJm c~ 

'PlU by mJllltlv.nl.ant S'ldt ·na val;,i•t 'ii'lJ>~8tll'lie -·arti or~e tons 
>' • • 

tn liao wi-th •:t:rJi.:u~.'r ll'tl.l«1~• ~ .. nrt~ e.~li.~r w1 til :tt.tnu nn~. 

·,ft$1lt ilY.$tfilfif ... 

•.sore Ulfl~•- 'the .mclt!J~ ~!tll.lV•· ""' 13-t ~• tature.'t~ 

~i'th .;l.(~l) u$01. ti{'llat.t~A d £U.a~~ ~tin»t; di~ltUlfJd wate.~ 

u.n1f1l ~1$ of eh~'l:'ida (.:20l. 



-
*lhQ tsorc0 tn•n (!rl~ a-t :trl'o• ~ n,uu stD~$d at •011. 

t~am~~ft -~ .;~tttr~td s;,t;, .Qt)lttt"!o.- ill a d:e$lt!ca'f»r ,_.. 

.ri..ft':. 1·""'-~"~<i;, . .w: ;e,·~t~"". ;~.,~- .it·~ ... ~~ ... -"'ii' fat• -th-8' ~e~:j.'<nnl'll"e of . ..,.,n:w.."~h..nt2-+ :~<J;V :<><.,_-·~ """' ·>ltJ-.,_,.. 4il~--. .;;l> V 1\?K~ ,..,.~J4,.iic · . . . ..... '~"'~· ~·"' ':11<~ • 

the -~~l.~lier. fJl¢VJ!l - .~:it. • ~l~qv;at ~"'li\'1,~ wa~ u2~ :to11 

d~f10rp~tt·t~a :~t>..tt\1~3• 1b:e ~~ga~ttt~t\tal ~~iT: t:® ~tn.a;v.~ 

t-he' ~~s.~ ·ttl 't!~~U\lit2+\~d al.$0'd •tt~ -to tho olt\v 

mi.*"let'~:. MAl. -1~l'a~• ~t. 0.~ -~ ,og -~ ¥ra.& ·w,ei~Otl into 

·~y~ ·bQ't>tl<J~ tG· 11t!dCh i.n!<;::~i.n~ :amouatli· 01:· 8tM(l'£Uid 111\:l'~~:t 

eqttQOtl~ u:ol.u$iOI1i ~$~ c.aa~. ·~(1l· to~ V1l'iltl~ wa• k~pt c--. .. 

t•nt (a:a d.) in .,-h oe11e :l\1· fi.d4:!ng th• :teqtt.i$f.'t!J1) ~~ ·~· 

•ta~. ~~'*' 'W~~ t.h~· $h•~ tn:r: t&~r .haure: ~ ~~~t -ov-'ltfit. 

te at'tllia -~~tt!J:J~t~. fh(J ~qt?.<~:a •~ tb.un ~n~~ t~ 

~bout 20· ~~t~• - ~ ~otu'lt ~~~ -~ a~t:•.nm~, ~ 

il.l~~~ Iii: t'h~ :fBtl~~:t'J~tMta t.t-1~, a ~-2 tag~ctroghotout'ilt"• 

G;t~~ly~f' t~ 'tl"~g~wn ®i't".a:t\1.- !Zh$ ~~ a~st~V'.~ ~(;... 

(~~a;t '~;0mvl.• ~~~ ~~~ Q'¢0$l~1alf, e~n •. ~ '§tJ ~Q diJ:i!~~~t; 
:%t;1r~e~ b~ttl>aa ~· wt~:eh l~:t~l~ ~~'$ o:· ,~$0~~1~ &l*Jct~lb"'ta 

· ~·~ ool.~l;tt :§.b •. ~~J:lu:• ~il k~'t ~0'·1}.~-t (1:5. ml.} ~ ~aoit. Oa$• 

. I b;r ~fl:ln$ tba -.~f)~ta-~9 ~1't €/'r tlettO~:$'~ ~t'l~·· ~hey ~~ 

~l$1)) oo~m- ~~- ~~; go~ b.~ ~ ~-p.ti ·4'8 ~~ ·tc· att3ia 

· -te~u.,;ll:i'b~u~ a,~' ~~:tft:qu:at: · ;$®~en.t .~~ tn;~ e~err~~- wa:e mu• 
~~~li a~ ~bot,..,., 



\~ 01toh:oog~ uoth~~ ot. ~ura\'lu:at~• oa ta~1«~13:i 

;t~ a.~~n. tn jl;tg. 74• ~d.cb :1n fit the ~u.ir ~$ indlCQta.ng • 

etrr>:.lg lm~~rA·ott~. btrt.Wt;~& •~ tt~rbtc.ido ~·&:ton. ~ the· a-ar.u:w ..... 

b&r.t"t• ·ft4J'. plo~ ot C/X ~nat ~- (~~-- 74J i$• acu~r«liql&:• 
I 

l:tn~ •. -til ·u~ ~o~~ at Ole l::tnfi •. tttt.i vnlu~ o~ Va ,t~ :f~l 

to bo UG -,two .~ '-~h:tob n~J ~ol.w~tipQl.t~a to thtJ ~~ 

$t.(£b!1hg~ -~ "-~- ~ao:th~ (11ll -ml'V100- SAi•· 
~-~ valn~ og Vm ti:~-• hiJ-~v.~~ f'Otmi 1t-o ba m-d~ 1-eeo 

f;b(m th~ tO"tol ~~~~ -p.a~;l;tjr Qf ~· ft~V~ - 114 i•et• 632 

tU>~10fJ p (2GS)lf; 2!lue. ~tl 1GOtb;~l!~ 'dlOlf. ~~~li ~:.~tcbat1tl• ot: 

$'~t -~ .1?~ .fa~ 1JatJ~nt'f.t2+ • S't$2llc t(W_t.~~e- b$itt4 ~A cati·tln. 

: ·su~·:r~lf:lk"t1ve ~ 'th.1t: ~•Ol:J:-;~ ap.~:f~)- d:tam:et_.• -~- u~lain 

<the p-n't(tt·i.'l\1 i~e,tw$: et.f*lct . ~- tn,\lom~lo~ 0-~~'!tU~- <l~-•m'• 

~1th -~~tun-tS.+ ·1-o-a in ~l-ittt z ... 1~ o®~·Y.Jitio•: .ot ;.r~sMt 
· •M4 V~ed (219.).~- .be ~~~""!.l161 h.IM!e •r~ $t~ ·•t~r:to r•aor.1 

o~~<31'. ~td~~ (~i:ti&~~~~ io~) ·cou.lft not. f!.f'f®t: a 

~~ll,Q't$~ "~~-~at 'Q~ a ini.ttfit~ ~ll"~$44~ in ·tft$ .2®li~1At· 

~~ t:.h~t- ~~b• !UCb.•~• ~r.tot~· "~ c~n..'tkl~ t.o ·tfu~, lnr~• 

. ·e,&lfttloo 1n th3 ~~tat. 



.~tu.di.Ge: Qt"l> ~l~~QWf)t1t~ 
~fUI!"Ut J'!·U~~fi!f . ) n. Jlf!a_."~_.4, ..... 

!#+ 
fh~ r$cfi':til:t:a at dee(';;q>timl o:t t~~aatG ~m1t11 lia10-· 

m1)l~oa'l_.,..l11evri8t~p~ua-t•oolnpl1~ .~· .~l~. in :~,. ?5, 

f~; ?1., ?~lt V{J,. 00• /:.c4.'lOt*d1.ng to tb\l Fi,g. ''Jfj tuld: tho •9t$U."i;...,. 

vity coef:tielent-s (~ble U) to"'! the ~va).~t i:nor~.:.to i:OQ 

at low (;tl~•t~tton may~· till~tld ~tt tbc- ora~~ 1.~!.t-.4..'B:t ..t:. -~ 
.<:u:a:-< K+<Rb+ whi1.e a't t~h~l:' ~4\'Jmlt'Mti.:o!l 'tbb s~\i.$Wla ia 

'¥-~.+ __, ~ii + _, f.'f·+ ./ n~"+ < · · + '!!<'+ ' · <M... b~- · ~· lli< · ·· · · · · ·E."~ ....... u&l ...... ..g_s ..... ~-~~; Rb < ~ •. ·itJJ1. ·~dl . :~V-Jr..O.Q.\!: in~~o 

tratiO@ {";~1g,.,. f.6):. bOth: ~~ :l~W am i'l.J...gb ~a.tra~i~rtS tbtl 

o.rd~r ot d~~.rption te. Tfll!/4:t < oa~+ < iir2-r < 1/a.a+ .; ~~~ ret: :&1,.. 

( .009) ·a~~w~ that f:fn:. a lOW' de~tJ ot e.;~s•lin.tlng ot· 9"0l.Y­

$'tyr$lli) tJul~to.nu-t(t r~w. ti(!ll..(;C:tivl.'t.Y w.aa m 'thfi ot'd.- • ti~ +-> 
>'~ +>:tr+>'fl'~t>.n-+ ~m~l$..:Jl~·. · · ~Of;;h ~;.,.flat" .;;,~ .• ~··· ~~ - ~ ....... \,.,:.,.ill' ~n ~ ~i:ll> .u. ,.. ~.~:~~, w .... tf$1> a, ~I.:P'·"' u.:e~;~te ~- fi:,..-a-~J.,~~•· 

~!tft l~t.g(£ ~e..lling·, th;,e aQ!Qot1v1'tlr lt~iUt"mCe: ~·~r~. Cll~g$1. 

tto It~> 'J;t > Jl >C;rl>x+. 
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,!J:t0l~Ct'1lal': G;f.eV$ • .i:a-K !:it :ct~ QO,: .~tJ~.u'ded fi· rl1i ~r~(tl!i b1gb 

e~:of~~·:t1~"*{~<\ c.~tl-~Mat!on ·pOl;')Jl~n~, "Y'"il'"tlltiiU.y non-_.iH&llit~Gt 

b:ut oo.ttb-e:r. .of tbe ~hove. eil(ltte1C~~ .atlrr-:tl•at~SJ wi-tll that olla~«t 

:tu til:(f eft$• .of the aot.tlletl)Ar .~!OV$• 

.Both tn~ 1\'fdl'at~ ionic :~ftiua on.d t_he r~iPllOCtd c 
th~J Dlllb:t ... Sn/;}ft~t. par~E!!!"t~, fJ.l,tJ .• l~:,: tnt: b1va.letlt :t;~aard-G 

i·~ \'ihml .~l4)tt'd aetuJ)Jlt l:OSt~it~ ·O£ u(fl~~tiv:u~:v aoo.t.i'iciaAt 

{lff'l·S.• SO) gtvo liner-~ ~;.!t$ wbil~ tor th~ SOMV:.tl$~ .i(».)l'?et'o~: io 

i~"' ~tty ·:fu.'le· lat.too;- p.lot i.~ 11n~ U~1it• 00) as· oba:~.ei :tn 

dla.,vs· n:~ relltnw• 

':tli:e •.xeb:m:~ ~th~~ \iii'th ltet~~~·t~amum iJl~a 

~~~ ~~o-. itt tfltJ.• w .• ~t~ pet'o~t:a&~~ of th~ llatrb:leide r•l~•led 

·b:;~ thatita; 1;0!1$ .~~ ~ch .~:IDll.l.e:l."" t~t 'th.tl tno~ic ions on.\\ 

th.~ ux.o~ 1"~ tLr.tV$~ill.~;t· ~:tat~d ~o tb~ ui~e of 1'1~ 'iOM:• 

&cani1:e o! .i:h"i ~it~d 't~e~atae~~ A~~t-::r::1£; ~loaing 

estv.tt1~~, tYh:~dl ~ en;t·e'~ tb~Otl.ih -tftr3id~&• rJf ''-td'intt.~ 

tl:f.®n~~;- .1Jill(;~l~ in m().l~cwt~' uiw~ --13~?~ .lu ~a'tly 

ili.i'lu.~t~~d by ~ta:rie (ill.d op.ace £~c.tQn., 

f?.'h~lSt u9_;i~ t't)ilCflA't~!ttea; tl!~lu:.t±~ns of ll'ai'ioti$ methYl 

tlt~d e~at"lmOnit\~ l1$l'i d1ll$, ~')<t.:1'1"· et nJ~ { ~\f-J} l*~~tad vi::c--­

tnJl-lly iJOt1_pl::lt~ ~~luai~ oi? tne :t~tm~t-:t~::::on.t:tm 1tut Wh.:il.st 

tb.e m.•tth~l:.lm~tomum ae:t"iva.ti:v~:t_a ~:s~v~, upP~ :tl£1i.ts· to ·~oh-~~ 

-nhicb: il:e-erua.fi~ aa tha nuntoor o£ ~~1JtY1 ~ps :tn ·tbfB:' C-!4t:!.on 

·ir.&,orea:soo. !:on at~~ ~l).ttan of t:lli$· ~·~)-o is C~ruJQun.terGd in 



ttll mt:tt'lbe·~$ ot th-e ~enl:i:!'.Lt~ grou!l Q,f · 'min~rate (20BJ,. With ·tJu.t 

l.culf;-cl:lain ·ur.uef;;a.el.'t ~otive i.t}~UJ (~l&• 1BJ.,. htlt:-;~ar., t.M olt'tlln~ 

0.£' :OXci~iO ioot•~tl·l!JJJ ¥i!'tb th~ ch.m.-n, le~tb Oi' th0 .ions. 
. + 

alt.lmu€1l 'the maid~ df;laO~~tior• crttb C'ih did 1te-ttt e;gc~. avan 

~ pe·N~'1t·• 

Gom~~:t.'~ ·to oth~r- ·"Ol"Zt!Ul'i·c: .1{)~.la, tb3 upp<'!)l" lltatts Gf·· 

t:l?.tcl'ill.nga with t~ aUtan.~-d·i.a'l:I~nt~ ::t~ ttr.I.; G'.uch h1!!!;D:.tr (Fie• 

'19-l. ·:.lil'tt~J;;}ru~h ~4 1nv:!)~e tt'3:.k-.:t..1!C-a wn;$ ~:w~)nGtl bt1t~"'l;~n tn& 

_,~)'!itr.~, {i)jtL'¢l:.;:i.~~ ·~. th,e ~lecul:~ fJGight ~. noti,Q~ ~fJ.rli~ 

itt_ i\mb~Srltt~ ~I·l~> (t!-14°)~ ~\ ·wimtilt.tt' obt'HtT'ilat:ton ba.$ bM'Jt 

rlt,~le: ba· ·v~nnt •ft \f~l:()of: (219) ~1.a h11l~ ~em ott.t.~lJlt.t~e.a 'tC 

the: spa~e l'!,J)~:ltl~nt _ot 'th~· i;on~' ~11-1 di:fi<Xll ty Uf .~aoking 

-~f th.e a:r.goo1o !~rw.in tbe; ri~d·:u9It-~l:ling ~eo.llte ~t~ .• 

oxr.)Br!;e~e l~ss ~Ut~r.to bi.n~ailc~ ~ ffi.·GO· Ofl'Ulg :t-,o tnei~ -(t&aol,o 

a~:mrfS$ :zri:~.~e in: "tit~- ~tru4lrt;ul:9:, P'lr~lm:hl.y1, ® ~pot"'t~t oon:ta­

but.ion at van C.er 'Waalt~ intl(trae1JiOA ~u,raiJ\1 the 61'~~~t•r at:.tikdtJ" 

of the nl~auad1~rut~on1utll "i'Qoo to'~ tJl~ rllOl:~QUlr.ir !iiev(J - 13'14 
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