


.. 
a..qutnol:irtol., fiv3t d:escr1b~d .by a,fiart~t1, t• flOW on~ ot 

. . 43 
th& rt10et V~!u~atil·o r~#tionl ~at1~'t$~• . ..- ~hi$ rea~t hebt.tYOs 

·. aa n w"~~e. aGifll (p~::; 9.7) and ~l.CW w1t.h mota\ -:a~as ·to for~-n 
ir!lla" oompl~o tn~ieh onn bo e~t~ated at pi l•G· • 14• oo.ntrol. 

· ot the ,u of th~ eolu.tion:;. therof~e,:. pet"~"i:to too t.Uttrnct1on aild 

Q.tt>tim~ti~A o£. in.'itv.td.ugl ~tnl !ona1~7• .til i)r.ino1pl«;lt · it te 

poo:~lble to rtrol\"a" roor.~ uue£ut ~~~tl{:U .. c 1'flat!brtta l>Y pro~nns 

qomt)omide b&lVins; tho pl?t'J.1')tlt-t1<t$ Qf S~W.uolinol tO$~th$.f vd.tb. 

other 4~~,1~4 ttln~ut"em, ~-•t~•• hilV'~ Qn :in;tor.we l:.i.Sh' nbsorpt1tln 

in tho vieiblo- ~ilion for oolorm~tric oppl1ctlt!.oa"• .;\~o de:rtva.-. 

t1 VGG Of 6-qut.n.OlinOlO t oO~tn\UllY' k~'ltw.U n,G d01dil~O ao•l'tlC®d 1\v 
Ghork.o0ov6 fU:t~1 ttr~t desoribetl b1 Gtit~eJ:t. and t~.~:u-d.0r9•1la, 
candtitute. ot~ aUQh gvo~~ t:».f ~$get~U!• 

. . . 

· tU10~1~~ml oan be_ p~e~rod -~ cou.pl:tnz &-q,tttnotinol with· 

'uiQ~O.tliWll OOlil!{t'>n~nt otrt&iLtUld by d~flt~sing tb.e app;ro_p~iat• 

at~of.r;,r~a r.ltl!Qf¥' 

·RNH2. 
HG1 /KN02. 

RN2 ~ Cl-

RNiCI~ + 01:1 > R-N==N ' OH 



. 'i ··y lifr.· .· .... 9•1i· 7 
A1thoa~b. 5•fl40-de.rt~ti-t..tea ;:tre G$tiQ:tal~ """'"me~ ··· '· ~ 

amo-d'"~1vnt1voe are nlGO. ;t:O~"m~d · iu ·~ OQS1J~f' i!O;'f~VOl't tb• 

renU].·tifl~ z.•eag$il;te c.xhibit 1:ruch ditt~mncE>e in thlt1~~ cb$m:1oal 

~o.-;terti~a tb3t. tboy can ·b0· us~ for e_pGo1£1a ~\t$ ·in e.f4alYti""' 

on\ ehaQ!strv. il?t.lr o~"l~l~1 l.1Mle '?•nao· de~1vat1wo ato, aa. o. 
. . 1~ 25 ' 

rul~t good oomt)l.OJ«<l11etr1o :tndio~tor w-. , ,. the ~~ dorivativea 

tl'tsa U$td for. met'"()tlt'im~t;r;•io t-1, trattOn!'$ and: enect;co~bQtometrto. 

tlf.tpl.iO~tt1.04GfM~aG~ !ft$. ~la·ti'ft yield Of tM 5• atJ.ti 7- -0 

dariv~ttv!f$ depelJA on t~ •Stlr40t~c ot th$ ·d:Ll~o tor~ mot.ety 
' ' . . ' ' '' ' 27,·28 

· as well tYJ thll pU or ·ttB tsQ:ltttlCllt t.tddi 'fi}ton of eatalyets "to• · • 

r:wthodttt f~ a(tpnmlit O".J.; ot tha. . two ~te ~&r.a whol1'0 t>o·tn l\~ e1tral~ 

. t~out:1lV· ~~lil$4 oovo- Qla<» be~a ~po~w~•30 ~ 

'fhf.f a.t~'1lyt;tca.l at,-gl1Cllt1.®ill o£ tha ~o a.an\'-uti~$ ot a­
qutaol.~~ol htlv~ been .~con~~ ftvi~wed bg rv~v ond &ndame~1~. 
~he. p.~senoe ojl ~qut~'ll1nOl ~t~oup, tile :t~r-t~n'te hn~ .fltgh 

' ' , . . 

t-Oet()·tl'ti~ tOtM!'t~ au,· tt~t:~l !Oil~ 'ifbi(lil t!UliVJO tfle re~~~ 

UOil nolootive. iioweve:r* tbe :t1•QOlf.O~ ot the. hotorco 4\.'toms in tile 

.a1aeo ~WotQro Qftffn !n .. o~u~ese$ ·t~fJ -sele.()t1vtty' ol _these ~~a[50nts13 • 
'Oh~~tr..&~OV OOOQ'~V'Od tl$t -'1-ez~Jti®~l 1U ;fleid ttH.~Gitlt unlike. {1... 

~ozi:nes.r:· fo~m e\M:tplifit#JS ~~ ~. U!l~:'f~l: i'OUtl witt~ the p~tiCi£)a~1ott 

ot ·ttte aao_ f9!0Uf.JtJ.,'32. ~bile a.-~~a.~::tnoo, ~uetin$ v.ta. ·tne a­
q-u-inol!nOl {Woup, torcn 1a lieU'bml tnal1@ yoUOrt or ~cni$.b 

...... 

' ' 



· 1'!tc-. 
41!"1~ 

Q$-Ut;t.t oo~plo;lt~. th~ 7-~~tvJS <tmw:tiv®l 1n. o.oid me·a~ tol'fl). 
' 

red or JrOd YiOlet colour-ed oompl~;J!e;;Jf tneo0 cosa;p.l~s ~M nr4Qh 
' ' 

lea$ 6tr4bles". AS&O.K!~a ~ tnuo Pet~tt.o.Ul.arly oo&f.~l co~ C1;}il$'lex-

·~ ~n$:U$ :b;vllirG;lJ:i.Qbl0 m,tt:!l ion~ ... 
Ia ~ddit~. on, ·tl",.e abtft (Jf roa(rtt V1ty tOWM."dO ao~ eoi4 

~oncl1tit)nG o.llO~ri$• tn a nu.absr of oallelll; to 1ucroneo tbe sel.e~tt• 

'Vi ty 1u \,0tf1~m1n!fi.g 01e~~~ts; and ha!J ba~n ut!l.iJaQd 1n oompl,eXf)• 
. . . . . 't4·2~,3a-..45 
t'lQltey ·tJ~here na()Jd.nes n~ tt30i! a."l ~·tal1oohrom1a 1~<f1.ofll.~ •. 

~~~~eV0r •. an i~~O~M@ in the aciditY O£ tho :r!$!fgt)l.\t. dec:caa~ee tbftt , 

ota'bilit~r ·oz the ¢ompl.Olt fOl.'!!1ed, .• "It •haS ooaa, ~hOW%1 tbt\t the 

, acidity of 8-Quinol!nol-S:..sUlphOAtO ao14 ttlt 1-~~lazo--·S. 
. . ' . 

qUtnol:~l ... B~triulpMti!o ·noid (it),· 7-(4f-atllpb()phsmtl ozo~~ 
. . 

quiJl()li;~~sulpbCaio ncit\ (lll).t ~nd '1-.(~aUl.pbOfl;1p't,l\11· aso-

6•~td.nol$nOl...-5•~Ul.phCU.11Q Gt;oid (l/V:)· ino~e~~et:rt 1~ the uaqu.and 

(I), (IX).. (lli), .(IV:)4G. ~b~. at~b.:Uiv ·o;r tht'J corrgepoA<tins 

. oom:~1e1; of cr(.IV)., ;tltt(ll) .and w'('V'J.:} · fli1fll th~ae reagents, aet 

d:&'tr4'~l!l1ned by potentiom®t:ts-. dl3o~ott$~s :in otl on&·eo witb t.ht 

· (tacrs~$!i18 tae~ie·t:t;t of ttur.f ~a~tt.t,: i•~· :M1 tb.$ a~tquonoe (t) > 
(II)) (l:tl)') (IV)46• 8•qll1f10li..l}Ol QSQ .(1Q~ivr.t't:1Yakl ato U$06 tlS 

. . . ' ' 
. . . 

com,})l.Q"omotrio indi{)l;)t-G:t:G• ~h$: 7w~'lOY~nea ·n.l'e suitable to-e th18 

[)urposa · ~cnu~ on~r -tbsf.W de:ti Vn'tt wa gt ve a ett:£fi.o1en.t oon:tl'QeJt 

bt the co1our on~~ .n&!l·i" the ·t:t t:rfatton cud pQiat14.. it bas ·bf&ol\ 

, . .f'o~m.d th~t ~cbe p~aonao. o:t eloo.t~tlpilil!Q ~Dupa (4!000U,- •lOst 
. •. 



•S<>aH) 1n t-ho ra\il'UOtti't .. $ ot thtl "~..,~~:u·t tmi"Y'r'OVaG tnt~ ~hf'.a'Pn..etlt 

of the ~olou-e OYlM<~ · nao.r ·thG «~d ~t.ltn:t. i!ba prooGnee of the 

ttillpbo gvt)tlp illpttovoa the aolubili'tY' of thG reet<<t&t and th~ 

oo-r8$pon~t1n:s OOitlp~o11ee in- water14-l?. Iu. anbta'! 1ons to~ng 
tJ·t~"r"r'lY d1tittH>n1otil;l8 otta:pl(.lae \11 t.b. tho. a#JO;ttnoe, ·a ~dual 

on~~ tn. o:ol.ou:c ot ~he !nti1Qato~ is USUA\18 · obs~~di t.h$ 

, tttratioil ®d JtOlt,iJ~ Ollrt oo etcte:tainoa. 1ti. t.bia· one& tty o.d4'q . . . . 

1~2 ml• · ot o .. OOtiM ao,ppar ov ;a~ ·salt .~otut-lot:l.S• !i'll~ iotw ot 

Alt. C'd·;. ao, l"f.l( . .i.l), Pb1 iiii; ~(IV.).t; ~- ~artb O'lQme.utet. 'V(V), 

s~, · ~. ttil· and t"c aan. · thus \to: t1 tratea14•"1••~ Whoa ?~{1..­
nb:ptlWl a~~)..~qttitl<dindL...fJ~autphOld,(} n_o1d tM£Jtbyl~li$O>t~~l 

~. ~~i@Ui.ar1Y,; 7a.(6-..ot4~?bb'""~•l');atr{;bel. ~4))-s-qu.taolinol..-~ 

a~ttr~botd.o· aoid (tt.'ll>tt:Wl a~old.n.G.e s ).. 1it11ab. 1a. an indicator for 

botb g,Oli\tS ei¥ld .ba&aa, Q~ ~ad· el·Ot'll~· OZ tb~ .Cl@f't9.l0. Q® .be tl.&.t~ 

· t11:itlad .by a iiil*$ct t.itl;atton15•-'6•42• -~l:Kl ap~o1f1c,.t;; ·Of ti-t1'8.-. . " 
-

t:1on. m· .tt$nWat at$.tl baste· :m:e~ia ~~ oo t£le~lloed by- ei~»l.oytng 

, a· atd.tablo ~ki~ ·corif.!Outlii. ·~~ ~£ \the.· tttrnti()L';l moaUlcattone · 
~h) . ' .. 

Ol!'Q. (SiVtJA · !n s.'ttble (!.)'~~; '. 

·' 

. ' 

:' ' 



~able tl,.J •· Ufle$ $: i\~o-nee ~ lw11ca·to;v iti. c~l$X;ome~fie 
tttra,tion. 

Ou 

:t'~.a(OliaOOOI), Oa* !ifat: ttn, Cd, to:; 21 
' 0 
7~ ~\1 ma-~~ wlth 
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~tfi.110A 
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(p1~idil\$ ~-
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'• •' :;; . 
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''· I 

' ''-iio~5;r.;.7 .o ' . '-
(l~riatae 1 

-:Pi\1;&-a.u. .. ,.• . 

(<msOOOifiil 

lb~4-;r, Wl<i 

Q( Vl) ~la$Pd 

~tith ot.trat$; 

l39, ;l;n, ~u.~b-·- . . . 

fJUl$ked wi~b 

tluo.r.&de 

11b,ll.r1 U.(lii)' 

~nekcid witb 

oit~ata:• ·De· 
it b_, 'I'll.; rul+l Al 

mtl$kot\ wi tb 
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. ' ... ·; ~;e-•,4!11.:'W;, ,r_r..,p-.·_·t ,~,~~-o:·r·u.·. ?fr ·~--~~~fi~'-·t'rt.OrT.-.iiiOifi~r.ila'JPii\Mt M:•·r·u.,..l& -~-m~-.. .. 

lf>tat ton 
Ge-;ti,mtea. 

V(IV) 

.. tlt.\lJ-,t:. 

:SOi\Q w 
etrA 

ptt6.~;- ~ 

,;,tfb cowo.~ 

ealta 

·on6"o' Dl!; 
w.tti;! ooppa~ mt.ltlJ 
pB 1l1 (~~!\} 

5~70 'IIOltt -~ 

. PBetfltOO 
VOl-.~ 

;!ikn~ . ~,_A··_ ~ . 
. (1\'·' ... ~~t;;r."!"'W·"' 

' 

iU..l nn~Gd With 

oitra~e ., 
.i!tt. ;Ci$l,G~~4 \11th 

ct tr.ate, ii{ VI} 

mMk~ ~ti'tJI. 
tttrirate · 

~'""'-~""'-""'· ,_,dl ...... -'1 ................. - .... ,!Oojti)Hl!i$1( ... 01l,...-. 1ili!OTI"""""IIMI!il.'.""""dgUW~lf: 'fill·~--QI( •• lf:flf"lr;t __ ';r-r·Yi Jilt ;i .. ·_~!QM;il\tMiJ!!I·f· 'Jfi.~4l:Jb411i!«W 1 tr t "!i~ 

.t!q,~lr. :Nt~)f &-t1~!in1)tey'l ~ol~•qtWl.OliUO'l.~·eta.pbo:~io acid; . 
· ~sos) i 7...o(5•1~iQu.lp~2•uaptJwl aao;~~utnol.ine ~tt.l.tthonio 

· ~oid; · jlfOU)j ''l•(~an:a;i:i.>b0-1-.rLQ!lltt:wl o.ao}-~S..q,u.tno:t1n.Ol•5• 
s_ u1_· ~honio_._- QO_ia:J ~AO~_l;-7~f~r-1~1 an_ OJ_~a.-gatt'lOlitlOl; 
ti4W); 7+SJ{().,ph0 .. 2-napt}W'l a~o)~·-\li.U40l1nol~~ulphonio 

{'Jotftd.:..) 



. IntarQsti~\Y tbe oam;l).o~ to1$!a'tton l;)et_wf)~zi m~tttnl tone 

~.:tile ·?-a~o;xd:r~e tl()i) cor!tain1tl8 bet3~oatom ta the d!.aeo £oNill8 . . 
. ' 

rnoiett ott..r~tgtJn tho oolOUl.". of eQlUtion in l'everee to to uao.a111 

obtsf.t;t'V!'f$; obrm~ on; aompl~~i:ng wi tb Other bete:ro;qf;)l1c fWd:tO.Q' 

nno Qom~<>un~.., :lhu, col.otti' o~os .t~om VlOl.et or Ot'im$On to 
yol.:tow . o;c 1oMn 1fi~ll. ot, uswll.l.J; oo~;tl~xtns . ,;1 -tb dO. e~pol.U1tlit 

QO~t~t.in.~ ~tct:tO~t¢>M. in tlt~ f~O•J!0~14£J ®i()ty reJSul tB in 

. aetlp0~. ot ~ colour ct -tile ~olut:u>nJ ·the ~&6$;Qt 1.n ~:ti!i 

. diaBCCiQ-ted fO:t~ ·btl:; tlW -dHPf)«'lt COl()tU-• 
~~.. . i 

· ~he 0.1.$aocintoa lo~3 of 7~o~:tu.ee and ot somo :5--a:so~n0a 

iS ~ge or 1'&a in oolotlt'• . tt~l ·,comr.~~ · to ita proton~ ted form 

( 1n aoi4 medj,n} th.Q,t J.e rot11e t'!Ol,Ot.n'Qd or ·u.olet •. rlttc ootou o£ 

con~le;c~t~- ot tbeee ~a..~ta it:J ltena\1:1 teaa: do®? thnn tbfl cot Otttt 
' ' 

of thG unoo:.~~le,;Jt~d l.'!e~n·t. nt tne oom$ pH_ val no .• IHA:r-il\g d.1:$()t 

c·omtfl~;m.$t~iQ t'l:t:ration tho ool,.$U.W o.t tlle t.tt:.r~tQd aolutto-n 

'tlhllm OMugQQ it'® 1~llt>W_ ( tba COlOt.U" 0£ the COf!l?lGX \ff1tb M 

iL-ldi(-;~'11or} to b~1t~bt o~1~on (th.a ~O\Our ot -the t"o reagmt) .• 

. ~ha ~-aore 1)1~~,4 !.f) ~ha medi!tm durj,nf~- ti t.~.ati- the ~:figbtatt ita' 

the oolo~ o'£ -ttt& tree ref,\~:nt. 



~he azoa~rivat.ivetJ ()f S...qu;nolj..nola are used in m~Ul'i-
·' .. 

me.·tar. Who fo:nution ot br;lgb.tl.$' oolOl,U:f~d cQmplo~e bat\!Wan· Hs 

· (ll) to~ Md dOx!~e 1a ve'tfi' convenient for dQ-tecting mer<nnzy­

tt'll'.W· 1n -aQlution. r~~ .f:tb11t.t.v -of tnoreul'.Y' (II:) to to-rm tatable 

oompla.nes. wtth l:lf'll.OBet~ ot~ tb.iOe1anidea and eynnidee ~"ltt '\Wen 

· ut1li0e4 tot- qua.utita:ti·ve determbm-tion ot thea$ ·tone by titra­

tt:n.a with m~~tUW ~nu.ta mul tudi..oating tha end point ·with aaoxines. 

$11. ver salt$ 1natmo.d of morou.ey aat ts. hnve almo boen uaed• 

:&he ions Ql liS or J\g bind ohl.oridas l0as t\lUJ' ·ttlt\il 

brOmides anti 1odidea·. All iona capable of. bind~ to tne~W-7 . 

more str.J~ngty tllt!n h~logen wUl- intort~ra with th& · detel'Inin.ation. 

~i'!e ror:H.'ltion ia•'thettefore., mo~e oetlllitiw to cqQO.i-do and tbio­

~y.M!dc~ For th~. aa.me r~aso~t··· atQ.pbides, thioa~plmte, nitrilo-­

't~io,QO_'t~tt} and oatio~ 9,apabl.Q or· blndiJ.lS th~ 6-qQ.'i.n:Olin.Ol P9u.P 

fn()~ etx,tong.J3 tl:i!ul t}lo marc~ Qnd Sil.VG~ .iOA alB~ intort0re 

wit<h tho do~ol."minntio.u.. ~~~ s.peoifioity ot 'theoe ~action o.an be 

.ino-rona~a .. ·.~:rr ca:~::r,r11\S out tha t'ltt'(~t'ton ~ an nc:td medium• Boweve,, 

.only raol10Ut'Q salts eru1 bQ used since silver :raa.cte vtlth f.V.10ld.nea 

Qnly tt1 ne:u.tr$.1 m0di~.. Mioroquant~ t:teo ot !1l.o~u.ry ~nn be deter­

mined by ti·t~tu•g with iod14ca47 • Whe reaeti?n onn be ·beit 

;followed by. uatng J too uo4it.w oal t of st1lbe~-4,~·bie Ctaeo-
·5 )-9 .. '! u!nolin.f:>le...J ... ~3'••li.outphon1o ao1t\ ew :tha t1 watioll. . 

1~d1oator .• :rna ions ot z;J,, ~u,, All; oo,, ~~,-. Cd ru\d lb~ !llao give 

colour re!totions v7:l'th ·this l.'oagento, _to1~~:t.ug oompo.unda o• various 



· .. ··-·. 

-.ft:H)le.t_ fJ~6eo ~t ~$.k:l~t ;(l01d pll• 

!te Ql~a.4!f cs~'t.t.<JA~d d9;:(;$;non era wid$;ly ueed . aa ph<Jt()to;t 

m$triO· ~'~a~ents .tor til~ ee_t:tmat·ton of·~~ .nua~ar o.( '$\GtBl :1oJ1• . ' ' . 

~p~diQ;g on t.r~ sti~l~lt®<t a~~ pG01t1on of th_a di~oto~1l~ moitstJ, 

r~oo oompto• t'~~l tr1 ei-'~h~r Via.. t:bEJ. e~utnol.int>l. ~up or Y1a 
., ' - ' ' . . 

tne p~~i\QiPatio~ o~ th({) ~tG~S;tO~ ~r -caps 1A a a,ter1otiU7 

euttabl~_ ·pon:i:ti~,u. in t_bo Siazo .ft)rming n.t~i@fty. 41mat:rt all tbit 

Q~'l~·le~~s afi fo:etneii :tn t\Oid. or ~~aklQ' .&,-dt4 maifli.n.• ~he 41tti$renoe 

b&tweo.a the abaorpt10Q. ~ima Qf' th-e r-aa.g0nt an:d t:b.G oompl• 

v~rioo frtlm vo ·to ios nm_
48

• 'lbe Meh ti}.'"Jl.a"" abeorptill!tY- ot th• 
. oo!nt'luo•31' E"'- to4.) ~l~o ·the d~teri~~nat~on· of tl'aoe ~Wit$ 

,. 
ot elOOt0R.ta. lot:te 4)£ ou, {M ... Co aad Mt CWl be. maa,~d ·with 

·\)YflAlh1~i$t40, -~h~o ~bor;a tit .h~t ~i {lV) Qtld ~h OM .~ Blnttk~4 
l. -

witl'l :'iu.or1dfh I~t~uo'btcn ot c tbioazo l.li!n& into ~o;tllitJ$ · 

1:.:-.ntt.~a·~e ooaoid~rablJ-l tho f..lelootivit.Y of t~o Na.gent• u.-(a•­
(4• ·t fi'i G't 7·t •t0t:ra,hy·4!ir.ob~n~·tb,\QiOly1)~~0)~,-q~AOlin01. 

. ;tQo.ote tY1 tb OUt ligf ci.n,. Odt llBt · G;-1t In,: t'Qt La., Gat l«lt Gdt 

Dy-.,. Ib-t ~A). ¥'bt: ~~, i:ht ll-.· i~t ~()t . :B'o, Ot> ond_ .i:~i .ione31• ~00 
. 50 
~$~At i!!! ViY~· .e~na1tiw to #1 · • . 

~i"tonu ··to-o obtatn ~eoxtrte ouaJ.oge ot ilM lett ··to· tb8 

~~~U1lO$~ ot 7~(e,..F./r'id~ttl~O J~~tb,l~\ltlinalino1 :11. 'lbte 

~nBfll'lt 31 wtt 11iolct and blue v:tol<at CbE'b:l&te~ m tll co, AiE!t 

cu, c-a. i?J~. l?b, .Bit In, v(lV) •· t,. r( V) Md :~b. aom~ o: 1t he 



of oneea the aenelt1V1t:v· to tri.Sbl~ tbo,n. ti~·t; obttlinot! uith IfPJl• 

'1~(e..Qtltndl$lamo >~~qn:ln~lSn.ol t;JS \'ftaa· £ouad .VtJ'l::f Vift{~ctiV'fil 
toward tt~ ~~(li,:;IIli).; Sil• vot un, oo, :P-bt. ~' Oe(lll)• l.n#. 

Qa,. ~l(l!l).t V(V), ~1~ A~( lll:t Vlt :i:bt U(VI)t ·t~flt ~;;z;tt.lll)t Ct~,. 

tit~.d Rs(l} tona tlt pn :l~, and tow~rd tln. (.:it). a.m ~l tons at. :pll 

a .. ~~ll. zil~ colo-~ ~~ the ~Ot\Ul'~in~ e.alnPle)Wr.\ '!ltllriQS f:com red (lint 

~d) to ~d ·vi·olet Cn.a\V)1. :tl()J ti~d. ~~ bln.~violt3t Cn\VI), 

U:rt, ijo, l!'ti, :Cr.,. ~l.; ltl:t ·.v:. Hg and otb.4'1!8j • 

~:bo abeac.Pti(ij~ ~(:tt!laot ;c.:)aotian, oi£1Ad1t:ion ~d tb.G 0$M1:tt• 

""$. t-y ol tho various tYpe$ ot ~o.zd;,~oe ;aft. t&t 'Veil, . in nte~({t:l"C• ill• 

,Io. Q~.mtl\~~~ .. i!&!~aital:l&l• 
kleo~x:tt&. th~ ?it \lC uao ·of O.i)han~l,~~uinoliuol tot­

.ap$ct.tt'O~hototJAi1ftr:te e~tiau,:tlon: of metra ionEt.; 'tl.ho el.<Jotrm.do 

nb~orp·ti~o.n spoct~n ot the.~$ q~po:un.t1e tw .. a ~Mil' oota})lexe$ &\ft 

.n~t .bir;G4 tnwstt~t.tf!d ~in detrd.l~ ~be ~tuilieo 'tba;t hn~e eo tar 

been nttld$ ~onocl.'ln m.:'\inlu ~1)-bqdr&Pl:)D..o tautome~Jsm, <:tl e~:1b1ted 
. I • I • 

by -aao dy·ot,1} oontaintns ·.on (;Wl.)Up 1n. o:vtbf.) ·.,. o~ ,p~•poaition tl) 
' - ' 

too ~o i;:Ol!'f} f!JS • 

R-N===N OH R-NH--N 

[ Azo -.Form] [ Hydrozone - Form ] · 
.· 

( J: ) 



:Por 0X$!:)p~·~ 4-vho~l- Q!$.~l·~_ptbol ie t~nu~ to 0•e1 iA 

ebsrf1uto alcol:wl -aa -an. •qy:1.li b~ M ~1-~tl.U"o Of tile po P.4 l)h.en.yl. 

~'11~011~ teutoni~i'-• tile u.bef11J~t1:()U.. o;o.t-Vt# cona18t1¥.\S of two bi'Q4.d 

he-~d~ ~t 406 ~ (~o to:cm) t"'d •62 M \1\VQ~A@oue loW1J56
, It bat 

~~~); well \1)tJ:tabl1med that tho .bJd~one tom 1.'\lua~a ~bnt>r~Y• a't 

1~~ ltav~it1nathtf c(~mp~4 to the a=o ~~aa.,oo.-· 
'.!!~ tt~s'fat~e ot ~tl*llltt.t>lcout~ bJ·dra~ bonMq :t.n -i• 

quin.oltnol is· ahom b7 tta btab ~$1t1u~ pG:1n.t, ~m.u.u w~t tnd)• 

<lep~eaton (3°0), ·ato4m volat!l'lty nn<t itn spfit~54• ftie in'tra-
. . 

t:lt>lGOUln~ n-:bo.adi11.3 iu.vo.'l.v~e ·tbe f'~~tiota. ot a 5:o.nw:u!lb:al'ad ~in& 

b~rt~fltten thu be~t~rooyc:t1o Ait~SO~l ood th9 twdro;vlic 1\r@Og•!:t• 
. . 

~:!dint; 1a rl®h JtlOX'O (l;n,tenstve due to tOmn.tiOA ot n &-%temb&t'ed 

nnl~- lt bas b·ceu duaonatra:t-ea '~nc:t t.l\e a:nstenet.t ot ixlt.le­

otd~t- &J•bonuln,e in tho ~~ldnol1n01 taO<loty illf.~anitoea _ tb\i aao­

~~~ono is~ti~~:c~ ~Ltilibri• tn- ·tm ~o dyes ot &-qtd.U.olU.Ol• 

.. · .tsot• t~plet 6-~n~l ~o-a-q~lilloi ~ nbt30l.ut~ w..oohol- aho• 
tw~ 1'a&1o.r,~ 0£ ~~i30rpttaa at 3S? ~ (E • 2::1•1 X 1031 ~- 4<W Mi 

'E • B.·& X 3JJ.3 .) bttt tho 1-~goat ft'ta.Ve lf!)n.b1ih abtsO.t'pti.O.ll ,appeal'S 
. ' . . . : . . . . ' . . . . 56· !'tl . ' . . . . . . . . . . "' ~. ,. . " -oo.1y !lO tm· 1ntlo~on • ~bo 1ntr:w."lol.QCUJ.~ :U.bor.~.d t~nda t>O 

~titbtit~e th.o ~o tttutr>rae~, · rnt:to of ·the CJ:lot!ltt'tltio~. ot 
byd;ra~ono to Qtlio t::\nt.o•r beicg 0.-26• lt1 !>th!):t sol~~B:, o.nti' 



.tntltQl4lor tn~I'ftaal~ i.t:A ·tno ®d.$~ • ·otn4 \lilOls ~elfaOB Olia~~a. 

~hi~ G~~WS tillat tha 6re>Qto~ tb$. t)O(~S,lblltty o$ ·in.t~rAOlecular 8.-

00fttl.:S.iQ~ with the eo~VtJttt; ·the ~ifW wQ~\ld ·!>». th~ in#lu.f!.tnetl ot 

~eak int~$0leo4Ql" l!•bnntiiua G!i. t~~ t)Oai.~:ton ot t.n0 equtltbri~. 
·~~ $p!3!Jtit'~ u£ ·~~;-1 -~~qu.tnolino1~..0z1ue un.o- tht'it the 

r~l~out() (t.~iG·ta sim®t oca~)1~wl.Y it~ ·tb$. ~o tor~ 111 e-thauol• 
'l'h~ apcctf-t'l (l!.M. tuenti~~ in. ~ &e~1ae, at aQ! vente: ~xc~.trt tor 

C~~ ~hifti!J: ·1~ f!U~ \lriliCb. ~U that t~ i.Att'c~Olo\}Ulfl~ !1-
. . 

b!lM~ to eo Gt~C~r!t; ~ · ltn:~!ilQie.ou.i.r~ ~bandinG wi·tn -t.b$ 801 wut 
· i$ n~~hout a,.t.f$O'fi, ·on t.lw· ·"utltbt'4.ma5•. simU~ty,. ~ :;..(a•o!i'i · 

c&~ama·thOle pl'l$nyl :atlo)-.~J.-qu.1no:t1tloi, ·the 1itttdm~leoti!.a~ &-bttnd 
' . . ' ' . 

~n~,:;:t~iar;: a. 5""'omb.c;~d 1ttn~ :tn ·ttchu a.mo fo~ (l::U.) te p1 tte4. a~inst 
' ' 

th~ !rJ.tra~,fio.leoular ~bontl 1nvri1 Vine;· ~ ~mtHltiered ~lug of th• 

n,drtlZcne torin (tXB.l• 

HC-o 
3 \ 

c===o ri N . 

\J_ -~N 

(riA) (:r:tB· ) 



~be Sl}&OtWtn Of (i.(2'-on:r.bomethO$ I)ht;A~l. seo)...a-.-_ 

q~Jt~ol:tnot c~ai~J~s't$' ot ~two .brouA b~ud~ (, m~ at ~.m ma aid. 
'· . - ~ 

460 nm) t- tb,.-, mtio ot· t~to l0-~n.o~:t.ntra:~tt;ia8 o'£. ·bf~azonG to alto 

tltlUt!lmt~ nra dt)tiuoe·(J; fli'~ tbo hl1J.tt.va 1n'l;eAe$t,it)s of ·tM ~ds 

is 1 'l• ·fbi) ·bjd~one to~m is c; th~, -stntrlltr&ed to a g:f'ea~o 

em:~~t than th.&- a,so ft»nii$liJ 

~ht) :ei·~til&:tiO!l ie llOOl.0-$0~ to tbat :preva;ilin& in 1-

~~:.wl ~o lWlP'thoi \llil w~ieh ¢1~1$ts a•lu.a1V-G1Y .in tbe -o . 

to~, 11lo A$0 to~m ia $'C@ilU.ad l\1 1A-tl"~tJleoalcu' 1l-lobo.Q.d du..t 

to f(!t~ati<>n of o ~~o-4 1iinlt;? • -

o· 

CX "j 
N-Ph ,0. . N,... . 

( IIJ: ) 

JJ3ataunasa; 1.U -an_ $-·~·teiilpt to study t&o.moobrtJmisrn in fJ~ 

~~~.t_l(l&0..6-q~,~l1~ole, h;;;.'fe ~hom 'that t~· mol~ct.d .. os ~:(h1bit 

· Po-i1f(1~one ta.U:toma~;~.to l)t',ltli~::U.bd.a: 1Q. '~hi.l eO.l.itl e·t~a·~e alao59 • 

· .Aot.4 buo~ 'ti."~tol!'mtio~ JJ~- mol·tJ,t.ione ottet1 lead to a. 
, . • I • . . ·. 

ch~t in the oleut~aio ~'tt~oc»tiQa of tn-t# eaonn•$• ~p~ti.'O-
., ·llhOt.Q#lG'tvf.O 3'ttt4l~«t Of· tl:Ol.UttOl:t.$ Of Q~0%1tla$ nt tl~iO® ao1<li.~:t 



· ehow tho e.d$ter.c(l ·ot a· UU!nber ot :eflY.11:1i}:11a._ Intt"odu.~ton. ot · 

ax1 oeyl$!lO g.cou, lU.to 6-qut,ncl~i ge.nn~allU- mcr~a$ts tno aui41t.y 

of th* .'tWdrt)tf$ !#OUih' .At. pf1 1~3,, -P~f.ltC®t1cn O~f th$ catlinQltnOl 
. 31 

. .u .. ntom O¢ClU't;) · nail :in oonc~- 1fa504 t · 0.$0 ~zJi.q') :U~at~m: 1e pJ~O.t~ltat•4 • 

lt b.fl~ b~t\ ob$.tJ"~ ~.t tor -~al-"3lna~ntr.oltnola, the 
- "'- I 

~baorptton ~aveil\31~· exhibit mtMs$ ~~ u ·tb.& long VI$V$lensc.l'l 

~:t8iO.U tbat deo:teli$es· ·wlth de<.u,•.aaein~ ~ctUty \vitb aa e.P.P&ft4o• 
• I 

ot n ~it'l'flln 1n · ~ha 400 nm :reeion• :llt'l· ~reaer,.oe ot 'l ahQ~g ieo--

~atio ~ conolstf;tnt with tho aue.tar1Q0 ot e"-u111w1wn (1-J• 

d~ratO!-mtl Or:. ot· tbe a00.,.t.WOU}) aitrog"ru 

••• (2) 

•••• (3j 

-t'\t pH > $,. t~ ffl,be1orpt1t)n; .mnximum IlOV~a btdihooh:t .. ~Hn.\e~J· Wile .. 

:s~u111bft.ttm is ett..!fted tO!fJttrd ·the ~ore· <taepl!f oQ10ttc'ed to~ ot 

thn trongen.t (nau.-t.ral £'or.m} n3 s3o\~ in oqu.ilibl.-S:um (2) • ''ilth 

fu'tth~r 1ilOl'enEH!t in Pfl, ·the molecUle· dlr-tsoc1a-t~a a.!ld. a slh:U"P 



bathoo~.,·mc Qhif't- o·c thO Qb$~pt1on maxim~ u o\).e$~d C'0qu1 .... 
9 . 

_._, 111} ~-1--'<lM I 3) .l.~t, V;.. - \ . >i 

,~\h0 colo~~ dee~mna. ·p~td.cnl~l.:~ 1~ a 'Wle'Jio a.tQd1Wtlt 

lt! c~'tH!~1tJt:tc r>al.y t~ ha~oJd,n$l n:tt4 te tlu to tb& f()~­

tion ot o. l<>n£~e~ eo~jw~t~~d chatil• Ua~, all tho '1-a1'11tu;f>... 

S...~utno~illOle show jt.Wt :th~ raVd~$. b~~'fiow;" i•Eh• tbe dt~4lp$&t 

. oolQ'~ ( A ~ = sao~szo nm) iQ: Ot,loened j$)~ OOl,.titi. OllO 0£ ~O~in~e 

·in aoi.d mod:1a (pli( 2) !WJ.d. with 1n~rof.l&1ng ·pll tb$ colour bt'u:t~ae 

l.i.$hw~,. the d!sr.Jocta·tett. form ot. 'be tal)l.eeUle$ b~tng yellow or 

GX'ntlflit! tn oo1our31 .• 

wne p~ieat!l ·in:b~roet ia 'the t&~OX~%109 br;,;~ 4na t() their 

\)OtQntinl usa ne rmalzt·ttcal reagent, nO: th~otet:t.ofll studi~ll on 

. •th.o et~ciMJQl.lio t~1aitians in. ·thea·e m.otectdea in terr.1e of tru, 
. . 

t:tlOl.ec~ll.alf Oli'bitala aJ.¥e SifiU aVEli'l~bteU: Although ta thfl abist"tnoe 
' . 

ot a';.oh etud'i6iG .it 1~ hnlil(U'4o® to m~e fJtJ!I ~Ql)JOQtlil.'i'• about the 

no:tu:ro of trrw.et~i .. oaa ~S-9t>no-ible .tor ·tb~ light ~baor~ion pro• 

· pqrt~~ .ot tba 1l".A~·o-lttnost the1to .ts~etJta may be unt!~toOdt a't 

l0atrt tn p~.u.·t t by Qo~p.~l\f.itZJ:OA w1 tb ot~:t- ~~. e~JpOu.Q.dta whiob. 

llave invo$t1tJttGd ·!Q. · dQ'tail l)y· ~'OVo~l wm~lte.ro 

:. . , ·.:&:a e:i.~le ~~~ •. l:tk& su.b~t,t tuteii ~obt~~'in0, et.r~ug 

· ll ~- ~4t- tmnaict;l.ou ia r~t!!~ae·ible 1¢~ the viaill.lta ~btlorJ;.t1.oA63• 
~he oO.ttJD~t»a:.tiva:tY weak A~-Jt• ~o Q:J:e. fUllY ma*eO :tn the ·tt;ana• 

oo.nt~~at.;tone 1tl t1hicil ttw ~~tltEUll no~'ill1 "?d.e>t. ~b.$ n.,.;,.n• 
. tmnsi:b·1® ~Vo ~ve~• bo ooo$~Wcl :if& ets•f!);rrJt wh-ore 'tl~· .tuat . . . . ~ 

. · 11-TT ·trR.lDtJ,.tun <ro~~ at s!lOrtor a~.l.en:i3·tha~tG1. ~ooord .... 

:tna tlJ t!O .. aenJe~it)t:tonn, tho uvvo;v i;W toe th9 i~~Gt wave l&t'lgth 



/ 
/ ,• 

~ • I /J • • 

ru:tti Uondi.WJ lT •OJ:'bitql. Of 'ttlo t;lGO g~Ol!Pt llhilG th~ 'lOwQJ!i OM 

:to the o~bita1 nrltililB ~"nn ttO.: parturb~t1otl at ~be hit1.):1ttf't.. bond"" 

ir~g TT .... ()r,bi:t~l ot ·ttta 6'eyl. reai.d.t.tQm·~ 62• ~he e.taot~nw .ttp4.1latra 

ot mat.~l ana O;t'gtutometal11o dGVi v~tiwa .0:'£ aimpl:& ~o d;Jee hnw 
. ~ .. 

.()lee· baen t.ltru:>;greted iA tezms Of\ IT-IT tmrte1:ti()M, t.he ·coord 1-

nf-ttiott of ~H-Ml !b;l or or.~ct11a~ ~~ e,gertinf:f tt bathtlelr#C.n:d.o 

ahift. o£ tho. ab&lOl'Pt1on s.,:u;-im$5~t60...65• 

I~ too lti~t <leoQd$ ·tb:~w .Jla$ bocu}; h1Crt4a~·tttg :1nt~u.•t}at if.l 

·tbo biologii cal ·v~o.r;ortJ.et~ o:£ tlw a~o~~~ w~,ich. WG~ ·eo tar used 

o.n11 a4 ,_ MillY ttcta.l retig~n.·tts. .i\~034iu.\3a ~-w ~~~~ 1vcd a~tt0nt:ton 

{'rreo[~!i1ebl.Y £C)r tihe:i.~ atnt.ttl !t~i" ~~d reaott vt.ta 4~. 
~~bQ stll"voa· af lite~t~a. :ra:wele tna~ the bi<,logto81 

0\ffe~t 1a ~lW d~peJl{\O.t1t ~pon tlu!J nat·w.~e o£ th.o r'a{lge,a\$ .• ~1U'aw 

·anti lktnn~.rtt.66 · 'i)lJG~Jllr<Kl 5~~a .. q,u:fJlol1no:ts ( .li • $U,btlti tu:ted ~l 
a~o ~vonpe) p,.o.,,., a~Moa. 1;!li>:1,1! .b~·u~teriont~t!c l)OV%J~. (.~.~) ~tet:a~-us 

.!• \Z01,4 t~ilt1 !• ·JilQ~·· fha 'bU.St1.n(l !JQlUtiOO; in &m/..,100 Bl• l$ 

gi w.n ffl.7J' ~ ~~1$) ill ~fi§~ ettlnnOl Q't; 25°0 awi fo~ ·tt:te ltOl '"'a~al t. 

itl t]lyct)l at. 24°C .rwA :bi Ot>lll .llf;l {;lt 2~()~1• ita. oo~ CtlOO$ ·the 

@'tt~ndnt'd ll'H'iluti~~lQ, w~ •.U,lu.tad~, Obat;t~vatio.tl f;')bOrJe that tbe let~lent 

d1J .. ~t1~~ OU!H~ovtntl ooma. g~w-tb m.'.td the wn.tor d.ilttti.on ot HQl .... 

salt ju~t p~~cv~i'l:t tbo ~~'Wtl'l• 

' . 



. i\'be a~OY • .iJ~a d.or1:vn.t1ves v1a11e tcat~tl .for the propor.tiea of 

tl1~bet~6'. wtd.eh ~boos .no bette:* ~etll't& bt~ indue~ 1U.ab&·te0 ~.md. 
atntnQt\ the l®~'ill!'~s islood. cal-1~~ :iJb.G -rene-ou;n ·ct:tused 'd.io.b0tell 

d~1u.~ eJl,.lflltltio.a with tle.t!lll10 1Qnn69 1n. "thQ f.> """00llt;; ut the . . 
Panoroot:!J) ialertrJ o.£ lrult;~rhiinG &lJ.lfl_~ o:tbcm!lla~~ dtd n:tJ·t ~o.aee 

ditd1o·tes-. 
A at)r1oe of aflo.»t:U}.;Qa taatt'il dor!~ttves. te~t~d b;; 1}a(l 

. .t:U'ld ~~i;ro(;;\l.'69, ~ho~vs tow $1;'bib.-:::tOtC!ftnl activttr~ • ~·cr~ :new fungi• 

tJtstto oom~otitlde of ~ogiaea70 w:e~ i.n:rnuttgu.ted _Qa t1qlli0 t!laGh 

ct'Ultainin&. ·10~1 aa;ti.ila-~(u.~wiil· an."! ·Ql\ aol1t:1 OJ.Gdi:l aonta:inin~ ~ 

ug~:t\• .n rol~rtimn ~$tt u~~ngh:t batiil$en too· ohsl;:;tt~ .eomgl{;)."C .f-tll'i~ine 

t;~.bittty ·tlnd fun&-1..sttltiu ~,o:tivity ot th$$'& Q:Om!)Ounds. G:hea.e oom-

. ~mun(ls e-.roioo the.:tr tungtstati.c oeti.'ri.ty ··bf me~ ot: :tnt~ 

t1~l1.ulo.~ u~l.fit'ion ot the h~a.v:~· meta~ comptrm~1ttts in oer-tatn 

· ~~srmo af r~ eQ:tls. mhf;\so e(Wlfinc t~Jo-ra tnnottvat~d tma thitl 

!i)rev~nt~ll r.;:mlttp.l·1~u,ti@n,. 

!iYSt'!~.!t~!!G nhlei Mtl Stapm t•oooeoWJ rt~lr9lW ~Qfe 
.... ·' ' ~......... ti lt.l-~t, ......... i.,Jl ••• ,,;;~--·] 11!'"""-·· 

· 8342 shows. t.loaeibl{; auti .... -rtd .. orobial r.u:rttnty 71 a.saina:t mai\Y· ar-.;1-
. . I 

a~~filtd.n~!:i:tlOl d.~~·i'V'fl·tivee .• 5Zh'7;. wa,tor ealu.bl$ oopp09 aal t of 

~oldtil.:~fi.'i· e!Wwll f!Jo~e f:~g!oid~l fli!fJf)G.rti'Lea~1~ • .;:\~O~£'l0i! d$~1va:t1.-ea 
<>~' ou++- 1 cd++, lWo+o~-, ~i+o~- ~~· Go++ cb~L~l0:cwe73 e:&:b~bi.t~ un.t.1 .... 

bno't$r1al aotl vlt!r m'tt\ fOi.md to 'b" uaelul ·tn tb.el tt~trac.ut ot 

<lye~~ter~.• 
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.~alif)()Va 

h•l.-. iBU."»Vt V.ti~t 
l'V$nov. ana :r.,~r, •. 
~fhlipova 

:as. ~1 .• r. ausev,; :o.r,, 
"fal ipava and V. a. 
·I~anOV· · · · 

· ~4. o.,v. Cj·~ •. ,anova o.ml: 
:::,H. t~ust.ntw. 

21• I.. s. flnstafiu nut\ 
~ 0:• 'il ~· ·f.li '\1\lnO~ 

;a~ .. v. 

•• A• .x. suaev, 'f•r&• 
· . . l.VM~V t':W;tl 'L•t• 

~nl1pcwa. 

~21.-. 

ue!.'w 1ttd.m., ito-.,: S, 6.5 (:t.l1®ltt 

hb• Vee-tt.. 1Utt ••• O.Vt1; 4~ 
WJa (;tfi61) ,.. 

Com~. ~'i.batr•.~· M· fH300g (196t:)j. 

Kn~.m ... r~im.· !t'oEbno.'l•t 4•. 
a?a ·(;~;~tm) .• 

''h u • 



31··· v.r:l. I"lan.ov n.n.d ~.~ .• 
~"it~ Ot~ott~1r~ 

~~3. t,tt~ 1lnmusim,, 
lt•Kh;, :B~talt.n and. 
A.l.· Jltle&V .. 

-

•1t.m'ln!~tt9 ~na A~traQ't$ Of 4'to\1•$di~ 

ot ~'Wl. \JOJt£~r~na" 'iin iUlal~rttfJnl 

tlhe!l'J.;$t~s· • :t.OOtll: ~~ VGr$tt~ ~t the 
' ' 

.~~I • ·f~ndele&V wariotio 'lable ot 

l:l{}~tl.ta, O~~burg (19$9),. P• :1.10. 

as. A.t. aoork~tiov ~h •• mol. rihim•• 1!• 652 c·J:J~). 



40• V'•l• ~\.t.Wm~ta.o-v and 
1ani3 r~ .... o · 

41• t'f-~t • . ~~it3;: W•!i• ftaUO 
and .~. ~. Dy:etro££ 

4~l. 'L.f .s. il1v1 ttl, J.s. 
Abbin~: and M.,.~. 
_l?~,no 

~-~ A.-1. • 111t..t00V and 
~t~.:r~~ ~Dn\ '!~OVQ, 

; . 
' I ,, ~ 

· 44-. lh.s. · Jp1nolflt M • .s. 
v.t i "o:ta t:!ad A..t~. 
Uatoa ·· 

' . 

· IJJtl. ·w.:t,. .Kufln~t&ov .ned 
g.v. Kitrct~~l 

' ' 

-· 

~;b•· ~1GO,r6• -i~.bi$• ·t Is. 1175 ( 19$)) J 

CfJF.¥$rtt-. lloot~ •.• U• 2339a (196aJJ. 

. 
l~Atltr {~Sf:)-. ~~-· ~l.ti.llit !Jr 
45 -Ctli67 J • C~n•~· i~bf.ttr• • zq, 
·636®s (l~siuJ; 

C"bMm. Ab~'b'• t §!, 1l114t 

(1950)j. 



4a-. Ii•A• -?ntr1koavn., 
~~ •. t. DUG$V and ,;_l• Kh• 
BntQ.ltn 

4~•· ~.~. Gl::ty~. and 
a.?. 'i:Md.on 

52. ~. $1,. ~fltt·po·vn, K• 
~!tb.~tmllaev" s. 
BahatW and ~-.KJ •. 
fM..tJll$.:k;~e imov · 

!lc• aoom. Abril~' tz.• 87494a (19?2). 

b• l£}:her.t• Ab~Jtr•• ~~. f)6fi:t.9q (19?2J~ 

·O• 0hom. ,t:\ba.tl:'•i 7,.7., ~$3144 (1JW2). 

~. t4fltturf~Qh•; Bi~2t: t.f;03f 

- C\Jbtr~m• t~bat~~.t !i}, · 10164t (~~)j. 

:~ .t\tt.moo.- r~tlitn• i\r~ut .. , y, 
243 (1tlG6) J Cob(t!O•: 11\bstr., ;Qi, 

$14~ (1967)j. 

<loloilr and oon.~t1tttti.f)i\ 1lf or!at~iO 

t~oltS~UJ.loo, .k~c-~dom,~o !rdta,. n.w York 

(1976}. 

tto.l$hooro.u. (!.a~ua(}rit) tt u.~.­

G72) Ct.fi $!N6$J.- : : - ' 



59. t.g. t!uatafin ana 
o~-v.. Mv@ova · 

~lll.l• Oh~· :soc'-:, Ja~aa. • 44, I 

878 '(19'11.) •. 

~;.t. ttom. i.'.tJ:¥1• l{h:trn. ,, ~4~4. tta~ 

saan, .il!t !.33 (19S9).,. 

~lac"tr.ar.de Abnorpt1.e~~t ~pGOtl'll au.d 

Geo.rnet:ey ()f 41~~.1c. ·rtlol;~cala.1, 

AOa.!ie~iQ ~~ll5t- li&VI lbrkt 196ft 
' -

' : .. 

J, -~$M~Oflwt~. O~~•t 140t 

151 (3,.9'1'11·· 

- ' 

· ~ •• · ~Otl (.tote), 

-FJUli-• a~em• .aoa .• Jt\P£lUt- 56, 

' 42l1 '(:l9&1 ) .• -

Bull., Obem .•. t.~oc. _ J~hf 37; 

1U~ta (VJMI-•-.. I . ~ _, 



' I 

tl7• ·i'· z~t.auo. A• 
auenahi ~ 'I·• 
.fie'! to 

Ql,. . Y.. A• !~~ml).i'1$ M<l. 
A./l. 't~altl$· 

'. 

. ' 

,_ 

J.• J.£1!1~ru1. ~~• . Jagsn.'t . ~~ 146& 

(.1052); Ccho~~ Abetr., 4ll (191SJJ • 

.. ~1\'0b.l• . Jtl\dQ~tt"'lfiQl, · .. 1~, '1'5 (196'7) j 

4,-0~em. h~tr.~·· §j!,. _9~6214 (1967)..,.7 •. 

J. lndi® oh~l'l• ~oe*·•· u,. 
i'lfl '~1156) • 

·»toeh~m .•. J?b!1l'mnool~t ft· 1~5 

(l.f.let>, Cot1oo~ ·l~~tt., a, . 
W153~fil! \1961. iJ .. 

. W&rpt• J~ t"ht:A-~• ~c1. 1~75., 

(Jfa\l·~ '1lJ?7),. 16, ·4!.GJ l1itwmt 
. . . 

·12. t•~1• (~baob.e-•. a.1:~..; 

·tt01ll'O'\f~l aut1 'h• I •Ki~ld.m: 

£~nut~"·~ at~,. :t~?aa. ('J/J?S)j. 

DloQtronic .~beflr~)'tion Zpoo trti and 

GSQtglQ'ti:ey ett 0r&.l~.liO . ifAOl'\lOti;l~S t 

. ·. 



75., n,n. ·Ja:tfe ru1t1 
~:t. Orchtn 

fhetl1W ®d: aJ~I;llioati one ol 

~ tt"aV10l.Ot Op00tl~0$(HlllY f Jom 

01Uay t.lt\(\: OoBO ('3,9~2) ani\ refcrreuce~ 




