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"ûäl srr {mtt¡ bifl!.
tr llnffX {firurnü tw rmrfrtr Etfcüü¡[cÉ

rdËf¡r nt ryrtrn ffi lË
tW rdüt tr tr4rl4¡*r af !nÈ
q*fltætn ltrltrLrr It {r :çfffi &t Ur
rçIll¡ü*T lartmt fæ tl* rlrcttü Þtå + tnr+ ffif'-ffe
fn¡nf; * & n$r oü h ttrr. lf$trt tr ùttr
r*Uf¡r üremmt * le*l+ r*üte sl H¡mffirr
Ðr ürurrl, tmtmlËe cü ffi, ÐrtW

t'rft$HmlHl#c &
l¡ $t ltæüt lru*þtff,s truær,þl

üllfelllß u tb rtuh nËr ffiftrçt.Hil fæ I
ttä rffit cf Ðffilcrf*¡a Dür Dmil ffi
vfre*ftf¡r oû ffi*rt ffi ætË Èütl r¡m tnü*

ffi & ¡,rcw rlü ürt cú r*tlm Etå"

lb pu¡rrttm of Ðr Dü*-¡tç

ryüfm tsü,ålrrwû *a hilË d üûlh tår t*trcsfrtut
ffil ftrEit?¡rf, lûr lrtutrt*ttffi {ü r ð¡Ð mIüæ¡ü
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tÉærn ts tæ trüt ot tùr Þt¡r úl *b dü¡
Ûlüweçþ6] rxffi, r*¡r*¡m *thshm'Û üú ttt {æ to
E$[,

Ssl* ffiËf crlæ¡'rttm¡ tñtl fûE Hr *
lùü Ëtntr oü thlÜ ffi rcüc"** tc' tnr ulll-ilffidrlt¡m

ffiùrr+ tàú t#ùdt flìlû,trtff tihr fmt :iü ¡flr
(1.r, lær¡ rrcr*tçr) tu Üüh r¡ürlr lùs thrt fffi
tt Dt Í't* uü tlæ Ëæ n¡ü¿tü ütl'

Iä s$tg ûe *trril tffi crfæ¡*ttn H *åt

l¡k¡.t¡úfm of ottrr rûtßH sm #'tL ffiLr I#¡tS

rclmïrr æÈft:L n¡¡nrftrl¿ul Ëì¡ ct*tl.* mt fæ

[b]*¡ raå td-ræüfr d fæ th cm*r* nrtnq¡+

¡rÊËl,tl¡rtl¡ !lr.ü ttr ffi;U¡ ü1¡lfrrLtaffi,ñ ¡f tþ¡¡3

¡of¡¡*f*r lt ¡ry ¡o6f¡f* ft ütüÅ tbtr tDrg5ltia¡|,

iËtoüil ffi tütðt. Sstrl¡tlmr oû marL
IæfffiI FtFËütr üdf Ëffi dffstff ttth Tr**tr
u¡mlnffi ffitftútr ræ ¡rrlffitü.

ft Ir e*cl$*t tlrt St |FstüË'üt ú

eß it¡nntrmr ffitffi uü frå*uilrÑl*r,,
rcrlülm rryilrmr rrt lüt snÐrllr¡ ,l¡ tãil ff ttü
inffidr*rt ffitr'
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{æ qt tþ Íìlffit dÈrocçorü-ro tp th* fielü' ef}

¡6s t6$ractlqln Gf ffiGf,ß!.e esiüs rri'tü hsto ft6tç¡r5¡+

cyelåe ilyÉs EË ühßÈ of htctll.tsütoal' rtqinfnß æ

Dürfæwü þ nùrfl.f.tln oÍlr åf#htÍ| ycr,rc ÐPr u¿Gb

t6!r¡*úf¡tt t¡ns fon orrt¡rlnr tüü æalcto *Güü ct tb

W-ûgtrl"rfq ¡jt*i¡oü þ3æ ìåtlt øils}h:f¡[ ff¡bsttns*r nmeù

p,ç çþrondotrtln æ¡"Éùt* åÊ *b8 ttstqñ *- ;ùwd ¡lq¡ûert

stc eünm*p ln æLo'qr frw hlst to perrrlr rnp tcffi
f ætadü€ruËlsf . Eb tctMlqHtû of, ûfff*soratlol

Êl¡¡¡g¡ ctol¡,tæg ffitûg üc ry¡$aünsÑ'tis aff¡rot råt[

æffôf.uc ffitÉÉÊr fgÜ ffiPfÉr htlFð r!.ås spp]Ll-eltfoüe

totn¡¡.atî
åcfers tùo Hcteøn Ñå Grf,ck et*uctett ttr

üfiÂ { ügl brrß paogdúü*, üÐ¡¡l' û1f,fåenftf,c" oo *-

Ësffitræü iü ttÉ f,ntcrpactatÍ.m üf tùÓ iãÈtü}ett$ õf

bÊ*¿c ûtcn' råtþ a¡rsl,tåG GGtå* b*tE $ ?+m an1[ ¡e
Éffi. Eht nffi effogte d, ¡notlgvlru br,nùr*g üe g$* 5

s¡¡A ths i[l.ff,{r!ffit apoüt¡} frøpsrtl¡e of t&o æfþ-ftn

*' tåo *tr¡¡ctnrns of, tbc rrni,fll ü!nt' seÊttd t¡É

tbfs th*fû ârlË tþsg (t¡t ËI'Êùtbtt!.sl omilsr) tl¡

.Àp¡nmüt¡r l
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effiFil¡r GÕürtrxrrûd rgtb tåmc ct üàð ÞtdÂ*(lyç uomptsx5

raütr Ët¡ú tü ggÐil.fr fËþrÐüÊtoð 1ü t+soa of, ühc dçaatnr*

atl'oa of ÐsÅ sud tü# ¡ll.f,f,wqont tcrtùe¡f stn¡ct¡rpur

w¡netirüçtf, f,t tta homö{ tc clustilsts tbc at¡ruo*q!ü

of thc ar¡sl;lE *çtê b¡r u*anm af lÌyt b*aütu¡g etndll¡r6*

Froç epøcÈrophotætrlo etuüåcc' iEgsìsßlt¡ omal.uùËü

üh*t unal¡ls 6ßXË ôerttcycü thó ilyt *g#og¡nËcs thffi#bt

to stlËt ta a,slutlç,n"S ßüough f,of sËÊh * eemsl,ugf.øa¡

hf,É åt&H..c,e fsIFG eot c¡taæüad Orytr g enfflettat .Sü{HSü-

tcatl.m ms€p oû nugleic ¿¡çfû t8ü alftr tt I'a ol gffi¡ltü*

srübilr fntcmcst to quütû ht.o sue#Þstf'on an Èo tãs

sÈru*tu,rre of thß ssslet'* *66..t{fo agmFilo¡¡ rrtttca fn

f 9d?"

*&clçte frGldr räÊËbtr of tnldÞ oü l'ar nøl.eËu,l-

Êr relÆbtr lefl¡¡ Ëe fn*gf,u¡p¡l ts eqüfif,ßt of 6tËfa4F oÉ

Þwð,list of n¡*etÊot!,áea aru*ngsiù ln pucÞ s rey tbt ÊüG

pyrünf.êü,mc æå ptnr¿*a ringt L.tc ¡nralåal to trech otÞrt
omnrete{l by püacphete €¡FoflIt4¡ ths gyg $Fol'e6td.çu cÙtrteh-

d to ths s*entXwlg sbnrgc¡t @ of thc phoøphüttc tmupr

Ðrcb üJrc c*ttan Gffibå$Æ Ttth qe¡¡ ÞhsfiPeetÐ å¡FüUt mst

tXs fa täo c¡r*co betroen täs plnass of tbs fyrùmláful

ü!r ln¡rl,ür rÍ¡gs r tüd, no tMy erü IffibvsnÈsit fron cnmræsn*

lln# tgch råh+rF ln ffiGb s rqy sË tü Interfsrc optúsËtåy



'

ül'tb Ëðcb oútpu sd froüa e¡hl'bltl¡€ t&É, spcetrqn* otr

e bt#her ê*çetuff å#8æ8&tGÒ "

Ia lg5l" fietar mdg€st*fl tüÊt tËË ftat
rËrldÍ¡Ðs fl¡ûg Of oCæItlattne aa.f flt þtrrcen *Aa pur{ns

r+rn pyutmJ,üfüÊ ff.É#Ð of, thp ilKil mdoæl,or amnf to tep

h*l.Ít exlu, xtth th çuat+flle'rìF. nl.tffigpn of üre üjna

asaoel¿toü rftb Êùr prf.w*rf nht*sneoçå+ astü groq,pø of

ttr Ðsia.? fhÍ,s üodsl. txe el¡a pooBose¡l by tuålmLL

aadt Yaa s¡¡ilhts ¿$ t955'H Pm typcc 6g LLlfrhfiÞ, po}"ac

¡n¡n rOupl¡o.l.arr ar€r:lt pogt*f,¿tetl f,ør th* ÐSÀ-dJ¡G CænrjLt¡r9

tn" ¡¡s6-¡nl*r tqtrfrfi#ec Ùçf,ng lteÉPffilùås for ths uptæ

{årffi*tåG tffcat chøçt+oü.

" Iu ery stualtecr ûh& lnttru*tte¡r üttlrocn üHn

Ëü¡l büsfc dyac hffi þúca. ðsüoryf'bdt l"a tot*s of tro

üfstLnçt bf,sttag F4sstpet#l 
e o¡çglsall¡r tþ6¡¡eþ[ to

crtxüø f¡r@ bfrytû*ff t+ nrnwry a,qü ssgwdsry PhüfiFmor¡o

ürfü ü¡atür¡üs.î|rlä nh16 ¡roaslþÅt¿t¡r oaf Ùr rcl*sttür

bath, ü täo gromilo d,f th¡t trurcelfæf€ rcl¿ttw unnhtrs

of, tüû e¡çwûary eft*415 anü of, strtfstr at *arartt ¡iil
uaJ.uot*t{ Ehp tro þ{åËfe# Frcportetcr th fÍ,ffitr a

útffig Íntsr*attæ sÞ Èt e retlor r r ef üye bonnü por

atou¡ sf nt¿oLct€ toi¿ PbËsph#qe of absnt 'i'tr ¡nü tàt

sçery[, å¡ ffi.stsolf intAraståon up to fl Te,S,¡tÊ øf ¡. * |.St
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1ü thr Gtsa oß üF**pneflar{aor trqlr b-e .f.nter¡rætäit tn
ùçw trf thp þrË.ütÉ# of, msmråc ûyç oaül"ou md
sê#sÉgstr* d å¡re etlffis, raa¡ruotl.wlt*f5 yrr¡ ûer
Ëså,Lß ttrtðssøtr.one þ*frmcu tås prswr purl,an Þsffiq aüü

thß üyç catlæs æç l.aportant, l& côåf.t$,oa to ths
olåoFoøtr,tlc rrtsfrctåon*.$t I T

fi, etrtå#t¿&¡. tàøæy of sf ütrÉ

ætioos to p¡,r* pmçåúen a sr.r*plc e¡ptanatlo¡n for thc
ap*s@tnl, êff,6ütË cbn¡rçeå. I 5t 16 

' 
t T

fÈs @û*l.a lmv'trvfng åæta¡æattan ùEtsûõn tåg

Frffi bs*cr of tbs sffiA ç¡olccule saå tM pls&Êr úrü

sctlsn6r?rñ asÊ EûË G@xtrtibtr,Ê r'ith thc .*atsæ-crf,tþ

¡¡dsÀ faæ trsn w tbp bscse tn s*Èi¡c Ðffi& asc t¡¿ eræ
Tna ù*¡r äfæ,rJ& gwtcgt* Ëûorençr, rnrwisalg ryg#çctod

Gþ*t åt thr #åÉÅ &$ücsril,r rmn exteaünd,¡ thÊ *yr stlæø
Eorulû Þc åatarcax"otoil Ëe6s,ç* sæçrrsexrê ÞtsÊ ¡Ði,aË.

*þ4o chd¡ildtä tß offiËl6Urattoa úf, Seå üIüsfsü tbr
yr¡¡gosr,wl8rl9+ fta orûrmrætstr,on sqoff,i,cr.mtfê rs rer,r
** tÞ* &-Ir*1¡ üf.ffÉÏ-tcrtfotr patt+*å0, täs ÍLm ûÍtrülsñ2f n

üs âmtüs grouP rsaotl,vtty of ths ffiae, ,*ü
tb cppaænt lsm6:th of thp ür¡À@ ooupl*x,Ê5

rbp ûkräsc¿ mdtfåaetf"æs of thsso prçpeîFttac ucy tc
rstc*wnctrit IJß Ës¡w of Ëc i¡ntçrc*latrdl moðar. fismrçr
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thtü eqü¡fi, úæs sot *$Enar to Þc æ*f*Unlp eoap¡tåÞl*

¡rlth tàe oðsoat*tt Ëpt1ffitr" rot*Ëoaf ¡tl*fs,rrei.çn cf tþ
Þ&ê*ffi*rertül,at Éffiß¿c*.å*eå5 ,e ffiffiL rå *ü,tch tb
sfl!.¡AÍût rüq&p gffitf.fiåfy i'¡*tæ¡¡ot üìttb ühl låü*À þât*È

?t*6s rgt&r M sffi*þIt& f;ntenagf*tÍm d tåt oütåw¡¡

þcffiæ thr tüüs p+nËs mtr äc ürFË cüF!ütüffit f,ltü, thl
Gtffifllr4ñ proprtåas sf tM cowpl.*r,âs

Iü rtrffi Et {shc sæf,f:Lct*,û8 üÊêtts n¡' ¡6$*s*

€ntåtrffit#-äãÛ of súùcær,t cågËriffi bt#tn*itfË*l$¡ a4

F¡l ËE tås åntænüåqrÊË ffioa tf p*rtåsil' trtôHs*[æå6

frm€þÐffir tåüt${ü$fi} lr$t*n63 n¡tfi¡Psut{n6 th¡Ë få&st

gøû*lr eþtal,M, 8r*m M tüttwr æ¡nm¡.otleae fiOr

ærnr*l, :¡ffi. ugrctoæs esmråû*tt'ry tlÊh sf,

tþ ffitülûr M ûata ffi t& t8*rwtr

ûwßwntl.ær thû tìloüætty M tå# *ÇtÍm*ptnttm

Gffitgtsrltüte far f¡& aqü ÞÆA¡*d,toDæñ*

rËr;[ûiüü ffiÍ¡¡ieen çü,ll il ¡lreutmh4r

fb* mtagmtlr u;t.teü of smnctr' ôg t&
6#r{"&rfi*drä?"t& mt þ æBÏ.atr¡d t¡n tam af, tüt lfttoili-

oaf¡rÊ*ü dt"Lç ffhü ews n*¿gtn* þotüote t*o mf'¡n¡[

wtlå üo øutn*of*ttç#tËtcr for &qE$ 6tsttffiæ

,*"f fnt*rswilståm of aæ cæld*as **Iomle a6$üt ln m*

okramaæ but nst st th* asüt pfefiË lË t&t üthffi"



ã

trhto mcc&sntou lJ,lüÊtsat$a lrEr r,nco¡rt{.sûL mú, ttctsttøt]
mtrtlqna &r æG*¡ä r,f tä* ósmog@nr ù-rçch rt tb
srffi posÍ,tfaq *må ¡auaitê ülth s¡ühÐn#t of ¡m.ta*ro,at
ËLl€ tåo,err i.u e noalJ.frsrtfen of, thnt büe€*l sn th f¡ft*,.
æ,L*ttron ef aa *Ëtðt$r fnto a *1sgte rtÏÊñ o.f, ûh 'üm*,

ilûrrþlè ht,l.x.ãT

Bür cutthrt*rr*r po¡nrtåcc st tþ* finr.f,üf.üûdg9

*arc alss b*el* *trdåsd ü¿th rsfgrûBor *o tfu afuft¡ro
af th Xlã{å*.aæi,iüf,ü6 æwplrrr & losç of ærttbaokrt*l
rctlrlty æfnffi cassrÈtnt ê rf,ùå e lsea cf aþltltf to bfdl
çtru€Lr rlt& .i¡Í{e rhæn tþ prffi*Ftty Bf ær} üa eore of
t&6 üngp i.a ôastroycû br &rürosprmtlrq-t3ra6

Åõ maq¡ ssç þÐ,þ to bç Guffii¡n*

cepa¿ole 
""d, 

thsËr ct*rotu¡¡o La nreæl¡r re¡,r¡18üô to Èùnt

of tth¡ çðrçtão#pä,å.s pol.¡fefct¿s bfdrsoarbæar Ð rüÉt øf
*ho lstcr*cttm &ctmra Gþûrs*d, Emrsoþnamcr[dg,u*t rng
Ðw*, ls el&nLfic&ätr aa f.t hea breu pætutatrü tbÊt th*
rmatiaq Gt pe¡-yoycLtø hvdroca¡ùsup üreh ao Þ*a* [a]*
autbrcgÜ[rc ui,th Di{A ægr|ì Ê¡,üo t¡l?ûlfi $ut.Gro*,t¡¡tå(xs Gal

ûß thü ÞKfi-çe¡¡¡1*oråütne e*æpåc¡.57
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Ëbtr*tnottoacaoff,t'of,caÙfo'rrctåraOSå'at

eåtq R tr6 about 3.$ * 4f,Ì ptr eont locs thäfl¡ tbtt ef

rlsstt¡¡ct Þtre æ thÈt af lte Gffittttutmt nnc1;ottilca.l{

BþåË is tho htrFsoilroÐts tf,Scctr rnû ãrs bü€r uc;d to

otuûy tùa t¡æsltfea frow t Aet 'ru to ¡ ð¡6ðtü¡r'ütil

etatc fæ nSå ¡mü far otbr polftuol*otlûç* ùy fsllæ-

f"Êf; tb6 t*sreaco ü¡ optleal ûcn*ft¡l ttttb túF¡nrat ¡rê"5-l

råth teuporery stltË¡ßÈ sf Ëlrtråtfuü üttb hr€Þ

GffiGcmtllrtlogtc of u¡pûS tltË últh itcsraom fJB tht toüt'o

itrmgtb sf tho eotattqa,6t?tlo I¡¡ ndrlf.tåen to üh*

äfBochrml"c tffçetü tåffcrtnt optfcc*L rotcts¡1y ülr¡np*

fos ctlrrs* ert oþçrrteü for AntlYc anf, iilenntursü þSA'

Ëd fæ sattYP anû ðeneÊr¡M ËFÀ'1?

It Ls cçf,ðont thåt bo+h sl thcrs cffcctt ug

¿6 asaooi,str{t rtth tho t*rt¡å*ï úffits¡ßr} gü ÞÍü¿ *hùeh

ls l6"tlaüg Cl,gü'ættf, by ûano&¡Ël8tton snü cmpl'ctclt¡

AraËofr¡rit dbüt Wdrolffcü to auelpotåôuçr tho blrF6*

chgsetsm pårtlgj.Lg üfstppoûFXJifi æ üsßettrrf,'tloa c¡¡ü

ftffg ilfs*pBasrfng cn þgd¡lo}ysfg. Èlþs hyBaohron¡fsn

6¡htbltcð by * crrtffl"t EtraüËsd, polfsug].cottðc Ps,¡r hc

*ttrtÞutsfi Èo tno i¡nternatten bstr*rn ¡[$*ümt bassa

11



tt

al"æg ths ËM¡lffilf aoålod çh¡,l.n. ÉlÐffirçr a hl.*fulf

öú*ßr.ü aÈanreture ræh äs tåÊt of natlæ Þffe pctett{l

grrratær $t*rnetLoan þet*æa ba¡'ss aton# oacå sf, ùüc

poX,Vrætsstfde sä*ünsr sÄr ¿B add.ftlonr l.atsrrctf.us

ocer¡r bcÊrr¡ca tho b*scs of esca ba6* ¡r*fr¡ pcrpauê1o'-

qt¡r ts tb b#L¡"r tEüÈ' I.s tht f¡fico¡ ceõG of owplrtc

dìr*stsËrtf,ffi fiüû etaü¡*ä, *tlnretlots øf' tho þ$f* d.Ë*btrG

blårr ûfl¡ry th* Lat*ltndåæs þatuosa eåJaeaat brntc

üLmg ùb elngle gb*fnr üorcai,n¡ ratåe fhsf,c bitrtçñ
tåo Þm s of cegâ ùns¡ ÞBf-¿" !¡ìa üo 1oußør ¡rec$t.
g&t Ëoaûü htæocüü@tts tsoÊlãË eü rl€ûätütrttæ of $iHû'

Ë{omrlrr omlùçtc stcad *oþorctlm of $Hâ' €nly occcrt

fæ oratata tyj+e o,f, .fi&e umårr âp3s1f,t6û cætXttæs of

tÇü{¡þs*t:f,gr. Thüttfæ$r llr #Ëtt.ssl,c bossnËs tw
beffi e**rç rtnaÍn nla tts rtfoüñGil afttr d,*n*ùuaÈÅøaç

tntüfüñrtloas kt*ea tåc bEs+c ef *æs basû Felre

{!Çeür f"n dcmtr¡¡raü #Ê$åf tn eddf"tton to ths nnterectåm

bctpcn aÅÍ¡scnt bssr¡lr &ß t$ t&ü IS&h¡" ce*s *Ilw gÊ

botÞ. å.sþu¡otlæ¡ €trw ris¡ te tb¡ rllÍôæ'1 äü¡Ðcþüo,ültü

oþge*tçð.

r[* ¡*r-ornt lfposnroqfeåty sf a tcl ütf.[çÈl

mt¡trtx ef long lengtbe of pol¡tlbæÉågl'lc ra*at td
Êhårt InngtbË af polydea*yr5,hoüfrfãi.dyl;l,e nøl¡r nag Þt



tä

rûI¡rteü to tÞo Gbôltr l,ougÊh ôtr täô pol;üsa*grrfÞo.-

ffifnfd¡ttr,.l€ r€1û ol'ågþlecrs.f5 ft iË ffirM G*Btrlrúûat-

üqf thÈt tfre omllcrt thynÉao pell'tær to *rålbf,t
nypootront*ln à¡s ? rrsldnrer ht @fS täoæ thø aasr

püË-ærtt ¡fpoobreo¡tet'ttr ¡s pr*ûtctcå fo¡r tuo srt üf
Þüst tþLre. $tnl'l.Er ægüIto cra oþt*ta¡t fæ lmgtr
päfyÐrtr rqFdlftûG thst es#h polrauoX'csttda h¡r
*ppm*fr*teff â sr 3 tooos ¡sslütea ct ¡ssh mû rbtob

ùo noû gÊTË rtno to htposnrøåan,l5 rht thn istsr*
oot!.æ ùo&qn aùJscrnË ürsc pðffi* ir thú Ðtå hlt"r
.cætrl,hnto¡ to the &rpoohramåo effcgtt4 Í* *uffi¡ortcû

by trl$güoe of ß asstül,etot rat*ttæ *bmt tbc lnt.crr*

mal,¡otldc n1nke6o for tåG ea"lt nofgn*c¡,cctfüae ðå-r

tri.* snû tsffiæÊtätlÅc *afûs.lF Fäsh lnt*ststtmg
betw*a adJsaorrË rtog *yotcæ havs þc¿n rttrt.Þtrùrü tû
pcrmænt ô,ù¡plc rnt*æot¿*er6 aË ùs rl?*

güÉ ä¡rpËroaþræLe aff,est støereil om ths dlçn*fi¡mttæ

of ÐHå hes å¡õo besn" stù*åb¡rtcd t6 e$ f,usroasc fn tåa

offeetfre çhrtrophoËlc crea of, û&c pu*-flp u¡S

pyrXratef¡oo rl¡æ c¡røtcmu. f6

*hÉ f,trs* qtunt$tettw *xplaantåsn*s to the

phËil¡@tüffi of hypocb¡r'ælt¡¡a uârrs gf.îtß hg Tl-nooøÎg*d
20Ëhoüoc rhLüc tü¡e tþ*e¡'T of op*læt Fotetorf



t3

ûtc¡rrelos fw s pöI'yffi raE æiçfn¿T,ff üçls¡spea¡

ug rotrhreail-Ef Ebrsõ ünd otàËr thcortæ af þunlo*

sbm:lan unË optåûüå rstatorry tle¡srutæ rf.ll br

ütgsucæd Lr acetf.øa â.â .
{n aËd^lttm to t&s tlo oçtfcef. Ëob¿úür

af¡tadtl, æntl,m¡t, sffiÐ qúcretadülnø of th fsæ*c

Éf,6 åwffi tüs ¡trbt*t"tr of täc cffiËf#FËrttæn ct
fiffiil t.l to¡lrr¡þl* for æ fnfurprrtst¡e of, tår fr¡n¡"ülcc
of Ðffiü. rotuÉI.øs¡ Pr Vû$ æû f1¿o*offi ü*rs ætI.ætql
th¡ üÐbeli"ty of, c üs$lt at*unèryl Ðlfü¡. poff-

ar¡clooti.üü FÊ¡âttrt ts smstLWrt oÊaglc rtresðe Í¡
tha rtaüæ caÉ,I. wff*mrff,æ b¡r ccx.úqfnttuûg th fsÊr

wrgâås of both Gbe åp31l enå tbo urqûffi @1,I. mß

FúÐbfåüs ef hfpqch*ron:tm amdt eptÍoal, rætatåoaç *+*

otl¡bÍ,låty otr ths Þolåx ef PÅÈå, rüt faÊt¡s'ml*tld ¡fEæ

t& forsræ tro ¡úeiaomg orn tå*fr sccurraum t& tb
I¿ttcr.
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,*u*19rtÍ å* *.iå eypoËh¡roalsãÊ ¡¡ù

poflnm¡cf*sæ468 to tho^ eaüLamþl€ årtcraståsaa Ëctr*on

¡i[¡stræs of Ê*ffs¡rul¿t ltetrés; â¡lrt åpe oms$dlðstû 4Ùl-y

i.,Ëú¡roÈ{it *åpot**lnËwü dÈåpe¡'ç fatclaøt'i,æso a* tXso

bsc Rb€deË.ã+ ,{ Cs¡qln¡iæ f¡ron tiltat eelout*ttsrs

w thrt tn Bo}yãÊrcXrstÍ,ôst tÜ mr.*fy

ônç to ,tþú eÕ*S R UanA 16øffig fætcnsltf t* thn AÐf'ü fr

brtril üå¿ tú ot&Êt lt-+tt* tfî¡tåtl'ûæ. ?hå* ig Pûrtly

æ,ppæte{$ Þr thr f,ÊF ultmr¿oilat e¡*o$m ef ssttïç d

Ëlmbll:cd ÐffÂ rLlch ftril,l.satc thÉt fçhs {ntcgrÛttl

å¡ôtqp¿tf of tfrs Te$ç] ft b*a¿ mey fnplrpse* @}¡r ËLtüÙü¡r

sr dtûGapâsð qÍlo6 tÉrú*ùutratåen of ÐrÈâ.e4 .ås tfrmt

4fGB"* rç¡rrp #rsür*Êaù to lÉ5S * mffn no d.sf¡slt¡ am-

ßLssLgl*F aborÉt tbÊ f$tËÉFsttit i.lrtsrrßåt¡r Gf thû TgSt Ê

Md ôås tG üçnw @tll tEÛbcr ÜtxËff.BÊfitû¡" uor*, 1s

oosûætcd þctrpv ldr0 S . IJÉ tå{ttløn to tät tt&¡:ÈÜ

ffpeo6ræ¿G cffÉot ¡t e6ffi Î t th8¡l8 t* ¿ t¡1#Ítt

f.uorrneç tn t¿t*æ{ty on tffi oftüåfif læe ¡gvo!¡aeÛil

rtil€ ùctæam 2.Ðå0 rr|dt å?f'r,: fr m;w thûüq Ê¡ thoagÞt t*

bc na n+r* üad.25 Í.n Ëh*fr @rfru¡.åtåüis¡ *¡**ot9*ã3

e+d ftåo*loe hø¡; lqûIua[rd sa],y thc affoct of, ¡a*rr¡¡g



tþô åtr)ç{J H ago *ç R 'r-->tx 
tnsncltloc¡*. nns*åa*ã6

hao e*treiIr håp Ga¡,ar*letto*a Þy ustrø t¡ú¡r.it srdsr

¡nr"turÈaÈloa tåter¡r In osüar to lscl.r¡åc r-+rx e¡¡dl

n--rT* wÍçf,Ég" Hhe åHÃÐ{F*gâsc ef ,tøold,r*ß thË n';rt*

tænpftlos hrs r,Lna bsea eltsenoçrt b¡r lt*sünr" åll.+ättfü[ßå

s¡¡¿ nuo¿e"âT *o Þy Ëo vm38

A 3eeÈø@ 4uanttnattou' tcohalqu* æE bt

ütüü to calet*latå thË WpaËræråa effc+t i,æ Pot.y*
.â

s¿cil otldçs'29 sæ e ¡*rsact @p-ittmrcf,æal, s##qsëatst

tãe ¡*rtffrbÐttæ tþow:r çf ttaosolg'ä naû of

&hffirs2otÊ6 d üß wr¡l,t* obtal,sci[ fræ th# rsç{tffiü

Emttl,tatl'onf a*thode* tn" rn ewá cgæümnû* Hrotr¡
both thawåsr uo$çet ast ôl'peåe ustøc'stÊ tËA &t¡ltiptc

êfapürtl,@ f,orcst' shü¡¡c tø*wptl'ons ars Fe"oÞ,*bly

ffi a*ríor¡s tÌ¡Êil¡ tbt d$ff*ranaoæ þctns€e tbe thoo*åøs.5$

.Ln tsc nøf,ol *ðÉ¡pttü by so.Itoa mð gtn*t5t'IÊ

te t{pJlnf$ täG af Bolg'n:eeleattöacr thå

trsneLtlnn ænsats sGrç ropl'ac*ü by oll¡aÐ¿€ùI ttsotüot

rooltlatÊrlb" *btä nctbpð of srdlÃ,Å*['üÉ tþ hyÞo@romls

*ffcat hffs Ërdr r¡a¿161p451 oG ûm, grfrË¡l^g tkt ft

ô,f,*cþsys tb& ffiuhr*-fhm¿s aen rul"c54 go" osoåltetoú

rtrütñhß" ftoücæfr {r üFtß rqillc fw tntagpreteü l¡¡tcur*

øl"tI,re ðoea not gmclu te þe pno:rul,If tffisr snÄ ffit bt



r6

Frsr6d o6fg unücr rtål &oflaeü co¡¡ûitflæs ireG[ËAfi*dr

iä¡ff"r¡t?G ûüntlsa euÈ iÅaût1onl ffåltt sr ¡üÊ1Ð þ¡mt*

ntdths*ã$ f¡r eðålüåm' l.t hä8 bs*a ebor*u thst tbü

thauy prspæsû by Ëc1tm affi weå6Ë'l 1* th*t of th.
strolrg år¡taraetåos GaüG of, s t¡þÐ€*5r +quÂrolent ta

nçul.-,al¡nsttæl iH.rpetesm tlcory.Ë ¡tt&ûs#b tàûls

ffis ðS.r{üscltüslsß botlpæ täe et¡Eble eretton tåcoüg

Fßotrowd Þg EG6bûC? asüt ths tþæt Þtrt fç**rtl Þ¡r

FeLtæ rffiô Þltå.se5l aad e'rtsdGd by ff+cbet56* *hffi tbâ

ëats of, a af¡ng¡'c tÞßssPttoa lfn* l¡ eonsl{*roû¡ tm

Güûrggr eblfü eæ¡¡*tctló *g3Ðüds to tùst Snrc*.geç¡4

Þy tfrs etetie trsttæ lùhtotJr. EåsÉ t'Ë apptæ* Èhilù

tþ ¡attçr tþporg,Tl tl6 oounte¿na tä* mlç aqmpltta

ðc*erf"pttæ of tÞ åntr¡tollocqlsr l¡t*saottüüs"

tustäôffiæür thû te,tts tþøerf p*se¡.ets tbet thtËt tt
flo €bñßgt tñ tbo paelt{on tf, tþc oÞuortrttåsÊ ätttffi
ou ûçactgqtlsn ef tüc poffæs¡eatÅüc¡ fn cg*gffiat

*úth srÍËrlmtÊtâl. rusulto'

ìðy Ë@elêart¡nö s sLüd$'e b** $Ê!'rr rlftL no

sætÉb¡lt$,æs. fËoffi tho ¡çolpsi¡r$er oË tht þGl,tfi Ðr

ffw thø eelrcntr .Lesge üfpocbrmås atfoets mf bc

IñËd[lÉtrü*]S rbr ætGH¡s¡tåoM tsvetrlcü tu* um *f
s{Ålf-Gffistgtst ¡nol*snlsr ûüÙåtüf. tscouy rrd' Þffi



TT

tt¡o rüvcntaeä thÉt ttO ðfpolc a¡pæutmtlons s:ps uüld.

fhr ûtf,-r6ûffiâËos (ststle slcXÌæl tmor;fot tf
t[**oeol9r25 r êf nnoûæåü "m of ne Toc *nil *tnøgû19

æil tbp oo.+etoõr6€è tbsory of, tratrtoo *¿ ç*¿oÍl Gtä

bc *þæn to ù* @ Ët täsy sæc tTû*i ËGÊf

cøÈ fiægÊta¡rT ¡nttrr rca¡RctÀuol#r of, u omFl*t'

porsr!,sobflåtr fi¡oñroa.5$t 4Ö

rt kÊs boca n*Ealtot*ô59 tsst tþc eg¡¡s*ü¡wfa

cf,f,cot rouLü be grcetcst froË ÞÍ{A' rf-th a bl#b glrüüÈtnÊ-

cytotlnO cælttrü, TÃqtrcrnt|o o:pccåxCntel ffitffirÊnçnGe

tudrestc4r9r4l t42 tÞat b,yposbroffirsÈ l¡omæot Ttüb

,.ü,GËagll¡ret @ 6ætðat- glht 6alffi1Ðtimt

wcd fon thfr pred,lettt'ü æa æ,}f br rotlæiù by

obteåütng uÐrrg lsf,rlrættrsa om t&o cpaotra, of, thß bmðû

Þator *çmo 8"Ï9

fs marl,*o tås pna*cnt ¡mclÈlou tü,tb rtgrrû

to tÞB thoæl ôf hypøeh¡FoilIsffir Í't p+sü' thttr tÏtbalt€h

tåsrs aplËts{Þê tù h esmf,l'åot btùPm t"bm sæt6Í.ml

thcor1 of, hg¡pocftroæfen put fÉrmnü" bt fr.noaot$rãj *ù
b¡r fihoðsenâO r"û tbs fornafåsw of ßol[tüE aoÉ H'ef*er3l

tbay Èrü rÈÐs regar",'üüö as compatlule'38'4''!rt4ä Â, s&m

excst *pproaob Èo ttrlø ¡nob3em+ l$slt¡atfng ftstm nf

{ttsparsåcc refrretl,ça fdar and ucultfpl.* Eo¿tterfsg;



t*

tarno, äes rccentlf boen givear3S 
"o¿ 

lrol't¡tcs tM

or{.6!na}r tbosr,los sent!.T* ccrllcr *ã SIEGIfLG tffiË
l,a * eÊü,eüEfûr¡ffi tr*ghcnt of tlrs ¡noblow.

*I'thæ4 sat*rel, Cca*1e cf, teå üu¡onr sf
hJrpðÊh¡rffilam¡ f,sottdlsg tþ res¿lt$ÊI ¡gpçeusæftm

eþsttt¡ü, øl üErstur-*tton sf, Ðå'{& ã!û tihc sæffiHrt!.ae

of t'hp üof,sÉat Èe thË gyeosU¡rosgtär ÞElrË b*sa

ût*mea.ûÊö, GbrJr bvo ãÐt þtü rnnlfsa& t"n dsfuÍ*L.

In pû¡ltåcglerc ths lÈtttr sffcct tfå.rT.ffita Ðùæ atta|rt*

1e*lor 8s thß ñaJotltt of theæl,oa of bfpoebrmlso to

d*te ttf,*r æry to Êædått'e*s l¡r Eïtnåor tnü Èo uot

tsb tato eËssnûßt tht fsût tht lf, tä€ hyBseertnÍg

of,f,cr*t fs s$ûðttü ¿lr so¡.ûttanr tbG #aæot'qus aF

gcrrotæûcd by eûLtünt nsl.son¡lcar and l,f atn¡Ë!.cd to

tM satl,å eÈg?er r¡ate¡r meleæL+e arç at*erhå by rNffiá'

to æ erteut üsgæilrry ùß tl¡s ralatftt hgffitüi.ty"44

$d!Ê *rprfmat*I ælrtst tffccte æ tho hypoehrm:tsrr

of tåp ?6{Þt * n"s¿ of lsotastfE pstfetyueu* hËru

tsdttsatad üäßt E tþorstl,c*f. EmstÊslatlæ of, eush

tf,foetg *s ncocttûËy {w tþe tuùÉrß#tùat,l,*n of

orynrimontal' åsta.45

In câùl'tÍf,Ðr tt tB etd.Ésnt tbst ätûËc t*þcrln-

çaüat. sork ån ths fåü Eftr*rûolst rugåoq belsr f8l# fi



t*

i.a n+sefis&ry to esÊblE Bsrrù owpletç sqpßã|tsffiE

bottmæ üätsY amð cr¡næiuent to ba ü8'raffi' å*¡rûhcr

o@ly of elugdle o}'l*wuslcoàlûss ræIü a.lco bø

perütn¿ct to the gubLæ.

In oætraot to hgpoùræltan *o cæf3'^Lst

Þetrsâa t&*oråso tll"læss t¡û ths cûsø of opt,Í.cct ro*t-
oryy üåaË,{E$l,oä. 2l "45*4e tea rotatt'süû¡" et*oegse of, n

p#f#ffirr aag be t¡rrüorp,r*tst oo üþ# büsts of tro tcrmcn

sûü ffim th6 &Ëtrtæt* stuægtbg sf t,blo f¡rüi,ttéEÉt

Frtl"dr¡Ëç rrû thê øther tr@ the soarplf'ng bctrem tüGst*

tircqle,r *teffiÐûse of p*Iyptpttßcc{g ,rst h tnÈeryetod

m tftø b6#åË of t&s ersood Èe&.

*åÉsrtse wätrêb Fcænt"t tbc oaLøtdletf,æ ef æf
opÈlætr, psrÞtrw of c rcr¡nrr¡slaotf,ÈË5ffiå anÈ rlui.cb

tnctr¡Éç thc üepdansr of tM eptåocLl pu¡opertlcø æ

sàetr låufr;ffiå} æt" boonc {lewlopcå r6ôürtfy. #ñ tLL

opüSç*I propogtf"es of, n pel¡r-nuo.LestlËa ræ qtr.gaçXy

ml*Écür åt toufå tùerçËæ EtesÐ ûü6f.ÉBbtû ts fLdt ths

eoryæet sI'çEtFæ[c 116rl] ûusetlm f,os täo neløgslnt

t'bcuaby ffi*Uf¡.ng ang oFtfcal propcrty tü h calÊüntc{ü¡

Ëoraror ilÍccrcÊåæ snot hß ussit "[r tnle procoêurer ü*

tha mta fimstlms *t*l,I.obl,c tûoil tlto t¡st *f grçstûÐt

thoorf,cg Èfçü *t bastr aB¡m$natto¡rg ülg"



tû

täc eråglssl' ndtl f,or tbå l¡trtctns of tffiå54

t¡mplrte of twt öåffi*,nr eç*¡l}çæ*ttlry pofgtmX*otlûe

ëh¿:l¡ût hÉtd tcgptWr Þy hfArcæs þonúo bttnle'a tbt

nmf,nc aaû pyrl,r.r,üla; b*s*sç It ts thm+ ty*rcgla
'bæitû Þatuecn eeÈ beæ fa¿f mü Ïaa tlcr wû8¡.8 foasçE

botmm tha qüJü€r¡Et ässs Ffm tüåt arg gpmoa¿.t Ly

cøsf,üard te br reapoøar,¡il¡G f,o* thc ntaÞåIlty of t&s

uat$"re Ðh1å h€I'tcel' *t¡t¡ctr¡rys. ålsä#e lf t-hû f,g''Ë+s

ùrtilsêü Ëbs bËðoo Sn tH ¡¡stÍvc ÞT{Á' kl,i* ffiû ttm trsÉ

ff*rrfif of fs*rsasûtm ûf ths hoit¿¡ can bc cstLmÙäür Ê

hÊf,ü Ås gtrsn fæ æ uaÊerst*äü¡æe of tht stabfil-:Lt8

€'f t¿a þ,Lte*t eæßeür*tlon of, täå*

ilal¡auf"$toao f,or thß fFto €{*6sdõr of a**r'çrt

nel.gþþôEË basç-"pa.f¡r Í,ntffiûßrtlæs,üsü!ßsËa tå*t

Ëå'ffcrcnt Èett ûËq#[€úe g1ûÉ rf,at üo ü"tfferest trÊo

auæg#,¡g sf, t¡ctoraotfoo.Eä çhßúe a¡Ene cstcrcl"

@ ¿û tä¡"Ê tfraor¡r, lnûtdfr6 thø s**teotf¡g

sf brm.,f,a&q4rurt l*ttrnctl'çn ühd Ëbû üBet thßt thË

æIonfntioæ ðsÊ ssrrÅsd or¡t fqr effil'tiunc In, *eeuç

úl*h * üf¿trcetËåc cæptant of t¡aftf rbsr*aø tþ off*at
of c sofænt t"s auntr a,s to f.acrffits Èhs ûL*Lsetsåe

ecnç?æt il€pçfülnet enos tbs typa ef Xnternctf'çn uMtr



2t

ûæFtirfÊtl.oo.ã? rurtær nppwlsattæa ¡¡¡
naffiEüüif W Gñûfñcü!$4 Bo¡nt iltnols æom¿t* rüthßr

tbsn pot¡*t aourofolærPå*55t5å anÉ by a*Så,e¡rtin6 tbû

ætæopry tarq¡ prsd[u€Gü hy üÞe ¡glmtíop of tüæ uts*u-

l,o**56 *to¡üGwr tbc, @'û*süÍiüoo ûf tþ f,rlte ern*rgy of

l,,ctctsctåm tsr a ü¡i.æn b€å# säqucFaç TttJ'ü& tht Ef

mntbr ts ee.csptablc to a fflat aplr¡ørt"mtåæ fe¡¡

quaLåt*tåw PttPcresr

ffhû tËtür*ct;lEn sf tàÉ gþürffidl þLefir

NrHFIû¡.äûs 11ùþ mtiæ ÞgÂ, hrË træ rnttmæeÙeû lå

tc¡gBt tf btÐ noütlEr æa tsvoLçlng tbÉ lüttrCala'ttæ

of tü unlnsqg¡rff,fgÊ åüü b*tryesn aüfaæaÚ þËFc ?ùl¡s

og thø Ðwa È#ål-J1'.58 tM tb sther tnrçlnlng

crçtrrss! sd,gæt¡+ *ttæbæn1b of tbs åJFt tt t'ün ÈoËShcrtt

gucrrlsar5grffi fu f,æo*s etabtåt'*åag tÞoto til@ tøüc&t

u{tt {ll;ÊTcr asûascÉËå$ to tro savf,romns*t af ttbç åfs

i.ûns* rn üþ forlgcr äod'ül' f,groto ç|4[Lpr Èo thosa

soüåtåûtÉil Þy &¡ Vsa ¿ryt einoceåä þ tãstr frct çBtrgy

€a¡üt¡.Ètfurrlø for ËF*å rsal& bs t"ûrüü.TþËr *hf¡.s

so|"rrtJ-ag sfåectc æ ths cxt*rv*Ilg etüqaäcê ilye l.emn

vltr.h olmpåûsräblf ætù¡cæ tüc irÊc¡¡ottøø f^n thc

tattcr Ëûdül*6f gttt æððex.s x¡tl1 ¿ãGIuÉF adttttoütX



?,2.

fiot¡ect æL*fne fr€m tåo chargp on täc üyt f'ma* lf;bü

ffiG ötor63r aclcul^ståsus for oatt*t Þffåãg þåvE bGËn

s¡tæùeð to tbe $frA*üüt-n6sætð1,ßô smÞrstËf l¡ soilæ

to ðets*æfm $bÅch rn€*tt hs' tbü wü6 nce*tttt tËüt

saarüg affi åonso nh,f,ab Eôüc¡ f.8 ftonü IåhçIg ts

rçrcttüÛ tb 8*TStüs| Of Ê&o cow¡rlnr. i[ü th¡rt
ectgt¡drd cc"l¿ulatf.où¡t mû thcl¡' gryË':taatloas üt"lÀ bs

üfscensçü ln üst*[I fn t]Ëcptrt'o 5 aaü 4r * üæef,pti,,oo

of t&p fæeas soaatûerü r¡nü tþ wtttoûe 'trtçil b¡r $c toc

rßü tflsûûûgÊ *tle ãc gfves bûtÊ* h¡f l.m6 rãüf;t

fsÊerrctl,oog beut üac* sæn1ðeæû f$ tb frcü WtWr

c*l,oul,ntLmc.

Sho totaÏ' frec æpffi qf iatsraotl"ôa bctræn

tmo retso¡¡Icsr ehargod ory ruclrcserd.r üørLng ¡lrrmtrtut

æil t.gituæ{ {fPola Ê€üffitar trË gltEü bY

stot*¡ fæg {e*i }.ð + Ð*.|,

rùsra ËW fs trha rlsotroetat*.o trGÉ tr#rgt ffi
l&tfirætlacrs þatrrcs ahr#ner l¡owtrt e4 ln#hætû

üf,na'[cc¡ si¡ô Sn Às the }dxlom oil#rg5r æla¡ng

tlrr¡¡tsÊt{,æ {tlBolc+gpgqpü {tp6l# l¡ßttrtÉt!.ongr
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For tæ t¡ùtûFtotiËt æltu¡t¡u æ læ ! ü Ír ËË

iltrtraoo fËt?8il+ æü täÊ ütcÊcstu¿Ë effitürt fÜtilqæü t
rrü t æG tmotd nY &f æfù þr 3 a

Þ lücl,r etldt*Ëtælr Þc Sot d t
ü¡&rû dn uüttü fæ c*t i

Iü thû &æ cçtttær eS l- tùc a'-f¡mc¡t

oû täÉ trplrú|,Ëù*.llç rfffig tÞG ¡Ë1.aÊ1!n} ¡p*s*,rattü
rrrf¡ Lr uÀ Clrl d Êtrû (tmstfeus â.? dt e't) æ
çæætnûa firÊts't täæfçrüg tæ Ett æoüo$Ú ûf d Êl
6f tbË gsffi¡t üt"rnlËT ¡tl 6 tst . Eß oæææ,ts' ff
't¡o¡ æl.tæIrp ¡nlæfEdhü",|'tü rrgrc tite o *tf * slg
c 1"\ aùq naqpeae¡snslæ Ëtrcctù0ut tn {c¡e Dtæ

plpm *4 flt' - û"frq ls I ûr*lætlsil¡ uoæl to ün F¡ffi
of &# *fæætr.t. Valu¿c d ct üËnË ætlrctd Úlc
çatsæ ot ¿trolo petþüËttots. 5â
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ffi Îeûæ ffiìUr þ 8iltu,W

Fa**trIff i*T**tÐ¡ {¿*g}

t !rl, trl æ{

ffi pr b t&tl ümstalù¡tia frryEcsry, Å ilfst üæ

tþ ¡üraotcatr¡3ls tËçüf;f¡ Þt n rry Dc ôûrn*¡JËbtû ffi
ærcl,ro¡r¡ trÈu*s ü tþ t$anaryr¿m otr & rffictÛu¡
ÍDücr d ægf t

g¡¡ÊG &Ëü ë$cilEil*tlæ¡ rcg*ln r lcaorü'dgp

Éf t5r {&p:}s ffit wctoc* of ürÑ mÐ,c6mtr æ,urtllærlt

ta tþÊ lntæstlær t rctùodl, tr üt{Bfnil4 i¡fpsfc
'ffirü try¡Ell¿ntr t&G sü¡ffittû wtrlbtÈm of s* d
co.ctrctæer mr ðrufætû.ffi å ;ff{i, eûrüd {fergù€[
€f tb #Þo{¡r of uræ:I'r'Hqq d llår¡{sl'r w;t¡ lr
gtm lå &æ)tæ 5*

^n¡niltl"æ+fæ d ct"+ttæ Ðcåù [.ã @ f,*9 Èo

tÞ mttrlË nHA ÞilÊl,r fdËoctæ tfrNtt tüs tTæ æçg'S
tbû äãl.tr üsnøår @ tËr Þúr8 cpqüHtttffi &dl Ë låt
¡aqn¡mæ {f Êür þü*on 6c Scc ægf sfmå*tlw
*f,úg rbtr tüÊü ldm foro arû lælætmiB ln ûcldn¡.
r,!g täË ütrlbilltr sf tãü üËi[lr' üte ¿t t@ to t8
gcðÞo!.tiffirt to tbo sætmü.P
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. R.elatíve posÍtions of a pnoflavine molecr:}e
wo -A-T base pairs i"n mod"el T" -f,'he helix axís i"s

representeð by a brokén l-ine. (a) and" (¡) are two
diffex'ent views of the same moöel-.
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Relatlve positions of an ad.enine-thymln_e base palr and. a:r aminoaerid-ine
molecul_e. âs used. in the free energy calculations for the lntercalated-
model (f). The skeletons of the mol-ecuJ-es are shown and. no amlno or
carboxyl groups are ind"icated-, the ring nitrogen only of the d-ye belng
Ànown." The tñree d.1pole moments are represented by short arrows and. are
not d"rawn to scaIe.
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Projection ori the XY plane showlng atomie distances ùsed" in the free
energy ealcuJ-ations fon model IIa, involving extennal ed.gewise attaehment
of the d¡re moleeules to the phosphate groups. The arrows represent the
dlpoJ-e moment veetors of the eharged- {¡re molecuJ.es.
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(¡) mõ¿et I; (c) mod.el IIa. Al.l interaetions involving tle moleeules
represented..by a solid. line wlth the noJ-ecules represented by a broken
1iñe are lnclud.ecL in the total free energy calculations fon one
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i9

ryrtäúlL Ëm ü t _*_, {t}e:¡!* fË #mr
r¡Émryuûrl++a st rrffitglÀt*Utt*
. !f tsç rffi t ræmüilrf ¡fi|.ü ñlt fil m

Idr ú.ch ü t[ tÍn¡ åË fü ttÍ. k*5 (r] ft rb gr

ff m mil,rcrle, ed, lf ff ürF ffirut¡ ir dI# s
. tf¡t {ür ËËl I * t-å lÛÉ ffi üIII d¡¡ t* ¡
FtrËtþt ffib üË üt.tH ¡ßD ilå¡ r; liln¡ÉùÜü t
ttÍ* +*3 (Dl nt (c). ffi Ð tlË rrrü*lñ ml
ßilttûtr btrr FG*rnm¡;IÉ?* eF-çr Ð rsUf
Ë,rclt' dr ËEüÊlHf d,tr rblü lr üHt F Ütrl¡$nf

Ëp¡qr Þ e c t rr rqn!,¡tr tl* æ ;tgfftsmar ln ¡
üËüt ¡ro*Érn ûË f¡tr ffËF¿ üt t¡ ft tö}r* t!ü
ffi|tr d ltt Eil& rü,rldll rr ü* fmt ¡f tr
tm itlûfrilnt rüJt* fG tùr *& wil* üü,t gt

trüËtnüi t:t tt t¡ cmtat b üÐ tå tt
d) ttr ffit, tdrll;rc or* h ffir,-gr cmrær lrr. fíËË

Ëq|nrtlfit Hû. ffi üüß-ur ãñt ãlü ilrllddr
s.? lEtr$-

{ãr r&r* tr 
"fp 

ff üË tU} Btt f ru
lælrtt {rtlt 

'|ünffit 
tÉ ñtrtü$ d wr¡t6¡. s lü3

Qr CÐûl* m,t NrûF,W # lll tr lnl.nü¡ñ,tff,Ð.

1S r* &rttff WgffiL te Ð tlü$Ìr,äút t t¡r
lrffitrH æE.sEc rD¡:. tL 4 !* ær ð.lGËlr
luunertt#, & ür W * îÛr üffirrt*t¡f
rdrilÐ¡'



óû

ItE. &.4 fbffir tb ü¡!'lttf{ß tË t*o FF Ë
F# * r¡E $,tD cutûcttttü cÚ lùtt Üûpalc ffi rlûtäË

rf ùÐ l$üüüßIütrt roÛ,ffi,Ic Ûr rtlæ;tttu lttù lü #
ll€ËörËûæ. m tnnm*Ërur lt¡
üfpü¡ ËËt oû tb ls}ffi{il¡reÊ dmlr l,l ttË m
l*0 û nr q rr ag(l)t. * nrm lrËütËt i¡
Ëbfr &*t nrl tt¡tn* ìy mÛtclry tb çrlffi oü ltr
Ë.pofü rmt €û & ietqdrt;Ê tEüúIJrl[r *c rttb
tþ rlm; S *¡r¡, s* t¡F *tr¡# f:Ën úi3" b;4 G ttr
açgÐA,qi¡" l¡r fnp lÚ fË m *r*lnt ütL ü"

lllr nHr d ttr tlü ltüffilr ffir üffi, tË

tr r*ffir¡Ð Ð rm tW eür cûc+ å!ür c ldl,c Ð
frtæcÊrtú rdæt:f¡" ü XiM # tùt l*frrctln
tFto cmÉç¡ üclru ffi Hü.û * ålf frt fü tüæ ¡*til
ür t*dr r*.O+Ê d *I.l hL*. rr ft*.ililt!Ë !t
EüH d rlürcJ

ffitü *.,!(*l ffi,cùËr &t sr #TfhÉ s
Fterrl ú * ffii IË lm ülnilË nüü ú ltr
srrrt* rÉffi¡e lr {ril.a ürËü dt tnl* d' 1. Ër
iüìlfrrlütr hlm ffi & fTæ ililtf ü |ltrætúan d
r ¡ndl*rfr; t¡E ültt r rûtütnllry ftûært*Hü
na¡Cfæfn tm of u ÉltteFll túþ Dd,r rçr ür la
lluü*,Ë b*i (tl U (e)* ffiü ltl l*ffi-{tçr* * r ¡*üü
ræffiælr tæ rtth tùG ffi rúrrclrtrt tü 6*Þ n



-a

-t---

I \\
----\

/
\. _./ /

'-.-.¿.
a\,s----/_

0.

- 1.0

F

-2.0

- 3.0

0

FfG. ¿+.h F

Upper curves , ,,r1"

'uuf,Ower CUrVeS, ,Uo

160 2lr0 32080

+Fl
(ec)

g (')

induced- d-ip
the intercalated- model- as a function of 0, the angJ-e of
orientation of the d-ipoIe moment of the intercalated
molecule. TTre values obtained. are for the intercalated-
molecuJ-e above or below the base pair i-nd.icated- in
parentheses.

, tTre free energy.of d.ipole-d.ipo1e and- d.ipol-e-
o1e interactlons (in Kca1. per base pair) for

(ar), - - (ar),
(ar

t

nur(ec),
r'ro(cc), .

lrd.
, F +pp



61

TABLE 4.1

CALCULATED FREE ENERGY VALUES (]N
UNTT) FOR THÊ iNTERCALATED 14ODEL

KCAL. PER iìãPEAT I NG

Ì (€'. .=1n0)rJ

I]N]T

G....C
P l- -^-

G.¡o¡C

4....7
PF-X

4.... T

C....G
PFX

C....G

T....4
pFx

T....4

E/.

(-5.4)

-1 . B

(i.8)

/, ç,
-a)

l-4.5\

-1 A

(1.9)

-q 
L

(-i.6)

-2. o
t-, 

^\

CA
-).4(-5 .21

-2.a(-2.0 )

-I3.8
t_1 ). Q\\ !) 49 I

-73 .8(-13.8)

-13.8
(-13.8)

-26 .6
( -26.5 )

-11.8(-11.8 )

-26.6(-26"6)

-16.6(-16.6)

-l_6.6(-i6.6)

-16.6(-16.6)

-L6.6(-i6.6)

-46.3
I _^'7 1 ì\ ) t aL l

-60.ó
(-57 .0 )

-46.8(-55.8)

-60,6(-57.0)

FF
lrp pd-

(a) INiTERACTIOI'\ OF
NE I GHBOUR

-fTI-t þuD

PROFLAVI¡iE (PF)
DA<F DATÞq
I )ñJL- ¡ -ì ¡ r\v

-1,3.8 -1i.8
(-l-3.E) (-ii.B)

FF
Pd total

i4 i TH NIiAREST

THE VALUES iN PARENTHESES INDICATE VALUES AT O =355.5
o

TO I IiTERACT t{ i TH

SHO\r/lr1
Iê THE PROFLAV I NE ÞlOLECULE I S COi'.IS i DER ED

ALL OTHER NlOLFCLJLES i N THE Ui\ I T

{b) INTERACTION OF ADJACEI'IT PRCFLAViNE i"IOLECULES

t¿l-ñ

BASË PAI R

fr l- -Á

.96
(-. E6 )

11af I

l_ 1-7r\ af I /

-.41
{-.41 i

0.0
(0.0)

oa
t_ ca r

-.8
( -2.5 j

THE6VALUES \afTn AND l^iITHOUT BRACKTTS
Ili AND 35I": RESPECTIViLY: BIT\',ErN
VECTORS

r-c ONLY I NTEIìACT I0NS BFT".\rEEf\ THEST Ti'J0

CONS I DERED

REFER TO ANiCLES OF
DYE DIPCLE i''1OI'1INT

iqOLECULES ARE
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T ABLE 4.1 ( COI'.IT i NU ED )

tr
' [tp

C
'rJg

t,L tr'pp

(C ) I NTERACT I ON OF PROFLAV] NE !1/ I TH BASE

ABOVE OR BELOUJ

=po Ftot"l
PAIR to.osR

UNIT

PF
RAsF PAi R

nvË
G...rC

PF
ßAST PAIR

DYE
A...tT

?Y

BASË PAI R
ñVË.uts

C....G

PF
BASE PATR

DYE
Ï...a4

^i ^l.LJl- av¿

-.0-7 0.0

106 -.01

-.03 -.65

ô2avJ
AA

;.17 -l .3-.03 -1.01

-.Ll -.9

-1 t!aL

1-7
af I -.8

0.0 0.0 -.o3 -1.01 11
.I ¡

THEINTERACTIoNSAREBETWEENPROFLAViI\EA[]DGANDCs
A Ai\D TI AS INDICATãD' NO INTERACTiONS BETi^]EEN THE

BASES OF A GIVE¡I BASE PAIR ART INCLUDED AS THESE

ARE ALREADY ACCOUNTFD FOR IN,Ftot.l ÌN TABLE

THE VALUES ARE FOR O _16ó.5 -ÕNfY'
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TABt_E 4.2

CALCUTATED FREE iiì-RG i ES ( Ì N

FOR THE I iiTERCALATED Þ1ODEL ( C
REPiATii.'JG Ur\iIT)
FCR VAiì i Oi.iS DY:-i.

KCAL PiIì
-io'J J

LJ

0a

I -¡\i1 I i\OACR I D i i\ I Ui"1

F
pp
i ur.j

=pq.
F
pl-r

00s
ps.

G...oC i.l 4.3
DYt 354.3

G....C
î;

-L.)

ôo

_/, )
_ !, ')

_ /, -7
-a ¡

o

C....G
DYE

C..n.C"t

T....4
DY-

I-l 4 .3
?i 4.3

L1+.3

52.5
-t a -L+L.,)

ar.a a

6i.8
'> t, 1 cL+L'A

61.8
at l I

I49 .4
a a a, !.JL j.+

i49 .4
329 "4

2.4
-2 .4 _2. e

4....7
ñVtr

4....7

4.... T

DYE
A....7

Ar...T
DY=

A....7

4....Ï
Jlr-

4....7

L'i 4.3
354 "3

.a traL.)

L+L. )

L'1 CUT'U

L- ! a a)

L- / a -

329 .4

T....4
a

_./, taaL

4.2

-.9

2-A,t/,l ir,CACR i D I ir i U,.1 i Cli;

G....C 62.5

G....C

a.)
tr

a)

-ô
at ar-/

C....G
Ol L

C....G

T....4
DYE

T....4

C....G
DY-

C....G

T..."4
DY-

Tn...A

C..".G
DY-

C....G

T....4
DYE

i.o.nA

La)
1-

)
.2

-') 
L

_) L

L

.au

-4"i

)a /

3-Ai'iI i\OACR i D i r',lI Ul'l i Oi'l

G....C 61.8
DY- 21i.8

Go¡.¡C

!"3
L'J

1.4
_ ì i,tal

)a r
il
)aL

-!.2
_1 '>

a)

t2
-t-a J

a-AivrI l\0ACR 1D i i\ i Ul'l i Cli

G....C L49.4
DYE 329 "+

G.¡ooC

-a)
_/, 1

Ê _t 
^a¿ f av

.5 -i.0

_2C

_1 1

T1
-aa

i) a

-a
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9-AMINOACRIDINIUM

G....C I75.5
DYE 355.5

G....C
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TAISL E 4.2 (CONT I NUED )

F
lrp
ION

F
lJo(

-3.9
-3.9

1at
1at

-2.6
-2 .6

C....G
DYE

C....G

T...tA
DYE

T....4

C....G
DYE

C....G

T.t..A
DYE

T... rA

C....G
DYE

C....G

T....4
DYE

T....4

C....G
DYE

C....G

T....4
DYE

T....4

0o

115.5
355 .5

I15 .5
355 .5

Bg.9
268.9

Bg,9
268.9

9r.6
21I.6

9l .6
21I.6

35.2
2I5.2

35 .2
2L5.2

Fpp

-3.3

-I.2
r.2

_)e¿aJ

2.3

-1 .0
l.o

-6.9
6.9

2.3
-2.3

-9.1
9.1

L

-.6

por

-3 .6
-)LJ'U

F

4.... T

DYE
4....7

4....7
DYE

4....7

115.5
355 .5

35 .2
2r5.2

-.6
-.6

-1.1
-1 1ra¡

-4. I
-4. 1

12-AMINOBENZ (A)ACRIDINI UM TON

G....C 88.9 3.0 -5.6
DYE 268.9 -3.0 -5.6

G....C

4....T BB.9 1.0 -I.3
DYE 268.9 -1. 0 -I.?

4....7

2-AMI NOBENZ ( B ) ACR I D IN IUM ION

G....C 9L.6 6.6 -1 .5
DYE 21r.6 -6.6 -1.5

G....C

A....T 91.6 2.1 -3.2
DYE 271.6 '2.-l -?.2

4.... T

7-AMINOBËNZ ( C )ACRIDINIUM ION

G....C 35.2 -1.5 -6.2
DYE 215.2 1.5 -6.2

G..o¡C

1C,

-3 .5

-1.l-
1.1

3.3
_2. A.

-6. 0

-6. 0

-3 .0
-3.O

-tr oJa9

-5.8

-2 ,6
-)L
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ü ïrrÈ ¡1æ * tür ttûÈ.nrltr dfiüüû þ låt
ütr læ. ffir fæ ?.d¡nÈæ[rþüililm tffir tb
rmrÜ*t ülrßtil* Ëür wülilü fril fu mÊ çflr çc

üF t - !ã*8P iltt e {rc te trt;* tro
t 8 hn Dilü$tr & tt eæ Hr !ûú &{drlîË
ræ{'üffi 1s gt+n dt ñlI, llhm æ ü#.d t*
rt6 tàr Sc üm tnit å..f,Ü G ro' H Ëûtü+
rü ry ltært-brü tü *prstñ, *rcr llffi fi** rr s 

'&rmrlroffirütf bffihrtl,.ffi'd
.t+ffitærlFnü{oürt
ü,t lFrr * frlþËrfrtå f¡ M* ïff¡ tÊüG ltt
ülilrüt,fËr ffiür f l¡trrrrtlfi {l""c. & ilËt
nFûtË trffi! srffi üËt üì¡ ryt; rl¡n¡û#[ tc
trtæt ütb ffit ûû ¡fic lüü r¡rû rffit ffiitffir

Étätü rnt#e rtrt rfætue-
*t*tt* f-tffi ilËr ry#Ð¡¡ ËF äü tüûfl"ttf oeÊ ltr
W ¡æfr* Ëü ttr tilnocûlttæælodÐ
d & cQlls æ[t[ Ë1 fil'güttü*tryÐln f*
ærüËt lwù It Hüb ü,#n *tü831e !å* rwltr
!r lil[il.ã 4rl rtü tbü *llhqþ tàtt tr crurat Éþ
tdnf t, fah f*w rtæ * r rfimûflut
rffi,rc€* tE F,¡.¿gr eüqftF üìoútrt m lm¡
lryçt# ücË dril- fl {,ffiûç *.I}"

Ðr q:Hnl**tro fir t¡r fþË ffittü sü
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TABLr 4.3

CALCULATED FREE ENIERGY VALUIS
REPEAI'i ¡IG UN J T ) FOR EXTERNAL
OF DYE (¡4ODEL ITA )

(IN KCAL. PER
EDGihI i SE ATTACH¡4EI',IT

UNTT

E PF_X

ê PF-"-

Pt- ^

e
E;-PF.X-

F T C'L r
I

i^ _1 12¡tt, )aL)

pp
I
ps. total-

E

pp ps.

.06 -.02 /,ca lu

trL

ARI

AE
av)

(e ..=70)tJ

e
e

-2 .43 a !, I

(C

)1,. /, _i1 )
-v a- L I a L -3.8(tLj=io'

_I -1!ar

-)) !

tJ
(e

è REPiìESENTS TI-iÉ i.JEGAT IVE PHOSPHATã GROUP,
.X- Oi..iLY INTIRACTiONS BETIîFTi{ IHESE i''iOLECULTS

CCNS I DEiì ED.
ALL VALUES ARE FOR € =i.O UNLiSS STATED OTIER\¡jISF.LJ
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lffölrltæ lstÞfïË, fL ttü rttrffi:l d ttr ür fils
to lùü !üætû ttiãtnü l¡ ffit[ ff üü r [&L ffi5
* fi ttt çt!ffi sû ttn å$dü fffiü ü tìl
rffirffif 1ür útHÈ & rrrl¡m d Fn" d FtË rñ¡
üü¡r *lt;. l¡ lt¡e h 

"tr 
Ën mæt i¡ tffi C "i¡t

üE ë,!¡eÈ mãrti ülb tår rumftl b lÈ) Þtcclnt¡ê
ffi[. Ð fTÊr ürEr rrts,*¡ *ïil fsr-rffi*¡

ffi ü3 ÍÐr ts d.* IIr *t .0"00 $¡rËlr" ¡*
rù.rül¡f flÚ,t üljl'ü tlil'ffit. IIt ttrr lrt**¡ttil'm
s{F ilrt GllG* ft rmæÈ lt;l ú frtü *"5 m¡
hffiürrr Éünl æUl*lr úlË *dt ffi"

ür üÜtr¡r lüffi ür rrtt' {û ttü ü¡
tæ r* r lm fn *t Ïf,; frrn tf t¡t qÐ t6 t¡
ùt,ftrt fæil¡ r tlüü¡ it !#Ðtm üut ?rS st
æ*î ß. Ð mfm fru crËûf tür *tr fl*fficttæ
füffiæ tùË {ü¡ ts mr äÜ Ë!þilü ffit d mfrrm-
Êüllf d & rurrffi lürc üff tr nûffi åü* *0*6

* *f rO hl**¡ lk¡$lg c ft *Aa*cüü* # ttr fr
tn rd nàüEË tt# hrr uriltprt lr ^t æ !r ü t {- It
rqìffirry.. æ Éùl ffilrûr *IJ ür trF tü lût
rtrr. ÉWÈ tår tñ ü;!ax tr f.g|r, ffi t¡f oË &
unTn t¡frm tb tüdûr d tþ llæ nr h tæûre
Ql drn'ü mtrflrúlü.

æ früü üüßr rlnæ fiË ffi, Ifr qmÊrt
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lú Ðlr **l ru tI rn Éf'ü¡¡' t# Û;
trüÉ ffi rünr üt[ b üllrü C çål f¡¡É þ {O 't¡
*S.9 Ërf* Ðffi rÐDrtl* üt ü¡ç nfi[ Itr g lt dt
*OrOÍ Srt * n* üCþtÉlüt dt TtË tË ilüfr' fft û!ü'

Ëlt¡ fËurün* ætl# ¡ffi,thltr
e*t n|ffHtHû

tlr u tåì tH äËrr ¡tr ÍF &
rnitùc
ffi rqmûfr* dt tj ün -t * rnnÈ¡¡l Sût'dn

(¡.t)
*fç üüÊ*¡ct frrr *lL ¡rffilr f* le{*
*íll !* ftw üã UIil b*" Ð lrrtt* frËr:S &]t
Ð fiËr trü üFtü& rrtClr tf ffil rutfn än
&û t fr¡ rf#û llffiË l¡.* tU n|rl E lr tnt
UÜltffi lHt tü3 fæ *ü IIrr læ rildt Ir ltr
dË * rHnül|rrtt* l¡ #[r1![ * .fftll! ilËlttr
Þ!Htr08 r llüilf r f,ErË r ûS¡t a B¡Ð r ffiffi r &*6*
ffi lüËE r[ft rt ffi fttlË *,ïlrr

túf,r þüÈrÎffi*rffi¡¡¡rttr# ¡ltf, ffiÉ-

ililû|ffi *rnfs+ fæ #Ë rll t rf¡¡ . *ûr

tË ¡ -!'t Hlrc DG ffi¡üatlü t f, m tÉ &rt
thn Ë Ð ¡d qF" üa ûû tmür

I tmro S tffib *ü"S ilr -b*t H,rr ¡g
rürytM* nttr &ün æ l* +¡ lfr fr
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T ABL F 4.4
CALCULATED FiìEÊ EI'ITRGY VALUTS
UNIT) FOR NATIVE DNAI MODEL I

( i N KCAL.
Ai''lD

-XTERNAL ATTACHMENT
OF PROFLAVI NE
(l"lODEL iI a )

RIPEAT I NG

UN]T
DE VOE AND
TI NOCO 11962)
FOR NATiVE
DNA
€, =1.0

rJ
-
tota]-

PROFLAV i NE

iNTEiìCALATED
(|4ODEL i )

6. . =1.0
rJ

C AE| ¿lltotal

¡ -^ |' -i0 6' =35€

c
G

Ct

(- -48.3 -72.6 -39.6 -3.9 -36.9 -I.2

-48.C -28.i -23.8 -3.9 -2I.7 -I.2

-ri.3 -34.8 -24.4 -3.9 -27.1 -L.2

--55.3 -4!.6 -17.6 -?.9 -I4.9 -7.2

-55 .2 -42.3 -16. B -3.9 -i4.! -I.2

-55.2 -42.7 -1ó.4 -3.9 -13.1 -I.2

-48 . 2 -4O.1 -l I " 4 -3.9 -B .J -I .2

-62.7 -52.5 -i4.L -3.9 -1I. 8 -I.2

-62.1 -52.5 -14.i -7.9 -i1.4 -l-.2

-62.6 -59 .2 -i .3 -3 .9 -4.6 -i .2

tJ

ttotu.lÆ
Lj
rÂr-totar^

FOR THi

c G

C.

GC

ÏA
CG

AT
GC

TA
GC

l.JL

CG

*5) c I

-r9.9

-20 .5

-r2 .9

-r2.5

-Ç-1.)

-10.6

-ro.2

-3 .4

FfG. 4.3 WITH
FOR EXPLANAT I ON

TA
AT

AT

T

A

A

T

THE REPEAT I NG UN I T SHOlVN I S FOR DNA. THOSE
DNA_PROFLAVIIiã CO¡4PLIXES ARE THOSE I NDJCATED

THE APPROPRIATE BASË PAiRS.
OF THE VALUES CHOSEN FOR €

i l.j

SEE TETT
AND E. -LJ



iltr üt .(tlï ,!öt üwrl rü) rç æ offi F d

.s rærß ü$FrnH$ ilrü tlqËüÐ Ë rtÎtrËü ril ffi
rl *Ír r.ú .ræ üm ül} tf||æ ¡nû.f"fi¿l ü t sÌ

ffiümnr|? J! üS æ rqtt]ßçüB r*rffi
"Ë* G ü, tilr;t{p ¡f .F fmtû rütFrntrf rnË

F üßçnnr rün er qrüt rm*rt æ nft*t .Ün¡ ¿e

Irdffi p ü trræ rÉ¡|mroc wot üI tftæ ffit H[ ¡t
*rrËÌt[ *Ft* *Í .tnf*tcü q Iæ æ Ëø¡ rfrr tffiË,

JF tF¡trml*t ¡n.ünr æfi¡'# * tç
Ëìr.Ð ilgAA mflE fit g*t .tSß sf ilr|il ;t únfip

"¡s{cl ü rfr} *nnO *¡ }Út Ðnñr*
*rnF *¡t rllln tr¡! rç ffi,ffi

qr *çút P &r¡mrr
ttÐtl¡¡ rfis rm{Þ q.Nnü tq.æ X TrDfi ûPû

æE +rÇlÕ ffi üF fü I lllfË Ët ræ
¡tæsrnrru p{üfnr$ m¡t q1¡j tt

OtcSO { ûsrifv { inFs¡ll rt¡ ffiI sI 4ll Eæf+ r'ltpmc
tl tirfffirttr JÐ .qlrß¡rrr trlrr[ç* rt+ ffi s*lÑ

nniluurffiæür-ndffiffit
p *r nt¡ ¿trFüffi[ &w,prqp

Errnûf,{* ütß nn*¡r ry çl ^ütEomÜ ttil qil.frIt
ri ËÛt lür ot lffin trÛsH tf,4¡Ð*Ntt tII 3rDñ ¿Ë

t$trTüWunt rq, ñ$ *trm ü{S q; 'QmffirrÐr
fffiü S¡ ¡Ê il I æ cdl {¡, s T ç r*Ir lrt

ef.
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TABLE 4.5

THE DECREASE IN FREE ENERGY' AF' ( IN KCAL PER

REPEATING UNIT) ìdHICH ACCOMPANIES INTERCALATTON
r^IF A CHARGED DYE ION BETWFEN THE SELECTED BASE'

PA I RS SHOVIN.

BASE
GC
GC

SEOUENCE
AT AT
GC AT

0o

175.5
355.5

11 4.3
354.3

62.5
242.5

61.8
24r.8

I49.4
329..4

115.5
755.5

88.9
269.9

9I.6
2-l )_ .6

PROFLAV I NE -21.?
-39.1

1-AMINOACRIDTNE -21.4
-32.4

2-AM,INOACRiDINE -29.9
-30 .9

3-AMINOACRIDINE -29.5
-32.1

4_AMINOACRIDTNE -26,3
-34.3

9-AMINOACRiDINE -26.r
-37.I

12-AM INOBENZ ( A ) ACRT Di NE -30.4
-36.4

2-AV'I f.IOBFNZ ( B ) ACR I D I NE -28.1
-41 .9

7-AM I NOBENZ { C ) ACR I D I NE -35 .5
-32.5

-47.5
-45.r

-57.1
-48.1

-39.8
-47.5

-48 .2
-46.6

-40.3
-4l- .3

-46.8
-47.8

-39.9
-42.6

-46.?
-49.I

-39¿1
-42.6

-48.0
-41.O

-?9 .?-

-41.6
-48 .3
-46. 1

-41.6
-45.6

-48.g
-50.9

-40.9
-50.2

-49.I
-5 4.5

-43.1
-45.5

-47.9
-54.5

35.2
275.2
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rü$ r flülFû|ü ttùr$n {;Üt !.r rwtilrta r þttÜË;l
cltrÐo*fË Éffi,t¡æffiWnìË
tû ûil Hreü3tH" tüt glt Üffi qFt üntl*
üff$ tr l}fc s¡l. S{ûn n ¡}!¡þ c¡rl*l**[s
trüffi f'þ¡¡]ll*|tr g[tt¡ì

*trtEt tD rtu ü|rffi ffi F¡n*¿ üwþür ü*'ür
rltlum*t*- {t¡çs-rrymffi ln m t¡ ãDlÜ Ld þ}}
f,ìB ç3$[ |¡ffit ù"6 * Ë äËGn*t æt üil úH-

Ð rro rcgûttr filil # rlffiltæ t tr æ ¡ltflÌÎt

ffi ügtûffi tÉ tb ffi+ Et ûr Gt[tËt $ñ¡t Íþç

" {n* |ttüL ú¡r{r m ffi,rÈ åil rrH¡ (ætt ü"f}+ r þttF

ür8El d fmne lü tHü lL üfl3r b+É. ft ttæ
tr ill|É. ffiü H Ð ltll# È#!¡ ûreffi* *

Ð ffitîr.ü * e ffi¡ tt lr roËf* &3
t* üffi, ff;r t¡ *m ffiìg¡ tË- tÉr¡#üÉ* ûÛ#l'

æffi nûüf il!Ëo üËËtlilt å* gnü lrs¡Sll f¡
üHr h.Ë tû r |[ntË *tt! til rn {ün tul t*
f,ffiüf

ltr otrü nldrttæ ttr tll ffFail#
*t ünÐÐ dt Èc * * $*tr rbñl #l* Ú æ dür üþ
fffitr$t#ttü fillr¡ tffi lttü' æ tw * p S*tu tt¡lm*
h & ntsilr ü Ð uEl'rÜÉ {ù# üGÕ tr
tr tcffittrü f*ltfUltüt fffi¡üÛ#*l*
tn {Ë tsn rt*# ts tü3 *trlfr # lÐ frf,t;I rl¡f
S ;¡ Ë,Ëtr trtpült;rærct Fffi#ilü*
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r*strtËrro æs çÐÜtFtr üxil,ff rtûÉ Üffi
tn*lffiçñtrÐ ¡p nËFüFm ffi rffiHf (*"t rfiq¡

üË *:ü!t*ülßil rñ'æ #tf* lffi F ffrÜ 41tr "r*Tl
ürfü mtrnlrßË ill ltlütq #'t il ¡lFFFrn

-#t=Í 'B 
ËÍ tü ûrt|l tB JÞ rüfiÛil!# rl&
r¡[r *Ë ûl tEtr ËF ¿n* .Êlft-rËr {rñ *

æ-ãtËffi ¡F üiltiltltF.R *ll* {g'q ¡m}
mt ffil ffis,ll tGt 1¡ üt tÏtË n* tEF t**IP

æ ffiWÍ,æmffiJpfm¡¡*
ffi rffi#ßü ¡¡¡r ütn lffit ürffi¡r ff¡¡* *Ë* ffi

F ilf TfiF¡¡ü*ËrtÚræPænE rW
¡¡Ræry ¡tr*$tg.¡ryË üf ¡P *affimfr¡t

;rfi;il{iftüürrfJÉ æÜ#æ *" 1ffi4}

fttilËrH¡] fm* rT q¡ ffi T {ÜüHË f* Ël r* W
*gtßr st ttg m*¡ niffifltt* üfr lil$ rrnç l*

rrtüËñF¡ JD æ ËilËfe q*.F mÉ 5qI æ rm
rr#Ë t¡ Ðiltrü tilil ç ñ¡¡T rfr ¡gt fft*.¡*n er*

# trÊ ffiflft ffl T rl"6 sr ryfiHlÜ
¡¡æ p, rw æ trrilrt *n*tur nG rmt lÐ ffi
;¡¡¡rç¡rf dtf ¡n Íæ ffi'ltÐ oû ær *x¡*n:n

rtt {Ð üffirt äilRñffi 1¡nffi: ü+ ü& 14¡ JD .lgl|nlFÛffi

tFtrtffi rBlr ffil i31FË {ft t*tF* {t,} ¡}
# üÞ lilF¡l#:? r4mt*mslru$ rm f*¡rft

ü l, *æ tt çl IE*¡ {lrÜ slrÍ ru üGs ¿F r;|*ilt tr'

l,&
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mfÊ rttc *t#'r¡ilruüfæ e næltut* Ër ¡É,1l¡ {nl
rúìttffinl G*tüihl*ü ffitü,ü ffilt. ffi tß

iËil iüü tilGfüffi g? tntrrrltts ffiË bmË lstr
ryttttfc

nìrü {fr t*ffi* r,*lürur d
ffirúr¡ttti **rer¡ t lnühi # t ffi* r# t{û sü

td {'1; fb Ðr r'ûslsÛ frÜc trllf dmnil*Ën
af fmçfr* æ!e-r Ðffifg]ffi¡;r gl ffifro¡¡$f6
*t*trrü * iltE # T"b *É* rm Hr *I¡l r*îf t*m
m ü frettËtn** o*-¡f r r¡¡* # S*9 É¡d+

fm#ctb Ðt ffi*Blru* *Ûff*Ð gtryt$l
il*** Ë¡r,ffifil 4+b ü; fiHt lil ûlrt *Ëür
rilrl*ßÉ * tàt l*¡t*fÉ*tftf. ffir*
*,tû*t nt '5p¿ útlr* ¡rç rrnrËntl #t irnnttr* m
tr iru 4 fu üilÉüt *ü *Sl -hl.r* ¡nn
rüfln#tr #t fF r*Érn$ù tümlræ] d tU {}ü tæ
t¡lt tfg . TS" Ð ttil * & ærE,rçî*nrå¡

'lt¡drdffi¡dÐ Ëm
h rrrùætah¡ ffi-ry*ü& ffi rrrllrdE* r[Ìm
fu'tb fnerfæ ffi rilltr& tt ff
r'ftrfr#tç* It *r b lt fiüì rt r#1þ
ffir tr & ürfiu$lûffi ffi'nùr tür*rrmË mtË ær
üm|r Sffi, thrffi,Ë tlr tffitrü*üffi¡r
ril.dl¡tr¿ fü. ttüffir



æ ilür6 > ¡ß €¡B rI* tr Ð ffiËr f,#*t rr tl¡¡ffi
frme *fffi rnË Gßrû * I e th n* rrË,f ffil

¡{#t¡l*rrt *¡tffir *¡c r¡ ¡l ffi ür f, F
rr€trrF *rffirt¡,p tütilil û .ff ¡*rlc¡re¡

rfr) ¡p tË *É r¡'pq E 0o- # t+.,0- lffi ffit tTil]
r il|lr; ¡ry eú* x*r*uee¿ rÇlrÌ*trtr

*ffi rË f!flt ËË¡rFtr;;ilr !#p ¡ry
[wr;rËffiüÐp

ilüttwp ün æ *rsrùs; fãçr flt 1ru.ær
JÐ ffi!:* trtÌ* *E Ë¡n f*¡i erntrH J?oü r*

.fi!ff *Ð üe'ürEt #tfr*F¡3 ¡c lfm fiff rF
ilrf,r ñsfIr ffiærtl* F r*Ëìmürc rm, Ft
.mdl; rn* üß illt!* üf ffi W üü nrË rü sÞ

æ*¡ Ð4 C*rr*æçr¡ ilü ilnñ|ül
Iúm ¡rt$ *StËt*f tS fif ilüßlf r'¡E¡¡¡¡ffit

*ü[ WIil,tQfß #Br' #t q]!EI f,t"t¡: ¡* rry {l* qf {û
rü$p)ryf* surE*r rGl * lsFr*ç ffit *nFG¡ûË

ffi #lttüilililr$tr nn *g ËF lr]ürnnlnr
rR *f *¡ ¡p üm ml '*TH g"E* * ¡*ü¡' ¡ãnÎr

JÉ tmErû ISfß ftt f ¡q rï rütçû '#fF#Fr
ss* *üt rryü ç F grffi t*ffi
æFlü ¡4 uc| fr* Ð nr*u¡¡

ffifi fl E4 QæAflt n*Sf*st*r ffi
{lI û* Jp fi¡r åt ùülæI Ðoe{¡- JP ffi¡ür* r

6t,
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t'ËË trUil| d &rÜsffi lilD Üt tffi rüä[

tr +rtt æ -S'S hfa Iltr dü ú {Ëü ilt üæ ü I f*t
út rltl lr -.s+ït * .Gr**E ffi** [rË Üd¡ t {Frt

H¡#l* ü tt rGIËt* c*¡ntrltl |illl fr frÜÜ rm*
gffi lûr Ë¡¡. A'.ffi FÉ;e ro roû* d {F*

ffilr's*rËltúl*tl.I
* mtlt*r il |[:L lÛtmrr ttü|[r* m *ImilrÌtæ
hH*rtrtnt tr Í|}¡ffirmfi* ft¡ffi*ü,*
Ð ry*ffi#l tffi*. rfû# tr Êil1ilFrú#

üüü* tæssrnt{ilr tffisütrûmiur
Ir Da* t-Ht E .€"SË hltç ¡m #* * tËr ,fril. ff'
ffiil rs-ffd lf,a, ¡ffiË ffir lr,*.ü * f,tmnilrr#þ

fr., tr ffi,*¡rl*n* afñü üü ff f,lrt
ffiiHr S ür**û*cfffi *Ë üü tc tm å ffiü
tùr ffnr tË'lL. ür*l* o#lfflffic tt t* *lürr,$,
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TABLË 5.1

SPFCTRAL D/\TA FOR AMINOACRIDINES AND AMINOBENZACRIDINES \^'ITH AND V{ITHOUT DNA'

PHç
SOLUT T ON

f

4.6ç .001M
4.6 ¡ r001M
4.6s.001M
1.oc .lMP
3.Os Y

3.0r Y

4.6s.001M
4.6ç.001M
5.O t .00 1M

4.6; .001M
4.6ç .001M
5.0r .001M
1 .O ç .IMP
ISOBESTIC

coNC.
DYE

(x¡o5 M)

co.Nc.
DNA

(xo5 M)

POSITTON
OF

PEAK ++

BEERS RËF.
LAW

( xros M)
€

-Å-xto

1.05
r .45

.68

.62

.40

.66
I.35
1.07

.89

.60

.50

.46

.31
AND 494 m¡t.

(lm¡-z )

2-Al'lINOACRIDINE 4.9r
4 .9I
4.9I

<3.0

4.13
4 .65
4.62
4.13
4.65
4.62

<v.o
PO I NÏS

?59
?1I
460
351
345
414
v1r
?1?
?1?
465
410
493
312

80r 400

> 12.3
)12.3
) 72.?

THIS
THIS
THIS

I
10
10

THIS
THTS
THIS
THIS
TH I5
THIS

B

THIS

A

B
C

A

B

B
B

C

c
c
A

3

O
-l

2.32
10.6
20.7
2.32

10.6
20.l

o.5%
OCCUR AT

* THF PEAKS OF EACH SPECTRUM HAVE BEEN LABELLED AT

FOR SIMPLICITY IN DETERMINING THE EFFECT OF DNA O

f THË CONCENTRATIONS.lM AND.OOlM REFËR TO SODIUM

I¡JH T LE P REFERS TO PHOSPHATE BUFFER I X TO ACETATË

SOLUTION OI'POTASSIUM HYDROGEN PHTHALATE AND HC1

BT AND C AS REQUIREDT
N A PARTICULAR PEAK.

CHLORIDE SOLUTIONT
BUFF"ERI AND Y TO A

IN 67/" METHYL ALCOHOL.



TABLË 5.1 ( CONT I NUED )

PHt
SOLUT T ON

5.9 s .lM
5.9s .1M
5.9s .1M
7.0 r .lMP
7 .O ç .1MP
4.O s

3.0r Y

?.0ç Y

5.9 ç .1M
5.9c .1M
5.9 s .IM
5.9; .1M
5.9s .1M
5.9s .1N4
5.9ç .1M
1.O¡ .1MP
1.Oç .1MP
I SOBEST I C

coNc.
DNA

(xro5 M)

l-55
1 ÊELa ))

I?.7
t+6 .5

1.55
13.1
46.5

o.5%
o..%

OCCUR AT

POSITION
OF

P EAK
(xnr¿ )

BEERS REF.
LAW

-+ (xro5 vt)

coNc.
DYE

(xro5 u)
€

xlo

3-AMINOACRIDINE r.96
1.96
1.96

(3.0
<3.0

2.26
2.26
1.65
3.O2
2.26

A 76?
B ?67.6
c 456.6
B V66
c 454

. B9
1.20
1.11
1 .40
1.19

149 .40
418 ,1I

A V52 .85
B 361 .6 1.11
B ?61.6 ,63
B 310 .41
c 456.6 1 .00
c 468 .78
c 468 .68
B ?1? .16
c 470 .92
315 AND 483 mp..

>6.0
>6.C)
>6.0

7.5

THIS
THIS
TI-1I S

()

I
1

10
10

THIS
THIS
THTS
THIS
THIS
TH 1S
THIS

B

B

THIS

@
00

I .65
3.02(3.0

(3.0
PO T NTS



TABLF. 5.1 (CONTINIJED)

pH,
SOLUT I ON

5.9s .1M
5.9s .1M
5.9 s .1M
1.O, ¡1MP
4.0r
6.9s .1MP
(>.9ç .1MP
6.9s .1MP
3.Oç Y

6.2 ç .00 lM
5.8: .001M
6.2ç .001M
6.5 s .001M
6.2 s .00 1M

5.9 r .00 IM
6.2s.001M
6.5 ç .001M
6.2, .00 1M

5.Br .001M
6.2s.001M
6.5ç .001M
6,9s .llt'lP
6.9 ç .1MP
6.9 ç .1MP
7.O; .1MP
7.0 r . lMP
7.0r .1MP
I SOBEST I C
I SOBEST I C

CONC.
DYE

( xns M)

CONC.
DNA

( xros M)

2.34
10.1
20.7
40.6

2.34
lo.l
20.3
40.6

2.34
10.:l-
20.3
40.6
50.0
50.0
50.0

o.5%
.05%
.oo'5%

OCCURS AT
OCCURS AT

POSITION
OF

P EAK

381
400.5
423
u2'

BEERS REF.
L Aì¡,

(xro5 u)(xm¡-r )

€
-4xlo

.65

.98

.JB

._t,

.59

.89

.-17.

.7I

.49

.42

.V4

.33

.1?

.60

.49

.50

.58

.48

.40
,4?

1)

r4B
.41
.49
.70
,52

24.O
24 .0
24.O

THIS
THIS
THIS

THIS
THIS
THIS
THIS
ÏHIS
TIlIS
THIS
THIS
THIS
THIS

9-AMINOACRIDINE 16.5
16.5
16.5
(3.0

9.34
9.74
9.34

4.9 4
4.18
4.96
4.94
4.9 4
4.18
4.9 6
4.94
!+ .9 l+

4.18
4.96
t+.9 4
9.34
9.34
9.34

(3.0
(3.0
<3.0

POINT
POINT

A
A

A

B

B

B

B
a

c
c

A
B

c
B

B

B

429
428

382
401
423
?90
iB3
381.5
388
3BB
401
402
406.5
401.5
42?
4?_5
430
4?A
387
¿¡O1

4?O
408
¿¡03

408
frp .
frÉt.

>13.5

A

B

c
B

A
B

C
@
\o

B

7

6
6
6

10

THIS
rHIS

o
(,

6
I
I
I

THIS
6



TABLE 5.1 ( CONT i NUED )

7¡6-DIAMINOACRIDINE

p
SOLU

Hr
ÏION

5.8 r .1M
4.0r
4.oç.05MX
3.Oç Y

4.O s

7 .O; .lMP
6.2s .1l\4P
6.2s .1M
6.2ç .11'4

6.2ç .1M
1 .o ç .1MP
1.0ç .1MP
7 .O ç .1MP
I SOBEST I C
T SOBESI'I C

CoNC.
DYË

(xro6 tvt)

7.53

coNc.
DNA

(xro5 u)

POSITION
OF

P EAK
(m¡-,)

44 tr

444

BEERS REF.
LA\^J

(xo5vl)

<5.0

(6.0
<3.o

r .42
1.61
I.I]
I.2B

<3.0
<3.0
<3.0

POINT
POlNT

A 444
A 44?
A 440
A t+48

A lró1
A 463
A r¡64
A 462
A 456
456 mp.
454mp,.

€
-Lxto

/+.10

4.10
2.80
3.34
2.90
3.91
3.23
2.82
2.15
2.9I
2 .64
2.89

.96

.91

.16

.71

.1t

.7I

.62

.60

.59

.52

.46

.45

2.8
>45.0

5.0

6.0

14.9
14.5
10.0

THIS
7

11
10

9
B

5
THIS
ït-{ r s
THIS

THIS
THTS
THIS
THIS
TII I S
THiS
TIJIS
THIS
THfS
THIS
THIS
THIS
THIS

A

A

2.5
I trELa))

13.1
l+6 .5

o.5%
O.O5/o -
o.oo5%

OCCURS AÏ
C)CCURS AT

\oo
I
B

B

THIS
5

12-AMiNOBÉ.NZ(A)ACRIDINE 5.6; .001M 7.64
5.6s .0OIM 3'64
5.6ç.001M 3'64
6.2ç .001M 3'6-l
ó.1r .001M 3.64
6.0r .001M 3'53
6.2s.001M 7'6J
6.1r .001M 3'64
6.0 r .00 1M ? '536.2ç .001M 3.61
6.1r .001M ?'64
6.0r .001M 3'53
ISOBESTIC POIN'T

2.56
10.0
20.4

?-.56
10.0
20 .I¡
2.56

10,0
20 ,4

OCCURS AT

362.5
386
405
?65
370
?10
?88
390
390
407
412.
417

SMLL1

A

B

c

A
A

B

B

B
c

4



TABL F, 5 .1 ( CONT I NUED )

p
SOLTJ

Hr
TTON

coNC.
DYF

( xros M)

coNc.
DNA

(xn5 M)

POSITION
OF

P EAK
(xm¡-¿ )

385
470

BEER.S
L A\d

( xros lvt)

13.3
13.3

'o.-'

10.5
10.5
4.0

REÍ..

THTS
Tt-rf s
THIS
THIS
THIS
THTS
THIS
THIS
THIS
THIS
THIS
THIS

2_AMINOBFNZ(B)ACRIDINF 5.OI'OO1M 2.69
5.oç.001M 2.69
5.or .001M 2.69
4.9s '001M 3'32
5.2¡ '001M 3'44
5.4s .001M 3'47
4.9ç .001M 7'3?-
5.2ç '001M ?'44
5.4s.001M 3'41
4.9ç '001¡4 7'?2
5.2¡ '001M ?'44
5.4s .001M ?'47
TSOBESTIC POINT

2.39
10.5
20.?

2. ?9
10.5
20.3
2.79

10.5
20.3

OCCURS AT

\o

A

B

C

A

A

A
B

B

B

c
C

c

A

B

C

A
A

A

B

B

B

c
C

4

550
?85
390
392.5
4?O
460
460
550
582
585

mp.

€

x to' <L

.15

.61

.4I

.65

.66

.67

.53
Ê. 1a)L

.51

.38
a2a:)-J

.33
440

7_AMINOBENZ(C)ACRIDINE ó.1I'OO1¡4 3'?6
(>.I; .001M ?'36
6.L¡ '001M 3'36
6.1r '001M 7'60
6.5ç .001M ?'56
6.6¡ 'OOl-lt4 3'60
6.1r '0OlM 3'60
6.5ç .00:l M 3'56
6.6s '001M 3'60
6.Is '001M 3'60
('>.5s .001M ?'56
6.6s .001M 3'60
I SOBFST I C POI NT

2.?9
10.1
19 .C)

2.?9
10.1
19.9

2.?-9
10.1
19.9

OCCURS AT

316
393
4I?
376
381
?81
394
400
399
41,?
422
42r

2I ry-l.

.63
1 .09
1.05

.56
20a_rt

.66

.81

.60

.69

.83

.58

.41

THiS
THIS
THTS
TI_II S

THIS
THIS
THIS
THIS
THIS
THIS
THIS
THIS
THIS



9å

rut ffibIS #*s tnrCrt r üfr* !t o.58 r rÊ¡l ü!ü

tùr lnr utla¡Êlm dfßúlrt. lUü & ûtrySt He
cú rut¡*t|ü} *¡ {r}{ ç1 .iúr* @ rer

in {tr ffiffifc s.Ël.ct.ætr ffi üfnü Wüt
t¡Fil l.ËÊ tÐ tclo * f d (Ë¡¡i|r F*t l- ltil rrrm frw

ñlh@ Ðnrutrrr rnð+\t'e nrrÛtlül rilDrtr
Cû rft$rrræm oÛ llËf l¡rrüe frrrfi¡7lr (lr*'tlmfiar
grtttæ¡ urÉf fmm ù!l*r *lthæË

¡r. 5,-* U W tio lüt*9 ffif *f Pü"glm
r¡lÉlm* E| tr tnr ¡JÛbt ürr@
¡n* fr¡ef ¡6t ü* frürÉü ræmtr l$r *¡ tÛil

trttü*ttffi cc6rffi¿Ëmü lr tæt þ rÜ tto lü. n
dttü*r ttr tt* ry fiml to tr *tI stnffirE

rr tr q6abl¡}*ti ürür.*r ËüÛûf,¡5l'|¡r *Ë tmt 11Ü æû;

CIr|t trt ttü r¡ft ftrf ffiñ l ntrI ffi d fæ

ff rÐr1[ls¡ilf1sltfil@
rtrlr¡ æltrt ttr #¡¡ iltËr t¡L rfmdü Éfù türr

r¡f¡t|,n tffi tlr æü*f tr$t tþra'
ffi r$cÀ uf rtçtrc lr mtnë* r. ürffiilrf iÜ

nil lrhll' |r enffirySr
tr nnüÊnæ * tfr rffi*rüm üü fiü t¡¡ffi

eû Ð u4m t¡lm tü ltr ñwËl {û e*t ûfiË l* tùr

tüF ¡tunür tû Ùr wrÞ[r ts änf



#

bt #tffi ,;æIrË (îlrhl'r 5*l l* I. rS ltlÜt 1r o

*t€ù nt lr *tlrtrhtrrt !c thr lrtËÊtlfir üt tb ltrtl

ttilh ût t[t fffia ræltfrr Étt tùr f.ñl ¡'l th
Eül.6rlä int, Ir tr entnrrt Étb I btm ütf-t lr t¡r
ç¡tl,t¡J ttlr*ffir r fæ rutt; útt ffiù'*

rug¡ff¡r gry¡;lâ ary! Mf¡'r¡rc1¡füt] *tür*Ë lt |,c

ffifÆË ilrütot. rlr Ltnl ürm nf srmfù filt Cfn'{Ur

l*turnfr,mr,tt frfrr¡raæ ütl W ryüæ
ì*ür trtfætcü frt rû Ù¡s lm¡ft *t €'
Düt/aür úntto* AffiüÉ'' tm tf¡ nafçr$m fr'p'fr aË

¡*cf¡lr¡mr [ ]ltt Slfl ¡t ltr + fr fæ r
ffiil¡lt¡r ;rùfe ot rt¡rrt å+fr f¡üs¡tlne t*t Ëûtr
l6bf* çg]ftln (fr¡|¡}lry G¡{rn¡, lrtrp-¡[$ ap|¡6
ril*¡ t[r Ê;u[nl qryg* l*Üær¡|fnr fg|t¡3 tl r
L¡,ú *ll,ft tr tlf, stüûffi nV atsr'f{

fi*nrcfiuld@ frtt

Irrnnrsr ü åf,fifrrrnt lucru*¡ttæ ct il¡ lr Ühü

lr lltr f*1. tre üctiltl,t lrlrtr rm rt.

æû*{#*{9t$rrrÉllÜt tr
ç¡ü¡¡üm. olrú:?:f¡ffr-Ü nt * f, rptrrt ttlßlìÞ* llùn

Fftffiüt ç¡[ t3f¡rt|¡ tûlúÐ früffil |frt utt ry
r*roäill¡l ürttrft g¡l-l¡n tryfm H lrü tmr{*



550 500

WAVELENOTH (m¡)

¿50 100 350

1.5

0.0

1.75 2.25 2.60

WAVENUMBER rcm-1' 10-4)

FIG. 5,1 . the spectrum of 2-aminoacrid"ine with and. with
of 4.67x1o-
withr 2,J2x1

\t
I o

t
Þ-z 1.0
LTJ

6
lJ-lr
UJoo

zo
F
f¿< 0.5l-
><
l¡l

200 2.75

5M in O.OO1M NaCl and. average pH of l1.B at 20
o-5M DNA; -.r.-., with 10.6x1O-6M DNA;

put DNA, at a d.ye eoneentration-C. , d¡re alorre; - -,
with 20.Jx10-bM DNA.



9l

ffirç cr thr Dt of Ð rn¡.*tltr; ür*fl fæ Ëllcn

ûnaûH:r n* toffi¡r t.ê d 5.ts lür nmttr fficrt ¡e

rtryÉ,1 fnfrrfçr*il l.r þæ 3;t l'tr D!'*iry b rtflur
mtr rü ü.nffi,ttffi d Dm Lc;Êlr lt t É Þrilffi rffi
$.S tffi 'O.Sglt mè¿un Èfmlft m,l¡rÛåru*tf t,Ll fi€ù

tt3t frrbrr$c ¡nlnÐ *ç *tlLL *ffi ffi stlrr
f, ¡¡rtfrl¡f ùsrffi 3få üûl ÞtL fur**t lrtl'¡*trr
tùri fir }ldr¡s Pïültr sfflrt rtnr *t th rrra6ltrr
üt¡tltüt ryrclm f,r ffi ffi fæ ffi xttr ¡j]
nrrÊt¡f}f *æffiÜË Ef,t.

Å rlrilrr rrt :fgilütf ñlf¡ $t fü

trtlætl,¡s ¡¡tf;þl'rct |ß tm ffi of ilil| |¡
ü!,th rå-rrûroûmü[r]rwl¡f¡m (f,¡.Ír. 5.4] st

e;l.t tn* rln*ir* rü] ffi fr ruh eû tm *tü'
I*ür*tùc ¡núrtss* rfffi tËffit *t tt$ ry mt tll ry¡
räËüttttlif.

f*5
eüEtttrtlrr tn:fsl¡tl;n rttrt {ll* lf¡ßr¡l

ûf tüü tå ffir nr ür oÈt¡lmt ** r;rotml' rhl'ftr
bf *mffd,rc b f¡ill*fryl rgrttntf



WAVELENGTH ( m¡ )

440 t20 400 380

225 2.50 2.75

WAVENUMBER tcrnl

360 340

1.00

-9lo
!-

f

.75
l-z0
l¡J

o
l!
l!
¡¡Jo
(J

zo
Fo
=x
l¡J

0.50

0.25

5.2.

4,10

T'IG. The spectrum of 12-amlnob enzlí]acricline
with and- wi-r,hout_DNA, at a dye concentrat-

ion of 3.64 x to-)u in O,OO1M NaC]- and-

average piÍ of 6.i at 2OoC. Upper curve:
Oye alone; lower curve: with '10.0 x tO-5lvt

DNA.



I
I
C'

¡
l-2
3 o.zs

tL
IL
rdoo

05()=I
t-
ct2
)<
l¡¡

1æ

025

MVELENGTH (m¡l

((0 t2o 1æ 380 360 3¿0

22s 2.50 2.75

WAVENUMBER (cm -1 I ro-4 I

The spectrrrm of 7-aminoberrzIc]aenid.lne witTr

and. without DNA, at a dye concentrati-on of
3.55 x to-5m in O.OolM NaC]- and- average pH

of 'o"z at 2OoC. Upper eurve: d¡re alone;
l-ower eurve, wi-ih 10.1 xtO-5m DNA"

FTG. q. ã



fi

|1* l (ä¡tl

trrr- t&m Ë* uc tt* Bb;l ffi rúffe#
ltû ,{û gfl, rufcttat¡tr {ü B* Sl ürt ÞA r¡rtr ff
ofUnaf {üüttl,rl of'$t æ¡* cnrilmrtr r!ü f|; l¡ç
t¡ th lú Dtfu lt üf tr t¡ü tr tùr lmilffi
ct ¡¡3rg Düår ilünüt*t!¡rr tt r 1¡cttmllp mrln¡üù
(mf¡V rt ü rtræftfu ú tlt aUr),

üË e¡J cçr*T,on to rruilt-r tt* ffi
fn¡¡ *rt rfmrÐ *t lt* ËrüftËù ffiû tttb tH d
hffi ll¡rm tÜt oûty trt¡r'r I*t sær tnr ffi
süür clp;ltm¡rür 5fi ft lt |}rt e rrtfnettæ

roúlfl*t¡nt oü tt¡ Dmt ltüqil Í* mrù-ù llt ¡*ro

n#t Ert rltb ü'Ë

rb* ürtla; üËrür fw rrr*ffisrtot*trte*
r¡ft for ÈÍ¡M rd fffi Df*ffitx

ln e.æfs rrürn cùÊ.rË'tat *olntttn ur ôm t¡
flfrr* F,*. !är ¡rmltr gf ttt af¡nfrtlff *8 Ehnptgl *
lüü tr ü auol,mfffi Stt üt Þfr trriüt æËrtrt tlÜ
W d ürryf¡,¡F t¡trffictln¡l
fæ Istæìgn}rÊtËB 0f tt¡ ffi {æ t¡ tbl



o

B

A

0.5

r- 0.3

0.1

0.0

FfG " 5.4.

c ' l05M
1.0 2.0

Spectrophotometric bind.irlg cllrves of
glaminoácri-d-ine (curve A) and- 2-amino-
acrid.ine (çurve B) on naiive DNA in 0.001M
NaCl- at 2O"C.
Curve A: found. at 400ttV¿, inJ-tia1 dye concen-

tration = 2"5x10-"M, average pH=6.0.
Curve B: found. at JJ6m¡t, initial- dye concen-

trati on - 2.3x10-Ð NIr average ptr1=J.J .



96

g¡f àrL¡¡ üüü ü!Er] ¡lËftürc fu mt ftc ffi
rü ür W rr (frblr *"Êl* tt¡t
tttr66tr I¡{[ t r rrmr¡ tÜfËil *rÜ ffiÛfif {ü¡¡fÜ

cn tr¡1,3ul6ts of,: tfir cfiFtüt fun cû ffi
ffi oü Ð 5¡üürt ültt oü ffi {rrr M
nöl t*sffistt Ar ælmr lr tsr¡ t-fl' ätt r'ilü'u;

üril r ÈlgÈilr üL¡n oü r üF Ð rSrC U*lr¡ cú

ffi*ffilnyt* tnf*}r*fir
sü ffi ÐSnß. &fr tr flPÈlÛrt üt

äg* S'i}. & trn tE?'Fr l*llailr tmt fia
ü,f:ffi¡¡¡¡ þ eûftl[Ð d M qt |tsdm*
rm¡f¡m f{r Ëill fr ït4h tlt ûr flfråùf f#üË tàE

rry !! rffiilN¡¡tül fg' t5r tüt tlÚ ffiìÜt üûæ[*tltr*
tL¡ ffi Uû @ (t[a***tE)!? trE¡t Ër

ffi 6sÍ |,sfnl !¡ ¡ ffil,n d? tü frï ry rænù
ffi -{ùll rtrË ttûffin¡r lr lûtlr¡r $rÐ åf

ffitil¡,Lbrwrtütf lflù-
fttræfr*ÐfËot@

rÉ¡¡lfæ t!ú ffi ûl bG é*lr *tlt üt
.ry."tt*Ê# nür tft rt ¡ü ó'9' Ërmr

rll5. ffi¡r¡n fr trf,l¡l, åafrrË ¡* filÐ Ë 6.Ê t:l
Éq9" mÀ r!¡c* tttf ü'ffrlrnæ tË'$ lru I'tttlrr ff ngl



{t

rúfrot n Ð ûilf l¡ü¿nl rtr-untu*r ldr ¡tr *È*ttûËr

& trrr|¿fig æFr r ærre c (tte* 1"9) fm* rnrmc*

Ètfltr¡mtlr ;t äÐo€ úü rt tË 6'å ll ttlü üÊ
lr cdffiffi* Élt tþt fffiü Du¡ nt flHrtt
rt !t õ¡9 f, ã816n 5 ttr" *üìtkw ilr !E üm låG

ffi f*tm W€ûtlrhtdfrC
trïÐü

ntt¡ffH.u ¿f*IPl¡ ffiüm rrf rlrt þr ilnt
û¡çås ä W¡*tl,m t#rÉtt til ffi olf

l^tÛl**F ttr lffiü ffi rrml ct Ft,sr* S*Ír

S*Õ rnû ä.? f¡r Wr H&*Û,ffisrünr'[rl*
*æåtùr uf ffif¡-?.nIr¿brlrlc]rm*t¡rr üHtËçtfürlfr

stürra * fßË ü,*!rm lrffim r*r*ff¡rlln Cfr¡*r*r

ffitr üilt @ ¡rrütr rû *UPg na S*lt

r*tÍn tf¡rlûår r+lntl** | d llrüEltt
ffi tt:t thr *en[lt$f,urærf*** # rælrt|lltlffi-
n-ffic ¡tmf;a rt eüoü m,*mlftfrf d m*fr|*ü tlrt
tm rnwffi ¡ff ür tf, fia *tt r¡fi fffe t|fi r
** Ðü ñtilü d *lO * *t$ qL f,t * rcf¡ffiæ fû åil|*
pqúI*ç¡* il; btrt frn 20 tc lFûø rlti,l rúültülnt
m oDhÐrür Ð HlÌr wt üü fd {¡l illürlt
ffifü h ärt ttü Èf,û nl ryld¡¡llf üffi{r lrü}'ü



0.10

1,5

ô

0,05

0.5 1.0

o

o

A

A

0.3

!

0.2

0.1

0.0 1.0 80 12.0 16.0 20.0

C ' 1o5M

ative DNA in 0.1M NaC1. @:
is work) . :

e5) ; -E-, l dYe
his work) 

'sca1e.



1.0

0.8

0.6

L

o.4

0.2

FIG. 5.6

0.0 ¿.0

5
Cx10 M

2.0 6.0 8.0

Bind.ing curves of ''l 2-aminob enzla]acriC-1ne
on naiive eal-f thymus DNA.

at 362.5 mpz^
0 .-1 M NaCJ- , 2O"C 1

titrations ,,\ras D,t, t'a irTIiSi åf"t:å":l"
entrations \,lere cl-ose to 3.A x 10-5M.

Eouiiibr um d.ia]-vsis resr-rl ts:D: 0.LM NaC1,
25"C "



t-

t.0

0.e

0.6

0¡

o.2

o.o 2.0 
c * losM 

t''o

Bind-ing curves of 7-aminoioenz[c lacridine
on native ca3-f tÌgrmus DNA.

FTG. 5.7

I 0 . 001 IT NaC1,
TheC : 0 .'î I,Í NaCl, 2l

at 393 ryt: ô
.1M NaCl-, 2O-C;
rage pH for the

.n
ave

titrations was 6.2, and- inj-tial d¡re concen-
tratíons were close to -l .4x10-Ð fui.

Equi]-ibrium d.ia]-ysis resul ts:D: 0"''lM NaCl- '25
oc"



Êt

E¡qt* lþtl rßü ¡¡¡tlg tg] t¡l1 ¡p ¡*tæ'¡¡ffil
fff ü* tttffit rm¡.tffffi d {çr fclÜ ltË ltÜ

lffiir tüu¡[¡ Lffit iþr fgir lft * ffÜ

¡¡ük|¡r fôüf €ö fl ¡r[lF ¡ns:ft*¡rf * lÜ¡|' nËt
tclÐ æal¡¡"ffi d rUrrffit'ctüñ
rffiiütr tfi¡r ffi ltt rg:l r-rÎ-Itt ¡¡¡f üÚ ü

ffiû tÛr qrtln¡. mdûr ü Ð rttdil *ffi *t

tro¡a¡ ¡¡ ¡çrr¡rütt* þ tå; ffit rü€r ill¡'ffiür
üfu nr tÙ; üt:feüt kt & trf# ¡ú rr
fontrr@rllrrllunffi
úü #r qü, ril¡r. t| ül*þ ån ån# gn| w
rygt¡¡m*n Urffc¡r¡ Ð tt t*Ë tü H
¡¡r nm rû g& g¡ f¡ ttffi d Ût SË ll*nrtrr"
tr try¡*ltro. ffi rmÐ'ff fi]Í¡rüt l¡¡6çæ¡n tht
¡[ril,* ri r¡rygrl.m, d *trËff ffm tr ðrd¡çer ff
ærFË Ðt tt td k tür ür;r rÜtd*
fm}Ìr+ t|l 3t Ð tr¡r ffimnlþ1.

eqlrr*rnüüülttftw\m
d ffirp. 5.fr F,t d Írl Í[ Ûlt rttlr år#faÜ sr
*tã#GËffffitffiÛrÉ{ffiQaæ
ìd to ilr F tr úüñüür ¡ltr& tr r
trüûË.ffi ffi ¡r1Étffi|tr É tr üË filt tË



f9

ffi lrtrtlü ffigt üGnlaf¡ tútb

ûenrilr¡*ffiffi IrrE*äÊtffiÍ*td}l
I t*]rrmfl* Er ûE.ï.*dryþl#*rr
ff*srrrrür¡rÐrûtJÜtHdÛ¡rilürn
#r d ffiæürÛtn (hhlr *.f1. I¡ sittür tr

fffir¡$r¡r fm*f*. |ñl* lelna {üiltr {c6}c

ft mt * ltl rd tü Hå rf e rFr¡P ùln{fiFÚ

fil trilffi tc fÜ tlÉæ û¡r t* *r
ffi úÞ ¡üffi¡t¡Ëç d ütr lr

rutJ¡rat Þr ltr ffi }|¡Nfi¡f Ür6n

rnttnnû ûül]¡
It rtlnlt tú ffi lt* ü S*tft¡'

r|nrll Sr rymd*l
f*Uü ¡nf,r4rd ¡çsr r¡ilrrfiæ úF¡¡ fr rtüntff ¡ú

tlr ffiffifft ütf rtr wr Htlr llü ilel frúffirr
ffi læ|re lùr ttrlmilçtr lrffi nr ttrÚlrÈr

ffil3fr *rlt äËlü rt t¡Ûr*rdf¡ *Ð
**e*tlnrmt¡l¡ül+ {,f ú,it Ë1. 8lnË tlll ülf3

lmr|.* e aüffiürl# l¡ Ð af tn¡nË

g¡nr Ð ffitrüt¡ülthcncrr |lh
}l*frc üut'Eü {t tù; tn
nËrtÐW rffiç {s.ltflËlr d$}t



ld¡

oü ru;' É"t* F*? ãÉ l*Ër ürnfË il:Åffi ff tr
rült¡r¡t ¡f 1ù. tçtn¡ çtt6 Írl r¡¡¡ lffffinËù

tu r¡rffi 0f m ûtt ¡ûLfrlt*
tü ta sffiiÉtË qf h rcft¡*g ült ü tn
lrr¿t rf ff
utiltq ilf,It t lffi¡ËÙ*lr G tlr ÜÉtr d Ð lrltil.tr

ffil*rTrü3¡¡,¡q lt tr ryry ü*t r# ùl,n¡rß

Itrc aüü.f ff,t r - ûcåt fæ Ð*rrfnf r¡rrl il* (aC

+t#)*5 mÐffir ll
tüffi t d *ï ir tb ffi äüßr nüær¡l¡rm üæ

ür rrffirl*rrû ÉrÕ sl *ffi üry ül fttü¡'

q -îrrr úF¡'P rrPtifittt +lf, lr i*¡c'mt
(t.*. rrffi ry *f*Ërtle frr *m üËttrt nt*
l}Iff fn¡rlg ilü €tü r rclr r*ú,ll¡r tl æ ¡*rtrr
ffi Ðt tmf f* ntrnrtr" .a{Ëd* }¡Sfrt tæ mr

üË ¡¡nntf¡3 üüt (b¡¡i *o*)" Ûr pr¡¡|fû.Èftr ¡þ
rrfrtr ßlr * tËËÊ s¡m æt ffi tr rr*rrltit

ry tirßxrt ffi üIn úç1ú"fr* fil dülnil
of tm ftnil d tûr*lrC ffi fr rmûrfr* ü tùr brtl
eË mtr[!d, *ctun ¡rs*nc ÉtËr tt t*ltü d ¿F lt Ð'
HË fcr rll, Dt;ffr¡ Sff (fÐil* *r{}. * *tfl +*flL

rnrrxr iü lütt,rt r*t ü mt F Msc¡m rt El;lurtùl



n lttr fütrææ rl*n ctært Ül{* ilü' r|F[rÜË

w ltrt Ë.t Im ,}'' o'¡ *t ¡ñt ¡ß lp Ñllr ;n¡

.trc F xrütml*Jmrmm'g q¡ ¡Ü¡! ß
rGr[rF tnË fittÛto tf rr¡Ff tlEtß¡{t æ

|lltill rffirt trrlJülüüÜl

ffi ætr rl3+ sFflr*rr#.tfs rT |Ílrn

*ilgüùffi¡n FürñülæTH*r
pffitt tt} r:} ücü æ.nmC lilE

rEffiü¡*flf qr

t+ r¡f tt Ë rt rntrnr ffT'f ffi
fr¡n#t F fr*f;¡ü ü¡' t

cr* r!] fir ,Iu¡*r|ffil *tryl$lü #reut Ü3ËÜ

Xlcû Ë f,tgg'ìÊ tl å'l F tt$ 'fTI
¡Ð r tffi T älnr xr Tl.t"Ë'tffitr ilF *¡

rffiü[ W¡¡trf¡ryt;n Ür fËt tn*n*r
ç Ægl ffi ffi ¡lt¡* ffrr ¡¡¡¡

t*s

Ç|ffi Ð) Ütq ttr Ütfft m¡51 Frol¡* rrs: lrry

r¡? FÇ qr æ¡ç nT t ¡tffi itü ffi tQ*¡Ð ÜË¡rû

rüf;ITnm ffi ¡r fßñl üÐ Ð rqnrw*¡ rt' rffi Ën

AtrryÞ, :sei r::i
ift-bu>-..--1,l.ï'

-qçÄ*,.:]:.:j---'

l0t



0.5

0.t,

t-
0.3

0.2

0.1

FTG. 5.8.

0.0 0.2 0.1 0.6 0.8 1.0 1.2

cxtoSu
Speetrophotometric blnd.ing eurves of pnoflavine and, J:aminoacrid"lne to
native DNA at 20"C with average pH values c¡f- 6.2 and" 5,9, respec'Live1y,

A: proflavine in 0.001iM NaC]- at 444mp,
A: pr.oflavine in 0.1M NaCJ- at )a.l4l¡m¡;.,

O: ]-aminoacriÖine in 0"001M NaCt at
Oz J-aminoacnld.Íne in 0.1M NaCl at



r r¡rÍrlcff m¡m wrln#ìiltïtffi äû*
rl]Ë *t *¡tfu¡ tr tIS. eS il tIP

ü'rt¡¡¡rFg t rm ÐCrt ff lùE

f-r) Ðrf ¡r t+ru *¡¡ 'ß üt ffiËfffif t 'n*p* ! ôtÜ P
ffirÐ¡*glütr "Ëdüffi
.üE * Hl e*# iln aüf tf, r*rßrrcr u*¡çnrtilm e
ffiI illü il¡' ltçfi¡¡ffi3*¡¡ T t¡múo ¡nfç-n &

a|. üt|l'Ð' .fid| tt!} p 'ræt+ E ffinfirÐ
, åt' ','.'g 

*¡}sl ¡r !ilrgm ¡ç rß¡} ln sgiËF
&ËrüË @lÛ,HÑr

ffi¡tßtû rü tffif rrylffi r
r?tr rH, ü) |ül .t

cftü * r¡t rrlæ üF *e tt fn¡¡ s!lf- äÏræ
r}} .rtlt 'rlÜirls3 æ tfr r$ p *# cr* *** ltl rr

ilItüffitçl ,p rs il¡t' F *'* F s rmu*
üS m*S}rq-lt#r$
flær tå¡m 'tÉt fÜ c+t t'Hltü |fr m'ltùüÊlfiæ

Jûffi n$ il¡ ¡¡ frtt nÛ Ü mgræt re trË r-n
ffiß "r*rm *ril!ûF[rlmp¡r*t, æ rrtffi st

crf lry ¡r*;ß¡ üFf üt fü* ñfFtf,ü!ßlcf ðh*fr

æt



fü

5.f

rnffi &c Ð æ,1¡r üt tr Dl*!¡Ë
üËËlr lû Il ¡cË d.tü¡'*c lrtlnür ftþ
tr tr¡ffif Dtt*
* ffi tr}' lü ülùr 4ft¡¡F. *h Ð

iffiatffiil*ffitr
ffir ¡nmffft Hrf*ry * ht t: lPl S
HF¿ *r |ù.f,!t ìü r.Ë6, s*Û. * frtl rt ff üæ f,Ërn
lü r/i üËEr r lt üúÞr tærr*x tht * rÑrE¡l
þfitrf tü;ffi*ffiry|rffh t
rfrHlc lrnfruf n* ßrûlru l* rÍlûftlr'
il fiûülFËûË lt Ð tlrlfrc tgr!üË 'd r ülnr t

Ër tülrl¡#!ffinr lû üt # cú r3t*t

i1r Érrltr tr e¡çrt*n* f, s ùü | ü¡!frúffi#

tû l1 Ð rffi* Í.Tr* ¿. :

. I r tf fr rryrrÛrt ËÜ &
r{#¡r*r&þ dtnffidb

try ntrH¡m
¡¡¡gtril tr r ffi rytH ül

llüo fr ünff¡.i tc,r trf*r
pw¡¡*f ür* ry dåtlrrl. ltrr# rtrn¡æ utm



6.0

5.0

f 4.0o
x
ut- 3.0

2.0

tr'IG. 5 "9.

1.0

fn2 fl16 0ãl 02( 028 0'32 036

Tlre variation in r/e with r for various
aminoacrid.ines and amlnobenzacni-d-1nes in
O.1M NaCi at 25uC.

A: 7-aminob ervlc ]acrid.ine (pit=6 . z )

(PTT=5 .7 )-î 2-aininob enzla ]ac::1d.ine
9-aminoacridine (resul-tB from Dru¡rnrond

e! a! 16 pH=6 .9 )
proflavine (pH=6.2)

r

B

c

D

D

B

A



- I

ir [.r E
$

F
fr s I ñr ü g I r R fi å t



"f$t¡l ,09 ff
+ilBS mærf*tmfif .'ç'l *¡¡¡lfntlüÍ lt "t''6 cnrffi .tl

.(ÍtÉs) 6lt *æt"nlHlrp *'r'T *r}¡ürg lm *if'g rfï*ro 'tl
"(ffñr¡ å,tßr

trf:f,'æ¡*mqgr"e.¡ trg r¡6¡¡ ¡nn .¡ *rp5¡.[It r{i

'(f{6r} H {[ *rrü t1¡g'¡il*fi
frg'.g rryrg p .¡'tÕð æ¡f td **t.t r¡lpn¡¡ilqË "g

'f r$Êll ffiFf
*'Ë Ë rütttrtÊt .rüEltnilsr _wrru.. rrç rfjtilJtl .k

"{Ítfttff¡rf lmftnfoç e*¡*ç r

It.ä.d'å.ff}üFffi rcgrS çffiftË .l

*{l(63} ßls {üf "tot
*Htq¡*m*g ..fr.¡-f fil.*tl:st¡g ltr .t*T e rg

"{ff6r} õß6 {tr
.regt&trç ðrp ¿rülffit nqß Ë .gr.* .Tg*Íçr[ rf

-fafõùl re't {tf,
toûE*r¡t)*Ërrç t'T .frctl¡f tür rï e!;¡¡iEffi rÍ

'{ô+ür} 0t} dlf, tôTl$]lËlrr¡r¡rglf rr¡¡ r]ffi[Ê*ws *g

.{fgEt} **f n{
.ttr*tlt rffTüûtt frtlr tlH ttÊtffir tm .f .rf#f,r *l

*tffiffi

Sr



"{ffi¡} . } +ffi Ür{tüf "?0ß

'u*rÜ r.'. 
;;L ffi #ää''F 

ory***

+¡rr¡tfi[ Gr¡*¡6 .Itl¡gú p +6*ç rrç6 c-T +l¡ültl

,, '(i!r6t} otc 6tr
ÐE+g¡¡¡ç.rt *rfr¡ *w*f,n tnF +H úto*#Fr

.{tû6f} fûË, -tr$ rnlÐ.f *.t rrprlÊtø F ¡ï r**ttlï
.{r6t} sù rãTS F (}gtû}

tú ffi rüæ)ïsffi*¡l r'*.fi "tqrrç lÜ *çrg qryü

"(tt6tl ?.tïf 'ãI' rrosrf,;rD{*Í?f

f "ã*g rl¡rqtrttg Ë *t[ Nfitfrst io¿*q .T¡;rEnaü)

'({t6r} ryFfÍrlr
¡n I*fr*r¡A *$Ftr[ rtnffiF *c$'f; "trf r$*ttü)

'('gtßl æf dEf qrç'rfrtoçççr$llo$ËrrEr6 .^ßftrF-l

.(6t6]l üú sr "tü"7
lrtûß+Dtûf*ltn {t*d *.ï.ff nffel fE r¿rç rfrtilr¡$

çoã

*5û,

*st

'åt

'9t

*s$

'tI
"Sl

t0l

*el



Tüî

ffir?fm t.
f¡liË-

ó.t
tr fffi;rlrtåg. €úf Df,t úth !Ë¡ä!r* d

p4ørf¡fnc æ l¡pü Þ ¡u¡tt l¡ c Lffiãf¡¡ ú $r

ffi tq*Hn¡tl.æ ffimrtrst, L. t ¡t tr ñû!#ü*

.¿l ttrt ttft tü rüililIittl üû ffi aärË ltf.tr
fú ÊIå nt t¡ mnrþt .Df,t tg¡ r fffiFs' rf,ËnrE' ¡û

$r ¡grl3re ct n¡n,|rfûl;rn fæ |ftr æËl' f¡nl qú glf

ttr* tæ ¡rtttr Btß* üfr atry ln r#Ë¡t$ ü¡r

forilnrrt DIf at Ët*lçr Silf hr pr trü lürrl"*l*t.t

ü thr ûûütr ãnllr Sr Flrocrytbæ Ïtr!!Üt

d faro[aþmr bt& llo*u¡rû Ët fr rt EÜ¡ ¡f rlcnt

föü*ï rlrthr#.rf rs tilÐmffi Ët mela]wrmr rt

|üÊrmllfiû tû r #fttrry rxþf{üt o.oll rotl.m

rtû,æilt) f¡ ËtÍlìr Dfl hÊ lä tmhürtt ffiÅt*'F

rfffigh tlt¡r tr. !Ðt tttNt tgut ¡U rff rmt*æ"Õ ad

ûæ rot rf¡lltr to rlL fUA¡¡,pçtø r¡A rtrrt!.âl'E
S¡¡s t# Î¡þtcf oú t¡tææIrtf¡a ü¡r ¡'

l1ürù to trrcrtlr tür bt¡||re of nøffn5ro[f'e äÛtrtgüütæ

tc Þil¡.r ¡tümfb tù* ¡mrfiltltV oú rË*oupt.ian te thr

r¡blat rnrfræ oú tr ElÀ smst lr rrclg}rtr5 ,*



6lrf,S'ffi tt1 6 rf! rç ¡Ð filPüF¡*
ær*çr til¡Ës t¡f*f¡sf 1rffi il¡¡, F 6¡r¿¡lrp*

ttûütrûil+rr ül çu* ü$ rmwüt lFË
,.ü :tl!ütiÌ q+ F rmÇffi rF¡* *t ¡¡r*aft* rrl

#ÌFls lffiFtllD ü¡|r nt€ßtg f,ü t*'t rT rütIts¡E
rffi aH. NE .rültttÐ ül*#FF ËTrür 31tü.O'ür

wltilH.ËffiElHt
rnil*ns*firrtnrc ætæ

+Flm $fl

rüÌ ¡D îffi ü5 lrürt t¡'*f ænrf,
ü Üttrt ftl ¡Ð tf,*lf,cfic r|rt ffi n* rrn

mtFc dsm rf|læÞflg r¡D Ic t .u ¡üB rffiF
effiËffi'fffite&Í ll*ffiQrfi

ffr r t[tr n 
"**rr{rû; 

ffiüD

f,ûprn+6ffiÜIilr¡
H str q ü¡ 13 ür gr¿*#üt r3t mËü

¡* +üìl rsl+ .#ttr üf ffiÐ æ;tffit ¡n rwrn¡t
ü¡t rr îß ¡r tr tt ttl pr rH f,rne
qnl;1rt¡n rt t* m¡ræ p

ffi¡il üfl}tæile ltiltt ffi,5tì dËr
I tr¡¡ æ.sfif F *rr*lrt ff|lflfw ¡re il¡

æt



nlro ütr.ffi tEürlüEÐ¡r*r ttf,tm
Ú&rtfffiür r*E Ë rs ¡5 illtrnlffit rr¡*] f,e rË

rg p l' rç tr*F¡ mil* I Ð0 +rtt r fl {nÛHÐ

Ir å¡rqr rrr#r rmrcr æ *{t
rtËFr;lr$

r.l nl !b rtæ ilfil üË to tütlril {ilffir æ F

r q *mæF tüHe cD ¡rtfaû r
usln dÊ!. lilt¡r rrnrÜ 4ffi ïtüH#r R ¡É}

fÊil r* 30 *tñ ül];t*' ltr¡nxfr ry *rælP
-'¡ffi ffi rFtfr *r ün ür IffinD ;f "T*

rærffi ür¡rer rffi T '¡]F!r 13 trtlilËÇ
üF¡} ¡r ffi æ *gS ütlftt ä¡¡¡ru tfif
ãn, F erT ltd80 W J* tHffiü rrnü tB

*Qru., îrlr fi|ts ÌüFrÐ ¡Gmtr tt l;t lrir*l trrtwr rç
*1rçêû¡ l* ï]FF *rüür,ïË rnm nß+g üs ffi rü}Ë

ffiffJ l.t.tllÐ1Itr¡*¡ryræ
.rwtûm tÐrmct$F &fcm mqdÐ¡,

wQrffi frreür&ætu}l¡c
til ¡il ffiffif a r *ütffir ¡ftm *q¡ $ry

S*D€!ilü sï q Ü¡ ¡n rsffpüi¡tl üfr
€ffiH 3'9

ÉÊ¡



>
--t¡c
c)o
o
.v
o-o

20 30 40 50 60 70 8t, 90 lCC

Temperature ( "C )

FIG. 6.1 " Thermal d.enaturation curves for DNA anC. DNA-
ã.ye softions. For t}.e four lNA-dye solu-tions sh.ownrthe
välues of r are close to o.13(see text). Al]- DNA sol-ut-
j-ons are 7"2x1f5 M with respect to DNA phosphorus. In the
text, curve I is referred. to as a typicatr- Tn' curve, and
nention is mad-e of reglons AB and. BC.
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ræsffi,wËlE,¡Ê lm*t üDæt|ffi

ftæ /!fpt*¡t ü3 ffiËl æ ¡F

r*æffi.ftEITrt$ffiWtFf{}f
rqsürffis¡¡Frnçrs ffilF;æ

W tpp;* t¡Jûtl ¡t r rm r¡e
rlr* ffiffirrilñtû!#ru# rffit¡l

{û ffielnrrr s rttE Ë¡ tF um
r¡aÐ üuì ¡û tÉ tFllFS¡ r lÜ rntffir ü ¡|t w
**fftr rÐryË *Iffi¡tæffi&gr¡ru

üril g* Ë#tir ttat st ff¡F
,ilì ÇrililüË ttú|FnF ilË I3'û tTffirtn üE tBË *

-c¡çrrÉt¡f,FrEg fr$* gB JÞ ættæffi

6gt
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rür!Ë3ül*rûhrhË br Ëìdtf *!*r
d üt$,il mrSr SrÉlrr åtE r hüË'

*rr ¡' ¡rüt tt *trr ü#s
ÉÉ¡r, rh rr lrtlbrÉ çfrdqr

lË tf,t* ?.t ryfr lffir"Wr t{Ê*t¡
*ì tþrc*þ n üS t*r
îlrdF lrr"a-"- tßtilt * m, d tr Ð ût*

æf* * F.*rthtr ÛfC" T"i!¡ rulll it
r rrtllrl¡ *' flf r,rlrt ñuil rd, rntrftü rrr
ril||l Srdtnr

7+!

tl** ?¡'8 *3 lât rËrrlÐEn
rffifld,ß ú Ël æe'-T-gsrd*kffilr

*rn,ryffirtrTrÞ ü,fü
tffit3 r* t3 årltttüm tùÉ r ffi |r
h rufn trÍtr ¡ç*nfitrÈtn ær tlìlt" ?iül*
¡ffir l¡F r r*l mß # WdÐüffi,r ¡3f amr
t* ffi # ¡m-ü¡t'r¡ro*lll rn rffin üÉ¿tr
tffû-t'r úttr[tËtrf ffi
þ *fintlËæ r#É'hltrùüna rf,fûffifr
tf rt
{H
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ItúfcHFn rÉrtügrÐË {¡stfü} fü il fr
r,æüfl4rffi ¡f rtFr¡rur ËF*Ëstü

ffit rqn Jn Jffiilü üF lrtn rf*ru ü
úE*üùtüÐmË .F rr*rrr*ünrur *r¡G rrg g

, t¿lç * W¡r:nt&1

¡-Pfttq.l c*-**il4û@ ü¡ #"o * t
*eF mF tIFÊ¡ rI nffirt üa l*trrtr åi;F ffi¡r
r$ *tr Ð*trl tr #r tm ¡*l ü; w mr r ¡D

ffiÍ*üüttlü ffi¡rrxGrttl
rrtÊr ffiüffint ü!f;n¡4¡ÏË[

*ilË*i¿.ffi ¡ç *rr;m[F * tr}ttüffi¡tr üü
F trn lüssHr¡ffi llDsüre; G Jn

æt*fmfinryrf ürffi.Î u* ûEnn¡of .û$*O .sËt|r¡A*
JrD¡.8trlit*Iûl

#$nr¡ütÉ ilx ffi fit ffiÐ tffi ¡r ü

re ffiffi m#tü rt flrn**s tilç lttffi
l6lm¡n0lilD rmüFFËIt|n tt* rtrf#¡_E¡ttt *s aa*û r

ür *tf,I tñ uxmrrrc t*Ër
St*S'4,1 t ËfÜr t

sñ*¡Þ ry r(flO*e ftç) ËþtGìffi üffi' tr
rnr F rs çtr T*n w åI 8¿} S

#q; JÐ frfn, qr {âffir tütffi tn ü? rmwf ¡F

rü ülrfÐtl¡rrûp lltrÎtl:*trlËlË fr* lp' fffirÜß;r

æ ^Þ lr r*INrHmæE ûtr o+ næçgftmn rm

Elt



rËü¡ tH:r $ üüffi ilË ¡n ætr3crtffi*ü
*rrfirtffrtn æôffir$,t¡ì¡f
æ ÜHå}tÐfl0ryün, *l ffifrE rt

ttl ttwrp t *¡r'¿ "tüt ilq¡ l *q r¡ s #ßrß
rllÚ r fiI ü{il}ü!r fffi* ffit m

.fnfr ¡rf,F müñf; I t6Írü¡r¡ M r
rËË qwf* f#fs ræÐ¡nffrF

*¡ütü r fß;t fr r|lñ æ**rrfrffi
ú¡-Wü*nrffiæffit *il$Ì

tän Ðil*ütF¡reæ ürtt
*t lnnliln æ ü tq Tgu r¡.n Dü[ïrr¡Ë

"f{!r¡trtG {n f#Fr *,ffirrn fJ f tn*W*¡F
açFüffiæ rt t *ppu*rle rffHüìr tts
ü ¡å rfit¡Ë r-rn#r rü r *¡*lroüIr ¡o {¡Ðlrüf,Fä
æ ü * r*.*rro* fi; ã ^t.ËD n!Ìl ü 4f .rqrgnr rr*

¡û fftrß îtffi}rüü rryftu, tül tr % ilæ

+ Ërf

(r*¿l

.¡¡
tn*"Iry

TTTffiË¡}

flf,l * lF

.Qnrßfl ff Wtff* fræonqm tdr

ff;¡
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Ër¡ælf tt¡llfury|' Íl {ür üffit¡ffiff ü; ffi
rffiÉræ rnFlffir ic ¡ rW*# útü
rr&¡c tlcm'*f'mtdthæt¡lür tlffi t;t üF
K.ffifütÚ|nmt*milßlillrÉË'

Ð ¡cffi3f,ï tlm¡rtt* t ltr æ'rüü
[¡#tü !¡ üt$ffih¡ nr lmOtrËr*lfilÜ,n

dffi'l*tlffiecÉGn*ü#ilb
ryr*t Þfffi r*ffihûlntËfiü*t
f,f,t fl S tffi ÐË *r ffi ffi ü¡m3 ffilmr
ürr¡r:Stilil ffi * # h fHÜrfü þ rtffi*lr

d t*ü ÔË f,üttrrñ#ltæ *
*r çlffiff ril Sirur*llonffTÊhln*;fnltü
fr ü6F{f * rüs$¡tûtilljr ærtl ryF¡rtû

)

ftfin#'r**tlrißmd b
üFm; tu t*Ì;rß$*Hü!" lrnrüDtr ffi
f¡üHß-ffiq¡rlttsfd. rffitÐffim

# {¡,

* rtI*Bæ dtË*ry f nr#rffil ftF ættÜ {u
k ¡tlil É æß m rurÛ*cûd¡ H b *lrË r lFË# >
8û*tr l¡¡ #lL ænrlrú*l üt*
F cÐ* r*tfür h tfrtüScn lr¡ ff fntlÐ t¡r



* tt tñ

iiä $ 
rli

 
3 

$Ë
Ë

 f, 
e



I5ô

*tûilçqffiÈû

l* [htl4ffi¡ t.Ë. ut nttür t.r J*s*Ilr"Bd[r

gtrË WÐ (tilm)'

ân útEûr &*fl|. aü rüTt.}¡, 8.H.¡ J'*tctfrsþ.

.Sfr¡ Wf (fffil'
F. s.l¡l¡tür t J* fil ffif¡lr J.¡ å+frÜ*Gh.

åfu t*9 (tffiTl*

+" !ffirr å.$.* J.&l*üdL* ¡r lË (l9tl l"
f* 3ffir &ç8"¡ nüü0.tlt.lÊnt¡8tl" ttrÊ4!þflt {î$St}.

ü* t*4¡ry¡ S.f' il fu*f¡ ffrfr.1 h.ffilÕfttr$r$frl
f ifu 9f+ {fS8}.

T. npn, B*[, nt ffiU¡ å*f*r t#r^$st
*5û {!9Ét}*

8, !ßffi' A"$*¡ 3'&t:.garyl"æi*t.gryT* In Str
I ttge¡¡'

$, gûo0ilm¡ E.T. * htrilÛr Í.&.Y.¡ ffirhrtrr
t*t, gb ?:¡ü (19É6).

fs" ¡*æt*r D-rü.r 'ÌÍà' tuËtrtry üf ttÜ hr*lÜ lûÉlÜrr

ruffitr' Idür ElÛî {t9É*}-



¡o &T;mfrn *tæ¡rlü ¡**rre ûEÉæ m ¡!l
ç*rrttnnlil"O æ¡t frilr*¡ ilr ffi "1S¡x

lffiÌffi c1 ffiIf !üfüD fD,"I. ür:fr Íll #tf æn
*tû¡r *m*n ñ{r D*rÏr+nf,nr¡ ar (rffi*"**æl

ffinrr hfic rFF}TüEl t+lEtËrFt rftÜnnlt
. .a¡oÈ.û æ öJ.*0 *Ëùrr Ð

ns}rfiffiÈ ry!fffiF ærfæ Trüf¡r ü rrtt etl trüDrln
;?tæIrË crlËür¡¡ Ftrrr,r Ffiînßffi

tr r¡tr wg æ fr"#lt rrr*up#r
¿nilË!|illw!þülß tw¡nw

ftì sF ?m reÍt JÐ üttt¡ ttff, Fî¡¡[ üftt ¡tþ ¡t
rmç*rr¡fr¡r üÐtt *r¡¡ wnna *trr¡rr¡¡ lrffi'rBÏr

tffiüúü üÍ rn flü1lr mE, .o3tf eü7 p tr¡rr ü¡l
Ft ¡n¿+tü rrr rl|ttrr ürüËïrË Ëilrr rt'.g"ç a p

ãtn G +u[E a]f ¡¡ rilT*tür*rrmü früf*¡t *nr*¡¡a o*

trt! ffilt w ril ilr *FF$rl *Fræn!û stfoÜ Üf ttñ
rjl¡lr ür* rl|üttü lüt *rmc6 tn rilãçs 'âfr ¡n

tqntrr n* ¡f frsf*ü .rr fIe ill#tl tTüE)

l.a

¿ú3
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re:l¡lt.. Îb W üç FrË¡rt ff l*rl¡f
lúf ffil üË tbËrl r roilffi,c tf. Ð tæffnf ÈrP tl
aqf llffigrttûüË. eW ¡ær*f¿t¡md
rlr ìf rwnt of t* {Ërmr ffi d ütftf
*t rrrn Ûrryrr¡wr. Ûlryrltr ú tt* Ütrlr aü¡i. ¡*
rur fffif ttlt fr rylnrr¡r¡ tflÛ$¡tr Þ *i'ÜtÛ

(tr f o.@€D ÜrL f, l;txtrtülm tiltl ì[r

ffi t¡*raûln¡ rfrræt.n rtlür ffl
il ffi ûdlüräür ü*lt lfr t*rrr|httfiår
ctffi ldu |r fficr"¡¡¡¡¡¡¡1¡ ¡¡f,s'u¡
to4n m*l* rÚ{u$frr tûû anrl¡t d t* I
¡Um*Ð l;rfc¡ra ffi tdfr #tù *
t1¡É,tf Ëü rffi,T rlrr e .üilt l* ffi l[ Ëltffi t tr
fl ftr þùl t¡r ttt turpmf ür rnt lfæ Ëñrli r
fir; hmfr ct rttarfp tUmfh lÜr rrf*ün t* S,rlil

&tf¡¡: * tùtmtüm.
ftcmil{*I,üf,üÛtdffi

W (æ f,tr ffitrrütnll lr rryül*l ff
tm@ÈÐrff¡il,r

llr oHc ftnü rrt ür tùir uffi ffirr * tltt
sn å. l¡ttÊ rû e Ðtcffit ldr nüüt
ffi,ffir ttl ¡rnErl,lm ñHgril- $rltrlrlt¡r*
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nErm ürïtïr 1ü t ütï rËätüÍ; wr ¡t roÍîtlEr¡tlrt
fif fr*¡¡rg *("úlrff lÍ'6Í rrJHrffi.) æç;rçrÛ ÎffiF}.

;T +#rn ¡f frmfr¡t æHryor t*Îr Df,l¡üüfqr r*rr rf,
rrrn¡rt F Í r¡+lrw rr Ftæf*r lq*sr m¡

t.e

"*;Ilfd m? ütt +r.*ilr æt,ffiø W Ü o* *tï
fütd r¡Ð fnF$ nû{F t¡ +T ü} rä}ßttltÜ rrr rtryTt

üI ¡n æ**lffirs üt ilç ?ffi *mr Ös+ *q rrilß{
rltrñ¡*r +m¡¡¡¡tp ¡h 4 *Il tplm tffi çrt rffi *Ëfi

"(r*Ot * Ù *trfr¡rr! raunpn¡r ûff frctn rç ¡üt iltrr lrrl
tw6lrû ü¡¡IÌs¿ É-fffil frfpr ffi *f nlrÐ ¡¡rÐlïmr

1Ëfr ^&¡t¡ tT ç,tç fr;üUffi[f]rrrro*ru'ff til¡r
tüafËü .¡n fi¡rlfæt¡f 1WS Çt¡tt *l rf çr¡*tr
t¡ilr ill¡? ¡Br ñË¡rltcü Ilü r*ffi fü W ,*rr1Ðc

g #roçftr .rïl¡nil*m*4ü ffi¡ rdrrçu Ë$fTH Üt

*¡ruçp*f *;F ru3 ã4r0 Ë ærlft3* ffifg
r¡strF frs ät*rrt lt¡r mD?fñIü nç p

ffi:f Ëf¡f t&rr¡r&q, rffis¡ilffi

fü]EåürD?d$fr Wf & Ëillr¡t lilt@ F
-lÊ tn **ÐËm[n]ry¿ trtnryffrftlærWæ*U
.{rtrf¡r¡;rlln[r]ruç¡gp'ç¡ mÐ rm ¡Ð ffi üt¡

glr
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Éül tfimeËer cfmtr d th Y*û t[tb thr

*frf,te üa¡úm.
ltt trn ¡¡lticrl {mrttl il tb düfüt

(üf ;¡ff}}l ¡f ¡af,[ çe|"ur çlf Ðß rúltlnr |ç {[¡lÈ*tr

€* rrLntü,e¡ Ëttlrd lr I c*" llll'lr arllr rrr
f*IrflÜt rt r ttt*cúr ì** fr t* ñrrDþ ffütffi&
üttffi oú ürt {l¡r. ËË tt|r er rctr€æ Úhü.f¡[
röltft üt BÉtr rnl¡¡|.¡rr *trltlc ltlrürrü ü1 rfi
þ rn¡fnü r ffi fr*Éh cü ;ffi!' rûË fr ¡ntUrtùÊm
Ð[rC t*htrrnûtrÜr ü|¡ü.'lûrntr &G.r ntü TCnÈ* ffir
ffrmtç O.OD f¡¡Lnlr tll ä rrü.f {ill ftrütüt
frrr u: ffi flÉ ttt$¡tû¡ril" rlltrl; ¡ ltdúrrot Ðtt

ffiüÉ tfs tmr rrç*rrf *Fæt tþ Uraf*f
flrîü ffi¡¡ ¡ü fflt f;"* ü: lrg[urs clrrrcbt o|rtåç¡'

ôffitt¡tr t¡l lùt a¡ltffi ¡ú ¡| lfhr*lrtÈ.f

ffi tt|r rrtt¡û frrüa;tt{r* rtËlttlnc et DtÅ

to e Pü*-t|'r É¡.attü tårl rt ltiürcû üü rËi|nttrr crt

H ln ¡fifmÛ- lrgitl Lr r[¡6 ls ttüf S.l.
!àËt @Hc tlïil'atttr ræ ffi ibü?

rçofi¡;lnr d rtsærÞ üù tttÊP ** r ttfFrçrnt
fütüt¡, ßút ffir Ð æurr coüËlÕ"

ffirurgrr $t Lldl,ry üûFlt sf r rtrrün 0 *Ef,H
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tr Ëin ¡jtttü fæ 3råt tlt¡¡t ffif {tË Ðtffi M,
rf frú¡*çlr rt eoÛc fr t: l¡Ðffiü Ítìt tbÜ

oDtrld lry d ffiflûtS nt¡¡ þruùrt øilil
Dür (rt€ uìrrr +t#l f, rm#rvlr ¡t tt * lgoc fæ

O.tË trttç ct¡,c|tr toll,r¡ìûtt. {m* ruh f.!$}*

firt rnrcülsf @ tfEltts
¡¡nc¡lmf lHç t6l f.üt fçr mrl nr ¡ü tf,¡ *ll$rt
(fficfft eæO) *orrllrr1 rrrct*Wffihr t[tt tttil
tt ft tnrtlrr t' {n*ln u ffiÐQF ct å o't$t

¡|ltlmt üürltt Ëåtr'
ffi ÕHrtrlrf; tù* r#rc,t {t gl a tlr

ry rt r¡ üilr ffi ltr* rr rfffÛl#ì¡t lc tr
Ê fU rüür¡tr rt¡rt*trotr *lr, r¡fúfr ilü jtff| tt
t¡t Sü r*t$l* !l lÐtt tX ![ oú Ð *hf æ}¡û14

ffi Ð dr:tn fU *

t*t
hffrÞf.ü ü¡tr|rrrr trr *rt to tlt lþ

t¡rltrrr ürÉr||úr fæ |.mt|l tt' fir üt|]ü ut tÐ rFÜËilÜ

rt[ntis¡ fæ tf.mf.t¡ nË ffi ilffiwffi.
m . l* teg¡/}* ÜÐtlæ¡ iDr*rlrrill rrr }6t¡t fgt

2û rüffire 3t d6 IL e*rf rutlnl }t^q*.hlÊr milrr$æ
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tc rç¡gç¡ try tü1nfft*rr* s¡H ilütìftù tlm tåü ürl¡n*

ff#nfl*ü ntrË nû rrtqcrû t¡ ntrr r* *frG.

Ëtr r*ll rhtr*Sætln of rr w tt¡lÜrfl
tüDc nr !:llt¡it rttt { rç 5 ür* cü Éñt iü& x lo#n

Dtf r¡ü,rtt¡c fü ô.tff illn oü¡,æ¡tr ul m m üilI'lrt

r*tL r rlrlltrr ;rtnnt üf O.f* rcilL* Gtl¡*l¡ft ¡of*tl*
$f *ff}|)" ffi¡; üÞÌr¡ ¡¡lrüa ¡n tñ [¡4¡Ú f3;t üúæ"

fAtt.(ü ütL rcffHÛ' rtçtÐlEtr Fü ffiüñ¡rt útrt
* * F rlrü {ìf rrtüt} cC sr r*¡*tl,c. e rfm d
ff tflt ffiÐ t* t¡3 ür3ãr af+rtr¡,r ßrrs Ër ilÉ
kt rff. oü tr mrlürlr ütt{ rlr riltÈ Qlr

rcfrrlf¡n nt Silil m ffit ffiffit rû & rlfffitm
*tnlf Ð ffirç;' fi hht ruÜ nddr f¡rd f*
fof,fmr sl rhffi ür¡ût¡r fË ?[ þgÜ Ü{tù È¡ ltrlÑ
ffi tùl¡rfr {û tL* Ð.t ,fn ¡ nffi hlt lt ÊfuO g t*OütoG.

h lQçrrlç tlr onil*srf tÐttlill d *t' *Httft lf
relrtlsr Ë!r f!ill rlffi ¡|rrntlf # .fbt lilntåær

frfef¡n¡¡sÐlfr¡ffi nt fternl Üt

afî bd tr tb ßfå s r*fcfr*Cr rHnfrt üt üfü

ff¡ffrfr mffi tll r ffit .û l$t l,¡ þff
{ãlrû¡ tr üfril,ll*lm afrffrlr ffi dr
ü; f.û ï# tu lttültr
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È.{ *

Foü tf üftrnir*ti'æ üú tltLrcr ærrrr
nff{¡n üo$ttå4 u aætrûÜtt lr rtt*ç lO* or !'{6
rrltrn CtLfr, *¡üû g.lfr rdls Ûltæll|r tr * rr*cùeå

l$-rr, ætl, ul * Hlfin*ntl,n üFË tùt l0'ü"

f,ttt ¡6 ¡¡lüläÛat tf ¡ IryË cf f¡¡f;ffrt g¡] üil t}¡

Sqrr {Ëttr Df r filæ d n*rffl¡ nl r m¡' ût tllæ

ffrr {r¡ilmr d rll¡'rm ütiùrr &dnr eÊrlü}. Ð

il¡,ft rrçr tilrilú lt rÚ cl¡cæfq}f¡ |¡¡t¡{ nt ffi

rt¡tlceÊtr ffiffiü¡#l er*;t hlfiÜ. ilHrÜiltfÚæ G¡'ü.1

tl} ?b änilült tlt¡l fttrrrrffi srryl r ü'[lL*rtü[

tffirr llt ¡Dtterl filÉtt *t l$g tF w fffi

ülrt * ftti|tl $9Í0t r@ üt $rt

tæ trmroc l¡l rul,g Étb tqxxtÞl*
Aff Uf,*tff roil¡ût¡rl lrå r xlf Üf ÞrtËnÛ

f*T nl 5*t (rrrrft Ër¡r rfcfffc rnnùtffi t¡ * tt
{¡}r ocgutf}. ¡t 6rtet r¡üm lon ffir
r wt*1!lüt üÛ É lütËüt ã"? l* l"l *

rrrl*.lfc d l. lú nltç þff, Cü þ ttrl $.r o.tsg. ó

þ¡¡; fiúü Ut tltïfflilütü lnìür trn¡ m¡f¡omf ff t}¡

fntrrnrrfrtlæ üt t¡r tl ürlrrl olhld"
Ð tÉ ürt{l dö ültÈ I tl$fi



tt{

u.mû t¡il rtil+ñfæ (Î*nr silqÊrl. qa Bdxt*#*
Er- F}¡r, &tð.,¡ tssdfl). fttr mlt*t tb
ñilrt d tùr Ë tü ú lftt¡¡ # ö't rt. lü lûl*lñr

t*Í rlffiråìE+
ltr rfmftf d e !tf-{¡r rrl¡tt* Er

lcÙr¡r*alt rt IË.O S t*müPe tr r, rfrür¡ff tiltep|
lË ffif ryttt rñ|rÛ, çÎnffiÞ {ür tl DI[Ûr

t,tl ü Ë1".L rLr rrtlf¡¡,sf (ffit t nsr ¡f I r*
llrmffi) ¡rr üf,t [r r rt¡llü. fX frtrL rtlm #
mû¡ttil rürrcsìr t* tn ryPtltt* d Ð
¡¡¡l ! üt¡ lfrr r6¡ff ntr ¡f .flü üf,Ël*trf ¡ü Ð
rarfmffn rÍlr*¡* Ë üilt ? rncf. Ð rrlrry fl,il
tlr ËËfrt ä6ü"ft il¡ å$tr*lt ttt"

'Ð. rlffifmür rtrmra rlltl üuf* rdt
d rsrt ttæmËÜf rllt Ëhr nt flr¡Iç dtt
shrr rl'L of tüill r.Iilüf,r frlre ü.ltrtlrt tæ*Ë
t¡ f¡ff ftur,l* 1þr vtruùæ nr lrilil þ
*ttr*ùü* lt tû r üËrur ¡n;Dr

¡m nnr¡tu rclrtîflr tcal" ufrærl,E

rnä Çlrf fnrfnrt Dfr .qnftrEtfË f¡¡f¡¡fr rü frr
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APPENDIX 1: STRUCTURE OF DYES AND OF OTHER MOLECULES,
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TABL- t -L2,1

ENERGIES OF MOLECULAR ORBITALS OF

POS]TION OF AMINO

TI]E AMINOACRIDINiUM ION

GROUP

9

0.683
1.000
1.000
1.000
1,6L2
2.000
2.100
2.985

-0.370
-1.000
-1.000
-1.182
-r.4-15*2.000
-2 "352

0.518
o.866
r.000
I rO7
L'J/ I

I .4-Itt
r.g7 2
2 .15I
2.980

-o.23o
-1.000
-1.051
-r.240
-L.4r4
*2 . O2q
-) 

1'2,A
L')J9

.256
ri7Õ

.9 66

.11+1
,911
.17Ér
.000
.O/+J
t ZZ I

,l¡52
. o26
.JiU

3

o .620
o,166
l_.o00
1.191
L 652
1.958
2.I27
2 "g1B

-o.223
*1 .000
-l.o5B
-1.180
-I.¿tl 7

-2 , 026
-) 2)Õ

1'JL/

.000

.2-7 6

.61,7

.950

.105

.gB6

.185

.000

. o52

.212

.450
" o25
,334

1 2

I
I
I
I
2

2

-0
-1
"1
-1
-1
-2
-2

1

t
I
?_

L

*0
-1
-1
-1
-1
-Z
-L

å
\o

RESONANCE ENERGY

3.166 3.óBB 3.758 3.688 3.932



TABL Ë ,L2.2

THE I\MINOACRIDINIUM ION

Al OM

ELECTRICAL CI.]ARGES ON AI'OMS

PO.'JITION OF AMINO GROUP

I23t¡9

BOND OIìDË-R5 OF I]ONDS

ßOND POSITION OF AM]NO GROUP

0.978
1.111
o.929
l..lllt
o .862.
I .129
0.860
r.o45
o.936
l.olg
0.94.8
1.017
O .-l 3tr
1.036
1.781

1.059
0.956
0.961
J_ .0 36
0.871
I.7!3
0.858
7.o42
O.93t+
1.014
0.948
1.009
o .-l3B
I .006
1.850

O .9 /+?

1.049
0.879
I.T31
0.860
I.13I
o.863
I .O tv5

o.g39
1.019
0.950
1.017
o .148
I .026
r.194.

1.030
1.007
r.039
0.9-7I
0"879
1.101
0.854
I. O/+2-

0"931
1.013
0.94 5

1.008
o "-123
l_.009
I.842.

O.95tt
r.o2t)
o.c)52
1.048
0.u83
'r .-7 59
O.BB3
]. O4B
o.952
I "O2B
o "954I . O4t¡
o "'/ 40
1.044
I .682

r-2
z- *" -1

3--¿¡
t+-I2

12-10
lo-14
I4-5
5-6
6-1
/ -¿J
O-.LJ

1.3-9
9-11

r.1-1
I I_Lz
1 3-L4
x- 15

.ó30

.656
L L')
¿-)o.U¿O

.4.O3

. /+03

.605

.691

.615

.1r6
tr- ç t,

" 554
.624
. 1r.B 0
.503
.526
" 469

2

.61 f

.55 6

.J L3
Ãô2

. /+L6

.1+IC)
ciôo
-7 l\)

" 601
.124
^/,)

,519
.57 -l
.557
.508

812.).L)

" 3BB

.156

.5'3 6

.67.9

.647

. L¡O2

. L+O2

. ó06

.696

.6I5

.-l I6
trtlI

tr.F-L

.6I5

.52.O

.49I
E'tr.

.456

l¡

.718

.61.6

.655

.542

.420

.423

.59'7

. -l o4.

.606

.1 25

.542

.580

.571

.536

.524

.5I2

.39 0

.701

.630
Âô1

.613

.31'l

.37 7

. 6'13

.6g I

.630

.701

.5 g3

.47 2

"/+72
"583
.559
" 555
"597

1
a) 9

\tl
oI

2

4
2
0
/4

q

6
1
I

I
3
9
1

5

1

I
l

I

1

1



TABLE A2,3

ENERGIES OF MOLECUTAR OIìBITAtS OF TI-IT AMINOTJENZ(A)ACRIDINE MOLECULE

POSITION OF AI'4iNO GROUP

2. 3 /+ ç> 6 B 9 1.0 1lI T2

O .41+7
o .533
1.000
1..000
1.. 285
1"1r50
1.610
I 85l
lo147
2.538

-^ 27'7waJ t I

-0.192
-1.000
-1.198
-r .2'/ 9
-1.501
-r.'l r-l
-2.118
-?,.415

o.428
o"639
o,822
I, 126
l..lg6
I "492'1 .59 2
1.907
2 " ?-3-l
2 .525

-o .397
-o .132
--1..031r
-1.l.óB
-- ¡ ).1 1

L'-JLJ

-1.488_I ,11 B

^2"I76
^2 

" 
t+69

O.L¡62
0.569
O. B4lt
1"105
'I .240
I.475
1.580
1.9i1
2 "24Iatr)t,1o)L+

-0.3 BU

-O .141r
-I.O3t+
--l .180
-"r.3ro
-I.4lLr
-r .7 83
-2 "111*2.469

o .4Ig
0.570
1.000
1.000
'I .341
I "3851.589
l. B6ó
2.25F¡
2 .532

-o.390
-o.187
-1,000
-r .2.o6
.__1 a-71!aLl.L

-)_.485
_1 --7t,ata tvu

-2. r8?_
-2 . tt'l 3

0.40 3
o.634
1" 000
l.000
1.194.
r"435
I.726
l. B0g
2 "229
Lo )a)

*0 .4 ?_5

-o "'7 5g
*1.000
*r .11 2
*'t ,o1L 

' 
LU L

-1.541
-l 

-7/,2
I 

' 
I IJ

*2.115
-2. .4',11

o.365
o.66'l
0.865
.1.166'r.2l,r
I .4I2
'.1.6 12
I.9T3
I I OO..L7O

2.550
--0.4I2
-0.738
*1.011 0
--1.1É:6
-r .21 0
- l. ,5 1.1

-r"ll2
-2.r61
--2 .41 1

O .3rs B

0.696
O.83lr

.l-04

.3lB

.39 6

.627

.839

.2ro
Êe-7

.420

.'/ Ig

.033

.186

.29 ¿v

.49 6

.152

.:LB9

.41 0

o.45 4
0.6I1
0.862
1.000
T.?3I
r.427
1.605
:1 .904
2.239
1 Fa t:.La )¿--)

-0.1+01
-0.738
-1.000
-r.2?o
-r .21 5

-1.499
- r .164
*') I O')L,. LQ )

-2. tr61

0.40 5
0"706
o.166

.085
" 263
.t¡85
,56?
.gl.B
o 23-l
.524
.3c) 9
.1r6
" o29
.IBB
.32r

/,o)

.165

.183

.461

0.384
0. ó66
0.851t
L l-35
1 1aOL ' L JI)

I n I+69
I " 5ó0
1 AA).L ' UOL

2,245
1 È2LiL')J)

-'O . t-¡2'I

-o.130
-r .036
-1.170
-l .3?_L
-r .4J 5

-.I .154
*2 .l.gg
-2 .47 r

0.390
o.675
1 .000
1 .000
I .235
1.386
r .-165
1.-/81
2"198
2_ .563

-o .416
-0.74 0
*1.000
-1. r79
-'l .2BO
-r.520
-]-J 4tr
-2.f1I
-2.t+84

I
I
I
I
I
2.

2

-0
*0
*l
-1
-1
-1
-l
-1
^2

I
1

I
I
.1.

2
2

-r'l
_O

-T
-1
_-1

I

-1
-1.
--2
-')

\-fl

RËSONANCE ENIRGY

7.4.14 -l .46Í3 '1 .¿162 'l .486 7.506 -l .418 1.418 -l .476 1.461+ 1.4'96 1.546



TABLE 42.4

ELECTRICAL CI-]ARGES ON ATOMS OF TIlE AMINOBENZ(A)ACRIDINE MOLÊ-CUL.E

POS I T I ON OF AM ] NO GROUf)

L

o .931
T " OB2
o.995
1.tjb1
'I.OO2

o.g1 4
r.012
0.948
)..20r
0.961
l_.015
0.986
1..005
0.991
I " 003
0.948
0.998
1.047
1.835

1.0u7
o.93-l
1.056
0.987
1,041
0.9óB
1.043
O .9 t+/t

L.2II
0.951
1.017
o.983
I .008
0.987
I .006
0.931
1.008
0.991
1.B3tl

a)

o.995
1."051
o.945
1.084
1.000
o .911
I.013
o.949
I.2OO
0.960
1.015
0.996
1.005
0.991
1.003
0.945
1.001
1.035
I .846

L¡.

1.066
0.988
1.OB€J
o .9 2'7
1. 05l
c.963
1.045
o.943
I ')1-l
Jc/-LJ

o ,95'l
1.01u
o.g83
1.008
O.9BB
1.006
(\ oe)

1.006
o.gg4
'r . B ?_'_)

1.003
0.991
1.006
0.985
1.019
0.905
1.159
0.942
I " 2t¡9
0.958
r .025
0"984.
I.0.16
0.987
1.016
o.932
1.021
o,gg2
1.809

6

0.999
I.O2lt.
I.00Lr
I.o25
o.99-l
I. 126
o.9?9
0.959
1.1.u3
O.c)62.
T"OT2
0.9U6
I.OO3
0.990
1.001
0.941
1.002
I.029
L.825

1.000
o.gg-l
1.000
0.gc)6
l.002
o.g82
1.010
0.959
1.180
O.9Bt+
0 " 

g3g
l.0gg
o.gg6
1.078
.1..003
0.955
1..00l
o.991
I .824

r.003
o.gg5
1.004
4.994
I .006
o.972
l_.01.6
O .9 t¡5
T .237
o.955
1.130
0.921
1.01+3
0.981
I . O21+

0"930
].OIB
0.994
L.834

I .000
o .991
1.001
o.gg6
r.oo2
o .983
1"011
0.959
1.193
o.91-l
1.006
I.o2I
O.9¿¡5
I . 101+

1,000
0"961
1 .003
o.99'7
I"B¿+2

1.003
0.994
1.003
o.993
1.005
0.971
1.015
0.944
L,223
0.951
I "IO2o.916
1.115
0.9_LB
r .034
o.920
1.017
o "993
l"tJ15

1.014
o.994
1.012
O.99t+
1.01-4
o "g'7 2
1.021
0.941
r.304
o.g5g
f 

^2 
E

o.982
1.030
o ,9-11
r.o41
0.864
1"071
0.988
r.17 6

2 r. B 9 10 lL 12

t
2
)
4

f1+
5

6
16

1

1B
I
C)

10
11
I]
T2
15
13
19

\.'l
tu
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TABL E }.:2.5

TJOND ORDËRS OF UONDS IN THE AMINOBF-NZ(A)ACRIDINE f\4OLECUL.F

POSITION OF AMINO GROTJP (X)

2 3 t+ 5 6 B 9 10 11 12

I]ON D

r-2

)-+
4- L4

r4*5
É.L

6-r6
L6-1
7- I B

1B_B
B-9
9- 1o

10-11
11* 17
l1^L2
12-I5
15-13
\3-I
T3_L4
15-16
r 7- l. B

x- 19

.633

. 61+5

.ó89

.51 6

.4)t)

.780

.500
t- I l:,awL)

.5-l-7

.51+-f
-7 ) t:)

.591r

.13O

.5 45

.584

.639

.46o
"5lt6.552
" 499
.496
. t+O9

.631+

.51 4

.-7 lB

.51o

.5o6

.1'l 2

.5u3
,6I2
.51 6
"5ltf.129
.595
.'l2c)
.5 4.'l

r-ofì

. ó¿¡B

.l+Lt?
eOIJ
.531
.5 00
.49 8
. L¡O4

.709

.5-l B

"6t+3ç.aì,a))J

n/+92
.7Bl
"4gB
" 6I5
.51-l
.5 4J

"129
.59 4

"J 30
.51+5

r-o2

.6 42
,452
.5BB
.540
.500
" 491
.39 5

.6BO

" 649
" 633
.529

ÊT tr.

.J 69

.506

.ó11

.57 6

.54J

.-l 29
tl .lF

"/ ') ()

.546

.580
" 6t+6
.446
.59 6
.5 L¡9

.500

.l+98

.1+20

.693

.633

.69 4

.59 6

. tr4-l

.695
" 533
.599
.5'l o
.550
.J 26

t (lQ

.125

.55r

.512

.658

.439

.599
Râtr,

" 489
.501
.440

. 6g'?-

.62J

.1Q2

.5J,

.5 12

.7ll

.45r

.6?_9

. L)-l 6

"54-l
.1 29
.595
.13Q
.545
.5 g3

"6t+4
.442
.601
.539
"tr;Oc)
.49B
.416

.695

.628

.701
a -)<) !

.L¡95

.780

. t+99

.6.11

.59 5

. l+9 L¡

" 664
.6I?
.'7 IJ
.5 t+2

"583.643
.44'l
.591
.546
.503
.502
" 4Il

.69 6
,621
"10?-.580
"49f
."11 g
.500
.608
.51 0
.5 61

"661+
,5LrO
.l q.9

.53?

.59 6
o 631¡
.450
.59 6

rt,c

.50J
"4BB.lr1l.

.69 5

" 628
.-/01
.581
.495
.780
. t¡99

" 6r2
.58 4

^)1
.145
"541r
.6'7 0

.558

.519
" 644
.4t¡l

c^1
aJ/ I

,546
. ro2_

"tt9L
" 

3gB

.69 6

.621

.l o2

.590
" 491
.780
" 499
.608
.5-7 4
.55L
.109
" 62r
.655
.493
.606

L11

" 45I
.59 5

.54 5

.508

.49B

.43I

.701

.623
"J O4
.518
.504
.115
"5OL+
, r87
.556
.554
.-l2I
" 606
.JT'
.5'l r
.51.2
.560
.¿¡1O

troo

.5?g

.529

.5I5
" 

L¡Bi

\¡
\ñ



TABLE

t.NERG I8.5 OT.' MOtt-CULAR ORB I TALS OF

POSITION

2346

AM INOt]ENZ (Ê] )ACR IDI NE MOLECULË

/\M J NO GROUP

Ã2

TI-]E

OF

1

6

1
o 9 10 I :r. 1.2

0.296
0.585
1"000
1.051r
1 .2c) ?-

r"381
I.607
1 OO')Iao/L
.\ ') La, a
1: 'L¿)2.52r

-o .21 9

-0.tlol
-l "000
-I .230
^r.289
- L . /+/+9
*r 

"'7 86
-?..206*2.452

o.327
o .6r2
o.852_
I.IO?
I.237
1.510
:1..558
I.929
2.246
2.5 TI

-o.268
*O"-/ 1rt

-r.033*1.l.7B
--J. .3',39
-L,439*l.Bol.
-2 .200
-2.t¡4t)

O .2-l Lr

0.587
1"000
1,050
I .2c) /+

)" .4 r4
1.605
T.B.I?

îf.r:

" 52Lr

" 26t\
-7(lôÐ I /7

. OOO

" ?,22
.29 L

. t+5O

e l0Y
. ¿u1
.451

o .203
o.l49
l.000
1.000
I.2t¡6
I .422
1.661
I. B3B
2.¿28
2.546

*o 
" 3I2

*0.790
-1" 000
-.1.185
*'r "285
-l.l+89
-r"J1f)
-2.19I
-2 .463

o.265
0.631
1.000
1.000
1.307
I . /.+ I/+
1.6I3
1.863
2.268
2 .511

^o,263
--0.818
-1.000
-L ,'24?
-I .29.)
-1.450
-r.-19-r
-2.202
-2 .4 53

o.3l_o
Q .6?_5
0.850

O .29'.)
O .6t¡5
O . Bt+?t

l..I0B
I.211
1 L1') ')LO )(-L

r"b63
r .9 1.2

2.256
2.508

-O " 2lt Lr

^ o "1 
-7'7

-I " 033
-1.181t
-I.326
-'I o 4L¡ tt.

-1.80/r
-2. " I91
"2. /+49

o.234
O ,-7 40
1.OOO
1.000
7.283
I.346
r.106
r . B2'l
2.2_32
2,543

-o "332
-0 .78 B

-l,000
.__t .t o 1r a r () r

-I.302
-I .4-12
-1.780
-?. . IC) O

-'2 . lt 64

0.275
o .119
1 " 000
1.000
r.254
r "362
L .'7 27
I.B2B
?- .2IB
2..546

_^ 2 É. AvaJ)a

-O .7 B¿¡

-1.000
--1 10,LA ' 

IUU
1 tôã

- 1,. L', J

-I.469
-1.781
-2 . r93
*2"46'.3

0.
0.
0"
1..
1.
1..
l-.
1"
2,
2.

-0.
-0 "-1.
-L "
--1 .
_1

I'

--1.
-2.
-')L.a

300
6I3
TJTO

128
Lr.)
482
51 .L

935
245
510
256
1 6.)
031
189
5¿+Ll

432
199
200
448

o.216
o,623

\JI
-Þ

1.000
1.000
I .283

1

I
I
1.

I
2
2

-0
-0
-l_
-1
-1
-1
-1.
"2
-2

L

2

-c)
-0
--1
-l
-1_I
-1
-2
-2

.102
) 2C)

.4 11

.59 5

.911
)t:L

,508
.2.6r
.J74

^.)')
.116
t )Lt I

. ¿r32

.BO4

. -197

.449

I.469
1.580
1. B6ó
2 ,26.)
2 .5I'7

-^ )t-ovaLv/

:0.8:l 7

-1.000
-1.210
-) "283
-1.460*1"790
*2.zAf.
-2 " 

1+53

RESONANCE Ê NËRCY

7.3?4 7,?94 1.322. 7.310 1.346 -l .316 1.306 J.?-98 7"326 l.3B?, l.LtIB



ELECTR i CAL CI_IARGËS ON

TABL I A2.7

ATOMS OF IHE AMINOL]ENZ- (B)ACIìiDINE MOLICULE

POS I T I ON OI- AM I NO GROUP

t¡ 6 1 B 9 10 tl 12

AT Of\,1

0.908
I .12¿+
0.9óB
l.1ll
0.948
r .25O
o.959
1.041,
O.9BB
1..009
0"ggl
l.007
o.992
1.007
o.965
1.010
0.ilBB
1.030
t.. tì05

2.

1 . l- 09
O.9tt6
1.008
1.008
o.962
r.205
o.967
I.O23
o.993
1.004
0.996
l.ou3
o,991
1.003
0.986
1" 002
0,948
1.001
1.84t-)

)

o .91?
1.040
0.918
l.t4l.
O .9 L¡6

7..259
0.960
I.O43
O.9BB
1.009
o.gg2
1.007
0.993
1"008
0.96u
1,010
0.901
1.020
I.B2tt

1.080
o nc)9J
I .l0l
0.939
o.g69
1.189
0.968
l.0lg
o.gg3
1.0O4
o.gg5
:1..002
0.996
1.002
0.993
1..001
o.g3g
1.004
T.B2I

o.994
:l .002
0.990
1.010
C.968
I. T15
o.994
O.9OB
1.053
0.9B4
I.033
O .991+
r.o21
0.998
l..l 31
1.001
0.960
I .000
r.1 l9

0.984
l.006
o.919
1.017
o.g5r
L .'201
0.9ó6
1"005
1.0r3
o.929
1.r14
0.993
.1..090
1.003
I .001-r
1.001
0"916
1.003
]- ill9

0.981
I.OI]
o.gl5
r.o2.2
o.941
r.232
o.g5g
I.013
0.985
1.130
o .932
1"037
O.9fll+
1.019
0.961.
1.010
0.901
1.009
) o2a

0.985
I.006
0 .919
1.017
lì or-')
1.211
o"966
1.01.8
1.004
0.99.')
1 t\a L

o.943
1.119
0.999
1,015
1.002
0.918
1.004
1.839

O.9BO
1.011
o.915
r.o22
o.946
l. ,229
^ or,o
r.06?
0.988
1.I 00
0.983
l. . r22
0.91-B
r.o29
o .9 4-9

1.010
0. Bg7
1.009
r.812

o.9-17
1.020
o.91 4
1.030
o.941
r.265
0.958
1,112
0.985
1.035
0.985
1 .040
^ 

ô7ÃV.! l -)

1.061
O. Bó7
1"041
0.885
l. . o?-2
1 .760

o.969
1.041
o .915
1.045
0.951
L,350
o.962
1.071.
0.988
1.015
0 " 991
1 " 01.5
0.989
1.019
0.951
1.01t0
o. B2g
I.O5g
]. 741

I

\¡
\tì

1

2

3
l¡

I4
5

I6
6

1B
1
B

9
l0
17
11
l5
T2
I3
1Q



TAI]LE A2.B

BOND oRD[:RS OF BONDS I N Tl']E

POSITION

AMINOBENZ- (B )ACIì I DINE f\4OLËCULE

OI' AN4I NO GROUP ( X )BON D

I-2
2-3
3-4
4- L¿+

14 -5
5-r6

16-6
6-TB

tB-7
-7 _A
(t4>

9-10
1o-17
t 7- I I
t 1-15
I5_T2
I2-I3
13- 1

13*T4
t5-16
17-18
x- 19

.659

.6r6

.1L2.

.5 ¿+6

úi () t:.

.5 64

.59 4

.6r2
f:a?

.5 8'3

.7 39

.533

.6'13
ÃO?

.5 69
t. /,')

.41 B

.411

. Lr64

. t+-l 9
, LrLvI

2

.680

. çs 3'.L
-tËa.l ))

" 521
. 610
.5 6B
.59 2

/ 1r.O-L:)
.532
.'7 t+O

.581

.-l 40

.53I
,6IJ
.5Bt+
.5 83
.6r2
.5 lt 1+

.41 2

.ll 60

. t+-l 6

.?99

."7 60
L-, a --1

a Ja t

.6 66

.b63

.59I

.5 63

.595
"612tr.,¡.l

.J 39

.583
-f/)^

.l )J

.533

.6'I'3
Ã(f1a)7\

.5'7 2

.63 r
El o. ) L()

./+68

.1+62

.47 B

.420

.126

.602.

.6-12

. LtB3

.622

.5 68

.5c) 2

.6IL}

.5?2

.140

.581

.J t+I

.53r

.611

.584

.583

.616
tr')o

,482
.46L
.1r7 6
.l¡I9

.139

.584

.13J
tr'_ìo

.59 B

.599

.516

.550

.51¡5

.7 2-7

.589

.J?6

.534

.606

. 571

.584

.6r4

.5?I

.480

.41O

.487

. Lt6l+

.l4a
f,o2a )()J

.138

.536
" 603

r- -] ,/t

.5Bl
LAE

" 
¿lB I

" 610
.603

-t') E:Ç I ¿.)

.529

.6r'/

.583

.5 B3

.6r6
Ër'l.))L

. L¡-l [)

.462

.480

.4 24

.138

.585

.-136

.538

.5gg

.5 6l

.59 5

.607
ÉÊ 1

,529
.7liB
"520.628

E-7 1a) I I

.590

. 610

.53Lv

.480

.458

.469

. t+O9

.'7 40

.583

.7 38

.53 6

.603

.51 3

.586

.623
t'- 1 '). )LL

.156

.53r
,619
.5 44
.613
.580
" 583
.6 l_ :)

.'¡ 3I

.41 B

.460

.1+1 7

.401

.138

.lt85

.-136

.538

.6 00

.568
Ã.cJ2

.J)J

.611
Ê2q,

.1 r9

.609

.664
,4-l g

.640

.5-l tr

. çs() L

.610

.5?/+

.1+B I

.460

.4J g

.43?

. -l ?'I

.ç:9 I
1aa. l2L

.542
"589.563
.591
.591
.54I
.J30
"596.J22
.5 62
.536

[:^o

.626

.59I
ç /, ')

. )J J

.llBB

.463

.1r95

.493

I2

.718

.602

.1 24

.550

.567

.545

.602

. 601+

.536

.'136

.58'7

.13 t+

.çs4O

.5c)7

.622

.49g
c-a')a )a)

.567

.505

. ¿+'f 1

.485
E a'l. )LL

I ) 4 6 1 B 9 l0 1l

\'l
Ol



T/\BLI .L2.9

ENEIìGIIS Of_ MOLECULAR ORI]ITALS OI'' TI]E AMINOBENZ(C)ACRIDINT I'4OLECULE

POS I T I ON OF AM I NO GROUP

2 3 4 5 6 7 B 9 r0
1

O . 1+l+ ()

o .532
1.000
1.000
I.216
1.458
r.62'l
1 .840
2.2'ì5
2. .5 Lr3

-o .39 2

-0.780
-1.000
-I .I l1
-I.3I(>
-r .41 0
-I.'l lO

-2. rB3
-2 .41 2

O.40O
o .666
O.BI7
r .125
1.187
i.505
1.586
I .904
2.230
2.529

-0.404
*O.'122
--I.O35

1 I Ê')
-LoL)1

-r.35 r
-I"1+53
-1.788
-2.It)r
.-2 . t+(>6

0.48u
o.534
0.851
I .25 .L

1.101
I.5O5
1.551
1.909
'2.234
2.528

-0.398
-o .-l29
- r .o35
_r IfioI.J.'U

-1.360*r "435
-1.791
-2. rB2
-2 .4 65

0.390
O.59¿r
1.000
1.000
I,337
I.414
1.58:l
1 õz')A. ÕO¿

2.?_4tl
2.5?6

-o .39 6

-o.17 B

-1.000
-1.180
-1.318
-'r.455
-r.778

a 1<)/
1a -LUV

*2 .4 69

o.350
0"6-15
I.000
1.000
r .209
L . Lr2O

r.-136
1.800
2 " ?- 2F">

2.546
-0.417
^o.'(53
-1" 000
-r.L54
_t 21c)

-1.509
-r "7 51
*) l'7()

L' I I /

*2.t+73

o.359
0.693
0"855
I .I'7 g

r.7_r7
alL.')
Lr.-t

.9 07
1C)Ã
r.c1

.425

.130
"041
. r49
"3'r3
.4-l 4

".78ó.I71
.41 5

o.356
o ,'l ?3
1.000
1.000
1.183

o.369
O.6BB
0 " Blt'7
I. L26
r .212
L.392
I.65I
.l.B:19
2 ,21t6
2.'¡3t)

-o.444
-o"102
--1.031
-1.183
-r.329
"-1 .453
-I.163
--2.r94
-2.461

o"4r1
0.605
0.glB
1"000
I.:]1I
l.t+I4
r ,62.7
'1 0c)Ã
Lal)/)

') ')atrL. L) )

?,528
*0 

" 406
*0.7r6
*1,.000
-J, .222
-1.318
-1./+60
-L .-111
-2 .'IB'l
^2.464

o .42.2
0.707
0.750
I . O8l
I .2'¡2
l.50lt
I ÉOl:.L C JL) )

l.894
') ),) RLa-),r

2.52.9
-O . Lr22

-o "'702
-1.030
-.1..171
-I " 355
-'I .41¡6
-1.-/81
-2.LBl
-2 .46t+

l1

0.361
o .652
0,875
l..J6l.
r.204
r.503
'r .5'7 6

I.842.
2 .24-L¡
2.54r

-0.1+30
-0.70(,*1.034
.-1.161
-r.358*I.436
-1..1 7r
-2. I9r
^2.tv61

\n
-l

1

1

I
2
2

-0
-- r)

"1
-1
-1.
-1
-l
-2
*2

1

1

1

2
2

_O

-0
-1
-l
-1
-l
-1
-2
-2

,l+62
.6tr¡5
. B1+?-

.204

.5 6I

.518

.700

.000

. r49
ALÇ

.431
"7-7 0.lB0
. Lrl8

RFSONANCE t.NERGY

1.480 l.4rB -l .464 J.t+16 7.+B?- 'l .4gO 1.b52 1.¿+96 1.460 1'4-/ B 7 '4'lB



Al'ON4

TABLE A2.lO

ILECTIìICAt- CIIARGES ON ATOMS OF TIIE AMINOBENZ(C)ACRIDINI MOI-ECULE

POSITION OF AM]NO GROTJP

I 2. 3 4 5 6 1 B

0.990
l, " 004
o "gg21.003
0.992
1.014
Ô oô2
1.017
0.glf3
I .033
o.g1.1
I .114
o "916
1.101
0"958
I .216
o.939
1.010
1.814

9 10 I I

I
?
3

4
4
5
6
6
1
B

B

9
0
I
7
2

5

3
9

I

I

1

I
I
I
l
I
I
I

O.928
1.087
0.987
I.O6-l
o.992
I " 0o'/
O .99 t+

].OUB
u.9'32
1"007
O.9BB
l. OOB
0.983
1.OIB
0"958
1. .2r2
UrTJL)

1.061
1.830

I.afl
o.943
r.o49
0.993
1.031.
O.9c)9
r"025
1.003
O "9 

Lr2

1.003
0.990
1.0U4
0.986
1.013
0"961
I.I92
O .9 4/+

I .004
I.8/+2

0.98¿+
1.058
0.938
1.090
o.gg0
1.009
0.995
1.008
o.932
i.006
O.9BB
1.007
0.983
1.017
0.958
I.2OB
o,g39
1.048
7.842

I .056
u.995
1.080
o.933
1.041
Q.99¿+
I "026
T"OO2
o .,) 43
1.003
0.990
1.. O0/-r
0.986
l.Ol/+
0.961
1 . 19lr
0.943
1.008
I .829

o.gg2.
o.gg'l
0.ggg
0.991
.l .010
W.>)¿
I.145
0.998
O.9B]
].003
0.998
1.004-
o.gc)4
1.012
o .9-12
1 T ÔOlaJ-OO

0.95u
1.005
r " t)23

O.9BB
1.030
o.gg2.
1.030
O.9BB
T. T52
o "g?4I. O2I
0.918
I " 007
0.985
1.007
0.982
1.016
O"9F¡l
r"203
0.938
1.041-
IotJlU

0. ggt_t

1"010
O .9c)3
1.010
o.gg1
1" 046
0.981+
1.066
0"859
I . OLrJ
o.gJ6
I.O2g
o.9Bl-
I"O33
0.959
L .297
0.943
1.017
I"169

0.993
1.001
^ 

('lô f--

1 .000
0.996
1.004
0.998
I " 00¿r
0.96l
1.000
1.105
0.9¿¡6
r.o22
1.005
o .919
1.188
0.955
r.007
I oBt+3

0.990
I " 004
o .993
1.003
0.993
1.015
o.994
1.018
o.g2g
I .024.
0"9fJ0
I . OL+2

o.927
I. I2B
0.956
L .223
O .9 t+L

1.011
I .832

o.gg3
1.001
o.995
1.000
0.995
1.002
o.997
r.oo2
O.95Lt
1.002
1.0-78
0.996
I.098
o.g3g
0.986
1.176
0,955
1.006
I.825

\JIo



1

TABt-.8- /.2.11

tlONlD OlìDERS OF BONDS IN Tllt- AMINOBLNZ(C)ACRIDINtT MOLECULE

POSITION OÍ- /\MINO GROUP (X)

2 3 t¡ 5 6 1 B 9 10 1I

BON D

r-2
2-3
3*t¡
4*Itl

r4--5
5-6
ó*r6

r6-l
7.-18

18-8
oÕ
Q* )

9-10
10-11
r1-17
11 _I2
12-L5
15-13
I3*I
13 - Itt
15-16
17-18
x* 19

.630

.6 48
10/-.UOU

.580

.49 4

.183
,i, o fiaa/)
/_') oa!r¿u

.586

.5 4Lt

.130
Ë a) L-.

.128

.55O

.51 r

.625

. tr6B
,5 44
.5 49
.49 B

, l¡9 -l

.4r6

.636

.57 6

.7I6
L-1',)

a)lL

.501

.-llB

. l¡') 5

.626
trQQ

.g43

.J 3T

.59 t¡

.128

.9 Lr9

.51 2

.63/+

./+41

.609

.539

.5 o2

.491

.399

.J I2
EAC

.640

.59 6
,/, cl I

10/,a I O't

.493

.629
Ëol. ) 9l)

.5 4L¡

.l ?o

.59 5

.7 28

.5 50

.57I

.628

.4F;9

"5 B5
.537
.499
.L¡98
.401

.683
,6lt-l

L)/-

Ãa¡ 1

.511

.l1t+
" 

l+9 B
.624
.589
.542
.'7 3r
, 591r
,128
.549

ç1').) I J

o\)i)

.1r5O
,59 2

flË/ì

c.rì?

,49'7
. Lt16

.69 4

.63?_

.69 5

.59 5

.1r50
TrlC)a tv/

.5)3

.6I9

.5Bg

.5 42

.1'iL
Ë rì Ã.)>)

.1 21

" 550
.51 r
.638
.4Lt4

Êrl-/. )> I

cË,

.49 5

.496

.420

.69 tt

.625

.104
,) I J

Í1-l
Ò)Ll

.'7 05

.449

.6¿+3

.582

.545

.7 2<)

.rg6
alQa I L-A

.5 49

.F¡J I

.63I

. L¡5O

.5gB
" 536
.501
.499
.425

.69c)

.624
-r^Ã

,516
.5 05

-7¿1a f ut

.520
" 544
.57.t+

"56c).l I6
.606
.120
.551

nÉ^

.605

. /+51

.l¡9?
F /,')

a )1L

.521

. 5I5

.490

.69 6

.62-l

.102

.580

.491

.7B0

.498

.6L3

.6'r3

.490

.65 6

.622

.708
Ff:?

.569

.621

. t+52

.59 
'.5 4.5

.508

.4gB
/, .) )a'1 )L

,696
,628
.701
.5Bl_
.49 tt

-7ça
. I UJ

.49 4

.626
trôRo)o)

.55 4

.61 2

.5 4L¡

.1 1+3

.540

.57 g

.63r
,4 5I
.b95
.5Lt5

Ë/\.). )VL

. 49I

.391

.69 6

.62'l

.102
"580
.497
.780
.Lr9B
.6I6
,602
.530
.150
.5 40
.662

Ea^

.5 65

.627

.4 52

. tr-¡9 5

.544

.501
" 4Bl
.t+I2

.696

.628

.701

.581

.49'

.7 83

.494

.625
t::oô. )OJ

.539

.7lB

. 613

.661+

. tr9J

.590
,629
.451
.59 5

.545

.504

.502

.4I6

\¡
\o



TAtsL. Ë Ã2.12

TNERGIIS OF I.4OLECUt-AIì ORL]ITALS OF AMiNOBENZ (A )ACR ] DIN IIJM ION

o .44-l
0.111
1 .000
1"000
1"298
I,586
r.-132
r "915.r 2t-o
¿a)JQ

" 9',ò2
.19 2

1C)1

.000

.It+5

. Lv 2

.49I

.J 33
, I52
. L¡l+2

2

o.512
o ,155
0.871
I .l./+2
I . 2I1+

.529

. O'l I
o7r.

.981
u2Itr
."132

-.1.031
-r . r5g
-.1.193
--I . t+86
_l ?rio

La t / /

-2.15r
*2 .1t3 t¡

o.492
O .J 1+5

O.BB2
I.LI'7
L .290
r.415
1"U61
I .911¡
2.333
2.98I

-0.'Ig3
-o "14?*1,.030
*'r.r62
-L.2Q3
--r.468
.-l- "165
__) 1 F.t

L,'L)L

-'2.1-r34

0.461
0.7f11
1.000
1.000
1 2qf1-la)),)

I. t+69
I.192
r,972
2.351
2.98r

-0.2I?
/\ ..tlì-

-'U o / Õ /

-1.000
-1.I46
-I.246
^I.Lrl5
-I.7|t1
-2.156
-2. lt?()

0.525
o"l1B
1.000
1.000
1.196
1 t aF!.1)L)

1.760
1 al 7c)J-.f lU

2 "34'32.984-
-o,268
*o .1 59
-1.100
-l.1lr 6
^r.1.16
-r .539
-1, /18
*2 

" 15O
*2,442

O .45 t+

0 .-7 r?.
0.920
1.115
I.3'14
L.E)12
1.710
2 .066
2"292
'2. . g g'I

*0 .26c1
_/ì '71 0v e I ¿(f
*r 

"o2"1
-l " 153
-r.?-26
-1.485
--r.1?_7
^2 .I'7 0

-2 " 432

0.564
0.759
O.B6B
l_.000
l. .348
1.559
r"699
I l nO¿.M)

2.286
2.983

-o.235
-o,731
-I.000
-1.11+6
^.1..232
-1. .49 3

-l "13 6

-?,.I65
-2 .4?O

:10

0.lrB 9
o .'7 2I
0.894
1.103
'). .33-l
I "56?I .6t+I
2"I3I
2 . 281+
2_.982

-0.199
-0.716*I . O2Lr
-- r . )"62
_- t 1)/,

L õ / JA

--I .47 9
-r.734
-2.166
-2.43O

T2

0 .637
0.1 45
1.000
I .000
r .246
1.1+89
1.781
2 "06-l2.295
2.9c)O

-0.35?
-o.l3B
-1. " 000
- I . 11+6

-1.IB6
--1.501
-r."12.6
--2 . r53
-2.441

1 3 4

POS I-I ] ON
5

Tut

OF
(.

o.446
O "1 

LrJ

0.909
1.166
I.216
r .5c) 2
'r .11 3
2"001
) 2^EL.)W)

2.992
-0.ì_u6
*o .13'7
-1..036
* I " 154
-r.r67
--1.514
- I .1 L¡-l

-2-.I4t+
-2 "¿+4I

A]VIi NIO GROUP
B9 11

0.506
o.-lI-l
O.921.
!.I41
1.376
I"tr-lI
l. . 62..)
2 n It+6
2"283
2,gB1+

--o .24.3
-o"-l?.1
-1.02f1
-l ..160
-r " 225
-I . t¡67
- r .-/23
-2.I'7 3
*2 . /¡33

(}r
oI

l.

1

Z
')
¿,

.-0

-0

2

-0
-0
-1
-1
*1
-I
-1_I
-2

RFSONANCI t:NEttGY

5.t+BZ 5.49O 5.1+12 5.508 5.5J0 5.4t)6 5.t+(>Lt 5.520 5 "462 5.53?- 5.6-1 2



r ABL E ¡,2.13

F-LECTRICAL- CI-]ARGES ON ATOMS OF TI-1E AN4INOL]ENZ(A)ACRIDINIUM ION

POSITION OF AMINO GROUP

L 2 3 4 5 6 B 9 10 1l I2

Oì

l
2
J
t¡

I4
5

6
16

7

1B
I
9

ATOI'4

10
11
71
T2
T5
T3
19

o.931
1. .0 61
0.996
I.O44
1.006
0.9c2
1.035
o . t)2.4
1.709
0.868
1.0/+l
O .9 4tv
1.013
o.957
1.008
o.118
1.003
I.O32
:ì..835

I .0Blt
O.9?-2
r.055
0.970
I.o42
0.9O0
I.062
o.826
I .114
O.B6B
I.OL¡2
O .9 t+4

1.015
o.956
1.011
o.773
1 .014
o "911
1.825

o.gg5
1 .035
0.946
1.068
1.005
0.905
I.O37
o .825
1.708
0.867
1.01+1
O .9 1+':)

1.013
0.956
1.009
o .11?
1.007
1.019
I.BLr-l

I ,064
0.974
1.087
0.910
I. O52
0.891+
1.063
0 .825
1.1I5
O.Bó9
I . OLt2
o.944
1.015
0.951
1.011
o.'716
1.012
O.9BO
1.811

1.003
0.980
I .007
o.912
L.OZ4
0. S lrB
1.150
o .837
1..13r
0.879
I.01+5
o.952
1.020
o.963
1.018
0.804
r.o25
0"981
r "164

o.gg9
1.007
1.002
1.004)
1.002
I.043
0.966
0.836
1. /01
0.865
1.040
0.94I
I.OI?-
o.954
1.007
0.162
l.007
\.O12
1.840

1.000
0.980
1.002
o.911
1.007
0.904
1.036
o .826
1.700
O,896
o.c)69
I . OL¡9
1.006
1" O3g
1.009
o.-l-12
1.007
0.981
1.841

1.003
o.992
1.004
O.9BO
r.009
0,9I2
I.O31
o.835
r ,123
0.870
1.136
O.BB9
1.051
o.952
r.029
0.785
1.020
0.981
1.803

1. OOO

0.981
l.002
0.978
1 .007
0.907
1.03ó
0.830
1. 706
O.BBB
1.034
o.982
o.9r5
1.066
1 .006
o.7 83
1.009
o.982
l..B49

1.003
0.98l
1.001¡
0.979
1.009
0.909
I " O?-l
0"831
l. ,12r
o.872
1.113
o,939
1.110
O.BB8
1.039
0 .-113
I.O2I
0.981
I,1gr

1.,010
0.986
1.009
0.985
l"ol3
O.93I
1.036
0.859
1.750
O.BBB
1.046
o"g5-l
r.026
0.960
1.040
o,164
1.05ti
0.981
I .103



I

TABLI" A2.14

tsOND ORDERS OF tsONDS IN TIIE AMINOBENZ-(A)ACRIDINiUM ION

POSITION OF AMINO GROUP (X)

2 3 t¡ 5 6 I 9 10 lt
BON D

'I _)
2-3

4-I4
Itt*5
5-6
6-16

r6-'1
7-18

1B-8
B-9
9- 10

10-t1
11-17
L]-'r2
I2^I5
15-T3
13-1'r3-r4
15-I6
17- 1B
x- 19

. 631+

" 64.2
.693
.5óB
.51-l
.146
.558
.435
.4r0
.60?.
.700
.6L2
.1 19
,5r I
'56U.6f.6
. Lt63
.5 +6
. 5 /t"l
.526

trfa.)LL

.4t)9

.62-l

.5 61

.1?1

.558

.53r

.13O

.5-l O

.4 29

.l¡06
" 6o4
"698.6I4
.1r'7

I t., /,

Et--.)a))L
/-21.UJ]

. l+L¡4

. ('2O

"528
c: ') ')

.526

.1+18

.-/10

.515

.6 1+'l

.584

.508

.1 1+7

.556

.4.35

.4ll

.6O?

.700

.6r2

.J 19
t:E 1

F.lic}

.620

.t+5lt
FOOa /uo
R)L. ) )l)

.5 2-l
t-))

.39¿r

. 613

. 651t

.628
tr1()

.54 r

.7 21

.513

.429

.405

.6OLr

.ó98

.6r5

.'7 '11

.55 4-

.5csZ

.629

.448

.603

. r39

. r22

.526

.436

.69r

.634

.693

.595

. tv4B

.6?9
L')')

.4I3

.393

.609
"69t¡

a. ') 'l
.\)LL

.1LI

.5 62

.535
" 658
.435
.601
" 556
.1+98
.534
"L¡93

.693

.626

.l Ott
ta1.) I L
E')rla ) LW

.69 6

.500

.44I

.4I6

.600
"lo2
.611
.-l 2u
.550
"561.ó18
.44-1+
.60Ü
.531
.54-I
" 5?_r
.393

.69 6

.626

.lOtr

.571r

.510

.1 1+9
t:E'>

.1+43

" 4I5
"541¡.653
" 62r
.7 I3
.5¿+4

Ë ¡:. ()a ))()

.623
" 449
" 5gJ
.54 2
.528
.532
.3g I

.69 9

.623

.-l o7

.51 r

.5r6

.7 4tt

.559

.42r

. ltO 0

.6 L¡2

,623
.r43
.-7 4g
.530
,592
,599
.45'7

" 
593

.539

.543

.500
"41ç1

.69 6
1. a Í:.

.QL)

.lOLr

.5-l tr

.510

.11+B

.555

.4.V9

.411

.59 Lr

,'l1.2
.560
,666
.560
.558
n 622
,450
.591
.5 4.1

t-')o

.5f 6
,389

.699
" 623
,'7 O7

.51 r

.51 6

.745
,Ltroa ) )a

.423

.400

.623

.666

.654

.6?2

.49O

.601

.596

.458

.593

.539
,544

tr-l)a)I)
.458

I2

.10-l

.611

.J I3

.5 67
tr1ñ.

.7 4?

.55c)

.39 4
,318
.612
.69 r
.630
.70 r
.584
.4.68
.508
. 481
.582

tr )/)

.583

.551

.5'12

o\
N)



TABL. E Ã2 ,15

ÉNF.-RG I t":5 OI' MOL TCULAR ORfJ I TALS OF

POSITION

23tt6

TIII AMINOTJL.NZ ( I] )ACRIDI NIIJ¡4 ION

OF ANîI NIO GROUP

I 1 B ô 11

[.) o

0.
1.
1.
.ì .
1.
1.
2.
2.
2.
l.i .

\-/ .
-1..
.--1..

-1 aa
_1.l, a

-t J,a

-.)L'

/a

0.
0.
1"
.J- .
1.
l-.
1.
2-"
?"
2.

_ ll

-1.
_1

__1

_1I.
_t

_)
-2..

494
585
000
187
?32
¿¡ Il
113
r39
214.
ôo.)AOJ

IlT
'13(t

000
I ()tr

26O
389
1'7 r
I92
41I

O.t+35
(\ /-') Rv a vL )

o.947
L .'19 2

I .253
l.!i19
L "-130) 1)L:L' LL.)

2.213
2"98r

-0.119
-0. /lB
-'1.O22
*1 1t:, 1L' LJL

-1"305*1.389
-1.783
-2. IB5
*2 

" 40-l

0.528
UrbJb
0.904
l.l0l+
1.280
I " 51+6
r .164
2.'IOI
2. " 215
2.982

-0.166
-o .1 28
-1.033
-1.104
-1.30/+
-1.408
-r.181
-2 .'I BLr

-2 " 
/-¡ OJ

o.29l.
o1a.() I J

.000

.000
') ri')aL)-¿

.65 4

.128

.c)11

.320

.991

. r39

.-165

.OOO

.'Io3

.26 r

.tt59

.'166

.169

. Lv25

O.3t¡5
0.806
l"OOO
1"000
1 )21
!.JJL

I"1¡92.
1.825
1.966
2.3t+(t
2.98O

*0. I2l.
¡-r 7O0

-v o I u o

-1.000
-1.110
-r "29 4
-1..1101+
-r.182
^2.r-lB
-2 . LrI6

O ,1+52
0.691
o "g021. 103
1.301
1.501
L .819
1.968
2.323
2.gBO

-0. 141
- 

tl -7 )')v a I )a-

-.1"033
-1.1.02
-r.123*1..389
-r.Jg6
-2.115
-2. /+IO

t+I5
59-l
000
150
?14
499
'11 6
o51
aolZO J

990
r25
13r
OOO

TlI
21t+
4OL¡
118
].BB
11Og

0
1

1

1

.1.

I
I
2
2

*0
-O*l
-1
-- l_

-1
-t
-2

0.
O.
0.
1.
1.
1n
1"
1.
2.
2.

-0 "

_-1l-a
--l n

-l-.
_l aa

-l I.

_')aa

?QtrI

165
BB2
I2 t+

232
546
B6ó
970
324
980
118
142.
o?2
118
214
42L
19|-j
1.1 5
4rl.

0.
0.
1.
1.
l-.
1.
I.
1.
2.
2,

-0.
-0.
-1.
-1 fa

-1.
_1

--1I'

-2.
-')

3L) O

864
000
000
5 )t
44I
oatr-o1,)
9-t 6
342
984
21.9
758
000
)"o2
295
t¡I4
a1)

I61
42t)

t0

O.3BO
0.789
1.000
1"000
1 1ôaI.Z():)

.1"515
1 10')L.IUL

r "g-'lo2.35O
2.gBO

*0"14:J
-0.784
-1.000
*1.113
^r 

" 268
* I .429
*r.1'lg
-2. r1-l
-2.4I1

'r2

O "521+
O.BOB
1.000
I .000
r.219
r.429
I.825
2 . OBl+

2 " 2-13
?- .9 BB

-0.303
*o .131
-1.000
-1.107
-r .27 4

-1.1+.1¿t
-r .71 5
*') 11a/.LIU

-?,.422

Or
\¡l

IìESONANCE ENEIìGY

5.42O 5"332 i"trl2 ';.33O 5.346 5.35t+ 5.?12 5.34.O 5.390 5.482 5.ç-¡92



ATOM

rABL E

EL-EC'l R I CAL CHARGt'S ON ATOMS OF

POSITION

12?46

A2.16

THE AMINOBENZ (B)ACRIDINIUM ION

OF AIV1 I NO GROUP

o.812
T. IT2
o.925
1.114
o .859
r.7 44
O.BB9
r.013
0.968
1 . 01lj
o.g1l
1..010
o"919
1.010
o.g0g
1.012
o ,-122
1.037
r.115

I.O54
0.958
0.961
1.039
0.u65
I.J 29
O.BB7
I .069
0.966
1.014
a.915
1. OOB

0.978
l_. oo7
0.905
1.00¿;
o.-l20
1.009
1.851

o.g3g
1.051
0. B-/4
L.I?1
0.85ó
I.J46
0.892
r ,013
0.969
I .0llr
o .gJ t3

1.010
O.9BO
1.010
o.g12
1.012
o .13-l
1.028
I .181

I.O23
1.010
1.. o32
O .91 t¡

0.874
r.124
O.BB5
1.069
4.964
1.014
o.g'l4
1.008
o "911
1.007
0.900
1.005
0.704'r. o12
I " t]41¡

0.94I
1.015
o.926
1.04.4
O.849
l.-718
0.930
o.965
1.02c)
c.996
1.009
1.001
1.006
1.004
1.038
1.004
0.708
1.009
1. B I6

o.g3-l
1.017
o.922
I.o46
O. BL¡5
I.-129
0.893
1.053
0.992
0.940
l.0gu
1..000
1 . C)ó9

l. 00 7

o.922
I .00 5

0.695
1.011
I. B2B

I

0.94r
I rì1o
0.929
I.O41
0.851
T.738
O.BB7
1.101
o ..) 62
I.I24
0.914
I . O1+3

0.968
I"o24
().895
1.014
o .1L3
-1..015
I. B 17

0.938
1.017
o.9?¿+
1.046
0.846
1.730
0.893
l-.064
o.g82
1.005
1.009
O .9 t¡9
L.O99
I .004
o.932
,1. .006
0.700
1.012
1.845

O .9 /+I
1.0r9
0.921
I .047
O.B5O
I .-7 31
O.BB6
L.Og5
o.965
I. C9'l
0.965
]-ll'/
o.902
1.O33
O.BB2
1.013
0.710
1.015
r "199

o.949
r.o23
o.939
r.o49
0.863
1.750
0.894
1.161
0.968
.1. .03 l
o.913
'r . 033
o.965
1.053
0.820
I .041
O.J t+4

T.O23
I .122

o.952
1.030
0.950
1.050
O.BB]
I.1 69
o.go3
I.OJLt
0.916
1.014
0.983
1.011
0.984
1.0111
O.921+
I.O?4
o .1?3
LO/+6
1.ó70

1 9 ).0 1r 12

C|.ìÞ

I
2

?

4.

It¡
5

16
6

1B
1
B

9

1o
LI
11
I5
I2
I3
I9



I

TABL I A2.17

t]OND ORDERS OF BONDS IN TI-18 AIVlINOBENZ.(ts)ACRIDINIUM

POSITION OF AMINO GROUP (X)

2 3 4 6 1 B 9 10

.6'7I
,5 r7
. 710
.59 6
. 410
.393
.66?
.580
.5 4B
.129
.590
.135

Ê?ú-

.6o6

.58t1

.567

.580

.55O

.506

.419

.48 B

.?86

.1 r<)

.6r6

. 651t

.51+6

.4I1+
a(\1. )t I

.661

.581

.548

.J29
farrì. J)w

.135

.53t+

. ó06

.58J

.568

.580

.534
Ç, 12

,¿+18
.4BJ
.381

.126

.6O¿t

.1Q3

.59I

. Lr24

.39 5

.589

.540
tr,Ê,o

.-125

.59 r

.135

.53¿+

.604
L?O

..JlO

.562
E:. A /-

. ) QQ

.539

.508

.496

.49 L

.414

.123

.60-7

.699

.603

.414

.3Bc)

.656
"59¿+
,498
.666
.607
.l24

f- ') aJa )a- /

,6O6

.5 64.

.5Bl

.54I

.511

.48?

.L¡94

.413

.1 19

.612

.69 6
,601
.404
.385
.611
.565
.57c)
.653
.532
.1 ÇsJ

.5 20

.629

.514

.583

.569

.5 4'l

.5 11

.41t+

.4.J 6

" 421

ION

1t 12

.711

.620

.69r
,6I2
.39 I
.31 5
.692
.5t¡I
.564
.J L3
.611
.711
.5J 2
.509
.t¡95
.637
.54I
.560
.53 r
.4J L

.516
rla Ã

.700

.63I

.688

.6L6

.3J 2

.36I

.67 4
"572
.550
.1 27
.59 6
.130
.544
. \84
,636
.46L
" 469
.594

ÊÊ,tr

.51.0

.500

.607

BON I)

I-2
2-3
3-4
4*r4

r4-5
5-16

16-6
6-t8

18-7
1-B
8-9
9-10

10-17
17-11
11-15
T5-L2
I2-I3
r ?- l

I3^I4
|1ç¡ ^16
17-18
x-19

.626

.660

.651

.6?tv

.391

.380

.669

.515

.550
,121

tr-Õ2

1a)

.5?B

.59 B

.6o 2

.542

.628

.418
,500
.4BB
.492
.415

.-7 23

.608

.69I

.ó03

. ¿¡I3

.399

.6 62

.583

.5 40
,1 l¡3
.540
.61'7
.5 45
.603
.5BB
.566
.580
.Ft42
.511
.480
,483
.?94

.1 19

.6r2

.()96

.601

.404
,385
.6-7 5

.569

.562

.699
,621
.650
,419
.6?6
.512
.'¡B?
,569
.541

E1a.)-LI

. 411

.486

. t+48

.151

.534
,6I3

L t-)

"39 6.3'l g

.67 I

.515
"550
.7 21
.593
.7 33

Ë, i)0

.598

.ó01
"544
.6 Ig
.518
.487
.4 BJ
.492
.46?

o\
\-¡-l



TAIJLE A'2.18

ËNI-RGlES OI. IVIOLL'-CUI_AR ORIJITALS OI_

POSITION

23tv5

TIlE I\MINOI]I_NZ. ( C ) ACRIDINIIJM ]ON

OF AM I NO GROUP

I 6 1

a.449
0.114
1.000
1. oo0
1.280
L.561
T.834
1.958
2.3L3
2.992

*o .226
-o .7 56
-l .000
-1.102*r.283
-I. ¿t3I
*l .168
-2.1,66
-2.429

0.1+40
O.B1]
0.855
l.l3B
I ,2ITS
I "5/-t31..893
1.960
2 .2() t:

2"990
-o .2 I5
-0. lOlt
_ t rì? 2ra\tJ-)

-1.099
--).293
-I . /+22

-I.186
*2.165
-?_ .422

0.53r
0.664
O.c)O2
1.102
I.30-l
1.509
1.885
l, .9 63
2.298
2-.989*o.23I

-o .699
- )- .O3¿¡
-r "o92
- r .33'
-I.385
-LlBg
-2 . I66
-2.t¡2I

0. lr0l+
0.BO/+
1. OOO
I .000
I 22A
La)-Jt)

r.502
I .824
I.963
2 " 3',2t+

2.990
-o .2.r1.
-0."/58
- 1.000
-1.101
-I "30tt
-1.4.03
-- I.115
-?.r69
-2 . /+27

O.3Bó
O.B5I
1.000
l.lJ00
I . ?-38
1.600
l..7BtJ
I.914
2 .3 r'/
2 "9c)I-o.2Ig

*O.7t¡I
*I.000
-I.092
-1.280
-1.465
-l 

-7Ã¡ì
La t ))

-?-. 162
-2 .4.31

O . t+I1
O.Bll9
0.86-l
l.l_90
). "249I"Lt3I
l-.875
2.OO?.
2.2.8-l
t ()(ltLa./ ) -,

-0.239
-o ,-l r1
-1.039
-1.096
-1..281
^-L .4r4*I .185
--2. rr6
-2 . t+')2

0.51r B

o .937
l-.000
l.000
1.23I
1 ,419
L.Bl7
2.09tr:
2 .2t¡o
2.99-l

-0.398
-0.6'78
-1.000
.-'I . og2
-l .3 I4
-I.39I
-r.'7'lo
-2. 169
-2 . Lr32

o .535
0.-l?2
^ 

otr¿W ' OJU
1.089
I .286
1..543
T.J99
2"079
2. .255
2 "c)gl

-0.260
-0.680
-1.029
-I.106*I.314
-1.407
-I .-116
-2. 11 6

-?- . /-+I8

O.t¡48
o .654
0.951
r.202
L,262
r,524
1"805
2.030
2.262
2.999

-o .229
-o .61 6
-7.O2tt
-1 112.

L.L)J

-1 .319
-L,381
"r,169
-2.180
-2.42.0

B

0.483
0.689
O.9/+3
r.2'ro
1.3r6
I . /+17
r.141
2.r1u
I 1f-.Ã
¿,.L)-)

2.992
-rì )Lo

-o .61 6
-L,022
_1 I Ã(]

Iø.LJ /

-I.296
--1.384*I .159
-2. r85
-2.42r

9

0.496
O.62¿+
1.000
1.087
I .320
1.490
1. i 71
2.106
a aE'>
aa L)l-

?-.ggo
-0.218
*0 .68 0
-I"000*1.182
* I .281
-1.402*I .7 7'2_

*2 .'r11
-2.41 I

10 11

c'\
o\

RESONANCE E.N[:RGY

5.1+92 5"4.52 5.tr-l? 5.47O 5"t¡(>2 5"492 ri.660 5.512 5.44t¡ 5.502 5.41+(>



ATOM

EL.ECTIìICAL CI--IARGTS ON /\TON4S OT

POSITiON

12VL¡,

TABL g ,L2.19

TIlE AMINOË]ËNL(C)ACRiDiNIUM ION

OI' AM I NO 6ROUP

0.903
1.087
o.969
r.064
o.91 4
1.014
0.981
1.015
o,1 69
1.011
o.955
1.014
o.943
1.041
0.869
l.J 01
0.801+
1.070
l.Bl_l

1.or4
O .9 t+6

l. . o21
o.994
1.011
I.OO7
l.ou9
1.010
o.759
I,0uu
O.953
I.OL2
0.9/+0
)..o39
0.865
r .691
0.8 06
1.019
! "B 

t+¿+

.960

.o5J

.91t1

.087

.912

.017

.9BL

.015

.-166

.011.

.g 55

.014.

.9 /+3

.040

.B6B

.1O6

.80ó

.058

.826

I.O32
0.ggB
1. 061
o .934
r.02!
:1..001
1.011
1.009
o.-162
l.OOB
O "91>t+
1 .0r2
0.94 I
'I 

" 039
0.86ó
1.698
0.80¿t
I.O22
I .82.)

o.g6-7
1..000
0.978
0.991
0.991
0.940
l. r29
r.005
o.193
].OOB
0.960
l..or2
0.948
1.038
o . B-15
r.696
0.821
1.020
1 0rc)

6

0.965
l.O3I
o.914
I.O29
0.969
1.151
0.910
1.028
o.-149
1.012
o.952
-1_.0lll
0.940
1.040
0.865
r.-lo4
O.BO7
1.053
1..808

'7

o.g-l5
1. O0g
0.982
1.007
0.980
1.036
0,911
1,055
o.151
1.041
0.958
1.026
o.956
'I . o45
ll o o 2

r .143
0.846
I.O25
1.697

B

o.g6J
1 .006
o.9-15
l.003
o .9-16
1.019
0.980
I.O?-I
o.l64
r.03"7
O.BB6
I . 109
0,93-l
1.112
o,t)12
1.711
0.PrI4
I . O2/+
1.789

0.966
1,.001+
o .915
1.001
o.976
1.011
o.gB2
T.O1I
o .-17 4
1.005
:l-.065
0,954
0.980
I.O?2
O.BB7
I.696
0.811
r .023
I . B 4,9

0.969
1.006
o "9-161.003
0.916
r.019
0.981.
1.021
o.116
r.o?_-l
0"950
l-.Ot¡9
0.ilB7
l.f 35
0.869
I .113
0.81-/
r.o24
1.802

o.966
1"004
o.914
1.000
0.975
1.010
0.981
1.009
Q.1 62
t..007
1,038
1.005
1.048
0.9óB
0.891t-
I .690
0.807
r.o22
1.841

9 10 11

Ol
-1

I
?
3

4
1.4

5
6

16
1

18
B

9

10
1l
I1
1')
]L

I5
1?
19

0
I
0
l.

0
1

0
1

0
1

0
I
0
1

0
1

O

1

1



TA13L E A2.2O

BOND ORDERS OF BONDI; IN TI-IF. AMINOBT-NZ(C)ACR]DINIUM ION

POSiTION OF AMiNO GI:ìOUP (X)
BON D

r-2
2-?
v-4
4*L4

I4-5
5-.6
6-r6

16*'l
7-18

1B-B
B-9
9- 10

:t 0-1t
L1-17
I'7 -r2
12- L5
15-13
1 ?-. 1

13-I4
15-16
17-18
x* 19

.626
/- ta ')a0)L

.619

.5 87

" 502
.780
.1+96
.ó11
.5 60

"55r.7rg
.6].3
.699
.604
.40J
" 

¿¡44

.530
L1L

Ë')ô
. )L)

.5 22
F')'l

.4-39

.6+4

.rs7 2
,1L 7

a-7 1.) I I

.5 09

.l15

. L¡9-7

.ó00

.568

.)t+l

.J 22

.610

.J U2

.ó00

.4.L5

.4 54

. Lr93
F.QO

,5 2-l
. r33
.5 r9
.39 6

3

.12.1

.r64

.603

.491

.7 B2

.1r93

.611

.560
,55).
.l l.<)

.6I?

.699

.6o3

.408

.4 46
E 1 aì. ) IJ

.5 62.
tr1ñ

. ) Li

.524

.5 23

.4I9

.69 r

.6t+O
/-2-I

.530

.520
"110.500
.59t]
.569
.51¡-7
.1 2r
.610
.1o2
n 600

" 4L5
.453
.491
.514
.521

Ë12.)))
. 5'r9
.4.r5

5

.7 02

.625

.69 6

.59 t+

.458

.709

.5 1,2
Fr,C)7a) / t

. 510

.54J

.J 22

.609

.'l o2
Ê,c)o

.4I-l
" 455
.4-92

ç,7 ()

E)Ç

tr )^

.518

.4-13

.708

.6ILt

.7lo
Et1

Rlt:-

.693

.449

.624

.551
c-tr.-')

.7lB

.613

.70u

.60 2

.411)

.441

.501
,511¡

Ê1()a)r/
.533
.5 24
o4 5Q

.-/11

.6I5

.1 r2

.570
E1a

O ) LL

"159EaOa -, Lo

.4gI
"r¡12fìo2

.102

.629

.e,92

.l¡11

.380

.1+08

.506
E-î')

.5 29

.586
riEÃ

E OIì

.-l o6

.619

.J O5

.511

.510
1-a.l la.

. fi04

.51 6

.611

. t+86

.633

.654.

.6 6'l

.6?-3

" 404
.tt40
.500
.51 6
.53 r
.548
.5r o
. t+6I

.JO1+
t-') )

.102

.580

.504

.119

.49 6

.601

.56'/

.556
"668trtro

.l I/+

"592_
. /+I5
.456
.496
.518
.533

E-a.)

l.1A

.389

10 I1

"'l o1
.6'19
.105
.5J 1
.510
.1J 3
,F;O4
.518
.602
" 526
,152
.54.r
.623
.642
.403
.43'l
.501
.51 6
. c)3O

,548
.49-l
. L+48

.J o3

.622

.-lo2
trÕa\

Ê, tì 2

.1-l9

.496

. (,0?-

.568
"541,.l r5
.624
.653
.542
" 4Ig
.46r
.494
.519

Ea')..)JL

.529
, ?92

I 2 4 6 -l oO 9

o\
æ



TAB L E A2.21

DiPOLE ÍVIOI"IENTS OF TI-]E AMINOACRIDINIUM ION f

PO.SITION OI-

AM I NO GROUP
I
1L

3
4
9

u'Tr
2.16

.BB
2.62
2.2J
3.07

l-Lo-

.04-

.20

.30

.36

.04.

0
o'0

n-

1.993
1.380
1 ?c)â

. B3T

.000

r.000
.J 30

o?2
.QJJ

1.000
1.000

þtot,ur
2.r2

.80
2.58
2.58
3,O3

o t,o1"ur
L.993
1.308
r.356

.853

.000
o\
\o

t The unlts of all d.lpole moments are Debyes. All values of 0 are quoted- as a

fraction of rr radians considerlng rotatlon from the 0X axis in an anti-clockwlse

dlrectlon, v/here the positlve d.irection of the 0X axis blsects the -C"N-C- angle

d.lrected aïuay fnom the rlng.



POSI]]ON OF

AMI NO GROUP
1

2

a
4
q

6
I
9

10
]I
T2

DI POLË MOMENTS

llT

3.32
4.9 4
4.21
at 

^1
4.14
1. 87
1 F?
!.) I

2 .84
3.34
4 .87
5.37

TABL E -N2.22

OF TI.]E AMINOtsENZ (A)ACRIDINE

o, Po. o, þrot^! o Lot'ur

.126
I.9T3
r,773
1 .519
1 q.oÂ

.842
1.058

.37 0
toÉ.. LQ )

1.980
T.981

I.63
I.-12
I,63
1.50
1 trr'\

1.40
1.40
1.50
I.63
1.12
I.-12

.029

.000
1.970
L.961
r.961

.000

.000

.o32

.029

.00c

.000

MOLECULE

1+.90
6.62
5.68
4.33
5.51

.92

.32
3.80
4.63
6,59
7.08

.095
r.936
L.821
1.681t
L,616

.585
I .3t+l

,Ão

.203
1.985
1.990

-¡o



TABLE 1.2.23

DIPOLE MOMENTS OF TI-IE AMINOI]ENZ(B)ACRIDINE MOLECULE

POSITION OF

AM I NO GROUP
1

2
3

4
6
1
I
9

10
1t
I2

'îr
5.95
3.99
4. r3
1.3I
3.O6
I.29
3.98
4.06
5.9r
-l .48
1 .44

0T
1,983
1.699
r.663

,998
1,006
1.021
.3lg
.vo2
.007
.014

r.993

'o-
I.-12
1.63
1.50
l.lrU
1.40
1.40
I,50
1.63
r .12
\.12
I.7 2

Ãv
0'

' 000
I.910
I.961

.000

.000

.000

.032

.029

.000

.000

.000

Ptota]-
J.66
5.20
5,I4

.08
r.66

1aa L)

5.05
5.21
-l .63
9 ,20
9 .r6

A total
1 . gB6
7.115
I .140

. 017
l.0ll
1.789

.244
at-

. LL I

.00ó

.01r
1_ .99 4

-1



DI POLE MOMENTS

TABL E .L2.2i.+

OF TI_IE AMINOBENZ (C)ACRiDINE MOLECULE

o, lro- o, þt,otu!POSITION OF

AMT NO GROUP
u' Tr

I.53
1.89
2,62
)a t I

4.26
4.80
9 .64
4 .6tt
3 .26
3.Tg
1.79

.5IJ
1.169
r.469
1.698
I.612

.068

.o2B

. 010

.310

.4I2
r.o29

1.5U
1.40
1.50
I"63
l 63
r rl2
I.J2
L.12
L.63
1.50
1.40

.032

.000
I.961
I .970
1.970

.000

.000

.000

. o29

. o32

.000

2.Ig
.98

3.O3
5.00
5.r1
6 .49
1 aÊ:

6.36
4.48
4.00

.40

o tot.l
.21 B

r,424
I.63¿+
r ,111
r ,103

.050

.021

.007

.2rg
,29 9

1.131

-¡TU

1

2
3
4
5

6
1
o

9
10
11



TABLE

DI POLË MOMENTS OF TI-'IE

A2.25

AMI NOi]t-NZ ( A ) ACR I DI N IUM

Po- on

roN

þLotur

5.4r
2.49
3.21
4.53
tr. .6I
7.1_0
5 .10
6.63
4 "892.62
2.99

tota]-0POSITION OF

AMI NO GROUP
1

2
3
4
la

6
I
C)

10
11
T2

u,T

5 .2I
2 .47
3 .24
4.28
4.3I
6.Bl
5.35
6.3q.
4.69
2.6I
2.98

Û Tr

.6BB

.686

.816

.g 67
I.ILZ

-74È
a I a)

. 918

.1r4
--7eç

.602

.518

.2O

.04
,20
¡3U
.3O

.36

.30

.20

.04

.04

.l3O
1.000
I.269
1" 166
1.166
1.000
1.000

o855
.130

1.000
1 .000

.690

.690
,83 (¡

,97 9
r 1ltrL.LL)

.19,

.923

.120
1) î-a l J)

. ó06
ç,)a

. JLL

-.¡
\.¡¡



TAB L E A2.26

DIPOLE MOMENTS OF TFIE AMINOI]ENZ(B)ACRIDINIUM ION

POSITION OF
AI4 ] NO GROUP

t
?
3
4
6
1
I
9

10
11
12

0 t
I.613
1.540
I.491
r.4?2
I.?81
I .47 L¡

I.566
1 E t:1I..))L

1.óBl
r .169
r .173

u
U

Û Etotut ototulpT

6.66
6.47
B.4l
t¡.36
6. 83
6.99
3.01
t+ .59
6 .53
6.13
6. 81

a"

,04
.20
.30
.36
.36
.36
.30
.20
.o4
.04
.O4

1.000
). .269
1.1ó6
I .000
1.000
1.000

.833

.J 30
1.000
1.000
1.000

6.64
ó.60
8.51
4.t+6
6.96
7.08
?.BB
4 .42
6.5L
ó.10
6.84

L612
I.532
'r .481
1 eo'7
L')J I

L.312
T.418
1.540
r .543
1.680
r.761
T .112

-¡+{



TABLF

DIPOLE MOMENTS OF THE

l-ty¡ 0r

A2.27

AMINOtsENZ ( C ) ACRI DI NI UM ION

,Ú o' þtotur o rotur0
POSITION OF
AMI NO GROUP

I
2
a

4
5

6
1
B

9
10
L1

5. U8
3.68
?.ot¡
2.98
1.31
5.91
6.11
5,00
4.58
6.06
2.62

.5 04

.545

.52-l
tll)

)'2A

.303

.220
,252
.43'r
.4BI
.6?3

.30

.36
)a\

clU
ç20
.O4
.04
. Ol¡
.20
.30

2La )u

.833
1.000
1.166
I.269
r .269
1,000
1 .000
1.000
.l30
.833

1,000

)aL)

a -7^

1 ô2
L'JJ

2 .1-l
)..r2
Ê oE

6.08
4.91
4.1 L

6.20
2 .18

.520

.5'l 5

.513
,213
.350
,305
.22r
.25t+
,442
.495
.610

-1\¡
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TABLE A 3.I

POSITION OF ABSORPTiON ¡'lAXIMA TN ULTRAVIOLET AND VISIBLE
SPECTRA AND LOG(EXTINCTION COEFFICiENT) FOR A¡4TNOACRIDINES

AND FOR AMINOBENZACRiDlNES IN ETHANOT- SOLUTJON'

CONC. POSITION OF PEAK

- ^ 
u)

(xt o)u) (*¡r) (cm-,' ¡xlo--MO LECUL E

2-AMiNOACRIDTNE 2.64
2.64
lcb4
2.64
2.64

13.1
T3.I

3-AMT NOACR ID INE 5.08
5.08
5.08
5.08
5.08
5.08

4-AMINOACRiDINE 2.25
2.25

28.0
28.0
2g.O

9-AN4INOACRIDINE 6 .67
6.61
6 .61
6 .67
6 .61

9-AMiNOBENZ(A)ACRIDINE 2.25
2 ,25
2.25
? '252.25

18.7
18.7
18.7

240.5
265.5
318
?22
atö
354.8
421

239
261 .5
3L9
335
357.'
428

240
213
344
359
420

253
258.5
263.5
400
422

256
z6+
217
298
JU2
346.5
365.5
479

4. 1g
3 .18
2 1trJ'L)

3.11
2.96
2.93
2.38

4. 18
a -7ç,

3.14
2.99
2.95
2.34

4.11
3.66
2.gl
2.19
2.39

? cç,

3 .99
3.91
2.50
2.71

3.9r
2 10

3 .6I
3.36
3.28
2.gg
2.14
)2o

LOG(E)

4.45
4. 81
3.42
3.44
? .51
2LO

3 .1r

4.5?
4.16
3.43
3.61
2 A-7

3.86

4.ó0
4.52
?.r4
3.19
3.81

4.58
4.63
4.63
3.94
3.81

4.57
4.56
t, 

^a
4.66
4.61
3.14
3 .51
2 AL

* Data in this Tabl-e refer to speetra in Flgs. A3.1-.L3.12.



r\4OLECULL

1O-A¡4I NOBENZ ( A ) ACR i D I NE

177

TABLE A3 .1

coNc.

(xt o5u)

( CONT. )

POSITiON
À

(*¡, )

226
?41
290
416

234
290
?o3
315

OF PEAK
Vr

(cna-'l¿)
xro-4

LOG(r)

4.58
') ¿^
4.65
î 02

4.45
4.65
4.63
3.82

4.34
5.10
4.02
3.8i
3.BI

4.73
4.94
3 .62
3.43
4.19
? .69
4.94
3.5r

4.49
4.59
4.68
3.94
4.00
? o1
J')L

t. C.C

4.64
i.lL
3 .61
I 1-l

4.49
4.4I
4.62
4.66
3.86
3.93

2.-7 5

2r.o
2I.O
2I.O

228
218
?32
360
447
t+62
418
515

4.43
2.88
3.45
2.40

4 .21

3.30
ZtÒ I

3.98
3.5r
2.42
2.03
2. Ar

4.39
3.64
3.O1
2.1E
2.24
2.11
2 .09
L.g4

3.89
v.46
3.28
2.70
2.59
2 .46

3.8ó
3.30
2.99
2.83
2.48

4.46
3.95
3.62
3 .44
2.96
2.39

12-AM I NOBENZ ( A I ACR I D T NE 2.45
2'45
2.45
2.45

2-AMI I\OBENZ ( B ) ACRI DI NF 2.26
?.26

10.5
10.5
10.5

12-AM I NOBENZ ( B ) AC R I D I NE 3.29
3 '29
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16.9

252.8
285.5
4L3
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GERSCH MOLECULAR ORBiTAL CALCULATIONS
D I N4EAIS I ONA l2a ¡20 ) I S (2Q ç20 ) : AAA (22) ç B ( l9 )

D I llii\,ls I cNiilA2 ( 19 )

DIi"IFNSICN TITLE(12)
iìEAD(6a,2c)TiTLE
FOt?\4AT ( 12 A6 )

FOR¡¿AT ( INI / 1X r 1 246 / IHa )

WRlTF (6I144 )TITLE
READ(60ç5)NTOFF
FORMAI ( 13,=IJ .9 )

^^, 
r 

- 
I \luu+t--Lrr\

RFAD(6C16) (A( I rJ):J=I:N)
FORI'1AT ( ZAF 4 .I \,

WRITE(ó1r7) (A( I tJ) r¡=l 2N)
FORI"lAT ( / IX tzAF 4.I / )

D04J= i r l"l

A(JrI)=A(IrJ)
RËAD (6C r 31 ) Ll-1 I LL 2 tLL3 >LL4
FOR¡,1AT t 6I3 )

R E¡\,D I 5O >?3 ) LLI
FORMAT(T3)
READ ( 6A >31 J CGI sCGZ
F0lìl'4AT ( 2F 8 .4 )

DC38I=1:N
READ( 60,39 )RA1 ( I ) rR42 ( I )

FORt']4Ï ( 216.2 j

AA=0. O

AB=0.0
/tC=0.0
AD=C.0
At=U. u

AF=0. C

^ --A 
^AU-U. V

AH=0.0
AI=0'0
AJ=0.0
AK=0. C

AL=0. C

AM=C. O

^ ^r-^ ^¡\ l\ - U . w

AO=0.0
AP=0.0
^^-^ ^¡\Lv-U.L/
AR=O.0
AS=0.0
À¡-tîI'_LL

DC6666I =1 r l'1

AAA(I)=0,0
r Àr^ r --l\rt\t t!-u

,RA1 ( 19 )

2227
taì

44

JI

5

o

1

4

^lJ1

b6bo



1002

10 C4

L-7

2I
22
)t

24

182

r 
-T)\) I'¿\)¿ l-lrl\

D0 IaCz .l=1:l(
^Jt i tJl-Uo\;

DO i004 I=l>lt
a\òllr.t,l-1¡v-

.rr\r-l\ /:JUi'r-w. u
r 

-Àt 
I

D017I=f:L
K=I+1
DO 11 J=KrN
SUl,l=SUi"i+A ( I rJ )'".4 ( I : J )

VF=SGRTF ( SUi"1x2. C )

NI D - 1i\ D - J-

ÑU=Z
JP=l
I-(VF-ADSF( A( JP'KQ) ) ) 24,56 >56
i f\D I C= I
Y=-A(iP:KQ)
ZI=¿.5ìê (A ( JP :JP ) -A( KQ: Ke) )

i'J=Y / SARTF ( Yx-Y+Z I -x-Z I )

Il (ZI ) 29 t3C ¡30
inl =-\nl
SN=vJl ( SQRiF (2.Ort ( 1.C+SQRTF ( 1.O-li*i';) ) ) )

CS=SQRTF ( t. U-SN-x Sit )

IF(i\]3)+3¡43ç34
S(JP¡iP)=CS
S ( Ka rJP ) =-SN
S(iP:KQ)=SN
S(KerKQ)=CS
ijOLDl=H (JP : JP ) -)rCS*CS+A ( KQ: KQ )-x-SN-)"Si\-2 .0-)íA ( JP: KQ ) -x-SN-)rCS

HO LD 2= A ( JP : JP ) -)iSNìrSN+A ( KQ , KQ ) ìíCS'"r CS+z. C -rA ( JP: KQ ) -)?Sfire CS

D0 544 I=l-rNi
D=A { I IiP ) -x-Cs-A ( i : KQ) r(-slti

A( I rK0 ) =,\ ( I rJP) -xS\+A( I :KQ) -FCS

A(I:JP)=D
IF(N3)15l-¡'751¡-749
Nts=C
1^ T^ E^\JU IU )\)
DO l5+ l=1:N
D=S ( I : JP ) ;íCS-S ( i , iç ¡++Sf,'l

S { i : KQ ) =S ( i rJP ) -.ÉSil+S ( I : KQ) -x-CS

S(i:iP)=D
A(JPTJP)=i10LDl
A(KarKQ)=HCLD2
A(JP¡KQ)=C.Ù
DO 55 I=i:N
A(JPri)=A(I¡JP)
A(KA'i)=A(IrKQ)
I F iJP-KQ+1) 57 t59 ¡5,a
lñ- la)¿lJr -Jr ¡ l

34

+t

)aa

1tr.i

154

29
,)^

E1



¿iQ

60

(-)
.a2
L9J

64
65

69

2 ^1')

JU IU

3l) t¿

301 +

301 5

trAã)))

18t

.^ T^ aa\JU I J L)

iF(KQ-N) 6Cr52t61
t./ a\-v.\!1t\u- t\q I r

G0 TO 22
i F ( i irD iC) 64 ¡64 ¡263
iNDIC=0

T^ a l
\JU IU LL

IF(OFF-VF) 6i,59,69
VF=VF / IC.A
GO T0 2l

-a\',ò -¡ 
i\lIJV )vvú J-l- tl\

ilRITE(61rt5)A(JrJ)
Àr /,UATttr-Itl\e'r

f ^ \ a,-,-r al\-a\i¡- (l\,1-l-i I -'u / -c7¿ lutlv tú
IF (N-I-2 ) 3O73 ¡3C-i2r3C'72
iF (i\ì-i-l ) 3A15 ç3C-|4¡34-74
¡TRITE(61¡2)S( I rJ) rS(I+1ri)rS(1+2' J)
co To 333
ltRiTE(ó1)2)S( I rJ) rS( i+lrJ):S(i+2'J)
GC TO 333
\,'!RITE(61 ¡2)S ( I 'J) rS( 1+l-¡J)
cc To 333
l'JRITt(61,2)Si irJ)
CONT I i\U E

IF (A (i :J) ) 3C08 t3AA8 >555
AA=AA+S(1rJ);ts(lrJ)
AB=AB+S (2¡J) -x-s (2:J )

AC=AC+St,3 gJ) -:+s (3 ri )

¡¡=[þ+S(4rJ)x-S(4rJ)
AE=AE+5(5rJ)xS(5rJ)
¡ip=[f+S ( 6 rJ ) +tS ( 6 r i )

¡6=¡\Ç+S (-l ¡ i);t5 ( 7 I J )

4¡1=ffN+S ( I : J ) -;r-S ( I r i )

Ai =Ai+S ( 9 :..J ) xS ( 9 :J )

AJ=AJ+S ( 10 e J ¡;t5 ( l-C r J )

AK=AK+S ( 11 : J ) -x-S ( I 1 : i )

AL=AL+S (L2rJ )-x-S (l2 rJ )

AM=Ai\4+S (13 rJ ) rfS ( l_3:J )

ÀN=Al'.j+S ( L4 ç J ) -ËS ( I4 : J )

49=¡\!+S (15 >i )*S (15:J )

AP=AP+S ( 1ó : J ) -xS ( 16'J )

4ç=¡\Q+S (il sJ )-FS (17 'J )

AR=AR+S ( 1B :i ) -xS ( iB zi )

AS=AS+S (19 ¡ j )-x-S (19 rJ )

AAA ( l- ) =AAA ( I) +2.x-S ( I rJ ) -)(-S ( 2 t J )

AAA, (2 )=AAA, (2)+2.-)iS (2 r-r )-x-S (3 'J )

AÅA ( 3 ) =AAA ( 3 ) +2"rêS ( 3 ri ) -)rS í 4 ¡ J )

AAA ( 4 ) =AAA ( 4\ +2c-)e*q ( 4 I J ) -)í-s ( 5 : J )

AAA ( 5 ) =AAA (5 ) +2.-)íS ( 5 qJ ) )Ê5 ( ó rJ )

AAÉr ( 6 ) =AAA ( 6) +2.-x.S ( ó rJ ) ;iS ('7, J )

,5(I+3'J)
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AAA ( 7 ) =AAA (1 ) +2.-)iS ( 7 :J ) -x-s ( 3 I J )

AAA(8 )=AAA (8 )+2.i.S (8:i )-x-S (9:J )

AAA( 9 ) =AhA l9 ) +2.ìis ( 9 :..j ) )ts ( lc rJ )

AAA( i. ) =¡\A/r ( lu )+2.-x-S ( 1,J rJ ¡ ;t5 ( 11 rJ )

AAA( 1L ) =AAA ( 1i )+2.-FS ( l1 rJ¡ -;t5 (i2¡J )

AA,A( L2 ) =AAA (12) +2.*S ( 12 rJ ¡-;t5 ( 13 :J )

AAA( 13 ) =AAA ( i3 )+2,ìtS ( i3 rJ ;-rt5 ( 14rJ )

AAA (14 )=AAA (L+)+2.{-S (i4:J 1-x-5 ( l5 rJ )

¡AA(15 ) =AA,\ (ii)+2,-;í5 il5,J )-)iS (l-6 rJ )

AAA ( ió ) =É\AA ( i6 ) +2,-)iS i ió : j ¡ x-5 ( 11 v J )

AAA( l7 ) =AAA ( I1 )+2.-)i5 ( l-7 :J ¡;e5 ( 1B :J )

AAA(13 )=A¡lÀ (L8)+2.)(S (iB rJ ¡+t5 (1rJ )

AAA( f9 ) =AAA (i9)+2.tíS( LLirJ)-)rS (Ll2. J)
A/rÊr ( 2,, ) =liAA ( ?v ) +2.;(-S ( L13 t J) rêS ( LL4 I J )

ÀA¡\(21) =AAA (,2i\+2.xS (LL5 sJ )i(-5 (LL6:J )

AAlr( 22 ) =AAA (22i +?"-)''S ( LL7 :J ) ;tS ( i9 :J )

GO TO 3008
-^\iT T ['!lf\-ul\ I li"luL
^¡---\¿^AA't\- ¿. ^ /aÊ

^¡l-- -\,-^¡AO-L. " /-\,

^ \, ¡.
A/L= ¿ o r'-laL

AD=2. -x-AD
i-_- -\¿^EÊ..L-¿. /\ñL

^---) -\¿,i-Af-¿ol\Htr
\ --- -v,i,aÉ\IJ-¿. "fl\J

a Jal\liþ'l1- Z. '\ .ìn

A1=¿.7iAI

^ r-a -\4^ I

AJ - L. /'ÊìJ

^. tl _ a ),- ,^,1/Af\-¿. " HN

^r _a -\1^r
^l-L. 

"hL
/,:,n-1 -\4iliAlYt'Z. ^ ¡ll'l

^ ir- a i4 
^ 

ñ!At\- ¿. /\ 
^i\\ ^- a -\4 7\ 

^
^V-¿. 

"^V

^ñ-1 -\r^ñ
^a-2.'\Hf
r\\!-¿. " Hç

AR=2. -)tAR

AJ-L a "nJ
ttt \-/\,"D \ f J -n^
ò(2) =A¿
l\ , . \ _ ',.D\.,/_H!

B(4)=AD
ñ t - \ 

- ^-Dt?i-nE
5[b)=AF
tt l' 1 I -¡ì\J
IrlD\-^l--.1u \ u , - ¡1t ¡

B(9)=AI
B(10)=AJ
r- t 1 i \ 

- 
i llótt-t/-¡\1".

B(i2)=AL
3(L3)=Alvt
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B(L4)=AN
ts ( 15 )=40
B(16)=AP
B(17)=AQ
B(18)=AR
B(19)=AS
l¡lRITt(61 c222) B (t ) rc-(2) çB (3 ) :B (4) rB (5 )

WRITE (61t222)B(6) rB(7) rB (8 )'B (9 ) rB( 10 )

I'JRITF (61 ¡222) B (11) rB ( l-2) tB ( I ?) :B (14) :B ( 15 )

WilT TE {61 ¡?2218 ( l6 ) rB ( I1) ç?, ( i8 ) :B(19 )

ItINN=N- I
B(1)=a.0-3(1)
B(19)-2.0-B(19)
DO-72I=2 rNNN

72 B(I)=1.0-B(I)
ld\'RITF(ó1 ;222)8( 1) :B(2) rB(3) rB (4) ¡B ( 5)
WRITE(ó1 ,222) B (6 ) rB ( 7 ) rB (B ) :B ( 9 ) çB ( 10)
WRI TF (61 ç2221B (11) rP., (l2J cB(13) ¡3 ( i4) rts (15 )

VJRI TE (61 ç?22) B ( 16 ) rts (I7 ) rB ( l8 ) rts (l-9 )

\¡JRITE(61r35 )AAA ( 1 ) rAAA ( 2) :AlrA(3 ) r/\AA{4)
',{RITE(ó1r35 )AAA( 5 ) rAAA (6) rAAA(7)'AAA(8 )

WR I TE ( 6i, 35 ) AAA ( 9 ) rAAA ( 10 ) I AAA ( 11 ) I AAA ( i2 )

'vlRITE(61 r35 )AAA ( I3)'AAA( irr ) rAAA (!5) çAAA( 16 )

WRITE(61:35 )AAA( 17) :A.AA( i8 ) rAAA(i9 )'AAA(20)
WRiTE(61,:35 )AAA l2\) ¡AAA(22)
\/ñ1-a\ ôvrI-vav

VD2=C.0
DO41i=1;N
VD1=VD1-B ( I );r( RAl ( I ) -CG1 )

VD2=VD2-B (l ) * ( RA2 ( I ) -CG2 )

VIR I TE ( 61 ç42)YD)- çVD2
co To 23?_?

FORI'4AT(4F16.8)
F0RrvAT I /a 16.8 )

FORMAT ( /10XF8.4 r 10XF 8.4;L0XF8.4:10XF8.4 )

FOR¡4AT ( / 2X18. 4 r zXF 8.4 I

Et\t)

4T

2
15

222
a)
42
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CENTRE OF GRAVITY CALCULATIONS AND COORDINATES
DIMENSIONROI(32 ) rRC2 (32) tS(32 ) rRAl 128) ¡ RA2 ( 28 )

F0RMAT ( 20X I S rZAXI'3)
FORMAT (2F8.4)
FORMAT (2F6.21
READTMACTMPOS
READIN¡SUMM
DO4I=1:N
READTROl ( I ) rRO2( I ) rS( I )

READIM
DA721I=1rM
READTRAl(I)rRA2(I)
R1=0.0
R2=0.0
CG I=0.0
CG2=0.0
DO5I=1rN
cGl=CG1+S( i )*( RO1 ( I )-R1 )

CGZ=CGZ+S ( I ) rÊ ( RO2 ( I ) -R2 )

CG1=CG1/SIJMM
CG2=CG2 /SUMM
PUNCH4444 TMAC rljlPOS
PUNCHótCG1rCG2
DO2I=irM
PUNCi-t3rRA1 ( I ) rRA2 ( I )

GOTO9 8
END

4444
6
t
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D I POLE MOMENT CALCULAT i ONS

FORf\4AT ( 4F8.4 )

FORMAT (IIXFg.4 ¡2XF9. 4¡ZXF9 '4.'2XF9 ' 4çZXF9 '4szXF9 '4)
READ I N
READ rVDl rVD? )S iGl :SI G2

SP=3.14Ió
VD1=4.802-^VDl
VD2=4.8Oz.x'VDz
D=SQRTF ( VDL xVD 1+VD2"^VD2 )

ADD=ATANF (VDZ/VD7)
IF(VDI)2ç3:3
lF(VD2)4¡5¡5
ADD=(SP+ADD)/SP
GOTO2ó
ADD= ( SP+ADD ) /SP
GOT O26
IF(VD2)6gJçJ
ADD=(2.0+sP+ADD)isP
GOTO 2ó
ADD=ADD /SP
S I G=SaRTF ( S I GlxS i G1+SI G2rêS i G2 i

SADD=AIANF ( S IGZ / S I G1 )

IF ( SIGl ) 16 çLl t17
IF(SIG2)18:19r19
SADD=(SP+SADD)/SP
GOTO 2 7
SADD=(SP+SADD)/SP
coTo27
IF(SIGZI20¡2It2L
SADD = ( 2.0.,ÉSp+SADD ) /Sp
coTc27
SADD=SADD / SP

F DD 1=VD 1+S I G ].

FDD2=VD2+S I G2
FDD=SQRTF ( FDD i'x-F DDl+FDDZx'l DD2 )

FADD=ATANF ( FDD2 /FDD1 )

IF(FDD1)10r11r11
IF(FDDZ)12¡13¡13
FADD=(5P+FADD)/SP
coTo28
FADD=(SP+FADD)/SP
GOTO28
IF(FDD2)14¡15>15
FADD= ( 2.0ìêSP+FADD ) /SP
GOÏ028
FADD= FADD / SP

IF(N)23ç24¡24
PUNCH2 2 ¡VD 1 rVD2 rD rADD
PUNCN22 çS i G1 I 5 I G2 I SI G r SADD

PUNCH2 2 ¡lDD 1 ¡ FDD2 I FDD I FADD

GOTO98
PUNCH2 5 tD çADD I S I G I SADD I FDD r FADD

coTo9 I
END
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GEON4ETRICAL FACTORS PF-DNA GERSCH PART 1

DIMENSIONB (2¡3l, ¡A(4 r3 ) :BA (2r3J rSA (3 ) rSB (3 ) ,SC (3 )

DIMENSiONSD (3 ) :G( 10) rBB( 8 ) rBC ( 8 )

FOR¡4AT ( 2XF 8 . 4 ¡ 2XF B . 4 ç 2XF I . 4 s 2XF8 . 4 q 2Y,F 8 . 4 s2 X F B . 4 ¡ 2XET3 . 4 )

FORI,4AT ( 3XFg .4 ¡3XF8.4r3XFB .4 ç3XF8. 4¡3XFB.4)
FORIVIAT ( 3xFB .4 ç?X.F8.4 ; 3XE13. 4 )

READTA( 1r1 ) :A(I¡2) rA( 1 r3) :A (2¡1i çAl2s2) çA(2t3J
READ;A(3ç 1)rA(3)Z) çA(3;3) çA(4t!) :A(4tZ) tA(4,a)
R E A D r B { 1 : 1 ) r B ( I ,2 , t B ( 2 ç 1 ) : B ( 2 ; 2 )

READTBB( I ) rBB( 2 ) :BB( 3 ) :BB(4)'Bts (5 )

READTBB (6 ) rBB( 7 ) rBB( I )

READIBSIBT
READ:N
DO2lI=1rN
READIX
BA (1r 1)=COSF ( X )-xB ( 1s 1) -SINF ( X )"^B (7ç21
BA ( 1 r2 ) =SINF( X) r¿B ( 1' 1 )+COSF ( X ) r(B (I s2)
BA( 2r1 ) =COSF ( X )"-B (2 çI)-SINF ( X ) xB l2¡21
3A(2ç2) =SINF ( X ) xB (2e I ) +COSF ( X )'".8 (2 ¡ 2)
BL=2.I28
BA(1ç31=3.350
3Al2>3)=3.360
DA= (BA (2¡I) -BA (1:1) ) /Bl-
DB= ( BA l2ç2)-BA ( 1 ¡2t ) /p,L
DOI? K= f :3
SA(K)=A(4:K)-A(1rK)
SB(K)=A(3rK)-A(2¡Kl
SC(K)=BA(1rK)-A(i:K)

1,3 SD(K)=BA( 1rK)-A (2 rK)
sAs=sQRT¡ (SA(1¡;.54( 1)+SA( 2 );+SA (2)+SA (3 )ì?SA( 3 ) )

sBS=SORÏF(SB( 1 )*SB(1 )+SB(2 )rESB (2)+SB(t¡r.5g1a ¡ I
scs=SQRTF ( sc ( 1 ) .^sC ( 1 )+sC ( 2 )*SC ( 2 ) +SC ( 3 ) v.SC ( 3 ) )

SDS=SQRTF (SD( I ) -x-SD( 1 )+SD( 2 ) "^SD ( 2 )+SD ( 3 )-)ÊSD ( 3 ) )

DOl4K=1r3
SA(K)=SA(K)/SAS
SB(K)=SB(K)/SBS
SC(K)=SC(K)/SCS

14 SD(K)=SD(K)/SDS
AP=DAxSA ( 1 ) +DB"-SA ( 2 )

AB=DAxSB ( 1 ) +DB"^SB ( 2 )

AC=SA( 1 )*SC ( 1 )+SA ( 2 )"^SC( 2 )+SA ( 3 ).^SC ( 3 )

AD=DA"^SC ( 1 ) +DBìfSC ( 2 )

AE=SB( 1 )*SD (1 )+SB ( 2 y-..5D( 2 )+SB ( 3 )--SD( 3 )

AG=DA-rSD ( 1 ) +DBxSD ( 2 )

GA= ( DA-3.'ÉAD*SC ( 1 ) )r+ ( DA-3.-xAD-^SC ( 1 ) )

GB= ( DB-3. {-AD*SC { 2 ) ) y,( DB-3.-*AD,^SC { 2 ) )

GC= ( 3.'^AD*SC (.3I ) n ( 3.'^AD*SC( 3) ) / 2.
GD= ( SA( 1 )_3.xACyçSC( 1 ) ).^(SA{ 1 )_3.*.AC*SC( 1 ) )

GE= ( SA ( 2) -3. xACxSC ( 2) ) x ( SA ( 2 ) -3.''eAC{-SC ( 2 ) )
GG= ( SA (3) -3.*AC'oSC (3 ) ) -F ( SA ( 3 ) -3. rsAC*SC ( 3 ) \ / 2.

4
o
1

98
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PA= ( DA-3.-)êAG'ÉSD ( 1 ) ) "^ ( DA-3.*AG*SD( 1 ) )

DB-3.)rAG-)ÊsD ( 2 ) )-x ( DB-3.x-AGx-SD ( 2 ) )

3.*AG*SD(3 ) )-Y(3"vr[r.¡-)ê$) (3) ] /2.
sB ( 1 ) -3,"rAExSD( 1 ) )'^(SB ( 1 ) -3.v.AE*SD ( i ) )

SB(2)-3./.4

PB= (

PC= (

PD= (

D=-t

PG=(S3(3)-3.x4
RA=(1.0-3.'rSC(
RB=(0.0-3.)eSC(
RC= ( 0.0-3 . "^SC (

RD= ( 0. O-3 . xSC (

RE=(I.0-3.r'-SC(

) x ( 0. C-3."^SC ( 1 ) *-SC ( 3 )

) -o ( 0. a-3.-^sc ( 2 ) rfsc ( 1 )

) -F ( 1. 0-3.-FSC ( 2 ) -x-SC ( 2 )

) -F ( 0. 0-3.-rSC ( 2 )'^SC i 3 )

*sD ( 2 ) ) "^( sB (, 2) -3.*AE-x.sD ( 2 ) )

)êsD ( 3 ) )'É( sB ( 3) -3"-x-AE'.,-sD ( ?',t ) / 2.
) -x-SC ( 1 ) )'j- ( 1. 0-3.*SC ( 1 ) --SC ( I ) )

-rSC ( 2 ) )-x-( 0. 0-3.o-SC ( 1 ) -x-SC ( 2 ) )

E

E

i
1

1

2
2

"^SC(3)
'x-sc (1)
'r-sc ( 2 )

v.sc(3)

)/2.
)

)

t / La

I /2.
) /2.
)/4.
)

)

1/2.
)

I

J /2.
I /2.
) /2.
) /4.,

RG=(0.0-3.*SC(2
RP=( 0.0-3.'l-SC ( 3 )v.SC( I ) ))r(0.0-3.JêSC ( 3 )x-SC ( I )

RR= (0.0-3 n'r-SC (3 )'ÉSC ( 2) )'Å- ( C.C-3 "-^-SC 
(3 )"^SC (2 )

RS= ( I .A-3.-xSC ( 3 )'ÉSC( 3 ) )-x ( 1. 0-3.'^'SC ( 3 )*SC (3 )

TA=( 1n0-3.)rSD ( 1 )xSD( I ) )-x-( 1.0-3.'^SD( 1 )-x-SD ( 1 )

TB=( 0.C-3.',sSD( 1 ).-SD( 2) )-)ê( 0. 0-3.{-SD( I )-FSD ( 2 )

TC= ( 0 .O-3.*SD( l- )-x-SD( 3) )';-( 0. 0-3.-x-SD ( I )-ÉSD( 3 )

TD=( 0.0-3 nr+SD( 2 )-xSD( I ) )-x( 0. 0-3.*SD( 2 )'-.SD ( t )

TE= ( 1.0-3.",.SD ( 2 )"oSD{ 2) )'+( 1. C-3.)rSD ( 2 ) -FSD ( 2 )

TG= ( 0 .a-3.'kSD ( 2))+SD( 3 ) ) -x( 0. 0-3.x-SD ( 2 )rêSD ( 3 )

TP= ( 0.0-3.JESD( 3 ).*SD ( 1 ) ) ;" ( 0.0-3.ooSD ( 3 )"^SD ( l_ )
TR= ( 0.0-3.xSD (3 )v.SD f,2l )'k (C" 0-3.'^SD (3 ) x-SD (2 )

TS= ( 1.0-3.-..SD( 3 )'^SD( 3 ) )-x-( 1.0-3.-FSD( 3 )-x-SD ( 3 )

G ( l- ) =AP_3.JêAC-FAD
G ( 2) = AB-3 " 

vrfif )r¡] Ç

G ( 3 ) =SC ( I ) xSC ( 1 ) +SC ( 2 ) *SC ( 2 ) +SC ( 3 ) xSC ( 3) / 2 .
G ( 4 )=SD ( 1 )"^SD ( 1 ) +SD ( 2 ) "-SD ( 2 )+SD (3 )"^ SD (3 \ /2.
G(5)=GA+GB+GC
G(6)=GD+CE+GG
G(7)=PA+PB+PC
G(8)=PD+PE+PG
G ( 9 ) = RA+RB+RC+RD+RE+RG+RP+R R+RS
G ( 1 O ) =TA+TB+TC+TD+TÊ+TG+TD+TR+TS
BC ( I )=G ( 1 )-x BB ( 1 )

BC(2 )=G (2 ) Y.BB (2 )

BC(3)=G(3)-).'BB(3)
BC(4)=G(4)xBB(4)
BC ( 5 )=G (5 )x-BB (5 )

BC(6)=G(6))ÉBB(ó)
BC(7)=G(7)'.rBB(7)
BC(8)=G(8)'^tsB(B)
BR =AExB T
BD=AC-x.BS
PUNICH4:BC ( 1 ) rBC ( 2) ¡P,C( 3) rBC( 4) TBPTBRTX
PUNjCH6TG(5) çG(6) >Gl1) rG(8) rX
PUt\lcHTrG( 9 ) :G( 10 ) :X

2I PUNCH4TG( 1) cG(2) çG(?) rG(4):AC:AErX
GOTO98
END
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GEOMETRICAL FACTORS PF-DNA GERSCH PART 2

DIlvlEflSIONS(2ç3) >A(413) ¡3A(2 r3 ) :SA (3 ) :SB (3 ) ¡SC (3 )

DI ¡4ENSIOI\ISD ( 3 ) :G ( 10 )

FOR¡4AT ( 2XF8 .4 ¡ZXF8.4¡2X1B.4;2XF8.4t 2XFI.4 çZXFB.4s2XEL3.4)
FOR¡4AT ( 3XFB .4 t3X= 8.4: 3XEl3. 4)
READ:BA(1t3) gBA(2;?)
READTB (1r 1) rB (Lt2) e|(2t 1) rB (2ç2l'
READ I N

DO2tI=1rN
READ¡X
BA( I r1 ) =COSF( X¡'".¡¡ ( 1, I ) -SINF ( X ) v.B (I¡2)
BA (1 ¡2) =S INF (X)"^B (1r 1)+COSF (X),'+B (I;2)
BA ( 2r1 ) =COSF( X)-xB (2 çI)-SINF( X ) -xB (2¡2)
tsA ( 2 t2) =SINF ( X t.*3( 2, I ) +COSF ( X ) -x.B l2¡ 2J
B(1r3)=C.0
3(2;3)=0.C
BL--2.I28
DA= ( BA (2rL)-BA( I : I ) ) /BL
DB= (BA. (2ç2) -BA ( I s2) ) /3L
DO13K=1 r3
SC(K)=BA(lrK)-B(1rK)
SA ( 1 ) = I .0
SA(2)=0.0
SA(3)=0.0
scs=soRTF (sc(1)-Fsc( 1)+sc(2 )*sc (2)+sc(3 )'-sc(3 ) )

DOl4K=1 r3
SC(K)=SC(K)/SCS
AP=DA-rSA ( 1 ) +DB"^SA ( 2 )

AC=SA( I )-x-SC ( 1 )+SA ( 2 )"^SC ( 2 )+SA ( 3 )"^SC (3 )

AD=DA-x-SC ( I ) +)ts",'SC ( 2 )

GA= ( DA-?.-xAD-xSC ( 1 ) ) * ( DA-3.-rAD'^SC ( 1 ) )

GB= ( DB-3. r"vl¡þì($( ( 2 ) ) x( DB-3.'-AD"^SC ( 2 ) )

GC= ( 3.*AD-FSC ( 3 ) ) v. ( 3.-x-AD-FSC( 3) ) / 2.
GD= ( SA( 1 ) -3.-)êAC-^SC ( 1 ) ) -x-(SA ( I ) -3.'..AC-X-SC ( 1 ) )

G E = ( s A ( 7- ) -3 . -F AC y. S C I 2 ) ) -)+ ( S A ( 2 ) - 3. -x- A C -)êS C ( 2 ) )

GG= (sA (3) -3.-)¿AC"rsC (3 ) ) 
"+ 

(sA (3 )-3.o..Ac*SC l?) | /2.
RA=( 1.0-3.)rSC( 1 )-xSC( 1) )-*( 1.0-3.1êSC( 1 )*SC( 1 ) )

RB= ( C .O-3. nSC ( 1 ) -x-SC t 2) ) -k (0.0-3.-xSC ( 1 )r¿SC ( 2 ) )

RC=( 0.0-3.-FSC ( I )"^SC( 3 ) )-F( 0. 0-3.xSC ( 1 )-)fSC (3) ) /2.
RD=( 0 .O-Z.xSC ( 2 ) xSC ( 1 ) )ìê( C.0-3.-FSC( 2 )-^SC ( 1 ) )

RE= (1.0-3.xSC ( 2 )-FSC ( 2) )x (1.0-3.'r-SC(2 ))rSC ( 2 ) )

RG=(0.0-3.-)êSC(2 )*SC(3 ) )-F(0.0-3.xSC(2 )-x-SC (?) ) /2.
RP= ( C .A-3.)rSC( 3 )-FSC ( L ) )n( 0.0-3.,".SC( 3 )JÉSC (7) J / 2.
RR= ( 0.0-1.{-SC ( 3 )"^SC (2, t-v,( 0. 0-3.*SC ( 3 ) *SC (21 ) / 2.
RS= (1.0-3.v.SC (3 )-)eSC (3 ) )"^ (I.A-3.*SC ( 3 ) x-SC (?) ) / 4.
G(1)=AP-3.i,+AC*AD
G( 3 ) =SC ( 1 )'-SC( 1 )+SC ( 2 )'-SC( 2)+SC ( 3 )"-SC (31 /2.
G(5)=GA+GB+GC
G(6)=GD+GE+GG
C: ( 9 ) =RA+R B+RC+RD+RE+RG+RP+RR+RS
PUNCH4TG( I ) rG(3 ) rG( 5) rG (ó) :G(9 ) :ACrX
PUNCHTTSCSTBLTX
GOTO98
END
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fnteraction of DNA with Aminoacridines

Npnrr¡. F. Gpnscrr ¡.No D. O. Jonn¡.N

Depa,rtment of Physi,cal anitr Inorganic Chem,i,stry
Uniuers'i,tg of Ad,eløid,e, Ad,ela,id,e, South, Australiø

(Receiaed, 27 Mørch 1965)

'I'ho thermal denatulation of DNA-proflavino and DNA-2-aminoacridino com-
plexes has been studied at, two ionic strengths for varying ratios of dye and
DNA concentrations. An increase in tho l,hermal denaturation temperaturo ovor
that of DNA alone has beon found, this increase being larger for lower ionic
strengths. The thermal denatura,tion temperature of DNA-proflavino systerns is in
general higher than that, of DNA-2-aminoacridine systems.

Free onergy calculations have been made on the basis of two models for tho
DNA-dye complex, tho intorcalated modol and a moclel involving oxternal
edgowise attachment of tho dye, The total freo energy thus found is less for
both models than that, found by De Voe & Tinoco (1962) for native DNA. ft
has beon shown that the obsorved properties of the DNA-dye complex are
best explained by tho intercalated model.

1. Introduction
The interaction of DNA with aminoacridines and other heterocyclic systems has been
interpreted in terms of two models. In the first, intercalation of an a,minoacridine
molecule or ion bet'lveen adjacent base pairs occurs (model I), the DNA molecule
consequently extending and the original right-handed helix becoming a left-handed
helix in the process (Lerman, 1961,1963). The principle forces stabilizing this model
arise from charge, permanent dipole and induced dipole interactions and London
forces between the aminoacridine and the neighbouring base pairs. In the seconcl
model, the aminoacridine is associated r¡'ith the phosphate group on the outside of the
double helix, the helix dirnensions remaining essentially unchanged. As originally
described. by Bradley & Wolf (1959), the dye molecules were stacked perpendicularly
to the helix axis, but this model has recently been refrned by Mason & McCaffery
(1964) who, on the basis of conclusions drawn from optical rotation measurements of
streaming solutions, consider the aminoacridine to be attached through the ring NH
group to a phosphate group, the heterocyclic ring beìng oriented at an angle ofbetrveen
45 and 90" to the helix axis (mocìel II). Electrostatic and dye-clye interactions are
involved in determining the stability of this rnodel. In the intercalatecl model (I),
external attachment of the aminoacridine molecules, as in model II, is clearly also
possible.

In this paper 14/e present the results of calculations of the free energy of the inter-
action of aminoacridines with DNA according to both models I and II. The calcula-
tions are based on the methocls adopted by De Voe & Tinoco (1g62) for the deter-
mination of the free energy of the DNA double helix. This enables a comparison to be
made of the relative stabilities of the two models, ancl also a prediction of the order of
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prclètencc for d.ye interaction r,vith the various base pairs. On the basis of fluorescence-

quenching meâsttrements, Tubbs, Ditmars & Van Winl<lc (1964) have already

observed that adenine-thymine sites interact more strongly with acriflavine than

guanine-cytosine sites.

Experimental determinations of the melting temperature of DNA in the presence of
acridine orange (Freifelder, Davison & Geiduschek, 1961 ; Kleinr'ächter & I(otrclclka,

Ig64) have shorvn that the value of ?-t for the dye-DNA complex is higher

than that for native DNA. Furthermore, Kleinwächter & I(oudelha (I96a) shor'vecl

Lltal, T^for the clye-DNA complex rvas d.épendent on the base composition of the

J)NA, a greater increase of ?- being observetL for DNA of lorv GC content. The 7".
of complexes of calf thymus DNA rvith 2-aminoacricline and proflavine (2,8-d.iamino-

acridine) at, trvo different ionic strengths are given here and cliscussecl rvith reference

to the tl'o moclels.

2. Matefials and Methods

calf thymus DNA rvas prepaÌed by the method of l{ay, simmons & Dounce (1952),

tho va,lue of ?- in 0.1 u-NaCI being 82.7'c and the value of ep, 6620; these values are in
agreement, witä those previously published for native preparat,ions of this DÑ4. The
la'tter figure was ¡sed foì the cleterrnination of concentrations, Stock solutions of approxi-
mately õ,f 7" Uy weight of DNA wer.o prepared in twico-distilled water a,ncl diìuted rvith
NaCI solution to give a final sodium chloride concentral,ion of either 0'l rr or 0'001 m.

proflavine hemis¡lphate (British Drug llouses Ltd,, England) was recryst,allized from
water, a,fúer washing *itn a"y ethanol, and dried i,n uacuo to constant weiglrt,. The extinc-
tion coefÊcient aT' 444m¡r in 0'l rr-NaCl (pH 6'2) and a dye concentration of I'53 X l0-5 ru

rvas 4.1X I0a, in agreement, with the value given by I{augen & Melhuish (1964), 2-Amino-
acridino .r,vas prepáred by Dr G. Chandler, The hydrochloride was prepared by passing

clry HCI gas ihrough a solution of the purifiod base in dry diethyl ether. The hydro-
chiorid.e frecipitated and was recoverod by removal of the excess ether and dried at,

r,oorn teil-peraiure. The extinction coef6.ciont, wa,s found to be I'2 X 104 at, 4õ6'6 rnp. over a,

range of JoncontraÙions between 1.0 and 5.0x I0-5ru in 0'l m-NaCI (plIõ'9)' Samples of
botl dyes, dried ir¿ 1)a,c,uo,were used in preparing solutions byweight, and concent'rations

lvere cliecked by conductimetric titration; agreemont was always within to/o'

Alt the p¡4-proflavino solutions in the conceni,ration range studied had a pII of 6'2

ancl those of DNÀ-2-aminoacridine wero of 5'9. At constant, soclium ion concentration, a

'ariation 
of p1¡ between 5'9 and 6'2 produces a variation in ?- of native DNA of no rnore

than 0.1.C (Hogarüh & Jordan, unpublished results). Ilence such pH differences have been

¡eglected in thã interpretation of the ?- values obtained. Since Millich & Oster (1959)

fo.ld that proflavine, in solution, undergoes rapid photo-reduction, although 2-arnino-

acridine does not, all solutions of both dyes were stored in t'he dark a.t 4"C. Polyt'hene con-

tainers were used for tho stock dye solutions (about 4 X I0-a u), sinco these did not adsorb

dye to any significant extent,. Pyrex test, tubes were used in the preparation of all dilute
dþ solutiãns, as it was shown that, soft glass adsorbs dye to a much groator extent than
does Pyrex.

n or ihe d.eúermination of melting cuÌvos, DNA-dye solution was contained in eithor

I0- or 2-mm silica colls, using 0.1 rrt-NaCl in a matchod 1O-mm coll as roferenco. Evapora-
úion from the 10-mrn cells was pret ented by a layer of parafÊn, and from the 2-mm colls by
a layer of paraffìn and a seal of Para-ûlm (Lindsay & Williams Ltd.' London, England)'
Tho cells wlre placed in an electrically heated and thermostatically controlled cell holder.

Tempera,ture. ãlou. to tho sample were determined using a calibrated thermocouple. All
optical clensity rneasuLements were mado at 259rny, trsing a Ilnicam SP500 spectro-

photometer ancl were corrected for increaso in volumo wiÙh tomperatriÌe.

f Abbreviations used: ?-, the melting t'omperat'uro of DNA; A, adenino; T, thymine; G'
guolino; C, cytosino.
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Tho definition of ?- has been modified from that, usually employed, as an increaso of
the optical density in tho temperature ra,nge 25 to about, 70oC was generally observed
rvith DNA-dye complexes. Considering curve I in Fig. 5 for 2-aminoacridine in 0'I nr-NaCI,
'lvhich is typical, the melting curvo can be clearly divided into two parts: tlee small in-
crease between 25 and 80'C, AB, and the true melting region, BC. The intorpretation of
this behaviour is discussed later. A new melting tempelature, ?f, is defined as the tern-
perature at which 50o/o hyperchromicity is att,ained from the onseù of the rapid increase of
i,he opüicai <ìensiiy above ai¡ouù 7û"t untii no further increase in opticai cionsity is re-
corded, i,o. inthoregion BC (Fig.5, curve I). Extrapolation of the Ìineal sections of tho
curve enabled TIto be deterrnined.

Dilute dye solutions wero always added to dilute DNA sohltions, as this proceduro was
found less likely to cause precipitation of the DNA-dye complox which was observed if
either component was present, in high concentration.

The amount of dye bound per mole of DNA phosphorus, r, was determined from
spectrophotometric titrations of proflavine and 2-aminoacridine with DNA i¡ 0.1 nr- a,nd
0'00I tu-Na0l by the method described by Peacocko & Skorrett (1956), whose results
for proflavine with herring sperm DNA, which differs in GC content by only Ilo ftorn
calf thymus DNA, were confirmed. tr'rom these rosults a, plot of r against T¡,f Ta, where
?t and 7a are the total concentrations of dye and DNA respectively, was mado. For
0'l m-NaOl and for values of r greater than 0.1, whero the accuracy of the spectrophoto-
metric meùhod is not high, the values of Peacocke & Skerrett (1956) obt,ained for pro-
flavine using equilibrium dialysis were used. For 2-aminoacridine, at values of r greater
than 0.1, equilibrium dialysis was carried out t,o supplernent, the spectrophotometric
titration results for 0'l nt-NaCl. Thus the values of r could be obtainod for any solution
where the rat'io !f"f To was known, This rnethod is valid for values of r less than 0.3 and
for the ?a values used here.

3. Free Energy Calculations

(a) Generøl princiTsles

The total free energy ofinteraction between two molecules, charged or uncharged,
having perma,nent, and induced dipole moments, is given by:

/totrr:.Ú'rs*1"

where 1r" is the electrostatic free energy from interactions between cha,rges, perma-
nent a,nd induced ùipoles, and /L is the Lond.on energy a,rising from fluctuation
dipole-induced dipole interactions. 1r. may be considered as a total of five interac-
tions:

lro, Io, noo, Iru, Iuo

where p, p a,nd o( represent charge, dipole moment and polarizability, respectively.
The calculations of these interactions for the DNA-dye models have been made
using similar a,pproximâtions to those adopted by De Voe & Tinoco (1962). The
unit vectors representing the clipole moments and polarizability components were
considered. to be at the geometric centre of each molecule. Quadrupole moments were
not considered. The characteristic energy, hvr, was found to be 200 kcal. mole-1 from
experimental values of the dispersion of benzene and. pyridine. The average group
polarizability, o(r, was estimated to be 20 Åt from values of atomic refractions (Fajans,
1959). As it is not possible to measure the dipole moment of a charged molecule, the
dipole moment of proflavine in the ionic fórm was estimatecl in the following way.
The bond and hybrid moments used by De Voe & Tinoco (1962) for the various atoms
were applied. to proflavine and to acridine to give the o moments. The z moments were
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Pr,.lrn L Relative positions of a proflavine moleculo between t'wo A-T baso pairs in model I'
The helix axis is represented by the broken line. (a) and (b) are two clifforent views of the same

model'
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obtained using the electronic clistril¡ution for proflavine and acridine giverr by Pull-
man & Pullman (1963) ancl tlie methocl clescribed by Daudel, Lefebvre & Moser (1959),

the geometric centre of the molecule being taken as the origin. The o and z moments

so obtained u.ere added vectorially to give a value of 4'5 D for ¡-r.ro.or for the proflavine

ion. The angle r,vhich the dipole moment vector of the dye makes with the dipole

moment vector of pyridine is I80'. The value of the dipole moment of acridine found

by the above method is 3.4 D, somewhat higher than the experimental value of 2'l D
(Acheson, 1956).

An alternative method of calculating the o moment described by Orgel, Cottrell,

Dick & Sutton (1951) gives values fol ¡.r.6o¡,1 of 2'7 D for acridine (Pullman, 1964) and

of 8.4 D for the proflavine ion. Although this method leads to a calculated. value

for acridine closcr to the experimental value, which suggests that the value of
g.+ D for the proflavine ion may be closer to the true value than the value

of 4.5 D calculated by the method of De voe & Tinoco (1962), we have used.

the latter value, .lvhich probably represents an upper limit for the value of prorut

for the proflavine ion, to ena,ble a comparison to be made with the results of
De Yoe & Tinoco (1962) for DNA. The corresponding vâlues of y., o- a,nclhv for
the bases of DNA were those given by De Voe & Tinoco (1962). In these calcula-

tions, no charge-charge interactions have been estimated, ancl I ro has therefore

been neglected. It has been assumed that the association of gegenions with DNA anct

clye is such as to neutralize the charges. This would certainly be true in 0'l rr-Na0l.
This assumption was, in effect, also macle by De Voe & Tinoco (1962).

(b) Intercalcttion of øminoacriiline in DNA (mod,el I)
The model adopted. for these calculations wa,s thât suggested by Lerman (1961).

The native DNA helix (with orientations of base pairs with respect to helix and dyad

&xes as proposed by Langridge et al. (1960) in their model 3) is extended so that the

d.istance between tlvo adjacent base pairs is 6'72 Å and the angle between them, with a
left-handed rotation, is 9" (Plate I(a)). The aminoacridine (proflavine in Plate I) is
then considered to be inserted in such a wa,y between the base pairs that the helix
passes through the centre of the dye molecule (Plate I(b)). lVe have considered. the

case .when one dye molecule is intercalated between each base pair and clye bonding
by this mechanism is a maximum. Ilor this situation r :0'5.In Plate I the proflavine
molecule is oriented af,4.5" in a left-handed rotation about the helix axis with respect

to the lower base pair. Other orientations of the dye molecule are cliscussed later.

The geometric factors C,,, and Gi,¡, etc. necessary for the calculation of Iou, noo,

F uu, I uo and /u were calculated, using an IBM 1620 computer, ât a, number of angles

of orientation of the dipole moment unit vector of the intercalated molecule (the angle

d in n'ig. l). Thus for proflavine, where the dipole moment vector is oriented at 180"

with respect to the pyridine dipole moment vector, the possible values for 0 are

175'5' and 355.5". The former of these angles gives the positions of the molecules

represented. in Plate I.
Calculations have also been made for the free energy of interaction between a given

dye molecule and the next intercalated dye molecule 6'72 A, above and- the base pair
f0'08 Å above. The free energy arising from interactions between the base pairs

6.72 a, apart in moclel I has not been included, since De Yoe & Tinoco (1962) found

that the contribution to the free energy from interactions between base pairs more

than 3.36 Ä apart was small.
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X Z,
IÌro. L Relativo positions of an adonine-thymine baso pair and an aminoacridino moleculo, as

used in tho freo enorgy calculations fot the intorcalatod modol (I). The sLoletons of tho molocules
aro shown and no amino or carboxyl groups a,re indicated, ühe ring nitrogon only of tho dyo being
shown, The threo dipolo momonts aro roprosented by short arrows and are not drawn to scalo.

(c) Eæternø\, ed,gewise bind,ing of øm,i,noacrid,ine ønd, DNA (mod,el, II)
The moclel used for the calculation of the geometric factors for proflavine bound

outside the helix is shown as a projection on the XI plane in X'ig. 2. If both the dye
molecules a,re oriented at the same a,ngle to the helix axis but, not, perpendicular to it,
âs shown in X'ig. 2, therc will be no effect on the yalues of the free energy obtained
provided. that the angle between the dipole moment vectors rema,ins at 36'. The
energy calculations indicate t}rat a vâriâtion in the angle of orientation of the two
molecules with respect to each other within the limits imposed by the model brings
about a change in .F'roru, of no more than f 0.5 kcal. per repeating unit.

Since we have considered the situation for which r :0,5 for the intercalated. model
(I), we have also considered only the case where r :0'6 for the external binding
modet (II). This has the effect, since the maximum value of r in this case is 1.0, that a
dye rnolecule is bound to all the phosphate groups on one helix (model IIa), or, on the
â,verage, to every alternate phosphate group on both helices (mod.el IIb). The former
moclel (IIa) has been assumed in our calculations, since dye-dye interaction is greater
for this model. However, lve ha,ve also made calculations for the energy of interaction

@t"'

\OÕ

Centre of dye
molecule

Helixoxis+
aao

/0s-
O -3.9 -

tr're. 2. Projection on the XIl plano showing aüomic distances used in the freo energy calculations
for model lfa, involvirg external edgewiso attachrnent of the dye molecules to tho pliosphate
groups, 'Ihe arrows reprosent the dipole rnornent voctors of the charged dyo molecules,



INTER,ACTION OF DNA WITH AMINOACfIIDINES T43

bet'rveen a given dyc molecule and the clye molecule in a plane 6'72 A, above it and.

with an angle of 72" between thc dipole moment, vectors of the trvo molecules as in
model IIb.

The charge on the phosphate group wa,s considered to be a point charge I0'3 Ä
from the helix axis, giving rise to charge-dipole and. charge-polarizability interactions

with the bound clye molecules. These interactions are consid-ered for mod.el II 'where

thc dye molecules are bound- directly to the phosphate groups, 'whereas they are not

considered. for the intercalated model or for DNA alone. fn model II, the soilium ion

formerly associated with the phosphate has been replaced by a bound dye ion, and it is
asslmed. that no marked change in charge distribution in the proflavine molecule,

due to the negative phosphate group, occurs by induction through the boncls; and

hence that the dipole moment of the charged molecule in this case is the same as that
used. for the intercalated model. tlowevet, for the intercalated mod,el no values of the

charge-clipole and charge-polarizability interactions have been includ'ed in Xlo¡u1.

De Voe & Tinoco (1962) made no estimate for these free energies for DNA alone. Such

values cannot be calculated with accuracy, since there is a reduction of the effective

charge of the phosphate groups due to gegenion association in the case of DNA and

due also to intercalated d.ye molecules for mod'el I.

(d) Estimøtion of the effectitte d'ielectric constd,nt, eil

In the intercalated. model (I), since the dye molecules and. the adjacent base pairs

are effectively separated by a vacuum, we have taken e ,, as being I'0, as did De Yoe &

Tinoco (Ig62) for DNA. Helix solvation would reduce the contribution of the electro-

static interactions and, olving to the presence of the charged dyo molecules within
the helix for the intercalated model, this effect is likely to be larger than for DNA'

Itor external edgewise binúing (model II) association of solvent molecules rvith

bound. d-ye molecules will occur and thereby lvill increase the effective dielectric

constant,. Rice & Nagasawa (1961).chose a value for e1 of 5'5 for calculations on the

polymethacrylate ion, where the charge separation is 2'5 Å. This value for e1, and

ihose obtained- here were found from the dependence of e¡ on the ùistance of a given

point from an ion (Hasted, Ritson & Collie, 1948). The charge separation between the
*negative 

phosphate and the positive bound dye in the DNA-dye complex is 3'9 A
(nlg. 2). The values of 35 and. 10 for e,, were obtained. by taking the average of e, ancl

., fãr the distance from an ion of 3'912 j\,using the two models described by Hasted

et ctt. (1948). These are taken as limiting values for the effective dielectric constant,

no.w denoted .i,, used. in the calculations ofthe intoraction between the charge on the

phosphate group and. the dipole moment and. polarizability of the bound d.ye moleculo.

thu ãn"tg" separation is about 9'0 .Ä, between adjacent bound dye posit'ive charges

(model IIa) and a value for e' of 70 was chosen. For model IIb the corresponding

charge separation is t1'7 Ä, and e¡ will have a value of about 78'

(e) Method, of compa,rison of free energies

Iror simplicity, the values of free energy for DNA and for model I are quoted for

€i¡ : 1.0. Comparison of these values is possible if account is taken of the following

factors:
(i) the dipole-dipole, charge-dipole, etc. interactions will be red.uced to a greater

extent than will the London interactions for both DNA and model I, by an increase

in e' due to helix solvation;
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(ii) such reduction is expected to be sLightly greater for model I than for DNA;
(iii) no account has been taken of the free energy required in the distortion of boncl

angles and alteration of bond lengths involved. in the unwinding and. extension of the
helix to accommodate the dye molecule.

All these factors will acld a positive term to the calculated free energy for model f.
The free energy values corresponding to model II can be compared with those for

DÌi,+ anci modei i onìy if accouni; is iaken of ihe above facúors. I"urihermore, no
account, has been taken of base-solvent and dye-solvent interactions. It is evident
that any such comparisons will be semi-quantitative, a more direct comparison only
being possible if the calculations can be reflned..

X'or both models the value of r ad.opted was 0.5, where r is the number of moles of
dye bound per phosphate group. Thus for the intercalated. model, all possible inter-
calation sites are occupied., whereas for dye bound externally, half the total binding
sites are occupied,

The repeating unit for DNA is one base pair. The energy calculations for a repeating
unit may be considered in one of two ways. Either one-half the sum of the eight
interactions between the given base pair and that above and that below, together with
the interaction energy between the bases of the given base pair, is evaluated; or the
sum of the four interactions between the given base pair and. that above, together
with the â,verage base pair energies of the two base pairs involved, is taken. The latter
definition involves less complications when base pair sequences are taken into account
and is therefore the one used here.

o--- --o
o o
o? ?o

(o)

PFa- 
-Ê\-c c"

(b)

o--- --o----
O'::O....-(JLPF

(c)

X'rc. 3. A diagrammaüic representaüion of üho repeating units for (a) DNA; (b) modol I; (c)
model IIa. All interactions involving the molecules ropresentod by a, solid line with tho molecules
ropresentecl by a brokon line are included in the total free energy calculations for one ropeating
unit. Ptr', proflavino.

The repeating unit for DNA is shown in Fig. 3(a). For the purpose of comparison
with the results obtained here, the method of quoting the values of the total free
energies for the base pairs in DNA, /roru,, found by De Voe & Tinoco (1962) has been
modifled so that the free energies are quoted. as l<cal. per repeating unit. Tor example,
for TA above CG, the sum of the four interactions above the CG plane, according to
De Voe & Tinoco (1962), is - 18.6 kcal., and the average interaction of the bases of
each base pair is - 1.9 kcal.; this gives a value of -20.5 kcal. for the total free energy
per repeating unit. The difference between this value and that of - 1l'2 kcal. per
2 moles of base quoted by De Voe & Tinoco (f 962) is a matter of definition only. This
method of presenting ntotar is necessary so as to permit comparison with values of
-l'ror., obtained for proflavine bound to DNA.

If there are ø repeating units with one base pair each of the t¡rye shown in Fig. 3(a)
to make up one DNA molecule, and if the same molecule is allowed to bind- dye until
r : 0'5, then there will still be ø repeating units with one base pair each, as indicated
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by Ïig. 3(b) and (c). Hence the free energies are quoted as kcal. per repeating unit.
However, the energy per mole of repeating unit, which is found by clividing ftot.r by
2 or 3 as required, has no significance in a direct comparison of free energy. It is the
total free energy of the DNA molecule as compared with that, of the two different
models for the DNA-dye complex which is important; but it is convenient to consider
cnly lln of the DNA molecule or the DNA-dye complex, i.e. one repeating unit,. End
effects have been neglected.

4. Results
(a) lree energy calculations

The values of Fou and Io, for mod.el I are invariant with respect to rotation and
magnitude of the dye dipole moment and magnitude of the dye polarizability. f'rris
directly proportional to the dipole moment of the intercalated molecule, and. 17o

and Iuo are directly proportional to the polarizability ofthe intercalated molecule.
n'igure 4 shows the variatiorr of I u, n ro and. I uu I I uo wiL}' orientation of the

dipole moment vector of the intercalated molecule for interaction with AT and GC

base pairs. n'or convenience in presentation, the dipole moment, of the intercalated.
molecule is taken as t'0 D and ø, as 20 Å3. The values presentod- in Table I were

- t'0

tr-

- L'U

0 B6 160 240 320

oe)

Fre. 4. J?, tho free energy of dipole dipole and dipole-induced dipolo interactions (in kcal. per
trase pair) for the intercalated model as a function of 0, tho anglo of orienúation of tho dipoie
moment of the intercalated molocule. The valuos obtained aro for üho intercalatod molecule above
or below ühe base pair indicated in parenthoses.

Ilpper curves: f pp (AT), 
- - - -; 4d (AT), ; Fpp I F,"" (AT),
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Lower curves: Ep" (GC), 
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T¿.nr,n I
Calculated, free ellet'gy ualues (in kcal,. pet reyteøti'ttg utt'it)

for the interoølated, mod'el I (eu : 1'0)

Unit T,, tr'rn Er, Ipt" Eoo Zrorut

(a,) Interacl,üon oJ profl,auine with neat'est neighbour bøse pairs

proflavüret

G
ploflavinot

5.4 -5.6 -13.8(- 5.4) (- 5.6) (- 13.8)
- 16.6

(- 16.6)
- 46.:l

( - 57'r)

- 16.6 - 60.6
(- 57.0)(- 16.6)

- 16'6 - 46'8

proflavinet

- I.8

4.5
( - 4'5)

- 2.0

- 5.2

- 13.8
(- 13.8)

-, I3.8

- 11.8
(- rr.8)

_ 26.6
(- 26'6)

- rl'8
(- rt.8)

c

1'

G

A

T

G

A

C

(r.8) (- 2'0)

(- s.2\ (- r3'8) (- 16.6) (- 55.8)

T:".4. 
-r'8 -2.0 -18.8 _ 26'8 -ro'o -G0'6n'fii:'it (r.8) (- 2.0) (- rs.8) (- 26'6) (- 16'6) (- 57.0)

Tho valuos in parenthoses indicate valuos at d : 355'5".

t The proflavine moleculo is considorod to intoract with all other rnolocules in the rurit, shown

(b) Intørøatòon oJ adiacent profl'øøi'ne'¡noløcules

Proflavinet
base pair 0'86 - 0'17 - 0'47 0'0 - 0'S8 - 0'8

Proflavinof (- 0'86) (- 0'r7) (- 0'47) (0'0) (- 0'98) (- 2'6)

The values with and withouù brackets refer to anglos of 17I' and 35I', respectivoly, betwoerr
dye dipole moment vocfors.

f OnIy interactions betwoen ühese two molocules alo considered.

(cl Interaction oJ profl,aøi,ne u:'ith base pødr 10'08 A a'bouø or below

Proflavino
base pair

dyu
G... C

0.01 - 0.0r - 0'03 - 0'65 - 0.17 - 0.9

Proflavino
baso pair

dyu
A. ..7

Proflavino
base pair

dy.
c... G

Proflaviue
base pair

dyu

- 0.07

0'0

0.0 - 0.03 - 1.01 - 0.r7 - 1.3

- 1.2

0'06 -o.or -0.03 - 0.6õ - 0'17 - 0.8

0.0 - 0'03 - 1.01 - 0'r7

T...4
Tho intoractions aro tretweon proflavino and G and C, A and T, as indicatod, No interacüions

botween the bases of a given base pair aro inclucled as theso are already accounted for in Trorur in
Tablo l(a). The values are for d : 166'5'only.

Note that il Tablo I (a) and (c) rows one and threo, and two and four are not iclentical, sinco tho
intor.actiorr clopends on ùhe rolativo olientation of the dipole mornonts of tho bases of tho base
pairs and of tho ploflavino molecule.
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obta,irred by cornbining the value of the dipole moment of the intercalated molecule
rvitlr tlre values of 1'uuarr:ù Fuo obtained from n'ig.4 at the required angle. Ilu, Iru
ancl 1r* are invariant, with á,

The vaÌues of the free energies rvere found to be essentially the same for GC, etc.
above or belor,v the intercalated molecule. The values of the interaction frce energies

bett'een the bases of AT and GC base pairs rvere tahen as 0.2 ancl -3'9 kcal., as

cletermined by De Voe & Tinoco (1962).

Table 1(a) indicates that the effect on -t'.o.,, of a change in the dipole moment of
tlre intercalatecl molecule is small, since only I uu and I uo are affected. Values for the
frec cnergy of interaction of a dye molecule 'rvith a neighbouring intercalatecl dye
rnolecule ancl an additional base pair are shown in Table f (b) ancl (c). Since the
interactions of a given proflavine molecule rvith the next intercalatecl molecule 6.72 .4,

above are included in the repeating unit, an aclditional - 0'8 kcal. per repeating unit is
aclcled to the values fot 0 :175'5" in Table 1(a) to give the values of .F.oro, for the
intercalated model in Table 3. AÌso included. in 1.or,, is the free energy arising from
the ìnteraction of the lou.er base pair (the molecules representecl by a solid line in
Fig. 3(b)) with the d¡'e molecule 10'08 Ä above.

Liersch & Hartmann (1964) concluded that electrostatic forces were responsible
for the stability of the DNA-proflavine complex, since the dissociation velocity of the
complex d.uring gel filtration on Sephadex is greatly increased. by high ionic strength.
The results in Table I shol,v that although this is correct for model I, London forces
also mahe a signifi,cant contribution to /ro,u,. Ilolvevet, London forces are less

important for model II (Table 2).

The calculations for the energies of interactions ilvolved in the attachment of the
cl¡.e *ot".ote to the phosphate groups in model II shorv a high degree of dependence
on the value of the dipole moment, of the attachecl molecule, in direct contrast v'ith
thc results for the intercalatecl model. The free energy arising from interactions

T¡nr,n 2

Calculated, free ener(Jll aalues ('ín lccø\. per repeating uttit)

for eøternal cilgewise ctttachment of ilya (mod,el, IIa)

Unit 7ru Fpa EL Epp Fon Fro,r,

Q Proflavinet
g Prof{avinot

el
g I'roflavilot

e
Q f Proflavirief

0.06 - 0.02 - 0'r0 - 3.r3 - 0.48 - (r.Ub

(.1 : 70)

-, 0.0.1
(sl =: 70)

- 3.8
(er : l0)
- r.l

(e,r : 35)

- 2.43 - 0.54

- 20'4 * L7.2

Q Iìeplesents the negative phosphate group.

f OnIy intoractions between these moleculos aro considered.
All valucs ano for er, : I.0 unloss stated othorwiso.
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between two dye molecules in model IIa is -0'05 kcal. per repeating unit; for model
IIb these interactions âre even smaller. The second two rows of Table 2 are, howevet,
still applicable for model IIb.

The distance Ì¡etwcen the cerrl,re of the tlye nolecule and a base in rnodcl II, even
if the dye molecule is titted inwards towarcls a base, is between about, 7'5 and l0'5 Å..

The maximum free energy for the interactions between the charged dye molecule and
+L^ Ài-^t^ ñ^ñôñ+ ô-Ä -^lorì-ol"ìli+-' ^f +1ro naoraoi. hrca r¡¡iìl l'a aithan ohnrrt 

-fì.4
or -1.0 kcal., depending on the orientation of the dye molecule and whether the
base considered is A or T, or G or C, respectively. X'or this estimate, €i¡ wâs taken as

I0, since although the ion distance is large, not all the volume between the bound. dye
and the base may be occupied by solvent molecules.

The free energy values for model IIa quoted in Table 2 are the same for all base

sequences. The total free energy with the value of ei¡ equal to 10is -3'9kcal.per
repeating unit for model IIa and is only - 0'05 kcal. per repeâting unit less for model
flb, for which dye-dye interactions are not considered.

(b) Thermøl ilenaturation

T¡rical ?fi curves obtained for DNA-proflavine and DNA-2-aminoacridine at
values of r close to 0'I3 are shown in llig. 5 (the actual values of r were: DNA-
2-aminoacridine, 0'Iu-NaCl,0'130;0'001rr-Na0l, 0'121. DNA-proflavine, 0'I rr-NaCl,
0.130; 0'001 rr-NaCl, 0'f37). Several features of these curves are important and are

discussed below.
(i) There is an initial increase in optical density, as t¡rified by the region AB,

curve I in X'ig. 5, greater than that associated. with the heating of native DNA, up to
between 65 and 80'C. This increase is greater for 0'1 ru-NaOl solutions than for
0.001 rt-NaCl solutions, for approximately the same value of r, and is larger for
proflavine than for 2-aminoacridine.

(ii) The final optical density observed is usually very slightly lower than that calcu-
lated by the addition of optical densities for free dye and clenatured. DNA. This is not
shown in n'ig. 5.

The slrapes of the curves of Tiuø'sus TulT o (Fig. 6) indicate that either the binding
sites become saturated at a particular value of TrlT¡, or that further binding beyond.

a critical value does not affect ?f. These curves are similar in shape to those obtained
by Kleinwächter & Koudelka (1964) for acridine orange and DNA. The increase in
?i is much larger for a given TulT o (n'ig. 6) or for a given r (X'ig. 7) for 0'001 u-NaCl
than for 0'I u-NaOl.

The value of ?fi increases rapidly with r over the range stufied. for 0'l m-NaOl, but
for 0.001 m-NaCl the curve flattens out at about r : 0'2 (n'ig. 7), beyond which value
Peacocke & Skerrett (1956) found a d.ecrease in binding strength. This implies that
some correlation exists between 7i and strength of binding.

It is unfortunate that, the curve in X'ig. 7 cannot be extended past a value of r of
about 0.15 for 0.1 nr-NaCl. Higher values of r cannot be obtained by simple addition
of d.ye ancl DNA solutions of'suitable optical density range, and are obtained only by
equilibrium dialysis. Ilowever, according to Peacocke & Skerrett (1956), one of the
criteria for obtaining accurate values of r from equilibrium dialysis studies is a high
value for the DNA concentration. If high concentrations of DNA are used, dilution
of the dialysed solution is necessary for the determination of T$in a suitable range of
optical density. This process of dilution leads to a reduction of r.
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DNA-2-aminoacridino in

0.1 u-NaOl; 0'001 rn-NaCl;
DNA-proflavino in 0.1 m-NaOl; 

-O-O-, 
DNA-proflavine in 0.001 M-NeCl.
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5. Discussion
The initial increase in optical density as the temperature is increased. in the I'j

curves (region AB in n'ig. 5) may be explained in terms of a decrease in dye binding
with an increase in temperature. This has been confirmed for proflavine (Chambron,
Daune & Sadron, 1964) and for 2-aminoacridine (Gersch & Jordan, unpublished
results) by use of equilibrium dialysis at different temperatures. Since the binding of
dye to DNA is accompanied by a hypochromic effect, the release of bound dye d.ue to
an increase in temperature results in an increase in optical density. That the initial
optical density increase does not accounú for the full hypochromic effect on the dye
implies that only a small amount of the d.ye bound is released- before the helical
structure of the DNA is disrupted.. This can be interpreted on the basis of either of the
two models, although more easily for the intercalated model I, the increase in tem-
perature causing a removal of dye from the weal<er binding sites. In a t¡ricat 7j,
cletermination for 0'1 u-NaCl, the expected total increase in optical d.ensity was
0.316; the observed increase was 0'305, of rvhich 0.183 could be attributed to DNA.
By 75'C (i.e. over the region AB in X'ig. 5) an increase in optical density of only 0.060
had occurred over that at, 25"C, Ieaving about one-half of the hypochromic effect of
the dye to be accounted for in the temperature range orrer which the helical DNA
structure is disrupted. (i.e, the region BC in Tig. 5).

Figure 5 indicates that, for about the same values of r, the initial increase in optical
density is larger for 0'l nr-NaOl solutions than for 0.00I m-NaCl solutions. This can
only be interpreted on the basis of a greater binding of dye at, lower ionic strengths,
as found by Peacocke & Skerrett, (1956). At higher ionic strengths, there is either
more competition with sodium ions for the binding sites, or it is more dif6.cult, for the
dye ions to approach the binding sites due to shielding effects of sodium ions. As the
temperature is increased and Brownian motion increases, the probability of a bound
dye ion being displaced by a sodium ion is greater at higher ionic strengths whichever
model is considered.. This also explains the greater increase in ?{ observed, for a given
value of r, in 0.001 rr-NaCl compared with 0.1 rvr-NaCl (X'ig. 7).

Proflavine and 2-aminoacridine have peaks in the ultraviolet, at, 262 my, and,274my.,
respectively. By following the helix-coil transition of the DNA-dye complex at
259 my, the contribution of the dye to úhe total optical density is thus greater for
proflavine than for 2-aminoacridine. Ilence the initial increase in optical density
measnred at 269 m¡,r, is greater for the former than for the latter, and does not neces-
sarily reflect differences in binding strength.

The final optical density observed at about 100"C is often very slightþ lower than
that expected from the addition of the optical densities of free dye and denatured
DNA, This implies that there may be slight interaction between dye and denatured
DNA even at high temperatures.

The value of 40'C for T^ predicted by Chambron et a,l. (1964) for DNA-proflavine
does not agree with the values of ft found in this study (n'igs 6 and. T), since ?fi is
greater than that of native DNA for both the DNA-clye complexes considered.

An increase in 7å indicates that the stability of the native DNA-dye system has
increased. relative to that of the denatured DNA-dye system, This may arise through
a decrease in stability of the denatured DNA-dye complex. Ilowever, such a decrease
is unlikely to occur, since denatured DNA has been shown to bind dye (Bradley &
Wolf, 1959). Thus, since the denaturett DNA-dye system is expected to have a lower
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free energy than denatured DNA, the only way in which the stability of thc native
DNA-dye system ca,n be grea,ter than that of the denatured DNA-dye systetn is f'or a

large decrease to occur in the free energy ofthe native DNA-dye system over that of
native DNA. This decrease must be greâter than the difference in free energy bet'rveen

the denatured DNA-ctye system and denatured DNA.
Table 3 indicates that the free energy for both models is less than that of DNA,

^rlr^^---1^ 1r^^r f^- -^^^r^r r:^ ì^---^- rL^- +L-+ f^- *^À^l TT rFL^ *^l^ì ^,1^-+^¡ "-,,^¡aruuuuBrr ullau lul llluuur r lÈ ruwgr vTrarr vtL@u

explain the fact that many of the dye molecules are released. from the binding sites

in the temperature range orrer which the DNA helical structure is disrupted (n'ig. 5).

It should. be noted that dye-dye interactions between dye molecules bound to the
outside of the helix cannot be used alone to explain the increase in 7,{,. Stone &
Bradley (1961) have shown that there is only â very small tendency for acridine
ora,nge molecules to stack on native DNA, since the stacking coefficient is only l'25.
X'urthermore, the calculations presented in Table 2 indicate that the dye-dye interac-
tions for model II are small, the main interactions arising from charge-dipole antl
charge-polarizability forces due to the bound. phosphate group. It is these forces,

giving rise to the negative free energy for the native DNA-dye complex, which could
give rise to an increased stability of model II.

The increase in ?f is greater for the DNA-proflavine complex than for the DNA-
2-aminoacridine complex at a given value of r (X'ig. 7), indicating that the former
complex is more stable than the latter relative to the denatured DNA-dye complex'
This may arise from a difference in the dipole moment (in magnitude and d.irection)
of the charged 2-aminoacridine molecule compared with that of the charged proflavine
molecule.

The decrease in the free energy, /F, for the reaction

DNA repeating unit * dye -+ DNA repeating unit-dye

for different base sequences for both models is given in Table 3. The result indicates
that, for mod.el I, the order of increased stabilization is AT: TA > AT: AT > TA:
AT > TA:GC > AT:GC > AT:CG > GC:CG > TA:CG > GC:GC > CG:GC.
Thus the base sequence with the highest free energy in DNA alone is stabilized. the
most in the DNA-proflavine complex. However, for model IIa and .i : 10, lf :
- 3'9 kcal per repeating unit, and does not depend on base sequence. Ifthe bound dye
molecule is tilted inwards towards a base, /-ú'becomes about -4'5 or -4'9 kcal. per
repeating unit, depending on whether the dye molecule is associated with an A or T
base or a G or C base, respectively. The free energy for the modified version of mod.el

IIa therefore implies that GC sites bind dye slightly more strongly than AT sites.

The experimental evidence obtained by Tubbs et al. (1964) from measurements of
fluorescence-quenching of DNA-acrif,avino solutions suggestecl that the relative
affinity of acriflavine for possible binding sites in DNA was AT : AT ) AT : GC > GC :

GC, in agreement with the sequence predicted theoretically above for model I. Hence
only mod.el I can be used to explain this relative affinity of binding sites. Also, only
model I will explain the dependence on base content of the increase in ?* of the DNA-
acridine orange complex over that of the DNA alone for different samples of DNA
(Kleinwächter & Koudelha, 1964), the increase in ?- increasing with increase of AT
content.

The shape of the 7{ uersus TulT¡ curve (n'ig. 6) and the existence of two types of
bind.ing observed by Peacocke & Skerrett (1956) can be explained only on the basis
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T¡.sLn 3

Compørison of cølculated, free energy ual'ues (in kcal" per

reyteøting unit) for na,tiue DNA, moilel, I ønd' mod'el' IIø

153

Repeating
unit

De Voe & Tinoco
(1962) for nativo

DNA

Proflavine intercalated,
model I

llxtornal attachmenü of proflavino,
model IIa

€il : l'0 €ri : l'0 .i, : to ei, : rs

I roru, Irorrt ÀP /torar ar lrorr, ap

CG
GC

GC
GC

TA
GC

GC
CG

TA
AT

- 35'7

- r9'9

- 13.7

- tz's

- 12.6

- 48'3 - 12.6

- 48.0 - 28'l

- 39'6 - 3.9 - 36.9 - r.2

- 23.8 - 3.9 - 2l.r - L.2

- 24.4 - 3.9 - 2t.7 - L.2

- 17'6 - 3.9 - I4.9 - t.2

- 16'8 - 3.9 - l4'I - I.2

- 16.4 - 3.9 - 13.7 - 1.2

- 11.4 - 3.9 - 8.7 - 1.2

- t4.5 - 3.9 - ll.8 - L.2

- r4.l - 3'9 - lI.4 - L.2

- 7.3 - 3'9 - 4'6 - 1.2

TA
CG

AT
CG

AT
GC

AT
AT

- 20.5 - 55.3 - 34.8

- ðÐ'ó - 4r.6

- 6õ.2 - 42.3

- 5õ'2 - 42'7

- 48.2 - 40'7- t'õ

- 10'6

- ro.2

- 3'4

- 62.7 - 52.r

AT
TA

- 62'7 - 52'5

- 62.6 - 5g-2

The ropeating unit shown is for DNA. Those for the DNA-proflavino comploxos ale thoso
indicated in Fig, 3 with the appropriato base pairs. Soe üext, for oxplanation of the values chosen

for e¡¡ and for ei¡.

of the intercalated mod.el I. X'or this model, strong binding would be predicted, on the
basis of the results in Table 3, up to r : 0.5,.whereas experimentally it, is found that
weaker binding predomina,tes âfter about r :0.22 for herring sperm DNA (GC

content 43o/) (Peacocke & skerrett, 1956). When the approximations, discussed

a,bove, on which the calculations for the intercalated model have been ma,de, are
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úaken into account,, the total free energy for each repeating unit rvill be increased
(i.e. bccome less negative). Iror some repeating unjts this increase may give a value
similar to or greater than that found. for external edgewise binding for the same

repeating unit. The possibility then exists for a change-over from intercalation to
external edgervise binding at some value of r < 0'5. The existence of two types of
binding cannot be explained. on the basis of model II, since the value of / n is the samc
a rr r . r. ./ /m 1r ô\ mr r l 1!tr ,-- - -- :-- ì-:---l:--^- ^:r^^ f^-----f I--- D^^IOI' ¿:tll Ulllurllg SrUUS \I¿iUIO .f.,, I-tlO ]rl¿nijl(Ut-l Lllllcjjulluu r[ UrrlurlB ËluuË luulru uJ r ua-

cocke & Sherrett (1956) woutd not be predicted on the basis of the modifi.ed version of
model II in rvhich the bound dye molecules are tilted inrvards towards the bases of
DNA.

The above calculations apply only to r :0.5, rvhere all the sites suitable for inter-
calation have been used. Thus for r > 0.5, binding to the outside of the helix must, also

occur. Because of the left-handed helix formed. for the intercalatecl model (I), trvo dyo
molecules àttached to the outside of the helix will be at an angle of 9' with respect to
each other. The centres of the two molecules are found to be about 7 Ä apart, the
plane of one dye being 6'72 Å above the plane of the other. IIowever, for native DNA
'rvith external attachment of the dye to adjacent phosphate groups on the one helix,
owing to the larger angle of 36" between the two dye molecules, the tlistance between
the centres of these molecules is 9'4 ,{. The distance between the centres of two
externally bound. dye molecules is thus greater for native DNA than for DNA with
the maxirnum number of intercalated dye molecules. Thus the interaction forces
r,vill be smaller for dye bound. to native DNA than for dye bound externally to DNA
extend.ed. by the maximum amount of intercalated dye. n'urthermore, because of the
greater distance in native DNA, the amount, of associated water will be increased
and the value of e1, will be larger; this will also have the effect of decreasing the
interactions. Ilowevet, these effects will be small, as it has already been shown
(Table 2) that the contribution of dye-dye interactions to the stability of model IIa
is very small.

The orientation of the dye molecule in the intercalated. model (I) at 4'5" to both the
ad.jacent base pairs (i.e. that above and that below the dye molecule, see Plate I)
favours the exclusion of rvater molecules and hence gives the maximum interaction.
Other orientations would allow water molecules to penetrate the helix; the effective
clielectric constant, l,vould then be increased and the energies of interaction 'rvould

become less negative.
From dye-binding studies Peacocke & Skerrett (1956) obtained a value of 8 kcal.

per mole of bound dye for the standard free energy of association of herring sperm
DNA and proflavine, Chambron et ø1. (L964) obtained a value of 7'4 kcal. per mole for
calf thymus DNA and proflavine and our results confirm these values for calf thymus
DNA anct proflavine. Oster (1951) deduced a value of 9.5 kcal. per mole for the associa-

tion of acriflavine and nucleic acids. From Table 3, the decrease in calculated free

energy varies between -12'6 and -59'2 kcal. per repeating unit, depending on thc
base sequence for the intercalated. model, and is constant at - 3'9 kcal. per repeating
unit, for external edgewise attachment, of the dye molecules with ei¡ : 10' In view of
the assumptions made, the agreement between the calculated. and the observed.

values, the latter being average values over all binding sites for the particular DNA
studied, is regarded as satisfactory. It is to be emphasized. that any refi.nements to the
calculations for the intercalated model are likely to make the values of the interaction
enelgies given less negative.

Û
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A value of -0'065 kcal. per mole of dye for the attraction between two bound dye
molecules was found from the tendency of acridine orange molecules to stack on
native DNA (Stone & Bradley, 196l) and represents an aveïage value for this inter-
action. Tables r(b) and 2 leld values of either -0.8 or -2'5 kcal. per mole of dyc
for the intercalatecl model (I) for the interaction between two clye molecules, cle-
pending on the relative orientations of the two molocules, and -0.05 kcal. per mole
for model IIa, respectively. Iror model IIa the agreement between the calculated ancl
experimental values is good. Ifowever, for model f, oxtreme values of bincì.ing must
be taken in order to compare the calculated a,nd experimental values.

The above values calculated for the interaction between adjacent dye molecules in
model I will become about -0'16 or -0'5 kcal. per mole of dye respectively if an
aver¿rge effective dielectric constant of 5 is chosen. If rve consider, for example,
intcrcalation of the clye up Lo r:0.22, v'ith edgewise binding occurring at higher
valnes of r, then for r ( 0'22 ll^Le free energy of intoraction betrveen t'r,r'o dye moleculcs
rvill be -0'16, or -0'5kcal. per mole of dyc; but for r: l'0it.willbe -0.072, or

- 0'140 kcal. per mole of dye, depending on the relative orientation of the clye mole-
culcs. Since the value of - 0'065 kcal. per mole of dye obtained experimentally is an
average value for all methods of binding and all binding sites, the calculations indicatc
that the intercalated model is compatible with the experimental results. Although the
intercalated model is being considered here, the free energy ofinteraction between two
adjacent dye molecules attached externally has been talcen as -0.05 kcal. per mole
of dye, i.e. the value for model Ir. However, this is not a significant, approximation.

For the above experimental value for the free energy of interaction betr,veen two
dye molecules bound to DNA, the value of the stacking coefficient 1l v'as tahen as
l'25 (Stone & Bradley, l96t), which is an average value obtained using several
samples of DNA with varying GC contents. x'or calf thymus DNA (GC content 42o/o)
an average value of l'14 was obtained for K, while for bacteriophage T4 DNA (GC
content \ao/") a value of 1'33 was given. The values of the free energy of interaction
between two dye molecules corresponding to these values or K are -0'0Bg and

- 0'085 kcal. per mole of dye respectively. The signiflcant feature of these results for
the interaction between two adjacent dye molecules is that a decrease in free energy
occurs u-ith a decrease in GC content. fn view of the interpretation suggested abovc
in terms of model r for the strong mode of binding which occurs up to r : 0.22 ror
calf thymus DNA observed by Peacocl<e & Skerrett (1g56), it is expectedthat,fora
given ionic strength and pH, a higher value of r will be reached before tho very weak
binding predominates for DNA of lower GC content. tr'urthermore, the averagc free
energy of association of d¡.s with DNA will decrease with decreasing GC content;
and also, since more intercalation is possible because of the higher AT content, the
experimental value for the free energy of interaction between adjacent dye molecules
will include a greater contribution from interactions between tv'o intercalated dye
molecules. Thus the free energy for dye-dye interaction is expected to decrease .r¡,ith

clecreasing GC content. The above results for this free energy, calculated from val¡es
of 1l quotecl by Stone & Bradley (1961) for samples of DNA with different GC con-
tents support this conclusion.

We wish to thanl< Dr H. f)e Voe for clata from which he ancl Dr f. 'Iiloco had calculated
o r'norìrents' Dl G. Ch¿ldlel for the gift of 2-aminoacridino a,ncl tho Com¡ro¡wealüh
Scientific and fndust'rial lìesealch Organisation for úhe awalcl of a Scnior Post,-Gracl¡ato
Studentship to ono of us (N. F. G.)
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