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1~MC CC-7SC3 OIA ~T~~
*F or t T) ct r i cc , Mar y1 a n ,

Cvn tle ' emonst rat ion ofT Mefinei4, reversible associates ("raversible
~c1rrnrs" of cacriiine orange by m~eans of' absorption anA fluorescence

measurements in acuo-nos soluticn.

by Valer~t in Zanker.

'2ranslatel fromn Zeitschrift f'. Physikalische Chemie lrL9-2CI: 225-256
(19-52) by the -Te-chnical 'Library, Technical !,,formation -Division. -



fo t pect :,oz-cc.)c actonir--o n -i f 1lorctcmcc ir. t- c:.tir r: -,

of C-one.cntr.,'uon and p:;. It io a c~ih 'd tr-lg the ro,:con--r of tbo yz- cH-"

dizzociation const-uit3 are t ~ C w~~~t *-:2 ion

tViaform cd~i~ in th3 rzutral U~~ . xtvo ~'2ctincaCticn-.

Q'ioh la c -inr4 c~2zton ; co c:.t-tion in itz cptcal bczvior.

qnttatvc'-- and ~a~th.-t "~;~~~ :~j~ctior. for.- t;j-

reveraSible a~ociates that party coincida with Sciibl polyn-3 . aI whi'ch

po.it axiaJ.o, icZ it' t'xc tha-t azz-cia-te to doulblec i'cn.s up to :x

~ ioncrt conccntratlon.3 (10g molar). TAhc thcmodrrayn7c mandos of tV.o dio -

cociation corztantzo f.-%- e.rLa.n crcrr, heat toning and en~tropy i.'vor4 -- ,t

for tl'.o tor=-ticn ol' 6i.4-rs, --ra co.-putcd from tho ro2iriJ tato dopcnlcinj on

tl~c cocnctration and tc~poratzarc., bazcd, on t~io data of qtcr,. : lasz -rrt

De'in if no pocitive data arc a' rlz:1- on the n.x-c-rica1L lin!:.-co of tbo hiGer

asociatc-s., it rn: -r'vaic~lc=. be zt :-d zi certcinty tP-.at th- tym of Schcibo'o

hi~ o2~r ~not involved. The chcxatcrictic red lfluorczcent affect of con-

-cc-,t"atcd pijmont sol2.'tlorz is Covcrncd by - n* cnar~r mochanizr, that may be as.-lld

tneomtcal.y ,t t:-ich hz: rnt bZanA~.y otzibliz-hod by c~or~~carried

o'.t in zcao o lutionz !Y-rmtoforo.

Wa"~ h:-tz r..- :.. atca-2 cvc .*

an-



c~. fo' i>. tc:r3 c tho protopla-t-

-, §. .. Z2.i~y c: - ant a~nd rzan, c2s ~ r r

stin may in *cato dif nt con ' ?o~ 'of the

~zIjr~. ,~'ton.,daotrtzbLebyr f).uorcz~conco microscopy upon appropriate

~.iflZ i.tirc(actIva) prot.-11- alves Croon fluorescenco, denatured (dead)

c,, -- nnyj.-rs r1-d. Tihic difo'rcntiation i~as interpreted by Straggor ac thea

c .4Zono in the coll plasma and th~e changes in the plam protein, in the UIing 0.

(!.;ad calluJlar aczsoa4.ion wero conside-red to be the c ause of the dissimilar otorage

-. exct.The lothal rotoplacm stores a. ,,,:at deal of pirment and fluoresces

U cn._-r red., wlile th. living variety ao'eorbs relativel.y little and, -or this reason,

.tza greorn f"Iorosccnce. -Strugger was lied to tAis assumption by subjective

6133arvation of the £Jluoraocent li5-1ht of aqucous pigment solutions, itich Chowr an.

ac.vancing shiCt of tho center of fluororiceno Zrm gyrcon via yaflowdish-,-,con,

yo22.7', YolJ.:-OrangO., orang,-a ultimately to rod in cormiection ixith constantly

a.Oltored concentrationc; of 1 :103,000 - I. 1 100. Stagger's obsox-v, tion -md

intca.,ratation of'il.uoreccnco intachremaeia as a concentration effect0 were un-

czruivoscally confirmci by Iob1's (4) work with acaricine orznge pigmont storage

In living and dead cellc.

TheI origin o:C thin "tconcentration effoot",. i.e. the changa in fluoroacent colors

R :-~ionto t ';:n concontration, a o been subjectod to dotai d

:rom tzcm :scZccie oir~t and Strugrthn oc uctda

~~Jationto the e 3'1 polyme.:rizat ion o-' p-acudoicocycrninc3 ciscoexdb



*~:ic-&2"!-' c~c~;-.3noucd In thio rcialcj- cl-a'- of pi;~t :ia, c-

;ohition uz=n c .ccccdi-oTh, ~ in idt ~ ccaucC
2~~P"'L of t03r~'y)_...he mar;7in c:z: .m ;~.t;CIn t~ cr-.uc o %

01' tli43 dya oolItIori. 1;-ncc th=.7o -I~n t',he P= srie of z~o

- ~c~w~. .r r'..ib ~ bit~~y :'-~~ue~cyby nmoans of tcmporatura-

* clovaztion or a:;t-za S'uwgo-m zrnicn was quite- crodiblo aftor hi- vis~ual

obeerration of acriatno ol-n:e had also estab-"ishad a roeversible bchavior in

fuorczccnc3. It wa-s tho ai;m of -he present Ctud~y to rocxamire 1-te piwsical-

chc-aics2 action o-^,, ".apitgftnt in :aqucous s-ol-ationlaud, to disIcover thm origin

of thc oncnrto cA ect"Aand,, with it, of the. me-tach:.onatic flacrescent

e ffect, particularlyr from the correlation bat-imen absorption and emission based

on tho concontrxation.

Tho possibility of ain extensive in.-ight, into the aCtion of this stain seemed

to be given by extoending the study beyond the bialogical range of p11, i.e. in

* strongCly acid and wcahJy alkaline solution, as u-311 as into the area of the

'ultraviolet spectrum.

2.* Purification of thc Pigment, sd Preparation of Solutions

Earlier studies (6) had utilized acrid-.ne orange fumni.had by tlm Strugger

Institute; the dye 1as lter procured in a "standardized" form. The conmmrcia

prepratin~:~llyara in the form of zinC chloride double salt uhich is or4,

arILi'y . Iaable in orrgon-ic solvent.- and contains rnerous impuzitics. 7ho

stain .thw: :'o~ro subiccted to tlhe £ollouing purifiLcation for tho purpose of

OIicc



After solution of the double s-t. in alcohol, the dissolved portion was

filtered off from insolublo residues, stronglyr diluted with water and the yellow

dye base was precipitated with diluted NaOH solution. Following rapid filtrtin and

caroful- dsiccation, the bso was dicsolved in CHCI ard purified chromato-
3

graphically via A1 2 03 . The adsotbed dye was oubsequently extrctcd with CHC13

and the solution was compressed tntil crystallized. The precipitating molecular

compound contains 1 mole CHCl3 :hich is easily separated during vacuum desiccation.

The solvent-freo product malts at 1800 - 81 0 under normal conditions (mlting

point of the f re base according to Beilstein 22, .487 180-1810 or 181-1820).

The desired dye salts were obtained in a very pure state by solution of

the pure ,ase in alcohol and addition of a corresponding amount of mineral acid,

followed by precipitation with ether. All studies under discussion were con-

ducted ith easily soluble dye chloride.

The prop, ration of buffer solutions were based on the "universal buffer"

consisting of cibrata and phosphate mixtures as listed by MacIlvaino (7).,

covering the biologically significant range of pH 2 - 8. Alkaline solutions

were prepared as Glycocoll - NaOH fixtures according to Kordatzq (8). The

acid solutions consisted of H2SO4 - water mixtures up to the concentration of

78% sulfuric acid.

3. -1 easuroe...nts of Light absorpticn relative to concentration, PH and

temporature.

a. Apparatus: Masuraeonts in the visible spectral range were condacted

by the photoelectric deflection method with-& selenium photoelectric cell as

radioaction roceptor. Using the high intensity Leitz-Monochromator coupled to

"a 30 W Wolfram helical lamp. The range of 4,2CO - 6,000 AU could be acanned

with a m diar spectral wisih of the meazuring light -mc unting to 40 - 50 AU

S'



4Thc 2.a-~1 cncr 7 £rat on of' tho linht ource as wcU. as t0-ho )I.,%z4in 3soritivity on the part of7 thc poc ipotooloctLric Coll in short i:wo~

bl-z:v xur o:±~t n t o 60 - 70 'J thisrnn, but ovm t-,:c

~~iolbs_:. hot a- bSz ig~ 1) con ir~ Sn l truasght s'loorceil

mt la t~a quotr a widctogh of' 1uss th spcrl it zUu dto03A

" Lin the short wavo ultraviolet and 1.0 "- 1.2 AU on the rarwgin of the vis lb l

r:zn;-.. Subz-ccicnt conttrols and ricasuromcnts wore also carried out with thoIphotcoc~lc':c tflhICA*I qvertz spectrophotome ter SP 500 which is emincntly

cuited for 4Wth LOe rc.ption of quantitative -bsorption curves in the ultra-

violct and v _-ble areas. Tho arr-'o spectral width of tho xrmauring Ught

I in '"%is miotliod is o 7 AU in the ultraviolct spectral rarige.

Thc i.. Atamcnt depictedi Cchcmatically in Figuire 1 was dcsignzd for

~~u~x::tzcJ2 lighIt 6bsorption relative to the tom. aratura. 7he cwrettes .,I-_h

the ol~~ z.ro f.--tc-4cd to a --table Al stop plate on a vertica carrier,

ccuipp-ed w;ith 2 per~'oration wit% sleavcz. Th_ so corivey thi circiilzting

fluid Cich is ma:L-tcincd at a Certain tc.poraturc by the ther .OStat. The

cc~ ltQi~h tI-,_ cuV&;'.tC support is ti ;It- 1 CcnrzectVc,- with the Al cast-

Th. .1:1-u. ahc~ lip



optical rurncr nd mqy be ;f-oved laterally betwocn gud do topz. Thia pcr.-itz

exact local rcproduction of both cuvattos; for 'optical nonse.'ent. Tho

dovicc i.- suiitcd Primari2y too ,c:!-.ra L-a rxizss in wh ich 'tho utiliz.od solvo +

d ocs notL ac yet po55ccs an cxcc'socivcly ':,h vapor pnsaure and ::hsre 1',o

viscosity of the ther.1iotat f~lhid 'is -C.zativoly low.

b. ':*:ouring Results:

1. Relative to the concentrat-on: Figr, e 2eeCt;th

results of absorption r--asuromnrts related to pignent, coneiatrat'-icn* from

saturation to 10-6 m'lar colutlon.- All 'measurements wore corriuctod at a

c onst.Lnt twnpraturo of 20 0C =nd pli .6.0 of the citrate-phosphate IXuffer.

:1Tho absolute snlt concentration amounted to 19 gil. IpH 6.0 was chcocn for

two reazons: Firstly, because the acridina orago base is already witir2lr

toransformed to the dye salt at this va,3= whic h uIill be proved later-

Aand secondly, because vital staining is conducted exclusively with nc" tral

3 solution.

Fi gura 2 shows as do all stibsequent absorp tion cuirves, the dependenca

of the o . docinli -xtr.-ction cooei.Liont upc-n t 4=C way ubar. T1he curve

pro',esL-;ious of the various concentrations clearly indicate, that acridina

oranre is governed byj a concentration -tied equil2I brium whose greatest

variability is show in the concentration rango io-3 - l0-5 molar. Beer's

laW therefore.. is not fulf~illed in tho entire concentration range tasted.

Asymptotically derived marginal values are obtained only upon approacling

caturation or at dilutions ! JO~6 indicating the lazJs vAlidity. The

maImrm of' tho c haractcris tic long rave bands b~cosns static -.1i hirh dilutions

connactod 'I.ith a constant -=a -,:=-,be. o-- 203L-GO cr.-' w.6 rca a li='v

ricib- cuD ofa~~± ~~ri~c n--r,:y CLO ~ w:t~t -



~: o7
- §~~ hi.2th.- s"Ort wave zcondarij barnd at thozo d lonzs

i ,' ±.iat,;d on!i by a sli - sboulecer. The zsconciary band proper bccom.

Vinibl o-,Q-y .. Ln-t~th conccentrations > 5-.10- -molar; it oxpericnces

~n ~a1 sO't w2~~Jt byr n&cx-J e r-rc: .t ition in the

concczrl raV4 - -.- "-. C = 2.0,~a~~t1i~C l -

~ioT, r In i % , :0,.~ ,*, z7mw2.v1 in 4tho ncighaborhood of 22,150 cm

andi a X val2_z of 9J3

AC2~cr.. o'' tu .:ca a baI-xavor that has be.,n obzcrvcd in

connoction -w.iti nu%ro-4 pignzntz and -,hich has bcon Ctvuc d in a sim~ilar

0(2.)/. In this~ ca:zo ' ho aulicz-s co-_zidcrcd tho lon-, uav pri%zry ban' as

bcon- ng to a nmonooricion and tice shor.. wave sccondary band ;!Ls belonging

to a dizncric ion, and dcterrined the X, valucs of both bands by extra-

polation of the e.-x ar2.xmntally derived K values to very small (C=G) and

v ;-y 112r~o (C;-c<,-) pigment conccrtrationz. U nder tho ascsumption of Zcw'.bla

ion fonrmation :LZ/ -:n/D a comparison was wudr-laken botween

cc~putod and ob_-cxiz-d 'K. value_-, leadin- to c(.nfir-_tion of tho dirxerization

As in tha c aSo of t-cLihnt thioznin a -- d Mcthylene bl.ue, such

zla oilibriu2 oZ kAd m O~ A/ ay also be assw-,ad for acridirn

czrc~(;.)rup tV'o concontrat lons < iO-3 molar, but more 'concentrated

.-clutions -maot bo excluded from 4thcc cn..de-ation--, since increasing

"band Shifts and diLplcermionts ofi~ ntccction can only be understood. with

%ae ascumption of tho fcrm-ton of lleirhcr as-ociates. As howvn by a

latcr otay, tr-1. zhort. wavo banc! c*.>-- ac -lic for a doublo c c

_:d -. 'aztrcf~;L:: :.~: 1 Thz vl ..--
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tow:ard higher :anzoc- up to -au s rt atuatIon. The absorption curves of

soluticns < : 0-5 molar clearly reveal th.t this s1rt wave bandi(c6ntcr

of ,-ravity at 21,500 - 21,600 =m-) it izplied as a shoulder cven at very.

high dilutionsc. 'Previous Measurce.ontz of alcoholic solutlin (12) ~aaso

sho-r this short wvo shouldor, although no sins of a cciation. present

and Beer's law it iulfillad along a ide cone"tration =an P "Yoreovcr,

since the determination of the absolute hoi&,t o1 the dimaric band in

aqucous solution is vague due to the superJ-position of th long wave prIry

band, this method was not utilized for the Ioonstration of dmlori&for ton.

Ac Scheibe (13) and Eckor (14) alraac' shoued in co=ectic with psoudo-

isocyanine, the formation of doiuble io.s r.,y be deduced with certaintv

only fromtho fall.Ing f"unction of the monomoric band.

* .1hl~on an uniourn =,*mor x of rnon~oric acridine orange cations AC9

combines to a polymor P, the law of mass action is:

(C ) -A. e-

where CAO/ is the monomeric and Cp the polymeric concentration. 'The

initial concentration is then co.reposed of Co  X * C1 / CAO - -."In th,

ezz~o ol. acridino or.-nge, the primary band iecated a'. 20,400 c: 1  7

be considered as the monameric band which per.its the determiin.tion of

tho zonomric concentration and the quality x • Cp CO - A" from

the concentration factor of its K... value, as 'lscribod in.more detailad

bclow. 'vlhen x is assumed to be a constant in a certain concentration rantgo

tha locarithoraics of these .wo values arc entered graphicaly, 'the cuive

dratn in Fi-. 3 is obtained. The value for = 2.0 may be de ved from

the inclination o" the curve, which represents a virtual line,, its medi=



*!o ac~oe' -ae,- ~

~'i~ .- t! ir )ro:.C"Od 3 but the proof of rzro nw~xcrm'.,z; linl-

ThCel c~:.zc 0 .C c.*:---.--', ba:-i on t'o cozn. s

-a-~ zci2t. L srintz C2 con- an~a~o -At~v

U:s c ;_ati cn:2-'ry .'7. JA)..cl :~ain in tll- cone onrt tO:,. Zrafl"z

c~o~tsr' '-' - __: ou dmor forrmation, -ublactin-iw

n c .4 -c o- of:~nr- is desi,-nat d a id tat of' d rs

t^r anxi th i=~nc t

I .crc C i-- tl~ t otal concontration of eye, -l o. C AOk C, 0 A

T;10 C:xtmntioni coofficiorit Xwhich deter~aincs- the conccyitration. of

ncc:7 :z iz w~ ih~ iith duc rc~ard for short wave superimposi~t ion,

x~ ~a-'lf: toa valuDe (10a,! rmoncoomc ion) of tho mono.ric

'Oar.d at 2311.00 c:-.-K T'Piz vai-21 ).es at E' 61,COO, as alrady stated.

Tho~~~~ szl czi2pa:ic-- to th-, ultizmate ma .nitua of t~m K va).to of

b on ' .h3 a ,-zoac- of c! a t--- n . t'Ii

-- - - - - ... - Js~~%,



ccrc~r *''*-O t :,dc fr:a t*he r-,aioi L- 1' *in 
00

T41 rc.- Z)Y cIzat -~ aca .) 141.0

fo.,~ Cia -c- a-, - t:.-4 - -iat /-r, 1w Kc -l

7ho incrcazoc in t6-- co='Vtant u-Ith h.-Lcr con'ccrntrantio.0 can bo axplailnzd

only b-y t a-.cunption that the ri concontrati.,-c-a ir-cludcd in t.%c

cquaticn it; too ercat, i.o. that equilibria of hi-1-.cr =.-ociatcr, al..-ay
- , :-zevc:; in tha concenLtratio rA. ~ >r~~

11. pilccrcc '& he curvcs in Fig-- L, c-nd 6 cbom: the dc-pcndonca

Cf.thazbsrpt-,onal prz:so h-1of th ouiniah vcll n lra

vije '-CtQ '*. ie ozcTtJ in tha neulkral wt wa hly

il .e ~ ~ - tn- i n Fig rp--i.ttc" prccize dctcrrination of the

andl", c;'! ozt-.ol*.j';c Ohz-ociatlon. constnt.' In Fig 5, thcoo

~-~~tah:.%c bz ca2 C~td for a conccrration of 10-5 =a-%.ar.

As3 vvidcm.- Pl- I., l bota ,,ypez; of :::lccule posscv. a constant,

ul-:to L vaiuc of' the proceding or folJlc;-ng fom. at t-h~i chactaristic

Sof' 20,400 and 23,000 ca a rc~pcctivaly, Thc cvaluaiblc ocz

Uz~nton coafiiont o:C one molocular forn- t'hcroierc had to be ; .nd

.*:the df-2Z-crnco ~~~ the eadin,- in h t'to

~~4S 07=-: On Oz,~o ~~~.:2~.I ~ ~ z c~>i
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S 10-5 molar dye Colutiors which had yielded a constant of K1 , 2.4 . !0-11

(?K value = 10.60) upon similar evaluation. A change in this value upon

further dilution is iprobable, since the dimoric concentration at 10-6

molar amounts to only 2 - 3%.

The yello. fornm :ith the fi-zt band ==Lm at 23,000 cm- ! which alone

exists in the strongly alkaline rxnge starting with pH 12., is the color base,

i.e. The elactrically neutral pigmnt molecular of the following formulation.

Acridine orange base.

The solubility of the base in water is very poor due to its hydrophobic

character, so that lO 5 molar solutions are just able to exist in molecular

-dispersion and therefore may be included in comparative series of measure-

ments. Cataphonetic studies of weakly alkaline cdye solutions in a

continuous-current field have confirmed the electroneutral nature of this

molecular typo (15).

From the weakly alkaline to the ne.tral range., the first H ion is

added to the neutral moleculei -, toso charging is practically terminated

at pH6. The positive, monovalent dye cation which was exiamined in ths

preceding chaptor for its concentration dependence is now form.od, boing

approximately described by the indicated mesomric forms.,



L2

M-at changes in p.: would not atcr th r %ativ curvature of thend ;idua--

due to a drop or rise in concentration, end that the curves at p1 5.0 and 12.0

are characteristic f'or the two types of molecule. The first transition

ran-3 of the dya fra yellcw to orange ;as established according to the

method ith the cquilibrir of its two forms (P-r value) at pH = l0.L and

the disociation constant K1 = 3. 55 - 0- 11 . The fact that a genuino

equilibrium existz here .my be recoCr.nzed by the coM.,on intersection of all

curves in the pil range 1.2 - 12 at 22,14O cm-I .

Since previous absorption measurcments had failed to confirm the validity
of Beer's law for l0 " molar solutions, and the determination of dissociation

constants had initially been corduct.d at this concentration due to technical

considerations. An influence of the equilibrium of H/ association (proto-

tropic equilibrium) oing to the continued supply of monomeric ions from the

dimoric equilibrium had to be assumed, and with it, a small error in the

dotermined dissociation constant.

Combination of the two equilibria

Mg(A~l~H) a KSan .(AoC 3 K
VOj) AO) .(AO)

Yields (AO)/ = "/- O . ) _|" D Kj

and further, (1  = AN) (9

where AOB and AOj are hho concentrations of the acridin orange base and the

cation A7, rospectivoly, and Kj and KD aro the acid and dir-ric dissociation

constants, respectivoly.

y insertion of the values KD z 2.2 . 104 and (A2)//- 1.22 . 10- 6

for concentration C w 10-5 molar. The precise valuo of Kl - 2.37. ' 
1 0

I

IS (.{ = 10.62) may be computed. Th.s craantity agrces superbly with the results

of control measurements of pEt - depondonce of the extriction coefficient in



23

(iJiii ((4j t D ; '< c ' . .. .: -.

Acridine Orange cation

Mhen the first H/ ion is attached to the ring N atom, a long resonance

chain results for the reciprocal action with the radiation fie3d, in *Uch

all N atoms that qualify as charge carriers, participate. Since proton

attachment at this point is connected with an enlargement of the transitional

moment and promotion of the reciprocal action with the radiation fields

vigorous long wave absorption bands =7 be expected, which indeed are

observable in the spectrum. If, hounver, one of the two substituant N atoms

is charged first, then one auxodoromic groups could be lost to resonance

with tho remaining JL electron system and the absorption picture would

resemble that of olectroncutral 3- or 6- aminoacridine. Measurements carried

out by Craig and Short (16) and Tumbull (17) with monoaminoacridines, The

rcsults of which are partially entered in a separate coordinate system in

Fig. 6 for 3- aminoacridine, negate.the second possibility. The above-

-antio. d ~authors studied similar prdbl in connection with mono-

substitutcd acridins= and alco found that the ring nitrcgen is more bazic

than the substitucnt N atcm.
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As furtcr zhc- by ','.e curvcz in Fi o. 4 -nd 5, the '" value o the

chara-toriztic ban- ro-nain constant from pz{ 6 to ca. pH 1.5, i.e. The

pos tivo.y monovaIcnt dye cation is the only c:oisting typo of ion. The

cc7rc.ncing drop of the "orange" dye bnld an the simuJtanoous Inr c in

oxtinction in the 2ong =ave spoctra! rang e, sho':s the berinning socond

transiion range of the pigont from orange toward red. Again there is an

isosboctic point at 19,550 cn-I (x value 16,000) as a charactor:.-tic for an

cquilibrium botwoen two forms of dye, of which the rod form existing -in the

acid rn, can onL, be twice ionogcnic. The acio.zty range between 0.1 normal

and 20% H2S04 has been subjocted to additionl m=ourermnts, which confirmed

this intersoction. The equilibrium of the orange and rod moloculcr forrm

in this case was determined from the pH dependence of tho two ultraviolet

absorption bands at 33,300 and 37,200 cm- I . In the case of ca. In H2 SO4 ,

a P value of 0.4 was obtained, corresponding to a dissociation constant

of K2  h ai0-1.

Of the possible formlations that consider only the N At=u as charge

carriers, the three essential ones are depicted below. Formula III is

immediately eldminated, since in this case both auxochrores would be pro-

vonted frc color combination and the spectrum of free acridine would present.

This is not the case, however, as shown by the spectroscopic findings

in Fig. 6. Cf the re-naining formulas I and II, the structure c I soems

to be the moro stabl, since in th, case of I the ring N atom would be

eliminated from the resonance of the remaining J electrons and the

rigidity of the molecule would be considerablr loosened at this point.
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For1,ala I So also supportcd by tir : occt.x of 3-a ronczi~inC cat.ton

based on Tur23u2ul' z masurontz. who in this case proved the charge cf tho

ring N ato.4nd tho freedom of tho muxochrc7. c amino Group. A sizilar

'optical" m^Icbule ii prcoont also ir..ttructuro I, binco on f o the ub-

ctitutoz is no lon-cr offctive o ,c.ally duo to the chlrgc. Xf a GO:-

parinon of the appropriate absorption curves in Fig 6, this similarity is

cazily rccornizcd from t1e form and position of the dcpicted long wave

bands. On the .hor hand, formula IT is abstmitiated by the roloculotr

y.rctx"r uhich, together with the extended recnamo path via meIthino

carbon, oxplains absorption of longer waves. The instability of the dye

solutions in the rango of 5 - 20' H2 S04 also points in thbsdirection since

the molecule in mn activated state is rotated slighty from the plane

position due to the loosening of the ring N atom linkage, and the band

itself is placed under great stress therety. After storage of these

solutions of mediu= acidity for several months, an irreversible degradation

of the de was noted repeatedly, whereas highly acid soltulons revealed an

unusual stability, Siila observations of Instability with spectral

changes wore mde also in connection with the ,green formi of crystal violet,

uhich customarily is marked by extraordinary instability. Frster (18)

offered a theoretical explanation of the optical behavior of this dye

bolonginZ to the trpheirl-methane series. MXe interpreted the energy

cloaverago during the transition to malachite green or to the green form

of crystal violet as a neutralization of 3-fold energy degenration. A

similar case of degenerz-tion exists in the positively monovalent acridino

orango cation. i-han this dcgcneratioz is suppressed by charginS one of the



Ln a fo.,-- n to that of cryctal vi-olct. h'.

formala 1 zc,;n too bo ceaarel, czpocially cirn now the lon,-, wave absorption

xiad, -ozsb1 -, the inztab1-ility bocc-:, clear.

T1he c or ~tion upon furthwr- inraz n acidity are a-al.n cv,-*C1nt frc- .

1!ig. h and, finza.y, from -1i,. 6. In th~concent:t.cn range of 20 - 60

t*:,-: c.haracteristic band rrou-p in. the visiblo i3 ccati.,:n--o y dc-cr~azod

in Utc into Gr:oJ nbzorption, r=kixr, Z1,fiS coer chnge t,-h. r rnito

* ranze o.1 the dyo. Rod coloration is oplo)yabrent in the 3 }oO

solution and a iseakly yellva hue that persists up to 96% H2SO4, indicates

the precnco -of a rn 3 times pozitiva molcile. in a series of zmear-

ment3e, simil.- to the prococ~ng cquailibium ion A ion/2 this third

equilibria). constant ion "'2 ion was also dcri-sod from the ch=Cnge

in K=of tho two characteristic bands at 38,700 cm-1 and 41.,700 cm-1 in

relation to the H2SO4 corentration and esta-blished at 51.5,- 1204 to b

K- 1.4 . 103. Tho pl values of the H2SOh - water mixtures have been

eztracted from the acixity - pH1 curve onrstruicted by Hae=tt (19) and

Sch-warzoebach (20).

Fiz. 6 con-tairz the Sp:etroscopic proof of ".he fact that a molcaxl=z

typ6' of the indicated c tttIois involved in the h~ gcyaci p rangeo

in -whic-h both aux.c)drcmic 11 ato.-. are noutr-al I zod by treatment of the resonance

4zth the, ar o-.,tic JL ccziplcx. Tho resu1tzg chroohono theroforo must be

identical with that of the acridiciu= ion. This is actually the case, as

sho-.wn by t 'c absorption p~tein Fig. 6. An additional proof is the

cxtraorcUinzri2ly charactecrIctic icc-bluo fluorescence, urhose bandsz coincida

in 'pc:ziti.on an .1twith 12aose of tA-h. acrinium ion, corrcsponeina to

thei- diSfor=.ccz in azzorrtion. Tho ncminl short and l-ong waver C1-placoent.
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of bo-:h actinrntod Stateor im insirificmnt and ic probably caucod by a

2.inkac: o'f the chorged auxodromm. Num-rous studies oi' var.ou. autvhorc (21)

with acid s olutions of aniline, yrridinc, dinolim, Izodinolino. acridirz

ari cnthraccne aizo off c ~d speoctroscoplc proofs of the ierti t-. Of -rin.

and C atoms in aromatcc-, as well as of thc. ineffcctuality of the M112 rOu?

* in "salt formtion."

- 44
L

Acridine orange cation-r/

Recent z'srsn-spoctrosc epic and cysoccopic rmecaroments (22) of con-

centrated H2SOj4 solutions have supported the ,moumption that =nto-

0 dissociation of E2SO% to H lsj and HS04j produices a hi,-:ny Lacid cation

which, to all appearances, mmust be hold responsible for high ac .it7 axe,

* corzcquar.tly, for t'ho oloctromotive potential. Schwarzonbaoh had already

SUSsccteod the existarco of a szLfuracidiirn ion 50 in his compilation

of nozmcl acidity potent~als :nd tbe "cuporacid" idtruro

III Tocrt~.~cdeptneonce: ic 7 show:s measurement6'of. temperature de-

pondonce of U eht absorption in the visible raigp. Since the proporties of

the dye base £onint; in tho al:aAne range and the bivalent mid tribalant

ions existing in the highly acid pH~ range wore of no 1£urthcr intorcst,

thecfct o1' tCp-)Ct: :a I7Cin :- at a mcclian, neutral pX leom.

., ~,0



It z a.~~O*. by t~ic C.-olco of' a m r.~oi.ci= Cyo ccn-contrat"ion 1t

cl--~ of Cw -- thc sz-m cp-tiCa2. C:7=-es --= th.:c

effoctcd by --n incrca-e or daarca.e in conecntration by alnoct '%..o Cccimal

powers.

After riasurements of concentration dependen~ce in this ranZ,;'-"

essentil1y est.Lblished, a dimeric equilibri=xn, the di-cociation cor=;t,.nt' K1

could be computed as a funiction of tho tomperature from thevrell-k,,no*-nM

relation KDa 1 1-a . The monoberic concentration. was again. determined

from the marginal values9 indi-'ated in Port K,4 under cons.d~ation of band

overlapping. The relation

Yielded the dimerization heat ~Q and the cqtationA6 S (4 (Q -AhF)/TL

produced the direrination entropy. The results aocompiled ~ h

foilowing, table:

(%,v Qr I -, t,

I. 'I

-3_ _ _ _ - _ _ _ _ __ ~1,

1 -.- ,t
________ _ _ ___ i{17.

~2. J'



tnin chociJld C:1 -,ain thercn- rfco in cr.tro-T u f.'. lling AVo~r~

A3 mcntio cd -,a -L. K h 4 ncrc,- -. n the I -.-. ~ (.ihteco:nr

acan should be accr2-,lc to ths Lormtion of irc ac. cciatcc.

0.. ... ;. Iuorccz'ercc :n clat~cn to the

a) Apprat: An Ozp-r~~.i czcu~rc 1im~ HiJ3 200 -u:3 cs :

cxctcr li!ght courcc; *.tc v--*.iblc radia-ticii i-:a. co-m. otcly.: -^fI-tc'.--cdlu ith

Schiott UG 11 filte': an'. a ot-irate,-d Cu,1 olutu.cn of 2-3 cr. th,-ic~r:ez:.

Th :;'~C:.-itcr raciatcLi irc the!n co7:r-c.-cd of a ..,-akcr ccntl.nucncc

0.,C - 3.,JU,- AU t.:.wi lOi24 one a'~~ ~Z0~C ~)

,..~ .. n LL.i,.4 V.41 nr'.. Ll al aJ..A t..O .. M.& .J e A .-.

r:zof th z~' oluti -n C" -,7,0=i1 :: (t.Z

-orcscc'nt .i"'t -:*"I a V.tc P ~ ' -,c: ~ -7,OOA

&.-ct U otn. and ~'-U700 -.z , 7 L- t -:cc in the otr.,ahno



.Ux'."":'d to cc. 1

ho by rtr-o .c --

fl~uoreozcenco r -nf~ : .'tr~J *: to c -t

-Zepsitivityr curvo.-; r,.:-7Z4 by rc.., ciZ a Ft-6 fil £tz'r al,

cdtc C't,^~L C r- rL, n.-~ ~Z~

-m A mt io n of i' .3 rz 3.I ty c -v aa- e x 1 .3i ou t L, ..2 c r

ir- VI all ttlo casity waz c t*.blcd zif or tle r rt ctr r-.rCo

jyn in-rvl of 50 to 50 AU, depa~ding on th-- relattve cn:~ (i'0 r.d wrt

the Pt rm dvocd M1tcr)) utll:-' Z;. t-., co0m-r-o c 07" c::.zt-. r..

ffr c-urvc:; u~albL us to find tho -o.-c.pond:Ln- rclatlve valucz for

d'"fforent c-zol-2ut- dczz..ty vzQ-s (S =0.2.0; C.2.;; 0.3-',;, 0.510; Q-7-5 aid 1.0L)

znad to z'2.tiply the £c:wth t!%e aboo2.tJ vzluc of th:? 7n.tt~ 0h

~iiaJ. ' c-' atsoh-t3 cna:r o2.L7 to a czrtai-l -ai 2cnnh ~:

th--n equaztcd ~It~ foz- tYho a-ppropr.-ato phacc of dznz~ ar .h-eot-

j~.8 ~c~a nar-.:ur of c-.:ch ru-t"l ~rc for storcd ~orL

~a~phic to an -qi~a~r c~ -h ziu -cs0

z'.e-ity aro C,-tc -nz-U ICY va .'bl. ;ra-uation cf .he ;--vo : ::n Zt'-

* ~ ~i~e -=,=a a-~ '~±a a.. intccd 17y te 4ccr] j~niti-y

* t~y of ~.~tewaa - .a at 6,5GO AU for -6U. Lroc of dcnzity, cauin- all

C'Zr.'CZ; to '7i i t.z;lit
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C . ...... .... ~2c'.c al: -. v.C : to rc

c.,crry -v ca-', >''- :Zr. ~ X I- n- Ofc:.rb.'c~

the C-duatc1 co.-paritc- cr~tter xny bo add~ed at tioa zt.'Irt o1i th,2 C:n'-:ro

ho lo-o, o'oL of don-ityr. Th -2 :r c-, rc t ! c.- zxc 0 :: nz ort

racI~ation r- y be :=thcd wit tha.t of t'nt -. tt c-.' ct - L^'--

intcnsity MiE 200 Inp.

b) Fcit cf. nv-a'jrc-tz: rK- ho-,; V:C~ of' f.o:z-cn-cc

ri1camiremoflts !in relati~on to tho- dve concentratZcm. An ic cvlCT -:- V';z

gra php thoIzc tactc :crc~2ic o to lcolo-I'~ T~crzi: ~~

of f1uorcchrc-i-i7 In a r:.tr=J. cf.i C.. n. c~ v~. : '.

cbre cation. liijuily acid- or all'.2i. colut 'nc arc -ro T~vant &1-

ccirc,-to-n, z-.*hno t' can-t be ~c f*- ! vital~:.- In o-.Ccc to 'Z~

ic-

I,2, 7.107w~xc l - C-' t:

r. a c.a c c 1,3Q c:>cf

of -
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ticz 0-- M!, . viblc ec1or of 2.uox can-~c,~~x.r~~ r-

via -C- 1±h-,lo; -c.c., ~ . ,cc-~rd h c-n% -

are coaccntration doepa t xin J,-,ti~ .. ... ~.

grcn %-d~x band cc -x-erz t,o 10,753 152- 3,503 c-. l i

- corc,-3po'.;: to an mv- ciif'6rc- of cV -- mcct £~C 23

tho cmtrc--c i-d ara lc~t at 20,C) c.:-I 222,7h O Cn->-,.2

* dtffercz-ce of 1,7.50 cn-- Q 5.0 k2.Upon thc fix::xg of a linez

(19., 6 30 em~ am'.d an anay;As of the cu,-ver inl zbsorpit,:n arnd 'Llorescoec,

--.IzchinMO m!I'ror 2."-' lw Ig confirrmd up to a coreontration, of1*1

=olar. but tho strongly iddcncd abaorption bxrii &.-' 22,p2.50 c7 2 sccrzs to

aza ts incption to the su-r::improzition af two band., at ca. 21,0- 21l,600

-Cm
4 and 22 '.'00 23 ,000 c:z2 1I, of which the -.a with the lon-cr uw.vcs dex:

not poze-z VIC correpoaiing radiation probability in ezis'sion =. indicated

17y the transition in ab~srcptkazi. The '~4cs ryn.'rc-L: is a till not confiraZd

* for thc rcd fluorozicont barnd and can, be- conzic~d fulfillecd cnl.y when

aorti^a - with evcn =tortor wzi.vez; (at 24~,000 cm -L) are r-mocnt.

As =y be concludeCd fromi thicmcctroocopic course ol the absorption curves

to.iardz highor wave nmbeIrra, cuch absorption bands of low intcrn ity may be

ao=u.'od to exist. Tedr~n in intrnsity of tio red 'Lureccnt bard bcvd

fo hetnebinc2-cL ~ tti~y irndicated a. conzidcr-abe differcm;c

in- t h c;oba2~ inniltv whcn ~otwvexy Zcc. rc.n -

h-.;x coaXo.r:7z to the :cz;-. bando s, zLectcc cz-I the rL>-rt wave side and tzz

:r~t ' ~ abz- .Z. Thne co w-ctin' Lnk bet :c- tho

L CL%;n L-at.o --- r4-., 1, -,: waU s
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r. Vha rrc~n at 5SAu z~j~~ n.

*concit-uct;;d ,-,r IZ.~.()i c~;ta zo r~ z.2 C:zz- : -,-

-&---t~nhed to one of tho -c o ~ ~ 2y~o.t.c'e

*caus-ing both axcchrca to La clin.inat-d from r.:onance with tha- zcnti

nuclous and rcvoa1±n- the oetuior t.ho uatotfcic:~ 2c

acridinc czaticn.

Stuieso of the proncrtizcz of tta bia ogica2! rclow.st d,'o ccticn :-avcalcd

*an effect of concontration and terkperature on the rmeasurod ab.-o.--tion curvc3.p

as~ aJlreacV nom In part. from various pa,,>crs (25)),c~c2 thozeofci

£c.heibl oz -:;cudc-'Iocyan;:ncs and thiat cf z;-itz 4 and z;atoin oz
J~ir11ar2'c lit .. 1yn bluec. .a thy]-naz biuo shows pvro iecs taa t

pcitto th,-e fcrn'ation aof c2±rz in ths teatcd oonccntra ti on aroa, but

*vec.n 'L:,-iz, Gold~achm.4id, !aZ-u zni Bi liSen (26) as vola

Vi~t~f axx" inr.in (27) inzdicato t-h- c a.i-ca of ovcan hitc cn~ixo:a

7ha, piZ.ntz cxanirzd by' Cchoiba ~;-;eu-rd a. ca 'i~' bat,.can m-o-ric and

dimcr c 6,7c io:-z alonj- a wide r=nge c:~ conc,=,traiorm, ch aracter~zed tW an
* o~~ticint.r~-ion. A riLa in concant -aticn ir&.iccs an zb-rntIorbn

* i4-ith c Lncturcc b2zv dz~ ~at ~Irutaac. ~ ~ -~ o"-~
* ot:a cyc ca~o..Tr...~:Lt!.J :r:c 6 3 : -c . n-. anz
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ir. Loz~r~'z lrl-- ,... A out I-.- -

(cu). OfC-'Lj-

A~k.tr cti1: z t.- a nt- c~v~.~t~ Qvz~~cat :.i-

~ .oC3~ cxccZr h-gd.c in ~ z1to

'~ ~~~ic~ofort2~ ozu~-ncooffrc..: t:: ciatin Ciari

1-1 forc-z c cq-n- tlw c'- cd c:z n z~t~n o rne anir., c

wa7 -3 cz-.tand i. duo~rvdi±ia.:& to the ba-. reo.=c bcttwen

~~M :7Zr~ziC forzz'-- andI tho char~o rc-ona.nce btwn ring N

rtor and bzL~ct~t:-.L. LI=~ozn~x cc--' off tho chr zo t~o N

~ z~t~~ C t- ar~o:.tio nuc 1c~ xrairmz. .z3~ p _zr .0

by c3 aSt:-zim~mporaicuof

...-. C
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the i61c t o~ dniy&u~~ ohr±Izt - c:.xin:'tC_

an 1r omforet !a a £t...ny Tthzt f rc-,ca2 c:cy tc

ti~aa iC rerlti 'I a t.da.c.z .. " . -... z!

itcd in z~~ h. Zz

*Vh t h r V-" c0 !L r ~. o;; n~ v>. - -

c~mot to C'r.1ve.i Czcctly f4rcza i7i- 2. 0 i t.-.2 t~ ~z

iz t-- Z..Jc~i--~ -~~i~~At.C:lc a ~"~a.&

'o%,, 21 ,'013 c.-.7k. AL2rcac.r ct.-tcd in t his t

4c;no. c. an ... o atL.cf -"Z3 dincr, Lzc s..-

cozci1ator a.ac pa::'t~ipatcs 14 tho = .2 is r.orcJy rcz-'.uorczco uc

din~er farnatlon. On tha coz-o.wian or wa,.-- cicfc, i.c. at "L9,.3: =3

th azy-ftotically oricritod aboptioncuvz c,

cCl vcry low wv1 niyccztally confir-in- the thocry i abz.sciption.

fi~ orm of oc 1 'at -on, fm-" Q.1cla it chz-.-oo *--.',- t:7o fo..' wit'i

laocr f -uc-c vthout c:ziz-ziori, atvcdby un~yr4o-trcaJ. nucl

czcillti-on (a~air., zcorciinC to ot).Ti rzz rittapr ih

exto~-~Z~,'rappcfity-, sincL.ohz~ai could not co,"toract tho c-nz~lonm;

fr ~ ~ ;;-,o t'-~~hr crtho a~:ctof la'twxrcont ineo~ycoz~ecim-h

- -
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ibil.ity o'm &uz u co. clu n a' i iX t

chort .st -,xarc3 too a hi~hly 10OLO ac---' CI ct±n w±Ai i t -o

iilarc wjctry. rorL- thc -r riLA-nzc, cf tho xU in tho s-

* ~ sable ztata cal oo x .~.:c~r ri tc

buat a hshmona:nt, a 3,-orEI,.

cont uo,' chan~.z ILn p oiion of the band center- tc~z~ ic r::..

qmoncics. Th rzzzcn nt ba conzd:=d Xcziti3-. Of

diffc:-ont rztwaro ban.- of rolat~ycly clcau r~e~ with a C ntWn -1,r
-ahan~rin- irt.~zwity. The divi.iorn into to.-=. is certain2,y trivial du.- t4 t>'.

fweak IL-a,-o of the ±Ividua- LUctron ozc±2.h-torsp reculting in a G.-zua!:4

abating absorption without ciigns of phazine. 'I Coe=3 im?ort-,nt in th7is

-. ornoction V. t a curve intaxsootion. ap~pears ca the long wlave aideo, wic

Ani. ates an irx roas ing, concent-zton-dep2 m nt tciVofoi-wvd

verzf woalh rbaorption band.7, probabl.y attributable to poor coznvortibility

* in thoza =ts. l atatej. This becon~s cloear u-r.dcr 1. Iaa 4sawpti4on that

* te ~sc~t~Ve ointo intidal st roo texperavare and that

the co-znorticn of the olectria zmrnent in V,& case of uncY otrioal oscillation

is not tcro, but a =11l. Vinito qualitj'.

FIVIOM'SeOnzo Spoctra in tho Concetratwion raonCo l1O0- to 11-
raola- d~stinctly cLhow t.O enz -r lovela to be c.Vectod f rom tho exparida.

theoryl thcir pozit1"s n-;zj bo zpprir~dated at 1?,500; 16,6003 15,500j

15~,250 =4~ 3.4,700 czn-'. Sizicc the lbvols ara in a distict dequonee u-ith

riin on -to~,thc,, IWOt~ cc:--'cc -p-o;f of difir-d, rcv;z r, Ib

pha:z j of tn I.-.he~ti~ VICz z . 'ation~hzbc n ---

*low
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