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Cn the “emonstration of Adefined, reversitle associates ("reversitle
pelymers") of acridine orange by reans of absorptiocn and fluorescence
measurements in aguesus colution.

by Valentin Zanxer.

: . . oK.
Translatel from Zeitscariflt f. Physikalische Chemie 19¢-2Cl: 2< 255
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Tho vit:d vlooont acricing

for 1ts spectroceepic actlon in abzerpilon and fluorcsccncs in the cabire rarse

of concentralion and plis It i3 cotablichod duving the sweenirt ¢f the pi sendn
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ths form ciidsting 1in the routrel ronse I3 (O zizitive eaovalont ploment catien

vhich 1s extrogrdinarily dependent on tla comcoatration in its cpideal belravien.

T' e phonomcnon ¢f rod and greon SLuciiolinta
cquantdtatively and reveals thal the ceridlic ocranze cution forms tie dafinc
- reversibls acsoclates that partly coincido with Schizibels polywors axd which

pormit analozics with those rigmonts that accociate (o double dens vp to modiun

* pignent concontrations (10 3) molar), The thermodynamic magnitudos of the dis

sociation constants, {roc dincrization eneryyy, ncat toning and entropy imporian
for the formticn of cimors, are corpuicd from the equilivrial siate depending on
the conceatratdon a:.d terporature, basced on tio data of aptical rmeasureoment.

Iven if no pocitive data arc avallcdhle on the mumerical lnlkzge of the hipgher
assoclates, it moy reverbtiwlcrzs be stind with certainty that thre tyme of Scheibo's
high poly=er is not involved, The characterisiic red fluorescent sffect of con-

- gentrated pioont solutlons is coverned Uy &n ensrgy mechanism that may bo asswacd
theorciically; but which has not btoen Dully csicblished by measurements carried

ott 41 zgucous solutions herctofore.
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ceining mwpcs.s La 3000 slisi soecwsly by Strugses (2) ond Dukatseh ond
e KRNI T, PRI B JTTSUE P 'y
During iniilnl o ooohpoiolalonll Strugger
‘- Lo T P "..,"‘ f‘?"""A L . i
» 2o~ S LT L e Do mden Ten a e Lot LA Sy
nobed noremaydcll ol el tha otelin for L proteins of the protoplasto
e -, - - ., . - - LT JN .
anl recopnicnd oo Do Lilility of sionudiy plant end animci cells rapidiy ond
——
-~ g g b e < . e - to Tl o
comefully, peroiiilng thelr goncinoticon L a :,u:m:;d conui'c, on.: This fertocr

cotuplicled Ulab acridine crange staining moy :ma:cate difforcnt cor'c.'. ons oi‘ th

plocma pretoin, dozersiratobic by fluorescence mcmscopy upon approprmte

-

ciaining, Native (active) protuin gives greon ‘i'luo csccnce, dcnaumco. (deag) :
protein annenrs rod. This & fferentizstion was int.e“preted by Struggor as th
censentrotion cffcct of Lhe rigrent upcn clechro.;t;.tn.c :.dsc*pt.:.on oi‘ tna pignen'h
ations in the coll pl:'.sv* :md the chan gcs in ’ch° pla.,m 'orotein in tho living or
¢und celiular acsocintion were consid ed to ve the cause of thc dis..:milar storago
canacity. The lethal .ro‘ooplasm stores a rroat deal of p:.mnnt and ﬂuoresc
c«:ppcr rod, while tha l:.vz.ng variet oy e.ocorbs rolatively 1its sle and, f;or this rea.,on,
radialss a green flucrescence. - Strugger was led to th:L, assumption by su’b,;cctive
ooscrva.tion of the flucrescent light oi‘ aqueous plgn..nt g0 utions, uhich chow an
advancing ..n:u.t of tlc center of i‘luorescence from green via ve]lowish- £MCon,

e

yeiled, Jcllo'»'-oran'-o 5 o*un;o s ultimately to red in comect:wn mth constant.ly

aitered concentrations of 1 ¢ 100,000 - 1 : 10C, S‘omgver'" observation and

Sy

wberprotation of fluorccecnce ratachronasia as a conccntmtion dffec‘:. were une

t-;'

-

quivosally confirmed by Kolbel's (L) work with acridine orange pigmont storage

in living and dead cells.

O

Tha OI’l{".L.“). of this "conceniration effect" i.e. 'hhe change in {flucrescent co" ors

In oo lwilon Yo thic nitiab concentration, had no\. been °"b3ec1.cu o detailed

Sl o Le from iz physiciule~chemical vicipoint and Strugger Lhen fo*c sucpected 2

[o]

lymerization of poeud isocyan:';.ncs discovercd 't:;
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plysical-cheminnd, action wnrs nooed in this
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ol tho dyo golubtion., Cincce these cuddea chanses in the px

isceyuninss arc reversibio with oobiltrory Irequency by means of temperature
clevaticon or diluticn, Strurger's ascumpticn was quiie exrcdible aftor his visuol

observaticn of ccridine oranse had alco established a reversiblc behavior in

-"——'/
fiuorascenca. It was the oim of the present tudy to reexamire \jche phrrsicale
AT LiDUT  oean) 21N LPRXAMOWTLSG nu csfu.r

chen 1c._1 .Lcmon c"‘*' he-plgeent in cqueous colaticn ’a.nd- to discover the oripgin
nE Tlvow ©ni e

of the ¥eoncentrabtion effect"Aand, with it, of the metachiomatic flaorescent

cffect, particularly from the correlation betueen cbsorption and emisslon based

on tho concentration. = __

————

The posuib:xl:.‘y of an cxtensive in..igh‘b into the action of this sta:.n seemed
to be given by extending the study veyond the biédlogical ranga of pH, i.e. in
strongly acid and wealldy alkaline solution, as wz2ll as into the area of the
ultraviolet gpectrum.

2. Purification of the Pigment and Preparation of Solutions

Earlier studies (6) had utiliced acridine orange fusmished by the Strugger

Institute; the dye wos 1...tcr procuredAin a "standardized” fom. The commercial

preparationsuouaily arc in the form of zinc chloride double salt which is only

o]

artially solucble in organic solvents and containg mumerous impurities. The

tain

,n

(+

e~
. ond

[ &)

neclore subjeceted to the followrdng purification for the purpose of

optical stud e
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Aftor solution of the double galt in alcohol, the dissolved portion wasg

filteredd off from insolublo residuec, strongl,[ dilutcd with ‘vw rar'd tho yellow : "

dye ba.,e was precipitated with ciluted MNaOH solution. Follo‘d.*x.,"’ rapid f.ltratim and

caroful- ﬁcsicc‘.tlon, the ©zsc was c:mso’ved in C‘Ibl ar.d purii‘ied chrcmto-

3
graphically via A1203. The adsorbed dye was aubeequently extr‘ctcd with C'nCl3

and the solution was compressed tntil crystallized. The precipitating molecular
compound contains 1 mole CHCl3 which is easily separated during va.cmun desiccation.
The solveni~frco product melis at 180° - ¥81° under normal oonditions (melting

roint of the fxee base according to Beilstein 22, h87 = 180-1810 or 181-1820),

The des:v.rs.d dyo sclts wers obtained in a vezy pure s »kﬁte by soluiion of
the pure pase in alcohol and additicn of a cozresoonding amount of mireral acid,
followed by precipitation with ether. ALl studies under discussion were con-
cucted with easily soluble dye chloride. L

ihe proparation of buffer solutions were based on'the ’"universal buffer"
consisting oi‘ citrata and phosphate mixtures as listed by MacIlvaine (7),
covering the biologically signii‘ic..nt range of pH 2 - 8, Alkaline solutions
vore prepared as glycocoll - NaOH kixtures according to Kordatzky (8). The
acid so..ut: ons consisted of stoh - water mixtures up to the concentration of

7864 sulfuric acid.

3. ieasurcments of Light absorpiicn relative to concenpfe;ion, PH and
temporature. ‘
a. Appara.tus:. Measuremonts in the visible speotral'i;ange were condicted
by the photoelcctric deflcction p:ethod w*th'o celenium photoalectric cell as - =
radicaction rcceptor. Using the high intensity Leitz-}Ionochromator coupled 12
a 30 W Wolfran helical lamp. The range of 4,200 ~ 6, 000 AU cwld be scanmd

with a median speciral wilith of the measuring light a:munuing to L0 - 50 AU



5
The relatively eonll eneryy frastion of the light source as well as the 2
in sencitivity on the part of thc selenium photoclectiric coll in short ave

bluc rrquire ciniification to €0 = 70 LU Iu this ran—, but even tien,

Satade wmall

ebserption ronsurcneats with ca absoluts oreor of awiimdly f 20 ara cif

PO5Siuac Guag T 11T ZITal Dnll ldAth of the meloenloe bands {3,000 0 2,700
.
3 M . )
. en™). Tuis ford hac boon cenfirmed roneatedly through photographic roasurce-

nents with 2 croetral width of 1 - 3 AU.

Trhe wltravioled spectrzl range was measured predeminantly accerdiny to

the measuring principll of items (9) Meomparison spectra™ arraazed aficr

et « gl SATRIOETIY

Holba:.l Zortua and Szigetts (10), using an Hp tube 2s light source. Utilizing
the large quexrtz spectrograph cf Fuess. f.he spccﬁrai wldth amcunted to 0.3 AU
in the short wave ditfézviolet and 1.0 = 1.2 AU on the nargin of the visibls
Lo ranm.  Stboequent controlsr and measurcments wére also cai'rlcd out with tho
paoteolecisic UNICAY querts spectrophétometer SP 500 which is eminently

suited for the reccption of quantiitutive abcorption curves in the ultra-

violet and vicible arezs. The average spectral width of tho measuring light
in this mothod is L - 7 AU in the ultraviolet spectral range.
The irctrument depicicd ceheretically in Figure 1 was designed for

-~
e

rsacusenints of licht cocorption relative to the temperature. The “cuvettes wizh

the colutions aro fostened to a ctable AL stop plate on a vertical carrier,
cquipped with 2 perflorations with slecves., Th:ce convey th: eirculzting

fluid 1liich ig mainteincd at-a certain iciperature by the thermostat. The

cover platc wilh thz cuvelie support is tipgatly ceanscted with the Al caste

PR R v~ e fr - el . ~~p? « wy - g - -
melsl houcinge  The lotior hoving a surfacz-pround lip.  2inns par:llel lass

-
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optical rurncr and mgy be icoved L laterally tetwson guide °tous. This permits *

exact local reprocduction of both cuvettes “or optical mﬁsm'e...cn... Tho

dovice is swiied primarily to tcxmpeorature ranges in vhich tho utilized solvent -

Swrles

does not as yob possess an excessively hi - vapor p.,.;su ané vheore ﬁ:e
scocity of the thermoctat Tid is relatively 10’4.'..
b. lleczsuring Results: |
1. Relative to the concentration: Fig,;ﬁm Ey'r':e;lec the
rcsulﬁs of absorpiion reacurements related to -pigrienf Jconcd‘xjtraticn’ from
saturation to 10~6 molar '-olut_o... A1l measurcmcn..s were corductcd at 2

' constant temperature of 20°C and pH 6. o of the citrate-phospmte buf fer.

- Tho abgolute sald concentration amourxted to .19 g/l. nH 6.0 wags chc:en for
Wwo reacons: rirstly, because the acridine orap'e basc is nlready ent ircly
uramfor'nnd the dye salt at this valuo - which '.:ill be proved later -

and secendly, because vitel staining is ¢ mducted exclusively wifc.h weutral

solutions.,

Fimure 2 shows as do :ill Su‘oseqﬁcnt a'bsomfion curves,the deﬁendenca

of the molar decimal cxtriction \.oefﬁcient upc-z the .'a moter. The curve

progressious of the various comentrations clear;.y ind;ésta 'that acridim

orange is governed by a concentration - tied eqﬁilibriuﬁx:whose':greatest

variabilit Ly is shown in tho concentrauion r;mge 10"'3 10‘5 4molar.' Beer'a

law therefore, is not. fnl“i.t.led in the enuire concentration rangs teated. .

Asymototically derived xnarc;i nal values arc obtaincd only unon ar:proaching
caturation or at dilutions Z 10"6 indicating the la.n}s validity. The )

radmum of the ¢ haracteristic long wave o 'xds becc:ns st.tic in kigh dilutions

cornzectod with a ceonshant weve wmbed ol 20 E;CO em~+ and recches o ll«mu
3 .

PRI T . o e de o JRER - % apenTane, 7 - e
(Sotermiozd by cubtropoloticon) ot o ¥ valuw of neoxdy £1,000 and o conzoatrnticn

Cm JV - -




)

o=l eAmD e eem . : I
o2 1077 - 10 molas, unils the short wave scc0ndarq bard av theco dilutions

is indicated enly Ly a slisht ¢

boulder. The s.condary band proper becomes

visible only ctarting with concenirations > 5210“5 molars it expericnces

an indal short wove ¢hift by nor.al quantities from its rvisition in the
s I S S = ya=3

conceniratizn romen 000 1077 - L. 1077 il and, stoariing with C = 127

nolar, guic.ly sooohis ooterminal valuc ia the neighborhood of 22,150 cn—d

als 2 Dahzvior that has besn observed in
coennection with musercus pipmentc and Thich kag been ctudizd in a sixmilar
faghion by RaLincuiltcch and epsteln (1) with thiomine and methylene blue

o

(iB)£. In this case the authors comcidered the long wave primary band as

beloaping to a moncmericion and the short wave sccondary band 4s beleonging

' to a dimeric ion, and determined the K,,. values of both bands by ‘extra-

polation of the experimentally derived K values to very small (C=8) and
ve.y lerge (CRoc) pigment concentrations. Under the assumption of double
ion formation DA £ 1S HBQ%%, a comparison was undertaken botwéen
cerputed end sbeserved ¥ values, leading to confirmation of tho dimsrization
typothesis,

As‘in the case of the pirmenis thiomine and methylene blue, such
o squilivriun of ACF £ AGF=> 302%% nay also be assused for acridimo
coange (L0 wp to cencentrations « 1073 molar, but more concentrated
colutions muat be excluded from these considerationﬁ, since increesing
vand shifts and displacemcntc of intexscction can only be understood with

the ascumntion of tha fermation of hiphex ascociates. As chown by a

. . D) . - e LH - "t
later study, the chort wave band charactiiristic for a doublz mslecuic
“q - R -- R e~ Thiz volua, & o
- -d bdoen 1 W e o - - C‘... A AN e " - - - §id * LA..‘.J Coominnr 5 oodboin Ve 2




touard higher wave numbers up to saturation, The a.‘osorption cugv s of

seluticns < 207> molar cloarly reveal thet this short -.me‘b

of rravity at 21,500 = 21,600 ca™l) i irplied as a ‘shoulder even t very.
hish dilution... Previous measurcmonts of a.lcoholic solutions
show this shert wave choulder, although no signs oi‘ ‘.s.,cci tic resent

since the determination of the absoluts hci._.,)*t ot the dimeric band in

orbines to a polymer P, the law of mass action is' '

. ST .
Cp i (%

ba2lowre Vaen x ic a..*umea to be a constant in a certa.in c nc :

dravm in Fiz. 3 is obtained. The value for =

the inclination ol the curve, which represents a virt.ual line in its medin::

e i b e e 00 R YA RN AT
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Soquestion wers tasced oaexclusive dimer formation, sublecting tie
¢iccozliation coulliveiwn o the follewing conditions:

If ity
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wmen the fraction of monomers 1s desisnoted a and that of dirers

N
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where € ic the total concentration of dye, i.c. C = AOII\ F 2 A0 7,

The extincticon cocfficient ¥, which determinees the concontration of

boslotaLodm ans, ic cotaulishied with due regard for short wave superimpocilion,

. This ... valur lieas at K = 61,000, as alrcady stated.

Lo Sons rolationotiin amnlidecs to the ultinmate marmitude of the K valve f
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The recdian dicsoeiation corsiant Kpsg W e es tolliched at 2.2 ¢ 105 1/:01

frou the lasy tiwres valucs, the Zee d"mcrizaﬁ newergy Foab 5.7 X oesl/mol,
The increase in the constant with hishor concentraiiens can be explaincd
orly by the ascwuinption that the dinwric concentraticn included in the
cqguaticn is teo great, i.e. that equilibria of hipher ascociates alroad
asges v thcrmselves in the concentratien ranze > 5’-10‘5 rolar,

II. pd dependence: The curves in Fig L and 6 zhew the dependence

cliinline monga represcnted din Pig Lo ne ..:ittccl nrecise determination of the
2 clesirolytlc disccciation censtant., In Fig 5, these

o1 evalveited for 2 concentration of 107 -5 melar

.
L both yypes of molceule possess a constant,

ulzimate ¥ valug of the preceding or follcewing form at their characteristic

szzioam of 20,400 and 23,000 cm"l, respectively. Yhne cvaluchle mcick

ctinction coofficicnt of one molecular form therefore had to be Jound

. . N atal ‘ « e - : PRV L o
Soon the diflerence totweoon the recding and the conceatration -~ Jonsndins
K FAN . e d -~ 4L ~ ——ya e Y S RN S -
sulon of Uho othernmolosulol foriie T4 wnn ozzunid I this comictizn




iy
105 molar dye colutions which had yielded a econstant of }(1 « 2., 10712

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

further dilu tion is improbable, since thc dimoric conccntration/.au 10’6

molar amounts to only 2 - 3%.

Tne yellew form with the first band moxdsum ab 23,000 cm=l which alene
exists in the strongly alkaline range starting with pH 2, is ‘,tho'color base,

i.e. The dectricaily ncutral pigment molecul:r of the i‘ollo'-}ihé""fomulation.

: CH. : » R

Acridino orzmgo ‘base. C
The solubility of the base in wnter is very poor due t.o its lwdrophobic
character » 8o that 10’5 molar aolutions are ‘iu"t ahle to oxist in molecular

- dispersion and thorefore may be included in comparative series of n:easure-

ments. Cataphonetic studies of woe.kly a.lkaline cbre solutions ina .
centinuous-current field have confirmed the electroneut_ral ‘pature of this
molecular type (15)e o | | b

I‘rom the weakly allmlina ‘to the ne.xtral rangs, the ﬁrst' H)‘ fon is
added to the neutral moleculey whose cha.rging is praoticmlly terminated

at pH6. The positive, monova.lent. dyo ca.tion which uas examined‘in ths
preceding che.otcr for its concentration dependence ﬁs now forred, baing

approxira uclj deseribed by the indicated mosomaric forms,




i2
that chanpmes in pif would not clier the relaiive cuzvature of tre individuals

due to 2 drep or rise in couceriration, ond 4hat the curves at pi 5.0 and 12.0
are characteristic Jfor the two types of molecule. Tho first transiticn "
rings of the dyg frem yo..lcw to orange was established acoordiné totho
rizthod with the equilibriunm of its tuwo forms (Py value) at pH = 10.‘;1:5‘ c;nd
the digsscoclation constant Kl = 3..55 « 2071, The fact that a gcnﬁioo
cguilibriun existc here may be recognized by the common intersection of all
curves in the p!Il ranpge 1.2 - 12 a% 22,450 em~2.
Since previocus absorpiica measurements hed fzailed to confirm the validit.y
of Baer's law for 1072 molar solutions » and the do ucmination of dissociation
constants had initi:xlly been corductad at this soncentration due to technical
consideraticns. 4n influerce of the equilibrium of i association (proto—
tropic cquilibrium) owing to the continued supply of nono-neric ion... fron the
dimoric equilibrium had to be zssumed, and with it, a.small error in the
determined dissociation constant. | | -

Combination of the two equilibria

(208 - (H)* = K3 and ARV * e K
_—B(AOJJ)" - {40 %A Tl

Yiclds (A0) = /g Qa V= (Am) . (1)

and further, Xy = (A0n) . (R
oy

where A0p ard AOJ are the concentrations of the a.cridins c:ranga base and tho
cation .w‘, rospectively, and Ky and Xp are the acid amd dime:ic,.@i.;sociation
constants, respectively. ‘

Dy insertion of the values Kp = 2.2 . 104 and (AQ2)Af = 1.22?. 10-6
for concontration C » 10~5 molar. The procise value of K1 = 2. 37 O‘n

(Pz @ 10.62) may bo computed. This quantlty agrees superbly with‘t..e results

>

o control measurcments of pi - dopendence of the extricticn cocfiiclient in

e Y T T
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Acridine Orange cation 7
then tho first BA ion is attached to the ring N até:n, a long resonxve

* chain msults for the reciprocal action with tho radiation .t‘ield, in Hhich
all N atoms that qnali.fy as charge carriers, parﬁcipate. Sinca proton
attachmant at this pcint is connected vith an enla.rgement of the transitiona.l
moment and promotion of t.he reciprocal acticn with tho radiation field,
vigorous long wave absorption bands m.v be expected, vhich mdeod are
observable in the spectrum. If, howover, ‘one' of tha two substitucﬁt N atoms
is charged first, then one auxoderomic groups could be lost to resonance
with the remaining JL eléctron system and tho absorption picture would
rosenble that of olectroncutral 3~ or 6~ aminoacridine. Moasurements carried
out by Craig“ and Short (16) and Tumull (17) with monocaminoacridines, The
results of which are partiallj entered in a soparate coordin:its system in
7ig. 6 for 3= amincacridine, negats.the sccord possibility. The above-
montioncd authors studied similar prooless in comnection with nono=

substitutod acridinss and algo found that the ring nitrcgen is more bzsic

than the cubstituent N aten.
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As lurther chem by the curves in Figo. L zad S, the ¥ value of the

characteristic band remains constant from pH 6 to ca. pH 1.5, 1.0, 7Tho
positively monovalent dye cation is the only emisting type of don. The
ceracneing drop of the "orange"™ dye band and the simultancous incicase in

extinction in tho long wave spoctrcl range, shows the beprinning sccond
transicion range of the pigmont from orange toward red. Again thero is an
isosbostic point at 19,550 e~k (X value 16,000) as a characteristic for an
cqudlibriun betireen tuwo forms of dye, of which the red form existing -in the
acld range can only be twice ilonogenic. The acicity range betuweon 0.1 nomal
and 207 250y, has been sﬁbjccted to additionil measurersnts, which confimed
this intersection. The equilibrium of the Aomnge angd red moleculer forms
in this case was detcrmined from the pH dependence of this two wltraviolei
absorption bands at 33,300 and 37,200 cal, In the case of ca. In stoh,
a Py value of O.t was obtainef.l, corresponding to a dissociation constant
of Xy = L = 1071, | |

Or.tha possible formmlations that consider oaly the N Atom as charge
carriors, the three cssential ones are dépicted below. Formula III is
irmediately eléminated, since in this caz2se both auxochromes would be pro-
ventgd from color combination and the spectrum of free acridine would present.
This is not the casc, howevor, as shown by the spectroscopic.: findings
in Fig. 6. Cf the remaining formulas I and II, the structure of I scers
to Le tho mors stable, since in tha case o;‘.' II the ring N atom would be
elininated from the resonance of the remalning jT electrons and the
rigidity of the molecule would be considerably loosencd at this point.



Formula I o alco supported by the spoctrit of 3-aminos C”‘lu:"” catl

based en Turbull's measurcments. who in this ease proved “"e c‘nr”e cf thno
riag N ato:r/rznd the frcedem of tho auxcehreric amino 3roup.' !. ei‘til.,r
Hoptical® molceule is present also In structure I, Lince one of ihe sub-
stitutzz 43 no longer offcctive c¢piisally duo to the cihurge.  In a cem-
parizon of the approprizto sbsorpiion curves in Fig 6, thiz ‘aimiia.“ity is
cazily recommized from tho form and position of tho dcp.ucted lcrﬂ wave
bands. On the ¢her hand, formula IT iz cubstantiated by ’tho w:olgculetc-

. cymmetry vhich, togethor with the extended rescnance path via methine
carbon, cxpiains absorption of longer waves. The instabiiity of the dye
solutions in the range of 5 - 203 H soh also points in ths direction sinze
the molecule in an act.ivated state is rota.ted slightly from the plane

pes ition due to the loosening of the ring N atom hnkage ’ and tha band
itself 15 placed under great stress thercby. After storage ot thesc
solutions of msdiun acidity for several ronths, s.n :ereversib]e degradation

of the dye was noted :nepear.edly, whereas highly a.cid soltuiom revealed an

unusual stability. i.milar ob.,ervations of instability wit 1"pect.ral

chzmges were mde also in comnection with the green fom :of;, mtal violet,
uhich customarily is marked by extraordimzy .’mstabilitw. Forster (18)

offeréd o theoretical explanation of the opueal behavior of fth:xs dye

bolonging to the triphenyl-zethane series. “He interprated‘the;”enery
cleaveraga during the tranaition to malachi‘be grcen or to the green form -
of crystal violet as a noutralization of 3-fold enargv degeneration. s
smilar case o2 degeneration exists in the positively monovalent acridinz

orango cation, then this degencratics is sx.ppressod by charginw one of the
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oy gpoctrim In o fomm cinilar o that of cryctal vieleb. Tive

formula I scernz Yo bo securcd, especially sirce nowr the long wave abserpiion

The condition upon furthor dncreace i acddity o2re azain cvidont Lfrcn
Fig. L and, {in2lly, from Fiz. 6. In the conceniraticn range of 20 - 60%
‘72501;” the charactieristic band rroup in the visidle is ceontinuously deexcaced
in itc intoprad sbsorpilen, mnking Lhais coler change the 3rd transition
range of the dyo. Red coloration is compleioly absent in the 73Z 1080y,
solution and a uec..‘-:ly yellew hue that persists up to 953 HpSQ),, dindicates
the precseace “of a new 3 times pecitive molecule. In a series of mcasure
ments, similar to the preceding equilibiium ion A1 fzo=x 1cnf2 this third
equiiibrial constant fon 72 T==S¥ fon 73 was also dorized from the change
in K, of tho two characteristic bands at 38,700 el and 11,700 ™t in
relation to the H2S0) concentration and established at 51.5% H2SOy to be
K3 = 1.4 . 203. The pll vzlues of the HpSO) = water mixtures have been
extracted fron the acidity - pH curve corstructed by Hamett (19) and
Schuarzerbach (20). |

Fig. 6 contains the spzeiroscopic proof of “he fact that a moleeulor
typo "of tho indicated conctitution is involved in the highly acid pi
in waich both au:co;lrcmic Il atoms are neutralized by treatment of the rescnanc
with the ar .A.;.’c*c JL cecmplex. The resulting chromophone therefore must be

identical with that of he acridiecium ion. This 1s actually the casc, as

shoim by the absorption plcture in Fig. 6. An additional proo.f is the

extraordinorily characteristic icc-blue fluorescence, whose bands colincids
in pesition and acight with these of the acridinium ilon, corresponding to

4 P ¥ Vg -
the dilferance

O

> .

in shocorption. Ths nemincl short and long wave displacement
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linkare of the charged c.urcdrcms. I.umrous stud.ces of various auuhor., (2%

with acid solutions of anilire, p;,fridi'm, d:molim, :isorino.n.:mo. acridin::
and anthracene also offcxed spc:‘.:roscopic procfs of tne identity ef »ing i
and C atous in aromates, as well as of the ineffectuality éf'the Wi proup
Ce in "salt formation." |

\L K

Acridine orange catios’

! ] Recent raman-gspectroscopic and cy'-o.,copic measumments (22) of con-
centrated HpS0y solutiocns have suppor’c.cd the 2 sw::ption ‘that autom
di...sociation of Hzooh to H380h and HSO)_‘ p'wocmces a hif-n];,' acid cation

, which, to all appearances, st be held respmsiblc for high ac* ity axd,
. consaguently, for the elsctromotive poteniial. Schwarzen'bach ‘had aiready
susacc’c"d the existarce of a sulfuracidium ion hBuOh’[ ia hi.. co'milation

of normal acioi*:.y potentials and the "superacid® M:.d:.t'f.curv .

III. Torporature depandonce: Flg 7 shows mca.surcments of tcmpcrawro de-
pondence of light absorption in the visible range. Since the propert.ics of

. the dyo bage forming in the alialine range and tho bivalent and tribalont
jons cxisting in the highly acid pk raonge were of no mrihcr interest,

the effcst of tomporalture was cimdned only at 2 median, neutral il level,




v was caovm Oy the choice of a Jovorable median dye concentration Lint o
Yemperziure change of zxout §2° causcs the same epiicall caanges o thes
effected by an increase or decrease in concentration by almost two decimal
pOWers.

) After macsurements of concentraticn dependence in this ranze ° d
essentially established a dimeric equilibrium, the dissoclation constant ig

could be computed as a function of the temperature from the well-iznown

rolation Ky = 1 1-a .
c a

The monoberic concentration was again determined

from the marginal values indicated in Part K, under consideration of band

overlapping. The relation
e ~
SN v N . PN
AT RT™

FAY :‘\K

-
- Y
- h

-

c.

Yielded the dimerization heat &Q and the equation A § = (AQ =AF)/T

produced the direrisation entropy.
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Finaliy, tho substitucnt N atezs arc cezplotely charged
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causing both auxcchremes t0 Lo elizinat.d fron roconance with the

- nuclous and revealinz the spectrun of the substiituvent-lrco

acridinc caticn.

Stulles of the progsrties of the biolegleally relovunt &yo cation revealced
p 8 &

an elfect of concontraticn and temperature on the measured absorziion curves
s 2

as already knowm in part from various papers (25), eszecizlly thoce of

Scheibl ea psocudclicocyanines and that o Robincwiitzeh and Iprsiein on

‘ginflaxly comsiitutod meiiylenz blue, lethylone blue shows properiies taat

peint to the formation of dimers in the tected concentration ares, but !
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