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Abetraat - The paper preI!anta a aariaa of novel water- 
-aolabl9 dsrlvatlvas of ROBS bengal. golability in water of 
the C-2 Rora boagal ortera has baen obtairud by the attaoh- 
met of ttU proper ntar-aolubla moletg to tha dye molecule. 
It i8 &OWXL thatBiS0 Of ti l ttaohodmOlOOule haB l e&n- 
iflaiant influence on the apaotroa~opio propertier of tha 
derivatives. !Phe 1~ side chain strongly influencea on the 
poaitlon of the l beorption A and emiaelonapaotra. The 
aida ohainonatoa the mlaroen~Lentfor the molecule to 

attaohed. Thio ollta~ it more difficult the diffusion 
ions into the aJe moleoule and oakuoa an apparent 

P 
value for protonation of *no1 group of 

xanthene rem due. These 
7 
pas Of dOriPetiVe8 uke POBaible t0 

carry out the photooxidat on in water even at low ph. 

IlwR0DucT1oR 

Rose bengal /3',4*,5‘, 6.0 tetraahloro-2*- /2,4,5,7-tetrr-iod~~draxJ-3- 

oxo-jli-xanthon-9=yl/ bepcl010 acid his /aodium salt// la 0p8 of the moat efficient 
and most used singlet oxygen aeneltlzera. !Chow thla eenaltlzer le vary useful 
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Roae Beqal 

in paler solve&e , it la eaaanflally insoluble In typical organic aolventa awh 
aa pentane, ohloraforr or mathylene ohlorlda. The eolobllltJ problem of Roaa 
bongal derivativoks aa wall a~ their fumlamntal photophyeioal propartioa haa bean 

oaxwfully rtudled by Lamberte and Rockers 11-93 . Tha oompatebilltJ of Rome 
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bengal with non-polar eolvents oaa be improved by lmmobill~etioa of the age to 

the proper polymerio oerrirr 15-121 , or by impobiliratioa to epeolflo organic 

moleoules [13-153 . The geaenl eolution of thoee problow ti based on the 

ahemiorl propertiee of Rose bengal, uhioh meg fora derivatives via auoleophilio 
direpleoemeat at C-E’posltioa, uhorses C-6 poeltioa la nearly unrerotive @6] . 

The speotroroopio propertlee of the xaathaae djcrr are depeadeat on aolveat 

[17-191 and on mioroeaviroameat LZO-211 . The atrwturallj oomplex fluomsoein 
dyes, all exist in Memat etrwtural font at dlffereat pEa In solution. In 
the oaae of fluoresoein the derivativma are shorn as a r-tion of #ia. 

SCHEME II 

Zwitterionic 

monoanionic dionionic 

hotomtioa equilibria 0r riu0n80Oin type Or dpe 

The abeorptioa maxlmum uadogoes oanseoutlvely a large, a awl1 and another 
large md shift aa the pa inoream~. TM.8 0ormepoPde to foxuatlon of the 

aeutral moleoulo, the moaoenlon and dirtion of fluoreaoein re8peotlvely. Aa a 

oonaequeaoe one ooaoludea that the loniratloa of the phenol reeiduee of the 

xaathens noletj hoe the largert inilueaae on the position of the absorption 
maxImum. From the almllar obeervatione made with e~eip, it res poemible to ooa- 
elude that the pheaolio fuaotioa of l ooln 5a moly aoldio than the oarborjllo 
rtamtioa b] . 

RoBe bengel ia widely used aad ie an effioleat eemiitizer for the fozmatlon 
of eirrglet oxygen. Rare bengal hae potonttil applioatlo~ in the photoohemioal 
treatment of exaersive algal growth in rater [23] and the degradation of organlo 
phoephato peatiolder In waste water. In the latter ooze 8odel l tudlea have been 

oarrled out c24,25] . 
Rose beagel La oomerolrllg available ae the dieodium salt, forms the leotone 

at low pR haadlw it iaaoluble. Funotioaalleatlon at the C-2’poaitloa makes 
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obviates laotorrs formation thou& iunationelirrtion at C-2* also doomsees 

l olubililq in rotor even at high Pa. 
In this papar the sjnthaela of new retercsoluble derivatives of Rose bengal 

es well 8s their speotrwoopio propertim em dmaribed. 

The ayntheserr deeoribed in 6oheme III end in the Experimental Seotion in 

part w&me pxwoented in the prwiow pepera p4.153 , and (I&?@ baaed on the 

difforenae in the nualeo#ilitg of the aarboxylete sad the phenolate group 041. 

SCHEME 111 

0 
CH,CH,OH 

BrCti&kt,Oti 

acehe, H,O, 60% 

The eleotronia absorption ohmxoteriatica of the oompounda f and II are 
given 5.n Figpare ? aad in Peble 3. 

The eleotronia abrrorption maxim8 for I and II ooour at different wavelen@&. 
lekrifiartlon at C-2. shifts the uximum toword the red by about 4 m mlatite 

to Rose bengel dioodiru ult /551,5 xm for I/. ?or l wmntkllj axi e8ter with e 
longer aide a&in sttaahed et C-2' /II/, an additional red sh.%ft is obaorved 
/ebout 5 nm 557,0 nm/. This ruggbrrte that the long ohmin in RB=CCO/CE2/ @XEI 
reside8 in suoh a my that the Rose basal xanthene rasldue ia surrounded by 
non-polar side i&tin laee Sahwe IV/. 
ForRB-COC/CR2/~-CooB the /C%2/5 o&in is too abort and not able to pmaent 
the dye with eaeentially l non-polar mloroenvironment. Thirr might be oonfimed 
elao by the memwmmnt of the s 

$"t 
806 texmion 0r the nter eolution of I and II. 

For the oonaentretion ? + 2x10 l lol/dmf ) RB-COO/CE2/+OCB deareesoe the 
otiaoe tension about 10%; however for RB-COO/CR2/900R this effeot la not 

obaerwd. !Phe ahaage insurfaae twuionia bj Um dlfferenae in the sterao- 
aheaistxy of I end II. iJi.me II doaremea the surfme tension of water it ie 
suggested that th8 hydrophilic parts of the dye /oarboxylio eide oh&n groupe 

and phemlic WCNP of the xaothene part/ are pmxi~te, mdb~drophilia and 
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_A 

500 540 580 h(nm I 

Pig- 1 - !Che eleotronio rb8orption 8peotrn la water at pSb9.3 

I/ -...-.,.- 

2i -*rrrr- 

COWCE2/5UW 

Table 1 

The Elootrenie Absorpt$on Dste for Rose &rre;rl and Its Water 
aolubb C-2 Carbcaxywkr8 In Wekr 

RE 

599.0 

549.0 

548.8 

549.0 

549.0 

9.4m04 552.5 

9.3mO4 552.0 

9.45xl04 551.5 

9.13xlO4 551.7 

9.07x104 547.5 

?.98x104 
7,61x104 

8.2lrydc 

7.87x?04 

e.71r104 

552.0 1.92rlO4 m-8.0 

554.0 4.25xlo4 x-8.5 

557.0 7.92sm4 Q-9.3 

555.0 7.14lrlO4 m-IO.0 

550.5 7.26xlo4 D.IM w&E 
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BcEmE IV 

hydrophobia of the dye en, distinatly eeperated. This is not 60 in the OIH of 
RB-COO/CE12/5-CK@L From these obmrvationa 01~ oaa pzwdlot thet the spatial 
atruoturw for1 and11 an ~ulta dlffrrentmdstrwturw propomod InSoh@- 

III l xplaiathe obaervedphenaena. 
The date m Tablo I indioak an l ppaxwnt deoreaso in the molar absorption 
oooffioient for RB-COO/CE2/,0-CMM at -8.5 and -8,O. This io oauaed by the 

deorer6.d oolubility of the dye. RMXO/cH2/,+0H behavea sirilarly, but the 
doomrae In l olubllity OOOM at lowor #IIJ /about 7.0 - 7,5/. 8inoe the eolubili- 
tg of aliphatlo orrboxy l oide ia deter=lnated by the length of l lkyl ohaln, the 
differenoe In the solubillty of I and II is likely bawd on the proportiea of 
the respeotlre oarboq aoida. 

The propertier, of the Roee bengal orrbory eatem lndloato that tha 

length of tha aide ohain attaohed to the dye moleoule play6 an iwortant xslo. 
Shorter side ohaina B&O the dye more l olublo in nGr, while the longor aido 

ohain oauaea dooreaae in aolubillty. In order to detexulna how the lerrgth of t&a 
aide ohaln effoota on the aolubllity in water, lha attempt of l2u 8yntheai.a of 
Rome bengalA%d oarboxy eatenr ulth 8horteroldo ohainhaa beenundertaken. 
Unfortunately the propertioe of adoquato bromooarboxylio l olda uko a etiple 

wtter 8ox-e ouaplex. The oomapondlng oarboxy oskn are not fowd fro8 

+bnnopropianio or 4-braobutyrlo aoid. Those l oids am l o 8trong that they 
protonato the ROM boIlgal rolooulo and oauoe laotona forrrtion. Thus it is 
poseible to obtain deritatioor of Rose kngal with lm l lQ1 ahai~, and in 

rakr solubllity is obeervod at high Pa, beoauae the oarboq group exiete a6 a 
malt. Deomaaiw pEi oauaea the protonatlon of oarboxylio group and Rose bongal 
/C-2*/ oarboxy eater beoaor insoluble, booawo tha Rome berrgrl /C-2*/ estora 
/e.g. Rome bewal /C-2’/ bonsyl or uthyl eet+m/ are lnaolublo in water. 

The propertle~ of poly/ethylena glyool/ ronofunationallsod with Row beqgal 

/IV/ are both more oaplox and nora intweeting. Thir Rose boqal polyglyool la 
obtained by reaotion in 8obuu III and la roluble in solvents fro8 toluene to 
water. The 8oetirportantpho toohuioal properties of IV In organi solrontr, 

have been doaoribod in an earllor paper b5] . 
The eleotronlo absorption epeotra in the risible region for IV in ntor at 

rrrioua #Ia have been measured. Reaulta are ahown in Figure 2 ard data are 
eummarired In Table 2. 

The moat notioeable featurots of the reaulta proeented In the F@x!e 2 and 
Table 2 ace the positlone of Aux and molar absorption oooffioients at hr. 
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310 460 540 xhl 

at rrrioua pm 8 I/ 0.01 
M-3.0 6/ 

n fWX, 2/ M-8.0, 3/ 
7/ 0.01 n HCl 

P&6.0, 
4/ is&o, 5/ p&2.5 

- 

r 

Table 2 

Eleatronia Absorption 
0 

0.01 I? EC1 so5 

2.4 576.8 

3.0 576.1 

4.0 573.0 

6.0 569.0 

8.0 562.4 

10.0 561.9 

0.0-l If Ndx 556.6 

420 

53s 

535 

536 

535 

533 

535 

Beta for 

In ueter At verioua paa 

1.j8%104 

1.97X104 

2.67xlO' 

3.66xlO4 

5.15x104 

5.7m04 

5.47x104 

, 5.71x104 

1.28 

1.47 

1.60 

1.51 

I .47 

1.47 
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EVen st Varj low pE /p&2,5/ the phenol realdua of tha xanthano moiety atill 
eri8tm in part (19 an anion / Lx = 576.8 nn/. Another observation ia also 

Important. The rbsorption maximum ahifto oonaeootlveljl to longer wavelel3gtha aa 

@i deorear.6. The total red shift of Amex ia about 20 am /me Table 2/. 

At -2.5 Amf Is obmrved at 576,8 DH. This auggeate that tha dye aoleoples 
are in non-polar l nvironmnt, and hydrogen-bondiog between the dye and solvent 
l olaoulo beoame mom dlffloult. At wavelongthe beyond 570 II the x ~8f for 
Rose bengal were observed only In aolventa whlah are not l bble to form hydrogen 

bondIn&]. 
Over 575 m in a pure non-palm environment /e.g. polymer film/ the he,lx was 

observed [9] . Tha a. o\rggorrt that Rose bowal moleoule foxma ita own mloro- 

environment by moana of the poly/ethylene glyool/ aide o&in. 

To oonflm thie l rparl.mentally, the new Rosa be-al derivative /III/ /see 
8oheae III/ wan prepand and ita braio apeotmaoopio propartlea in water at 
variow Ma have boon taken. 
The data are aumarised in Table 3. 

Table 3 

Parameters of The Elootronlo Absorption 8Hotra 
for In Water At Variou pea 

m I h MX I L 

2.40 513.3 1.36x104 

3.80 556.3 2.C6r104 

5.64 554.3 3.54r104 

7.73 553.1 6.94~10~ 

12.60 548.3 7.62~lO' 

For III the aide ohain la ehort and is not able to forr an m.iOrOOnVirOMent iOr 

mol~oule to whloh la ettaahed. It is easy to see that for III the total red 

ahiftoi ->c,, ie only about 5,5 nm, when p3 goee from high value /~H=12,17/ 

to low value /p&3,81/. The longest wavelength la observed at 555,6 nm, M=4,15. 

When this is comparedwith the Am, observed for Roe8 bengal /C-2) astera in 

YeOE l-4,26 , It ia euggeokd that III In water showa a strong hydrogen 

bonding effeot / h,g558,0 nm for Roae bengal in YeOH, j\,q562,0 IM for 

Rose bengal /C-2? bemgl eatar in YeCEi/. 
It is poeaible to oonolude that for III and IV in water then, are two 

diffennt hydrogen bonding pathway,. For IV there ia a barrier uhloh water flnda 
dlffioult in oroaalng. In ardor to oonfixm thla experimentally tha plC values for 

protonation equilibria for phanolate funotion have been eatabllshed. For III the 
phenolata fuotion of the xanthena realduo of the dye hae a NC of 5,1+5,2. For 
IV p9r3.7. Ima and ooworkerm eatabllshed for Rose beogal /dieodium ealt/ 
x%=3,72 [al . The oonverganoe of IS values obwrved for IV and Roee bon601 /di- 



4586 J. Pa+CZKOWSKI 

sodium aalt/ ~eemm to be aaaidental. It ie nry mu. known that Ram b.q# 
phenollo fun&Ion ia more rtrldio than is the orrbarjlio soid funotlon. In other 

worda b&on, the phenol gmup baoous protonated Rome bengal laoton. io formod 
8nd this chan@~~ the ohimp dbtributioa in ant&mu naldUo of the dze end OS 
a re8ult the aoiditg of phwmlgrompa UJ be inenmmd, The esteriffortlon of 
C-2' oarborg group does not permit the Role bong81 lsotone ?oraatlon. It 18 l amj 

to understand /see Bohano II/ that ohargo dietribution in the xaathone nalduo 
is different for the Lotone fro8 rnd O-2' erkr of the dye. 

It ueexm to be oleclr that the etruotum of the organlo fun&Ion used for %he 
l 8terifioatlon of C-2. orrboxylie group doem not 410~86 the ohang.8 of p4S r&m 
for the proton&ion of C-6 phenol group* The aituatfon 16 more oompler when 

ettaohod group ie brgo, Long and flexible, and rdditlonmlly, the polarity of thm 
sttaohed group Lrr different in oomprriron with polarity of solvent. !The long 

side oheia forms 8 mioroomirozmmnt for the dye to whlah icy atkohed. Thirs ukw 
the diffusion of E3C@ iona to the dTe moleoule nor0 dkffiault. Under this 
oondltion the aonaentntion of protona must be h&her for the dye with the mioro- 

environmental lager, and lower for the dye without the mloroenvfronmental oovorr 

It 18 olear that effeot of the lPioroonvironmente1 layer ehould be greeter for 
the side oh8l.n with higher molooular weight. 

In order to oonfirm this eesucaption longer derivatimm of Rooe bengol ha6 

been prepared /me Soheae III, oompound Vl, and their epeotrosoopio properties 

in rater meemmed. For the efntheeia the polg/ethylelu, glJooU with high 

moleouler weight waa used /mew. = 2000/. Figure 3 drowe the proton&ion ourv0111 

for the dyes III, IV and V. 

I.0 - 0 l 8 

AR 
c--L--~-./” l 

./*Ic.Ic 
0.8 - 

0.6 - 

I I I I I I I 1 

2,O 40 6.0 8.0 IQ0 121) 
PH 

m-3- The proton&ion ourvm for t 1/ 
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It 1% eoey to see that for the C-2‘ Ross berrgal errteat with eid. ahai~ of 
varlooa lengtha, different pK values ore observed for the pmtonatlon of phenol 
group. The lowest value irr observed for the longeat aide obrin /vl, the highest 
V81U6 for the shortest ohain /III/* These observations Euggeat that d$o ~oleotale 
forw the own mioroemfronment usIn& the 104 sldo ohaln oovalently rttaohed at 
C-2' position. The isolation of the dge moleoule from the entim envixwment ia 
better when length of the ettmhed aide ol&n 1% greater. 

l!luom3eoenoo tie&* for 111 aad IV oonfim the fonution of the mfore- 
envlxmmeatal oover. Figure 4 end Pigum 5 ahow the flwreeosnoe epeotra for III 
and IV mwmtrad in. water nt trrious #is. 

‘F 

100 - 

80- 

60- 

7 

530 550 570 590 610 630 650 
A(nm) 

Figure4- Flwre6ornoe emission epootra in water : 

-.-.- -*a*-.**- RB 

The oomperisonof the data presented l.nBiguren4rlPd 4 un0qtivoorll~ 
indioate different properties for both 40s. Par III the Pa *age esaontirlly 
does not ahange the position of the fluoresoenoe tcrr%m~~, 80 it ie possible to 

conolude that polarltj oi! the 4oem~ntisaotoh~45od uhenpH undexg;oea 
fromhlghtolaval\re.ForIV the ohaagee of theflwra~~orme~rlmtware very 
dietinat. Suppoaad om tioroenvirormemlxl oonoeptioa very e8sy UR18ti observed 
behaviour. The polg/et@lene glyuol/ aover is lese polar than water rnd 
formation of mioroutvironmentel layer deoreaeee polarity of medium surrourrdiry5: 
the dyemoleoule. This oauee% th@ redahFZlfoffluoxw#aonae ~ximum. 
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61: 

r 
I- 

f- 

l- 

l- 

)- 

d 

540 560 580 600 620 640 660 680 
I(nm) 

Figure 5 - g&uorulsoenoe emieeioa speotra of 

et verioua pm 
- 0.01 1 HCl, ---M-3, -*-•- gam4.0 
-...-...- pik8.0, ******me 0.01 n&oE 

EXl%RIMEHTAL DH'AIL6 

Eleotronic absorption speotrr were uesuxwd on Cerl&eise Jena WO speetro- 
meter. The steedy-stete luminesoenee messurement were oarried out using rulti- 
fun&ions1 nodular Cobrabid HSP 102 sReotrofluorimeter. The &S hove been taken 
using the Ien+!lwro H 517 #Meter. 

The sjathesia of I, II and IV have been desorlbed earlier [&IS] . 

Rose Bexml /C-2'/ 2-FWrox~ethvl Eater. Yoleoular Form /XII/ 

Rose bengal /I.0 go, 1 maol/ nre dissolved in nter /IO ml/ end s solution 
of 2.broaoethsnol /0.4 g., 3 mold in 10 al of aoetone rddod. The resulti 
mixture was r&lured 0verUght. The solvents were then evapontad in v8oUo. The 
produet we8 purified us 
grospl I MS t /NooEI t %!i 

ooltlrn ohromtognphg, IR : 1736 am-l /C=O ester 
3.0 JIB, Lag.8 x IO@. 

B~f~tio~lised Polv/ottUlene i~lsool/ 2000 with Rose ReMal /v/ 

iieriradve AI 
Pol /eta lene gljoo1/2OOO/Roth/ wes oomerted to its & o dlbromo 

/$ ead 2.0 6 /about ? mpol/ ms dissolved in 56 ml dry ZUF, 3.0 g 
/3 ~801/ of Rose beaal wes added, The mixture was stirred et 80°C for 24 ha 
After the reaotlon IUF was evaponted in vaouo and final produats mre eepamted 
using oolumn ohrcmtogrephy. For study the monofunotioaal~sed poly/ethylene 
glyool/ with Rosa bengal was used. IR : 1735 od /t&O ester group/r 

Aoknowledgmnt $ I ant verg greatfu& to Dr DsC.Reokerm who in%tieted 
"3 

interest 
to Roes be-01 and helped ne to understand better the ohetirtrg of th e dye* 
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