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ft material systems containing bpdtoht bfecern sii
e as photodynamic therapy agents and to
the microscale. Gemini i mi dsauzporl a nuogl eeacaupl hai
at possessed a | iquid phase containing

mpounds such as phthal ocyanines and por

eparation to yield a plhotPBartliwe tshiips an
vestigation into the aggregation and fl u
th in solution and as part of the gel n|
ygen f or pamttiodiyonraogpd icoeHeh er aspyni fi cant e
ygen gener-atli oml efplat watecyanine was mea
e molecular diffusion characteristics of
esonduucstiendgt al rienftledrédnteido e scence tmiecrmresaddwWy
atistically analysed. Changes in photon
tered its movement, as measured by mean
uampéeé adement anal ysi s. This study provid
chanism of mol ecul ar di ffusi on in gel s
vel opment of novel materials .Gbycopobgm
ntaining a repeating unit of a modified
rm a-gbwwoadtyonrer hy bA idi shryuwdprtoigeed .of gel mo r
increasing glycopol ymer concemttabnom
uorescenceomioccakcdgw.orescence mi Cr os c
ntaining a range of f 1l uor otpdhtoale si mtaesr naa |
uor ersicernacsecopy, al ong wi t h a study of

ri vatMivgersat ory behaviour of these diketd

thin the fibre was observed and studied
empl oyed to potentiallwedoboteh aite ¢t he

with conventional scanning el ectron
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>

orescencel nmi crygyvsgemy cal ly frozen I mi
ketopyrrolopyrrole derivatives, thinner
bre width increased eMheh mowcnght hamoezgkg
id within thegelrybgeerasahhbgytheoaMermaentnro
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where imtneaphhbal ocyarmriome etne trraa sMolhfodMiOdh aldil
l ed to significant changdge®nrdesl gred dimew ipshiold Ka.y
of the 1 midepoltaedc galcohnitsr ipattken iccal dappl]i c
photodynamic ptbherdaey famdher I mportant f olun

photoactive soft material s.
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1.Sloft materials
Soft materials comptrhastexchampr oupi et i scbstanme
electrical, o.r Mareiranad tpyrpepserdfi egemisc!l € hyldajo g
wei ght gel s) , bi omateri al s, f oams, and e] a
(Fig)¥TITheé advantages of such materials ari|se
resistance to stress, which in turn rendfer
applications. This is especially true for S
ither mol ecul ar forces are the driving force| b

* Hydrogels

« Organogels

Soft - Carbon foams
Materials « Polymeric foams

 Polyurethanes

» Liquid crystal elastomers

* Polysiloxanes
Fifgy.1 Aexthhmustive represent®ation of some soft |ma;
Il n this context, poorf tabitleintdys dafo matfemri dlos|tth
elastic modulus, which is a measure of the|] e
| ower than that of their harder counterpajrt
modufl il eess t hTahni s1 Ov aMPuae. i s considerably | owe
such as wood ¢helbD@0 ykRa)ys &imE@G@t 2500 tNMRait.e |pl
1. 1G4l s
Gel s are an example of a soft material th4gt
within &l mhbhderity form a coll oidal suspens|io
to the material pri@Gelipaddg foyumsdrdmecred d retn|sii




particularly in hea¥fFhuwde. Repfoesent antdhe omimet

a typical gel, with -dhmessi odapbpbhasewbdbokmi hgo
fluid phase,. grRehlesolowagn calldoy be defined as mnmat
solliikkwe) to their yield point, at which point

O =LIQUID = SOLID MATRIX
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Fi@g.2 Representation odi menresifomanlatfiiomr owds an & thwerek
sol vent r esTllet ismd iidn ge |l gaalo.r ( yeed deomb Icyi ril rc etshe jumr

the fluid phase (blue circles) forming the solio
Whil st all gels are a solid dispersed within
the given gel is classified. When the | i qlui
DMSO) , the gel i's classifiedr @anagdqelos,gatntoggree

further di stinctions that can be made bajlse
Sechs$sembly of | ow mol ecul ar weight (LMW) gl
organdwredrs .t he dispersed solid phase takep

results is a polymer-dicmemgianmale!| s awlhied ema thiei >
chemically (covalently crosslinked pwitmer|)
the |l atter generally possessinAgrexdmpl| ¢ Jefr
LMW organogel i's that odr gaenciict hsionl vwehnetn fnolxleoc
of a polhecsohventi s a glycerophospholipid]|fo




can be processed and is widely™m&he ilrci oltd
initially undergoes reverse micellation i1 t
wi t h photsyppheo lainppi%ii phit Be. gradual addition pf
mi cell es begin to form cylindrical micell els.

f or mi ngdiametnhsrieoenal f i brous network resultihpg

Hydrogels are a subclass of gels possessing
some gels containing a minority amount of| e
hydr oAyedmmon eoxfampl| groawuchwdcti n t he cwoarfutsde chagr du n
hydrogels is contmake | dgsle@ieThedeel ¢os e dfei
content, enhancing breathability and comfaqgrt

nature contributes t dHyaoweerl sl Ihaocveemfbeoeretn d wrnign g

applications i n medi ci h@LCI| iamidc ap h & r meapcperud § ecd
hydrogels are | argedbpsmacromolimany!| armtpolay ther
such as collagen are b%ombidemgl appd! fmer i|be

the use of LMWugeldatporesp alrees hlyebean d hydr og el

propétEbesapplications |ike 3D printing, tle
an obstacle to their use. By combining aln
photopol ymerized acryl ate polymers, the mec
primg have been shown to be i mproved whil st
to mechanical anisotropy Ffh purely photopdly
Al luded to in the section about l ecithin|or
condudcyt endani pul ating the solvent environmelnt
commonly uskedvaolexdésntihgln atngmmegr at ure of a sql v
gel ator I's partially solablUspendnsiicorasesgl|td
di ssoluti on, and upon <cool-asnge mbtlhee adsi sisto$ v
decr eases-as sTenmbsl ys etlhfe n r-eisméit eanaln stohlei dt hmae
char secst dSigeh .a technique has beenbased If MW t
gel ators such as sorbitol, potentially oplen
techndofGeqieetme |l iynt ti nsi ¢ darsisveimnbgl yf oirsc et hfeo rnfisne

the free energy of the sysithemrernteirisi d&h eequait
process renders it Sae-btflsemrnded ysnf aammidcs pirno cceosfst. |
typi calsatciroyms,t add iin the | aanhdrjrthbeefoer mae|li 0

nucl eation and growth may favowrssehei lrlod,u

3




structures t hat Ard otrime rmomdt hroadpifddry. prepar|

sol memnti sol vent technique. Her e, a gel ator
and upon the addition of an antisolvent, t
cooling method as a fi br oufsormaitnrg xa igremo.biT
gel preparation is commonly used -bBadegpoges

preparation as properties of the gel can b
with 9P%ent.

Gemini imidazolium amphiphile LMW @als&tmbdil £
i nto hydrogel s -abnyt iussoel voefn tt htee cshonivgeunet and s
del i?fTehreys.e i mi dazolium gels form upon the

the LMW gelator, with the fibre thickness

water to ethanol Fi §hwhcehr ec aan shpee casddamc igrel at
l engt h 1oDPBrisBslsie mbl es i shriabuftiiborne consi de

wa teetrhanol ratio of 7:3 compared with 5:5

h €
his
Es

e




1.2Br

7:3 water-ethanol 1:1 water-ethanol

Figar8 The fibre thickness and thicknesls. 2dBsrst r
considerabl y c hanegtehda nwoh e nr aftiiinmaagl & swebet betne 2Bdedf t. h

permi ssion from the.Royal Society of Chemistr)
Whi |l st having been shown to be effective
these Iimidazolaillsemegelshdtoovms tlbaypye ovi de a sc

be préHauvel®. size distributions were narr

c a
b f 1

D W

di splaying an example of how supramol ecul gr

reactions.

Anotéeebcl ass of gel ssuwpreamog ktdend @amp e n erats e
mul ticomponent gel LMMgekaptdm nc ibhetadssseémb o fy
proc®%&sach component may contribute differ
resul tilmg mgdlt.i c o mp esncerntbirnaguesisse, ncbabng | d<lcfu r a
t woomponent gel ehk®trd mnigs rierhaegosdet asdt hedp v O

componenntesracting with componerhtogreogogir efglae

Ceassembly is the process by which compone
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resulting in thaegdroagmtta so.n Whethheetrerao s peci fi
undergoe®g tsadgfsoermbdo i s dictated by the c¢pmj
external <conditions such®asessiventan IpoBwspan

tuni ngprodp ebrbitéi ee pea Imiftutritnhger sdtuinen i eom@adni t uni ti
mat ef b ahVhde n surtrgullit i plgee WMt he resul ting glel
sensitive to variati oncso mpno ntehnet srae Isd teitlwea bg U aArn

n
the interacti on -bbaestene echi pae pntai pdhet hgad leanteor a n|d
f

(o which only one f3rmswael 6dumwadst hatveshleg
preparation affected visual col our, mol ec | e
t he gel stat e, consequently i nf.lFwendiereg t he

variations were observed when compounds wegr €
were combined Aino tkeys ofl ancdtnosrt at eomponent gell s
choice of components based on enanétet osadl gct

demonstrat ee otmpatneinh @et weystegmi censasbbdRr|gl

dendron and at-acnhiinroalacandi ne, ptrheef erably i ncqrp
structure as a consequence of its higher s|ta
between 4 ysi s@amear boxyl imamicniod adceinddr on and t

1. 1PIRotodynamic therapy
PhotodynamPR)rteherapyw o( the process of irraldi

near its absorption maxi mum and subsequenijt]l
energy transfer .3%%Anho mw |tehceu | vaarr ioextyigeesn of R|OS
is the most prevalent, although hydrcoaxylIf orfad
depending on the photos’WwWiséniaephanads ¢ msiatli z
ROS, two proceaswme&égpealn amcdcutfype | I. Type | f
hydr oxyl radicals, whereas Type | I descri bes
inside a tumour can subsequently have a ther
and necransieAmfel 6bgously, |l ocalisation of ROS
bacteri c¥Wnaderefnfoercna l condi tions, mol ecul ajr
relatively unr eadtiugvlie ddc ® mp a yng Daavil ®widh sKO. di agr
the formation of SO through a type 11 proge:s
ground state to an excited state (and aft}te
occur: fluorescence emission from the ex|ci

intersysteml &§6Cossebsofteél B€)the formation of| a




st atoen,sti tuting a formally forbidden procefps
Howewvetrhe presence of h eoarvbyi ta tcoonusp | ii mtgr ocdaufc i |
Additionall vy, when the vibrational |l evel s| ol
faw@abAnmnexcited phiont oisteshstdnpledhtenstr @taetai a hel| g
phosphorescence or by interaction with mollec

energy transfer that xcyognevne rttos tthhee rteraicptlievte |ngo

Singlet excited state Triplet excited state
PS" 2V N — 0,
c 3ps’
2 ® Type ll
B =
c @
© Q I
s 0
O 2 *0,
-E g
0o —
= TR
(5]
K4
w

o
0
wn

°PS

Figdar.d Jabl onski diagram for the formation of |SO
which (after internal conversion) undergoes [||SC

state then undergoes an engi gy dt S®nsfer with {ri

Mol ecul ar oxygen has two excited Sdgyargd etthe|t a
Ixstates. Primitive electrofi.@gi.Bgtramsommyertl|hie
frommptamesst ates to the toirgplaegdtbigdodemdastatifeo
of the spingSsel @9t i drmhomuwlhegtgntea thei ghhaesr ae nsehragryt
thanmgshate as a resul t -roafditahtei voec cturra nesnictei ooff
the Gastphase radi dgystvaet ¢ i dred i 4 sixipif u ft eriei wmp e |
ranges-l12reopeftldmdsol uti on, the r agynadjvteat é et
are drastically shorldgyan'ddhawmimega sauli é dg d smep hr|asn
frolnfilGsecondsiafseddnds, ®espectively.
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Figur8 A simplified representtatiimplnetofst dtee | @fwen

|l mage adapBé&d tfhr opne rRElsse winerf.or om

Upon the formation of SO, both ©physical

guenching occurs wher-@r mint i mdwplaichtg omr, tofif
bet ween SO and quenching substrat everred wlint s
SO to t he ground state. Cmorentont e 860, gaen
1,-d4i azakHi2cycledane *ECARMOX .al guenching i s a
product is formed after the integaictts omaibre
The first clinically approved photosensi {i

photosensiti zeksownl-¢p&n emsobstti owmelplhot osensit

haematoporphyrin mixture devehowBdfd@t ween

_ — R
Na0,C(H,C), R CHLCON
2)2L0Na
NaO,C(H,C),
o O
(CH,),CO,Na
o]
R Na0,C(H,C), R= HO-GH OR —G=CH,
| H
— —" n=0-6

Fi gur.es Structure of the haemotoporphyrin olid
approved pHotrooPdrilsi ti zer

Seca@rederati on photosensitizer & wemdnaarm&)s ¢

b |

O m

I

por phybrasfeddhohi nol evul inic afFifd. 7{AlsA)a,n sshkawmp | i




secgeder ati on
mol ecul e, ALA
to haemogl obi
ALA dehydrat a
the tetrapyrr

steps .tOmePHKliygnificant advialmy age pkndAtLrrAati¢s

photosensitizer. Whi |l st i nt

i's a natur al precursor to pif

roi

ot

n and chl orophyl Ig.eniAthhAe iesn zfyinges

s e. Poryphobiel icmongpemu nids wio T d

ol e compound Ouroporphyrinoge

t h

membranes, a feat no*T haec hkieeyv acbd ned ibtyi oPnP I tXh ailtt s
suited to cancer therapeutics is the | ack
converts PPI X into haem B and thus its abger

cancerous celhles.abExocripttaitoinonbaonfdst of PPI X a

efficient SO

O Biosynthesis

—b.

O

Fiugg 8..7 ALA (1l e

accumul ates in

Thigedner ati on
and this can
previously. T
properties in
the extent of
ROS witchabl e
phot odynamic
photosensitiz

prompted by e

phot osrenis@adlctelky s and all ows for a greater

del i verespompdH
ROS witchabil:i

generation and®therefore a po

ft) is metabolised into protop

tumour s.

o r |

photosensitizers oiftifeai cony af @

often be based around the wus

e

uning the responsiivmplhye hoeff i scu parl e

terms of delivery, targeting
research into supramol®cul g
supramol ecul ar photosensitiz
actiwvitgr otan hkeepmodwolsansed. T
er6s AONO (ROBOSegenatanighghkt

xternal stimuli. This strategd

ive supramol ecul ar photosensi

ty, mai nly owing to tihvd) mel a

LT
e r
h i

at




compari ©hemlceeiPyyhi s pH difference has

di agnosis andPdlrygacdeceharviedrey.drug conjugat
(containing poly(ethyl ene glycol) €Erég u pas )

porphyrinoid derivaitmgeetay) t hec tpihoontso
chitosan backbone wet e aldeadelsochppendn htyo
responstiwemessnor mal cells (pH =ul.tb)
deat h, thaegdenalgi ng of i SOogeunEpango

conjugate within epitheliail7.)cdmirgch npmat o tHoeX
observed. This responsiveness was owed to
mil dly acidic conditions. Tethisghpet ysamaechmmar
than fr-e&. chAl di if h e rreenstp otnysp ev enfe s& c iwded .
whereby incorporssad izoinnofpht Halnacdy aoamiane ( Zn

hydroxi deFi gL.p#H)di ¢pl ayed a vast di s

pH A6pH ®&.psH ®When situated wupon the LDH a

generation of ZnPcS8 is quenched as a resu
itself and the LDH wupon irradiation. The
LDH depearr tacuindd ¢c conditions, allowing the
the LDH and no | onger be qguenched by PET.
e O
7
NaO;S
NaO;S \ e
I SO;Na
NaO;S
NaO3S
Figadar8 ZnPcS8 was situated upon an LDH, afford
was displayed under acidic conditions owing t
Antimicrobi al PDT (aPDT) is a promising af
t hat cause disease. This technique i s bass
a photosensitizer i's | ocalisedausne udiedaavhi ¢ i

alredqdy

seom s
Lpeoes
g ni mrd

nradi

chd s @

par it
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generation of ROS. I n part ihabligmtalaP®Ti s ola t

when antibioti

c resiSAsancppdsedritsd nagn tail caal md

devel opment has

been ongoing for several dlec

aPDT has not bedapabh.thbresugh parthally due

have had oversaomevwmat dreecguadteisng t he need flor

treat menti nffedmicgrirfiiacdant advantage of aPD|T

is that the efficacy of a photosensitizer [is

baerti a. aPDT al
with a single

paradites.

The efficacy of
The difference
bactlkirg 29 ( ead
bacteria tend

t

so has the potential to be |mu

photosensitizer conceivably| b

aPDT photosensitizers is i]n
i n cel |-ponseinbirvaen e( G )y aubcit luer @E & T
o differing degrees of phofto

to be per meédhblkeéernioa,molsa wepvhfeort

|l i popolysaccharides on their outer membr anje,

chhag@®dhis negati veoaoahargemembehds &a&ah@t is i Mmpe

neutr al compounds. As a resul t, speci fid

photosensitizers has been carr-nedeoumemibhgaob

Lipopolysaccharides

Lipoteichoic acid

T~
Capsule / ]
Outer membrane

Peptidoglycan L 1 Peptidoglycan
Cytoplasmic membrane CytOplasxgic men}brane
(comparatively thick) (comparatively thin)

Gram-negative bacteria Gram-positive bacteria

Fi gur.® Cel | wal | di adpraxzmerob. GFhandedgati ve char

|l i popolysacchari des r enhdeatse rtihae ionupteerrmenaebnhber atndge a

photosensitizers.

aPDT.

The difference

Th-ecydroedtasmi t h imednebrr tas ea fab dasrigreip

in efficacy of anionic verslus

by Mi nentoc jal wher e bot h anionic (tetrasul {or

functionali sed

zinc phthalocyanines were tles

bact®frhieasur viEvalkhhat asl af ge di fference betlwe
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derivatives despite the chromophore being|un
di fferences in cellular uptake, demonstratlir

aPDT efficacy.

A consequence of theupeor meenbmaaleisl iitsy tdfgt G
focused on the deacSttiapahtyilomrco@BA)S+addaedsm)a.
bacteria, is well documented t°%hibe mddiest anc
spurred interest into theighDT.odVeamyledelalk
toluidine bl ue -aatrediceodnmpmo tammde weiltli zer s whi c
eradicate the SA bacteria exadmi ifddewtbean iiorr a
SA with ALA also demonstrated the compl etk
irradi at4di2®n®Catmpd 07t e i nactivation of other| Ml
irradiation of a disulfonated®Rhombeeomi pHvVh
t he MRSA strains occurred i mmedi atel vy, n
pht hal ocyanine wiAtl wimm nt hen PMREAat ®lclysani nes | he
for photodynamic therapy because of their |[fa

functsatoinan iopPortunities

1. 1PSrphyrinoid photosensitizers

Mo s t photosensitizers share certain |imponfte
appropriate trhipdhd &&@nnteurngyyileelvde! ,I ong tri|pl
photostability. There are, however, ot her | c«
more attractive than others. AR a bNsloRr)p trieogni o

wi dely sougthds erfdietri zenr sphfoor use Fifg. PBTaapgp]l

compari spenefrakion distances as a functi¢n

red to NIR region, tissue penetration incrlea
penetration is therefore zaeaohitev alblse riby attu rjisn
to NIR regions as possible. Limitations tp
ti ssue penetration |l evels as a result of the

the phot ossintsuatiedcrs are
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Blue Light Green Light Yellow Light Red Light NIR Light
400 = 470 nm 525 nm 540 nm 630-700nm 700 -1200 nm

Stratum Corneum

Epidermis

Dermis

Subcutaneous Tissue

Figar @pproxiismate pgenetration depth dependency
Re® i th permission.from Springer N

Porphyrinoid compounds generally, and phi

requirements for an effective photosensi t]i

photosensitizer was the haemat op oegrepehryartiino
photosensitizers -tayrpee,ofwitthhe pparpmhyyriinmsoiad d
most S%udied.

Pht hal ocyanines are maasyoiybéiicccamabogds

At |

N

hd €

O

occurring porpihly.rllp.hthsalsoeceynaniinnes and por phy

structure of fowricapryboml| atcomanitisn ltmkedas ¢
atoms (phthalocyanine). The other differen
i soindole units i n pihdthrad otcyraeni mfe. pWhh &lsad o
t hat of porphyrins, different functionalis
the substituents on the exterior of the 1is
(e. g. ysolawsiolriptt i on, and el ewtfochamdeaghkeb
over the supramol ecul ar s t%rTuhcet utrweos paodsoipttie

(7))

oindol e accessible for functi onapleirsiapthieorrn

positions.
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N=N 7 N
N"
—
NH  HN
—
/
NEAA NN

Fiugrle. 11Second generation photosensitizers suc

with the functionadpiesapherpmpér pplsetalonand ameh | pd

Pht hal ocyanines were an accidental di scoveégr.y
in 1907 after forming an unknown, col our gd
ocyanobef Howied e r , It took a further t wenfty
pht hal ocyanines were investigated. I n 1927,

Weid made the fortuitous discovery of®a 6don
They describe t he remar kabl e physical and
pht hal ocyanine (CuPc). It was this stabil |t
materials for dyes and colourants. T®ha CwlPc
ssill currently used in pigments and paintég

The stability of phthalocyaninaesjsasdf pomghbeg
contributing factors. Being an aromati c splec
t hat coul d di srupt Methal |caanejdu g@ah telda | soycsytaenni.n e
consequence of the macrocyclic effect. Thdg n
with the | atter -defeeni bgntdiongdghef eat mepwwnl S
mul tidentate | igand (ei)n atnhldi st heasfeorane p htal §lIsc
organi sation of the cyclic ring and | ow as|so
Many functdampaploirdatnidn es exg stdespriteht healiloc

Firstly, the two hydrogen -fart mansp hptrreslendy aafti r
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replaced by an array of met al centres. Whill s
pht hal ocyanines have been made&Tihei mogetmairead|s e
pht hal ocyanine investigated depends stron|gl
applications. Derivatives of Zn and Al pht he
and PDT studies. Cu and Hoi aeewbébhennveéeast mMega
in organic photovoltaic devices whereas m@Qr ¢
re of ten seen i n dh eensstivodhyal ofnandet rtulgn a
al o'™yTahneisnee sl.ar gereltamerstid i @rne mefttadn t od |

|l ane of the phthalocypahsndeMibroemlyamar i tsy| ip:

O T T 9
>
—
>

> m O

_;
o o o

sequences for the packi °Secbndhg @odpagnd

=]

i §.,11t he positions on the exterior of tHe

—+

property of the resultand ngnat @ei olh,t hghc
ur sor salie fommrr e Asyal iresult of the gener all |

ps containing | ong al kyl chains are cpm

< nw «Q T
-

c
u

olubilise the com.bzmhedsbhub'rlgiasningsefheo;lsc

t a

I for me &k p-ngatfiinigmsor dr op casting

n

>
n < O

| uptrioocne s s a bslod .ub Whtit ey can al so be conf efrr
drophilic unfP%isn isname tshyes tse msu,ctaurfeurt her | ft
available for exploitatfoiran.nakoroncerst aivig i 1t
axi al l i gands can be introduced all owing| f
pht hale.cylaméa naxi al |l igand functionalisati oln

been the subj eltTldubnulciht y,e selagacthr oni ¢ abdgor

behaviour hagithheee na dndoidtiifoinedof axi al l i gand|s
et heRmst.hal ocyanines are thus incredibly atftr
the plethora of functionalisation opportujni
properties to suit the application in quesglti
The photophysical properties of pht hal ocyan
applications in PDT, organic photovoltaicg§g,

two distinct absorptimaandfande dbdmad, S@het blan
Soret band is generddI0l yn M abnamd d hieee VQF@edn M O
't is t-hasd!|l ahiteh Qs cruci al for PDiToNlaRp!l ijc a

region remaecbedtt owelti dvlatves owerl aes vtehy deep s
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position andbasnhda paer eofextthreenegl y dependent ¢

additives, or saoli™®tul ar functional.

1. 2Photoact
Il n general,

manmnyp pl i cGatvieamngs .he already discussed suscep
changes, incorporation of phot ot her mal m
intrinsically phot ot hermal ly active mat g
t her mosrievsepomat eri al s. Phot at Hergrhal|l aadgermrtps]i
examples of which can be seen with bé&¥h or
The obvious application for sucdat marnterwlhaén
|l ight excitation by the photothermal syste
of a ther &Pprerutiinct erfdswetcitng exampl e of such 3
showrmiigdgnl2Porphysomes are spherical nanoV
sedadsembly of fFdrpmmyrdxciltiagiicdosn. in their

predominately oadunrdivier pagthwags, resul ti

por phyfswwmetsi efnfealc taisve p h o tiot heenrvnbarl o nangeennt tss,

the effect of Photofrin andmathoeh ed rpthydioars.

Fi gur.elT2hi s p h ef supnhcotse icbpni pdb r p haysrsienrmb¢ elsf t o f or m

presence of cholesterol.

Phot ot her mal

\

i ve soft materials
s o ffto umaltad ri ioal ¢ op rbaivi il de pehot oac

O

gel systems have al so been

mi

e
ienc

Mmi

S

by Zhdngabartially <contained pl atagneunnt sn aanhodp

di splayed significant mechanical and ¥#heol

| n additi on,

thesporsenvesmphh &t @izOdmearziene d
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Th
of
mo
I n
p h
pr
fr
uv
de

Ge
p h
>
gr
t h
t h
de
[
bi
p h

P h
br

pr

capsul ated within the gel resulted in me

radiation. This exampl e-riess paom sd lveeg gorhto t doepanca

e use-tafi ggelrieglhtheat response can al so beg
a molecular |l oad. This effect is clearlly
|l ecular load is intendednsoale cdoenrdiifteinoends i
such systems, supramolecular structureg e
otoresponsive groups. A common example ¢f
esent o0%°%aolpyodeyrmecr nanopartieteaweareepogfa
om a pol ymer¥ri nomoor taaii mentghuadnsSbéigebougs radi at|i o
and NIR | ight, the previously encapsul gt e

gradation of the polymeric nanoparticle |ca

|l s have been f ormendki nlgr ooufg hd itbh eo c&r ocsosp o]l y
otorespofREheegghrouwere i niltinkliing fior mece |Ipy
310 nm UV irradiatiomtwibdd shecobl the phjoo
oups present, coumarin. When irradiated]| by
e other photoresponsive groupngcyeihnsbuotaloeée
us |l ed to signelAdaeambt adawetluchngdofesdar ghl o
monstrate a photohédegpelaenefrfaeect healt!| owlwiemg e
ght wavelengths. This phenomenon was pri|lma
simide aadoo. Their wor k servesasssembl apt

otoactive sup¥amolecular system.

otoactivity is not just | imited to appl|] c:
ought about by phot oresponsi vi-diymemav e nl|a h
ocesses. Azobenz-knewdefovat heesmewmbealnweir | t

UVAVIi si bl e 1rradiation and/ or t her mal sti mul

ma
ge
a
e X
i A
up
6g

ni pul ate porphyrin aggregati ol anmndaabt epm
|l s described previdugByphadvadeometelme sormmmi
fibre scaffold throughTERPPcholtedulaazrartbroajwye
hi bited motion, as mea¥Howevdry, ft hios eme elenm
i §.08quired the presence of anTg&P®beinawen|e
on heat emi ssi ons ataflubsinesd nboyv epnheontto | nsaonmefre s|t s

oing darkdé as the fluorescent porphyrin|mo
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*Na'0,C CO,Na*

*Na'02C

Continuous

irradiation

Y
Figar &MPtPravel |l ers moving through a gelsastciaofnf p | ¢
of an azobenZAph@PPrdervieddteirv eusB(d Wastodirthlel estaidgh e n(:
derivative that cyus®¥dsmal ecepaesemnt abnon (of po
fluorescenckemageteadapyetiossom Ref. 96 with peirf mi
This i midazol iTuWw & eslo @amtva idreisngnot her exalmp

material for PDT applTGRPaRiitcdhn sn. glenc dri ppareat igesn

relating to molecul ar motion (without azo
generation when TGRMP@r «d Tuntiitsh retinthatn cefment i
geometri esITCPdPopltee d i bsgt ii onmowiit hi n t he gel f

1. 30bj ectives
Thigedner ati on photcoasmrmpd iotiitz eérhes ysstgenmsf i cant

photosensitizer compounds whil st di mi ni sh
therefore an aim of t-peeewatkohoppoepaersH
predomi natzedlyi vorm bamsiedda gel at ors containing

emphasis on phthalocyanines. Upon their o
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systems to generate SO within the supramol
that of the isolated photosensitizers in s
al so be expl osadgamdi qdarcthiafriacdateiron of any
anal ogou®Il sysdedms i on to the indiasgieduailybgq
materials wil/ be pr eparndadpuaemnd sdahnadrc dpantioepreir 2
Gl ycopolymers wer e tohasdamnr ofdaurc et ltairrb odlyidlr ia
system, of fering the potenti al for enhance
as drug delivery and PDT.

This resedembnathmatusse of phot daepitehgeiisrg fwi
range of potenti al applications and provi
fields.
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Chapter 2

Phot ophysical | nv e

Photosensiti zer | ncC




2. 1Background

Pht hal ocyani nes caol bkel er emglient da & c twixdrearliior
macrocycle with hydrophWait-2¢! umicll iutdy nigs i of
photosensitizers generally, especially in
solubilsbyublwat eht hal ocyanitrmeggrergeat oonen
environtreingd saggregation i neraeddsags vteh e elliakxea
during excitation, resulting in a | owered
oxygen (BOyadnderon. The degree of phthal
estimated by the relative -bannd.nsfalgeg r @ § a tpg
pht hal ocbyaanndi npee ak gené&wBG@&IOIl yWwmf alwlhs | g t-o réddredre r
aggrae e peaks possess 4669 B meh®@odni maxihmd m
aggregated phthal ocyanine is at a higher ¢
f or mat i-aogng roefgcadi feasc i a l st ac ki-oncgc)u, p i wehdearmeo dtehodu
( HOMO) andndoowepsited mol ecul ar orbital (LUl
charge transfer, resulting in a higher eng
SO generation can be measured using navvarr

a
c
c
p
p
t

c

i
e
I
U

(enda-ABMA, as Bihg wbRd@RABMA s not fluorescent

a
S

nidn mewvbods to examine the eTBétacyg Dhese
an be carried out, it is prudent -btiologndc
onditions. A common method wused to meas
hosphorescence signal ofsttdtee SOf tassr i keirred
hotosé€fiBisiwavel ength ofghthifs opnh SOphoress @
hus falls out of the range of many <c¢omme
se a molecul ar probe as a scavenger for

rradifahtei ocno.mp eanrt ch r %;bkeG € thgt hy | e n eA)BdMMmailso naif
xample of a -ddlunblesscmnlteovaltaer probe 'wdéd
n aqueousBMAS o Wo gi.)n .ak an absorption m3g
nder i rradiation ABIMAhI BdBr0e snare niti genmi, s stihorne
400 nm, ~ 430ABMAKEeantds ~wi4t6ld Sd.t o f or m ar

t 380 nm | ight, meanABRBAtame bfel wesreas @aesn ae

O gendrnatiisorby tracking the intensity dec
s usually the most intense, that the genge¢
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ABMA Endo-O,-ABMA

HO,C._ _CO,H HO,C._ _CO,H

HO,C~ CO,H HO,C~ CO,H

Non-fluorescent

Figur.e T2h el f IABMKeoslceecnutl ar probe readsBMAta S|O
compound not fluorescent under 380 nm excitati
generati on.

As explored i n t htehigrd ¢ omaltuican ophathapersi t| s
incorpor at e-ore rnaan ont & @tmoanles ginss dri semrasaed i ht

a ¢ onmemoanmpfl etgleinred at i ome rgdoot @as eém :igt ia s upr anpol

A diverse dambayenxpfl ogenles pureddietct igeenet At r @gn
phot oselfsMer @ eBissdqt3ademytdazol i o) mebhygmjtbeimze

Q. 28eh)atass esndll fe -dinmmeon ai dmhaleef i brous net wo

mi xed wi t h -evtahrainooul s®Tvinaxtteurdr leysl. c h &ii ;9 i2mt@e d i

r k
| (Y i€

the cationic heads f acTihneg ba wanyi-idifem ano lutnit ee b &It K

cationic | ayers, a position significaht f
Anionic compounds are easli.l2gBeentapsebkat evd
rel ease over Nweeutcroaulr sceo nopfo udnadyss .have al so
show release profiles as a consequence of
|l ayer s.
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1.2Br hydrogel 1.2Br molecule

N N
QO
X
(Qis Dhis

X=Br

Bromide Counterions

. Br-

Figur.e A2.2ubsection of 11t 2By dfriobgred . s tArl ukeytlu rceh aa f
structure and in between cationi onismi dNomz @®l:i ®m

to scal e.

Herle.,28md 1lt-lBBesddt3ademybdazol i o) mechhlyddib&a&lz e
gel ators wil/ be synthesized for t-Belublus
tetrasul fonic aciZaPe)iTdwi Ipththee |l oltgrmaadc her i(z 4

photophysical properties and its EZaPeTHf

incorporatle@iBydsogel .a A neutr al zinc tetr
ZnPcB®, straichmudaPcFdt containing sulefronatf
than sul fonic acid groups, wil!/l al sd. R&rch
gellt coul d be 1 .m2zggilned utldda t@ltahebeael r o n me n't

pht hal ocyani ne, potentially reducing agagr
producti on. Storing the photosensitizer Wi

potentiappkicatrcahns

2. 2Gemi n-i mbdazolium gelator (1.2Br/ 1}

ThE. 28Brld. 29Cll at or s wewricehseynehesi msrdof an al
1,-B3i s(bromomet hy-bi)s bemlzememetrhyll, )3S bleeld)ke.n e,

The first step involved alkylation of t h g
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i mi daz o lber owniotoltt Adecane i n acetonitrile over

column chr omat og-oapadkiymiled adzeodl et hien 180 % vyi gl d

the rea-ott adliomilddaz ol e wbiitsh( beriotmoenreth,yd ) bep z
1. 2Brotbi B, (T hl or omet hywl PlCdényz esrta r(rtion gf corveer ni|gh
fidalR&8Bmd. 2¢Cd|l at or s . Upon pretiddBniht2igdh at b hle
compounds were obtained inva9%.yield and 8gO0%
X=Cl, Br
v _\\)E\N X X N N
HN—\ 15 - — > (\_,,I N/
K\/N KOH «\/N Acetonitrile N N; oX-
Acetonitrile 80% (éﬁ O,
X =Cl(80%)

Schemel Synt het ilc 2aBoll.t2g&It at bhe.

2.3Zinc(l1l) phthalocyanine tetrasul f
ZnPcTS a-swatudl e phthal ocyanine containin

0 N
)

peripheral positions of its ¥msBchhdso |bee en nsglfso.v

to generate-ba@dwh eniinr trtehde aptreeds.e nTchei so f p rooxpye
resul ted i n mucsn Pdblrédi meg rbeasseeadr aom iintso pot en
t herapy (PDT) and antimicrobi al phot od
I n 1994, etGrianfvfeistth g at epdhovdloeynami Zn@®T®ncac
fibrosarcoma®Tlienomaisn ifni mditrsg o £b atnhdi sa bsstour dy

oZnPcdlbanges mar kedl| y fbrooum ds osltuattieo,n Itiok etl hye

di ffering aggregation staZmreBcdt® 6t3h0e nlnatatned|.

had a mini mal effect on tumour growth rate
mar kedl y. Il t  sZhnoPwliTdS B3¢ nn diteesd zteldatd ar gel y ag

and tEa®Pciied in this study exists as a mi

28

Or et

X t




SOzH

ZnPcTS

Further studies have investigankdilT® heolSUt |goel
phase. Keitz.n &d xseomianed t he 0&0 AgfuPacrdtiSom gy iwe It ¢ |O t
zinc pht  htahatcypdshéssedg degrees dfi-sgahtdopha
tesubdst Piswrteefder.s t o the efficiency with whjc
mol ecul es of singl et oxygen and was measure

scavenger with respect to alsdérZonwnciTrbe faguemd e

solution was as low as O 0.01, ZwPRcidf® agu@o § ® |
medi a. I'n the Sa@ameécstwdy alcOtOh awansd na ddoend Xt o] t
solutiZo®Pc D8 an attempt to |imit ZadPsdgat|i o

aggregation resuligo@dd iOn 38. muohdhmghéayl sull|fo
ZnPcddes not lsog@ys egatkeigh as 0. 68.

Though soluble as ZaPok&isrbhkbemcompownd,t o pos

photophysical properties?’Wwheeaxplnoriet st hteester| aps
ZnPcfT&r mul ati ons containing 0 to 4 eq. o f S
pht hal ocyanine (with 4 eq. being a single h
possible to investigate the behavieoumbascfe t4mne
salt additives wil/ al so benZmPccisShanv atoad tWh e
i ncorporated into a gel

2. 3ZAPcB®bus i on satairaarct er |
Figuredi2zs@BlAays the abdganrPxtliBonwastpeeact (rwimt ho flan

4 eq. NaOH) and iz2ZnPcM$PQ.r efQlae i lomc k nofDMSO i |s
sharp peak at 679 nm,-awdr ephaRcald8s o3 pd n N tma|xti
This corroborates eatrPdlka avMos kr ptyiZdR ¢#iBe cstdrvia
water without-bdam@Hcemoweda a®) Zh P&EB6G wmi eandi t

29




NaOH reveal-bamadssmaparsiQmi |l ar to the spectr

shoul der at ~ 679 nm. This observd@nPaoiiBi ndi c
the presence of NaOH. The difference in ag@ggrt
brought about by electrostatic i1 nteractidgns

sul fonate group prE2ePoaiflutploen prhesenxderofor Nod
hydrogen bonding between Bgl pbbhhal acydnipgngsp
presence ofKid\fa @HhRcHTIBEf pnic aci d2 asndapmreolifr
we expect that the protons a%%et liag gredty idmped
clear t haztn Peidtplwir e gahes i n water that alll of
because of the | ocal environment i n the 4gss
bet ween neighbouring stacked phthalocyanines
t he hbaass esluacrhgea i mpact wupon the absorption |[an

pht hal ocyani ne.
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1'0 Ll L] L] L]

A

081 DMSO 1
®
e
@ ¢ with 4 eq. NaOH T
5
B 041 with no NaOH T
<

0.2 4 N

0.0 -

L} L]
400 500 600 700 800

Wavelength / nm

600000 T T T

500000 -+ B

400000

DMSO

300000 +

with 4 eq. NaOH

200000 -+

with no NaOH

100000 -+

Fluorescence Intensity (A.U.)

0 -
500 550 600 650 700 750 800

Wavelength / nm

Figur@) 2ABsorpti amPs@iegScarcamnoéntration of 10 QM

with 4 eq. NaOH (red), aB)d Pmvau erre swietnhcoeute nNasGH o
ZnPcaltS a concentration of 10 OM in DMSO (bl ack),
NaOH (&Jlcue) 300 imm38Br0d nm for all three measur ejme

This aggregation also has the 2MmPeTH aodueaalesn
solution whi d¢ch gc2nwitBer s etelme i nl uoregZoao®ed& gmi
in DMSO and in water (with and without 4 ef.
of the second exXoaiPcd&orsliyngdree sit@nief iodant er

from the first excited state is obsebard wWhe
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i n the -rreed rteog7iDofr n(nd)d.h tAe H viwt y p bk man wese 1
wi ZhPciTrd5 DMSO and corresponds to the minim
brought about Db¥Alitthsougtorrtellaitfi estei nfel.uor es
samples cannot be quantitatively compared

IS et
b |
ce

W

ZnPciT® DMSO results in a signdnfRAcciTash td gyu eloalrsg

solution. The position of the emission ma
presence of base. Zhecidmi BEEONi snalxo ecnatme @ f a
ofZnPciT® water (with and without 4 eq. N a

respectivel y.

X i
t
OH

Anot her commonly wused method to pgoevenhi pg

mol ecul es S t o i ntroduce surfactants

NNNN-t ri met hy{flhemkademammTABiI gehdwmg. )i2. 4Acatifjon
surfactant, has been s hoswnl utbol ei nphhithhiiatd oacgggarkhei g
shows the abs@anpPtifTBnwatpectwiaFong4) EgdANBOHWAaL
withoutFigaQF .4B each spectrumCTABenethectatot
from 0 to 1 OM to 10 OM can be seen. The |ef
increagZaPofmccndhmean®@ at ~ 679 nm i s observeld
and without but is more pronounced in thej]soc
di sparity in effect i's probably a consequen
ZnPcas®sd its more significaliTABnAgsr aetinorf rlwin
fluorescence Feingi.s) s2i.dnCusoprescstcreanc(e i ntensity] il
t he addiTtAiBotn aofconcentration of 1 OM but S
concentration of 10 OM. This complete redyct
atom effect brought about by the bromide]|ar
fl uore sacfencnt hracene derivatives ®by increalsi
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Absorbance

0.0 - T T T T
300 400 500 600 700 800

Wavelength / nm

T T T T T

0.5 ~ B

AWAN

T T T T T
300 400 500 600 700 800

Wavelength / nm

Absorbance

0.0

120000

: C

100000 4

u.)

1uM CTAB
soooo{ No NaOH

4 eq. NaOH
No CTAB

60000

40000 4 No NaOH
No CTAB

10 uM CTAB

No NaOH

0 l T T T T T
500 550 600 650 700 750 800

Wavelength / nm

20000 +

Fluorescence Intensity (A

Figuré&)(2ABsor pt iZonnP c§TaS®Oc tOMa v t h

4

e cC.TABDOOHM eg q

1 @M ABred), EMABJOEVMBt ruct umBe AbmDeompt iZnrP csTpSe ¢
(10 OM) with no ORAOBD lcen)tCTiABIr @M ) no anTdA Bga e ® M .
© Fluorescence EmPsEBOnOMpewith
with 4 eq. CNa@BIl ae)ld, nwith €dABa®H) andndti @Mt h

10 OMA@Bgrays) .300 am=add0 nm for

a l

a®T ANBagO He ean ) d

fluorescent
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2 .

3ZRPRcT&®@Gpreparati osnatainadn char acter.

The gel s comprising t he gel atabbrevpvyhatad

ZnPcMESqBase @@elr

prepar ed -aunstiinsgo | tvleent s anleux drotd
1. 2dBirssol ved in ethanol was added to the

aq

where applicable) to give-ea hminxt urmr alt.c2oBhrainjgdt

concentration of 12 mMiwg.t hB m5 drhdergetlo aisnw
ofZnPciT®cor poration in the gel as the tetr
derivative, stock s-4l eguonsl whi s h oZtnoPEI&H n
(0 to 1 equivalent per sul fiequicv alca mdt sg r ofu
subsequenZinRc hBqBealslee@Geflt er t he mi xture of
solutions, gelation generally occurred wit

B 5t
as
gk
pN
t h
hi

ZnPc.TNo appreciable differ bret¢aveiem ¢dleagicedp t

di ffering concentrations of NaOH and the
sever al mont hs at room temperature.

ZnPcTS n=0,1,23,4
HOs8 ZnPcTS_nEq@Gel

By
N\
I
N, N
N /Z/ ¥ Water
JN N=
A NN n Eq. NaOH
HO,S <N
SO4H

Fig

NaOH i n wati®&r ethldanol .

F T

ZnNnPcTS_4EqBeseoo@tdls wer e col [ZendPtceTds a hd 6 o0inf
are slthawn iXe6ogel svideye ngomamedmpl e of the
under vac#lusmtrée&hehOof the sufifrontilte asp a@c tfrd

s ol

n

Thorough Mixing

K@ NaOI-.I
N N
G O .

*oo2x Ethanol 1.2Br in
WQis Phis I N\ EtOH
X=Br

1.2Br

ur.e P oxtedure for preparatiZnPcaliSt helins efguo m g

R spectra df 2Bérogperli stdimReceTdS_de&lq)Bas et @G

I nPtcaTtsSenot seen t o ZtnhPec MESg Bia s e.@Glethd i anc
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a st rHbnsgt rG tZonhP ciTnS _tOhEeq keesreo@&e | i ndi cates t hat

deprotonation of the sulfonic acid groups
form of the gel. Anot her chaanrda cctoerrriesstpiocn dpse
stretch, whiclh 2xBerromgte|l ses@recitm utmhet hus corr

pht hal ocyani ne.

Transmittance (A.U.)

33

r
T
T

4000 3000 2000 1000

Wavenumber / cm-]

Figur.e -FR 6compari sodnPdT Pollis@xBarrecag @in Paxiegdr ogel s|.

(A) Sol i dn PsctTB{ e Pr ils t2iBree odeldBr9d 12 mM, 1:1 wa
©C)ZnPcTS_4EqBaseo@6dIBr=[ 12 mM, 1: ZnRaiT& kahad
[ NaOH] = B)0Zon PGS _(QEqBaso®@@d&IBr=[ 12 mM, 1:1 wa
[ZnPJdTS 100 OM. All concentrations are the finrn

To better understand the microscale struc
empl oyrelec MESQqBase @@aglogel sampl es wer e prep
i ncreasing cZomnmRcdin8or gpthitdhrad oxcfy ani ne; 12 OMm;
the gelator concentration kept constant at
concent Zatticlhews afso including 4 eq. of Nagd

ev
at k
e s

t e
v I
t e

a l

of base upon the micr ¢&sgadl €& eterad c ZhRaiTSHEN il
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present within the gel sdeftihmed,el
of base. IZmPrceTdeacegt thei on to 12

fibra@scomsi de.r athd ve veexrt,endupon i ncreasing td

significant changes to the fibre

(Fi g. -Dp. @aAd upoZnPond&Gedsngg beginning to 3

we-defi ned and <cl uster i nFtiog.aHRe arsk

greater morphol ogi cal di sturbance

identical concentration¥ of a tetracarboxy

fneégmpasc tail
OM wi t hi

mor phol ogd

hafs Hirgem g
with gr ¢
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[ZnPcTS]  With 4 eq. NaOH With no NaOH
- , : TS

0mM

0.012 mM

0.12 mM

1.2 mM

Figur.e SEM i magels. 2¢Bert sgélbs mefl-et hamoll: Aatwvabeand

a -t hick | aygnmPefiGnecenti uanti on i s increased by
concentration of 1.2 mM. No discernible diffe
and no base. Scale corresponds to 1 Om.

r

eI

Rheol ogical FEh3péceerciatsed ohe( preval ence (f

modul us, G6) over the | ds2Bambsuhagek&dcbpht
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rather than a | iquid behaviour independent]ly

agreement with previoust®empotriies puwbloitdhleed ghue!

this study, It nwaspdbo&mdPactlitat heheorrespongi
increased both the gel resi stance to def o|jrm
greater i nfl uehrcRcTi&t htelre tdhase tdfe olrhrees plon

increased resistance to deformation (G& an|d
(Critical str esTsabdad u els gpsraehve easuhsd wn sihno wn t?Lat
|l oading of a tetracarb.oXfBnaameewdo r ko rwahsy r ¢ oir fwel
augmented restishanitiednt @pakt@ti Pcd®HBn i nduce al s
effect, but tooagsmiiwetr dxeeeti som dUhetinct| c
noinorZin®csltSr uct ur.e2Baeh Bwbheembly thatltafdoewltd| ¢
i magined that ZnReiT@apPrcdBod&yBeswel@Geilnt er agt

strongly with the 20Bati onesuhtadg 0oh #Bhweak|en

as measumgdr heol ogical analysi s.
TabRe Critical stress val ues from oscil | af
when G6 = G66). [Work carried out by D. Lilm
Sampl e Go* GodacCritical
1. 20Bal 205 41« 15.52
ZnPcTS _O0OEqQBS870 180 57.02
ZnPcdBEqBase307 85¢ 37.04
*Denotes averlaigre avral wiessc cedl. @shteia¢ r egi on| ( ¢
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100000

10000

1000 5
100 4
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—e— Elastic modulus (G’)
—e— Loss modulus (G”)
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ZnPcTS OEgBaBe@aaRc TS 4 EqBal e @GeMomr kibeyt ebdd Lim-n
Uni vedes iBantcel onal]

The absorptiornPrc@&tbaot encet posavtkd into thle
by t he presendé¢e guafe shhaoGuA. t he absorptiopn

ZnPcTS 4EqgBas@@BellTS OEqBZa @GS 4EqBhase @&e |
extinct ibamdc aefgfniPamiTesmta BRiqrEadtsdes@G@Mi t

greater

di f femaeemd LQhape. Thi s

di sparity in absorba
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of aggr&g®rcwidsnhioh t he gel with and without| t
emi ssiorFigperonM@aBgel s containing an intermgdi

base show an initial decrease in emission|in
the emission maxi mum from O to 1 eq. of )\
from 1 to 4 eq. NaOH. This decreaseedordn flfuo
NaOH was not expected, as | owering aggredgat
t hough this result iI's discussed further I n
experi ments. I n order to mimic thkseroali wenftan

emi ssionZeaspeidisr 4: bt wanhet soluti oRi guere. 86 4D ¢
AgaiZnmnPciT® the presence o-¢&tthamsel i noltuhtiisonl :|elx
absorbance and an extinction coefZmkRcESt w
in 1:-ttwanet without theapZed®eWiSteh od bdaseNald
1:1 wabhanol strongEZpPcie®eMF@s ithmaLaoa®ETSg [t h
i's not aggr egettheadn oiln wih:eln wa teeq. of NaOH af e
presenbandheh®pe i s more complicatetdhasd® |th
splitting pattern i s obseprPvcedbuitn atlhseo fsreeeen| bi.
pht hal oZgmlniitnteisng of t h.P&ntdy @ wss ¢ da dymrrditersyi |co f
the i soindmlédhrei tprhradheansocyanine ring. This]a:c
LUMO t o -deeggemenm at e, resul ting inbamwd fPedifagn.e
Absorpti onZnsPrelcSt@G@erpolfes cB8nta@giunivmg eht s of N
i nt er méodhinalt s h@Qpes between that of the 0 e(q.
coefficients andnaPocsTor poil ofmaibmaRd iRed E@fPc T Bat
with 4 eq. NaOH has a higher absorption than
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Figur@) 2A®sor pt iZonnP csTpSe cntErqaB aosfe @GOl § grey ), n = 1 (
n = 3 (green) ,ZnRPJES=4 10B) I&Ml)u,dr pscence emi sisi
ZnPcTS_nEqBasne @Gebs(grey), n = 1 (red), n = J2

[ZNnPdTS 10 OAMsdr pt iZonmPcéTpSe c OMp  beéht Haro lwawietr h 4 | e g
(red) and n® NBEDHo(gseghcelZamc(31S0 oM)s piend tHraal odwifp t e

wi 8heq. NaOH (red) aand62® aNpO#H64drrem)f.or t hes¢ f
measur ement s.

Tabl &x2incti on ZonoPeciTiSi dii € fies e
Extinction) Coefficie

ZnPcimBEqBa Water 1: 1 Wadthear 1. 2@e|
n= 4 34000 83000 39000
n= 0 22000 36000 21000

2. 3Z8BRPcT8gset oxygen generation
The gerating ability oABMAeagtl sowasceamst|ep

reacts with singleflorygeoemptrofuni vgsablhe|ns
compound and r ABUMAI Inwgo r ehsec onveag ad mMir’S80 ommbefA w
diode | aser of 660 rmmanwasPiiSSadcdt cudseiquent h
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SO. A compaZnBoih® odoltuhtei on and within the|] g
aggregation had a considerable effect upojln
presence of Dbase ihifdwrealkh2wsBGOVgrinzirdtilomdqr e
oABMAver fifteen minutes dhPc@B&yi anhi wat en ¢
with 4 eq. NaOHABMAdeqawgnt itfhye timd ensi ty D f

at ~ 430 nm was tracked over the fifteen ir
ofABMAecayed. Pl otting t hAeBMARMiIiagsiven i me @&k s|jo ¥
yields information relating to the rate off

Fig2r ddiAspABMAEecay BhBt@EBWY , one with 4 eq.
l ine) and one with no NaOH i EZnWwatiet h( we d hl|lan
without base in aqueous medi a IAsBMAordteesris i thw
after 15 mi ABtMdpsl.otA wi EntBrad kS aanlys oF isgh.olwlnAa s n
there i s a s malABMiANIhwea reed c edneccea yo voefr ti me. /

generation rate is |l argely a consequence of
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Figure 2.0l ABMASuwresegcence emission spectra | n
maxi mum can be seen to decrease underZniPrcrTasdi pt i
(10 OM) and 4 eq. Na©OHG6HB0O; amie &R 3H0 unm.on.
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Figure a2.slol ASABdAWAgd ec ay plZotPs TSOfOEqBasd @Ge
ZnPcTS_ 4EqBdhissep@Gesded in water-geApr atnihmg c a
clearly seen fFarg.ls@Btolwggelhe tféutoecds ABMAe e
for the meaZoPem8n#EqRaswv@Gel a cl ear quali

be seen in ckoingp.ardFksibtht iwmigt hpseudo first or
enhancement (with respect taZ&n®&gUd&odEqgq8ake
andnPcTS_OEgBase@@elcti vel y. Whil 2dBelenclagpas
enhances SO gener ati on,Zn Pac T Sd i4sEpgaBraasteg@G e
ZNPcTS OEqgqBaxsies@&Ge.l | ncredadwWwWiSglgr egaheogeb
no NaOH, along with a potenti al i nfl uence
di fference. Thi s di sparity S expl ained
ZnPcTS _4EqBcaossnep@QGeezdn PeiTtSh O EqgBa sV @Gelt he tr i
steatof the former being stabilised by the

a result in more intersystem crossing, whi
evaluheeeffect of Na OH, simil aZnkeBhS @6 e Im;
containing 1, 2, armrd g3 <KlyawsBBiMedpet csa yo fc uNavCe
ZnPcTS @G@vE It sh 0 t o 4 equi val ents of bas
ZnPcTS 1, 2, 3EywiBeAsBEM@Ge k ay curves t hat I i e
ZnPcTS_OEqgBamsgkrmdmseTS 4EgBasien@ldeclati ng that

content induces an increase in SO generat.i

aggregated phthal ocyanine species.
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Fi gureA@BMAMecay plonPofligSrteyd il R a(ESO,
line) in aqideBaEB50so®OMY i wnt h

ZnPcTS_OEqRaoTa@@EIh Pahd_4EqgRagse@@eBMMdecayofpl ot

ZnPcTS_OEqRaosa@eR)c,TS_1EqBRasyead@BRd TS _2 Eq Kasaea @Ge
bl uZnRc TS_3EqBamsag@@GelanRPRc TaSn M4 EqBgys e @@9 | I n all

finZnPdTsS$ 2,.HM380

nm.

4

eq.

OM) with no
NaOH (bl usdg
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Figure QiABMlnuorescence emission spectra in whi:q
can be seen to decrease under i EZnBRdTS8tdBgBas e @Ge
(2 OM) disparss &dO0iimmdtRgsV. 380 nm.

CTABas shown ZAmoPcHepgrreagsad i on at a concentrfat
solution. This i s cor r oZnoPrcalti®e ds ab yiF itsgy.ed tZ.01 B e
Whi | st the effect is relatively small, an i
observed. Similarly toZnbPhcdly§T AUB rt ehsec &l cueo rplecn
ABMA s also completely quenchTeAB py ohhéi aiddg

generation measurements with this probe.
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Fi gur eABMAIe3c ay EInPtcTS0 oOM) i n WatPe(TS0r &M) Bandwat
with CITABMI ue) .

2. 3Fdr.t her additives and conditions stuldy
To further understand the role of base i n r
systems containing caesium hydroxi depkaere |pr
value of 15.76, making it fracKioonhbl Y0 malrfh

this difference is not |likely to have a si|gn
Cscations are significamatliyonsad¥{geeoe i(mM)7u enpd e
potenti al adherence of these differently |si
anionic sul fonat e groups coul d influence a

generati on.

Figure dRsphhays t he absorption and flupr
ZnPcTS 4EqCa®OH@Geloncentr at iboam do fs aQioe iT@Bd.r [T h
this system is indiZatPicAiPpu dEgaANRIOH @Gedcmat i hgft t
aggregat iZmmPcéilSanetof nfl uenced by ctahte opnrse s ¢Tnhc
fluorescence emission peak also |Iies at t hle
have t he predomi nant effect upon aggregat.i

pht hal ocyani ne.
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Figure WVa&hble absorptZoRdUS&l 40 OM)i dnlidi ié uof e:

(red dotZneRIdTISEnd 0 [OM) Z nsPpceTcS r4aE qCia@EH @615 nm  a

150645 nm for the fluorescence measurement.

The simi EaPcTbedEqpCs @H@RellS_4 Eq NaQH@Geodt S
' imited to absorption &nduf &5dbh®we&SBitMAXEe eay h
pl otZnfPe&e/rTS_4EqCsOm@aeled WwintPlt TShdtEgdh OWRE R |
overlain, the two gels show a remarkably ¢
evidence that the choice of base ZaPc®$8 ha
part laf2gehe
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Figure ABMAbecay plZotPtes TSOf4AEqQCOH@Gel as compal
ZnPcTS_OEgQNAOH@GBGgENP@aNhI_4EgqgNLaOH@&@EB ) ABNA 0 mtnr o |

(black). 1 n alZlnPglels samPpWBSD, afmSOaEnM. 380 nm.
The inverse experiment to changi nbgastihce scoadl{i
salt. Given the results relating to CsOH,

t he phot ophysi car P coih$erna citnecroirsptoircast eaodf i nt o
thaZnBdEiTr8 t he presence dfi gbaXled@Bds DiHs o N@tOiH
ofZnPcTS_ _4EqQNZQIP@QGSI_OEgNaOHKmERre TS 4EqQNaOH@
where a typical agglreemgd t eldapeht haad oty asne ae

expedneéddpmpears more aggregated in the pre
to Il ess thorough deprotonation wit K ntPhcel Sf o
i s changed by the presenZePoTS _N®aEJNawhf@é ed
absor pti onZnsPpcelcSt_rd4uEng NeapCd e@Gesl t o be an inter
t hat of O equivalents of NaOH and t4h ee qgcuhil v
anions may be influencing aggregation. A p
bromide coundt @Birboentswe(efnr otmthe cat ZoRcT&d iadees]|
Thdsspl acacfinaevret an €f beetstupanture at the mi
aggr egFaitgiuorne.sBow6B a comparison of the f1lu
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ZNPcTS_4EqNaiCEhaeTS_4EqNaOW@EereE a smal l b a

can be seen in the for mer.

) 200000 - B

u)

150000 A

100000 +

Absorbance

50000 o

Fluorescence Intensity (A

300 460 5(I)0 GCI)U 7(I)O 800 6('50 eéo 7(I)0 7%0 7;0 7(;0 75'50 800
Wavelength / nm Wavelength / nm

Figur eA@ .Albésor pt i 2mP csTpS c4t & gN adGhkP)c,TS_ 0 Eg N@WH@&S e |
anZnPcTS_ 4EqgNeaBQHP TS 100 OM f or B)alHAI utohrreesec esnpceed

spectzZrnaPcolfS_ 4 EqNaCla@®hPafs8 4 EQqNeadHP TS 10 OM
both fluoreaxcerd amaahwld. nm for these fluore
Figure s2h. OIWWA BMA decay pl oZmsPc Tdaf 4EqNacCl (@
ZnPcTS OEqNaOHm»MEEet TS 4EqgNaDMH@GSIO gener at i
ZnPcTS_4EqNRiCe&®G@ghn ybet wee@mPeth&t 0O NadH@Ge
ZNnPcTS_4EqNaOB@GezZn Pc®ES_ Q@ Bg NaTOhH@Gerdd r obor a
the finding that ZtnhPe TaSh AcrgpNtaeCd naGed of 61 anof
degree of aggregati onZn PoceTt SveleEng N a tCHH¥IG e |

ZnPcTS_4EqNaOH@Ge l
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Figure ARMAD®EB Cay p4 oRcTSof4A EqNadd r@dGe bl ue) as cd
ZnPcTS_OEgQNAOH@GBGgENP@aNhI_4EgqgNLaOH@&@EB ) ABNA 0 mtnr o |
(black). 1 n alZlnPglels samPpWBSD, afmSOaEnM. 380 nm.

As a gener al procedur e, AtBAVES alduti itd msn wds g

injecting through a needle and dispersing

t hat the greatest possible akABMAtTd Igiefl et
SO in solution is very short, so there is
solution or ihOeetdeowtt wWifst hangexperi ment

mp

d n

S iun
[

W a

vol ume (compared wi t)h otf Zes BeiTHSp@aesd efdo rsnod du t @ to

bottom of A BMBswd tutte .onAnwas t hen added on
measur ement s were <carried out a sZ ndPecsiicdrsi b e
present overall, any change in SO generat

formulFatgi. di2sABays a visual representation

50




HIGH surface area LOW surface area
ZnPcTS_4EqNaOH@Gel (dispersed) ZnPcTS_4EqNaOH@Gel (solid)

= ABMA solution ABMA
i solution
m Dispersed ZnPcTS@Gel
ZnPcTS@Gel (0.5 mL)
(0.5 mL)
Figure ¥Yid8al representati onproeoefvitohues dnesapeairrsankt|ng ¢

the solid gel configuration (right).

Figurai23pl@BMAtenceay pl odnsP cfToSr 4EqQiNFelO K @G@e Is e|d
into soZoPcdoB d4BJNAdOH@Ge@l as a solid secti¢n

the fluorescence cuvette. 't i s i mmediatelly
appreci ab A8 Ma&meocuwnyt. offwo factors could be infl
di spersed gel has a great e ABMArnf ascod uarieoan , o fme

t hat gener at edABMb» efamr ¢ edhedawiindyh more oft ¢gn
I n the solid gel exampl e, i ughsuposseblgel { h &
l ow |'ifetimes of singlet oxygen in the | i qui
only the surface ofABMAodgelti bn baestaocly whgah

generated SOABMAetowetdtedcdei ng. However, i|t
acts as a block on the | aser beam, meaning t
l't is |Iikely that both effects combine to|yi

SO ngeer atei ohna sr artami fi cati ons ifrorviptorece/p ¢ir na Meiaypo
in aPDT. For the system to work effectivelly,
a bacterial solution or bacteria in generhpl
Given our soft matergiatli mzera,f flodo we feorr, tthkei g hn
problem as the breaking up of the supramolf e

onto a wound). 't i s asndArBdwAnn twehnys itthye rien itshlea |
solid gel. Though samples were |l eft to eqli!
may have been required for the solid gel S

conclusion ABMAleocaygligi ®§éen with this samp|l e
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Figure. ABMAOecay plZotP T SO f4 Eq Na(QGH @Qeelr s e d) (grlee
ZNnPcTS _4EqN@Ob@Ge) (red). |1 BnRYTSg @ HDMEBDI ensm,| f
Pirs 50 andV.380 nm.

2.4Zinc (1 1) tetr akphst(hreeltohcyyl asnuilnfeo ny |
ZnPcB&@ s a-iwastoeéemuwbl e phthal ocyanine thkbatahatp

for use®Bei mPDSTt.ructZmB@¢E TS tsicnainl abre tuosed tfo

slightly altering t hphaoteap hpyhsircad! umri d pe rnti igenst

MeO,S

SO,Me

ZnPclEO

ZnPc:Beécan be prepared through the heating ¢of

salt i n DMF. The phthalocyanineds absorptifor
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10 OM are twpgcebavbédaphboh-bhhodyaonneestivngh

peak at ~ 680 nm and a shoul der at

~ 620

I

o&

m.

with respect to the unsubsZnP aBe€hda sz ibnece(nl Is)ih op

to display highly effective antivbacomri ad

with a gr eat-pos isftfageity | mrc dgivccanms ome gabasovl ei

2. 4Z1PcBés0l uti on satairarct er |

Given the hydrZopPk®#d® cp hoattouprhey iddidaloncdatr aaq

solution was not possible as a consequenc

sol vent . A sol vendgt hsaynsotle m acsf sle:eln

pht hal ocyanine is hd&aygil PTRHgmaegarbepaadl $ii ® s

635 nm, indicating the presence of

poor baselines of the spewhkimaghtaiustdr gt &

or molecules that are much smal)l eirndihaat & h
di ssolution is not achieved in this solven
0.6 - i
0.5 4 .
3
Q04- .
©
o]
|
o
n
o
<
OO T T T T T T v T T
300 400 500 600 700 800
Wavelength / nm
Figure Vd@rsor pti onZnhcd®d nufn: &€£ft watnhe at a co
of 10 OM (black), 20 OM (red), 40 OM (blue),

wva tt ehri n

di mer s
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Upon alter-etmigandle watieo to 5: 95, the absor
suggests aggrefBiagir2odliggestduafmbcBtén st nfouw |
achieved at this ethanol content, with s
baseline.

1.0

0.8 -

o
(@)
]

Absorbance
o
N
1

0.2 +

0.0

T v T v T T 1 N
400 500 600 700 800
Wavelength / nm

Figure @QVddesor pti onZnsPpcgdBagit m udn: @bt twart ®elr at a co
of 80 OM.

The fl uor esckeingc.g 2dnMPe8©Oom foth 1: l1l-eahénbl
di splays a typical pht hal ocyanine emissio
at ~ 681 nm and 679 memspectitwel yowmen aexdi
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Figure RlL@@r escednmRcl8dins 4di: ént wafn e (redet aadob | 9°¢

( blwietym Plcd8d = 80 OM for ko3 h6 vk assinerse6mdksn tnsm f or| b
fluorescence measurements.

2. 4Z12P c.Bége | prepar ati osnatainadn char acter.i
A significant di fference r2hRBtEBOwWa st ot hgaetl [teh

pht hal ocyanine had to be parlt 28&l aher ephiagol
formation. Other than this, there were no [|di
ti me. Absorpti @amPeBé&uGterl s cschppw.go.fadidont r ast|s
strozngHcyB& n the aqueousTheol ad ZoekgcBiaeasen of n
1:1 wahanol solution appears to be sevelre
a 1: letwhdre®PBal .r dhuesfi aggsematmaaetnc hes itnhhat | s

t he cZansPec. ToS
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Figure ®BV2383ble absorphPofo@d®elctthn P[m8d f =
[1. 3Bt=2 mM, le:tlh awnaotle.r

The position of

when compared with
is slightly hypsochromically

100

oM

t hgnPk8B@rse slcaerngesl ye mu rscsh aomg jeod

shifted
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56

t heetphakhal. p Ry Mene mi ssilo

~ |3




Figure

& xT

4000000

~—>~ 3500000 ~

w
o
o
o
o
o
o
1

2500000 -
2000000 -+
1500000 4

1000000

Fluorescence Intensity (A.U

500000 -

I T 1
660 680

2. 4ZBPcB6&s ngl et
the foll owi
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Fig
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i nt ol .t2hBe |

| aser

stly,
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FlAdbr escencZen Pedd@GaMo h A noP{cl8 & =

625 amza®ma4l5 nm for this fluorescenc

oxygen generation
ng SO measurements,

a power of 5 mW and emiss

used

Il n

sol uti

i n ZnmPe, T Pmeavn iornug rsd uwdlyt swi ar
addi tion, t hAeB MtAd enge r atdaaktei no n
siderabl yABMAAbeaor e Heereg e
utes for a total of ABMAbaaosy.in order to

on phase ZnRdEB&wer@n

100 @)

e me as u

a diff

i on wa

measur ement s

ctame i &

2r &b spABMAlecay EZhPtcHSBeOorn 1: ktwanet ( bl
5: 98¢t waantcelr Z606&c8B&nn. 5: 9-Bt hnvaant celr

siderably gre&indPrcB80n gknerwatnheh, t maani n

unt of

aggregation in the | atter

does n

does

ti mescales explored in this study.

seen i

n

t he §@hBPt286@ hsy smuccahl

compa

| set susd iaegsg,r e g at

red to wheent haamloMat efTdhiisn cil
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corroborated by SO g€necBOO@GR| Measaea r

generation is emrhgnr2dPRB@g@c¢dlicandil ypl(ayed

amount of SO ZqeércedrSatOiEqmM ataiHagGenli | ar c o
can be explained khygtrlteg ZmiPacBoOpif e At ar

comparedZnecifat hefsame conditions.
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FigureABRMABcay pdnoPtcgdiori 1: letWwatned Z n(PochBe: n,
5: 95 -amtatermrol Zf BB@®@GEDbI ackZ)nPcadBsd OEgNaOel®Gel | n
solutions ZmPcBdD s, 2 FOMB5 [ M5 apW. 380 nm.

2. 5Concl usi on
Il n summary, ZAamgRaile® adquweaousf sol uti on

guench SO generati en.hanhol as onmivxeend -s oshytsh reer
pht hal ocyanine predominantly existsetimandls

mi croenvironmeedgs waft hwat earn telxr caitghhd d@dBaple r s

has all owed the photaggeregiattieade f otron raetda ismn [
ability t o gener at e a significawttltmn t her
pht hal ocyanine in aqueous solution. The p

ement gt

ndi ti ¢n:

theng

has b
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ZnPcdggregati on both in aqueous solution 4§
Al s o, a similar enhancement in the rate o
pht hal oZnyPaceMénh el nc or pomrRcké&@ mt of . t2hBe | resul t
significant disaggdmégs©i onswli achi orespast s ¢
spectroscopy. Thi s | owered aggregation ma
generanPoBé&di spl ayed a higher1lr 2vBheecno mp &10e @

wi ZmPciT® the same gel Ssystem. This disparli

aggregation of the former. This study de
encapsulation in soft materials for real.i
susceptible to aggregation in agueous envi

2. 6Experi ment al

| mi dazol e -b(r9no%w)c,t arle -bi( 99k) omome8hyl) b g
1,08i s(chloromethyl) benzene 098. 0% was i
pht hal ocyanine ZmrRPc¢BSwdd ompiuc ctaadsad (from

tetrasul fonat om&gintPiB&p hwehsa | prcoyvaind ence Hy Ac é
Aydénl ar | niversitesi (coll aboration). Th ¢
range of di fferent suppliers and used wi't

di cati onhiicl ea ngpehl®aBtravas ( carri ed out t hrough

procéWhmre.mat ography purificati-Alndr iweeh eSiplei
(pore size 60i6,2mpanndayerackheomt ography (
on E. Merck silica gel plates irradiratdeadnu
a Bruker AV400 spectrometer and NMR spect
chemical shifiparasepeepmirtedonn( plpm)i,gruasli n
internal standard and) threecoeapdi hgd ciomsHam
abbreviations are used for signal mul ti pl

and b, broad.

2. 6Gdner al procedur es
Unl ess explicitly stated ot hetrhwa mel, rgetliso v

o0 S
it z

Ve i r

gel ator concentration ofzZnlPcdnsM. mM tsdtoaxlk gfol

(containing 0, 1, 2, 3, 4 equi vZInePritiTSveIf e

prepared to achieve the desired concentr at]i

ZnPcdé®&ntaining 4 equivaleat @Belfs ,CsaOH equ aN g
24 mM gel ator soluti ontd nt hadd saddiklsidSiee dit @ nior
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water (inclu
preparati on
temperatur e
pht hal ocyani
et habho?PsBacl ut i

The rheol ogi

rheometer (Thermo ScientificdBraec¢dbrydi mg ste

60 mm di amet

performed at

(shear streslD)0 way wariileed t(h® frequency wa

the frequenc
of the shear

D. Li m-n at

di nyg indacOrHo pMhpeeatet enoared )mi xed vi

l ed to robust gel s which wer

(2/pp rdAX)i . matFfelry eX®En P mBOt st hien
ne stock solution had to be mg
on prior to gel formation.

cal assessment of gel sampl e

er (PP60) was used witshatava®dn mm
36 N 1 AC. For the oscillator

y sweep testQ. DM.e0 1s hkeza)r & mrde qtube
stress was set at O0.50 Pa. R h

Uni ver-¢i siabl e ea Bsaarcpetl ioomm . s gJe/c

g O

11%

vV O
L d €

\"ZJ

N S

were taken with duwargttzh clv enint eosr -OAfii shpdaetRhn &

Spectrometer.

phot osensit.i

t hrough t heer i mega vbyr osucgahttt about by the gel

cuvette) and
(Edinburgh |1
measur emenses

of scatterin

infrared spleR)t rwass opar r(iFeTd out on a eBlr wk & h

a Pi ke GIlI adi

Absorption me2asBclhE&#Bdk nttes oodn tg

zer at a higher concentration

solutions (10 mm cuvette) wa
nstruments) equi pped with a f
, 0fhlong pass filters and fror

g (the beam hits the -tunaester

ATR attachment with a di amond

cr

SEM i mages were acquired3ENMI $nstae m] ECOL s7alnfolFe

aluminium st

acquisition

SO generatZinlPcptbat esehsi tizer systems wer e

fl uorescence

ZnPcmESqBase @®eolns i rradiation with a 50 mw
10nm quartz cuvettmi watseiirmaei adles dABIMAd t |

fl uorescence

anal ysi s was

ub s, dri ed u-ndtelri cvka cluauyne rd nodf g @

was performed using a working

ABdwAd me awat eaf with ZmkRc Tgq8rde s e

was characterized UVABIMAge aayFL
done by comp=afrli=wg tthh et W& Mionriets
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concen®x|ats @ancor Equa i.®ar each sample, two| e

carried out and the meanaxiad cadmordbamasnd r|lan

ra8 8 p=|lo0bdo o=l =

r o=1=
Il n a typical SO experiment,ZmaP ddtd amlLc osnacnepnlfer .
of eMOwas prepared in a syringe which, upojn

146M ABMA o0l ution to yield a suspension witilh
ZnPc)T,S 11ABMM gnd a final ethanol content |of
Two SO generation experiments were ABafAri edq c
plotted as a functABMAIetayr pa oipasteame tfifi nés.pt £
ki neEquati(dnt o determine rate constants.

FA88 O 0 zQ

I n the SO measur EmeonMB® aaf Bt3hBeWnnme ultarsadr wag
typical SO experiment, a BnBc28&ats aampcloen coefn fgre
of eMOwas prepared in a syringe which, upojn
146M ABMASs ol ution to yield a suspension with
ZnPcBE®, 11ABMM and a final ethanol content| o
The sampmem gomaat 20cuvett emiwaust ei rirnadeiravtad ds fluosr
| aser . Two SO geneerreatd arr ieexdpeaoutmeand twhe pv
ABMAI|l otted as a function of irradiation ti me

2. 6S¥Ynthetic procedures
1-Oct adlele ynli dazol e

Acetonitrile (60 mL) and KOH (2.52 g, 44.9 n

di ssolution of KOH. To this fl ask, i mi dazogl e
temperature for 2 h. Toor oamosoecp(aatdzetceOnfed ,.a s &9 W ¢
along with acetonitrile (40 mL). This separa
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this ti me, the sepromoétectiddeskameonitrai aac¢ emtgo flLi t
flask containing imidazole. This combined | mi
Solvent i newmacewi el dwhi teudeMamtifss®dlvied i1 n PC
filtered. Subsequenitn fvitalctunoa ted dwdhs waxrgodrf tlr avt
was then purified on silica gel (9% MeOH i|n
'H NMR (400 sMidpm CDGI7 -H s),2)1M,© 81n(2 ,HH,(5)H, [I n
6.92=(1.,2 HH(4)IH, IJBmM7.52 (HQH) ,2 H,. 7NB-CH,H) 2 H, |N
1.46.09 (m,21832HPDJIJBEH(2,Hz,'E3NMRCH101 sMHz, | C
dgpm 136&(2)09(mM-&ngB) ), -CL8) B, -CHy,. 23 LNILH] N
3M1-22.7 213(,CHL43) 1 glnBKM ATR/ @®16 (S,. -AGgmreAthpl
2849 (S, SHmstrAdtiph), CH56&8 i cMMorAl i g ®©20dMW,.|] A

1 Bi s-¢¢tB3adeaenyldazol i o) mebhgimjdengeéne2Bd)

N N
J €
\ N NJ
*  2Br
(Qis s

14

1-Oct addcmi dazol e (2.waesdgl,ed7 .t5 ammedalo)ni tri |l ¢ (
at room temperatur e for -bli0s ( mi amo meh ey Ic)o m
(0.93 g, 3.52 mmol) was then added awdsmi ¥yt u
remoivre dvaarcdu or es-whit it egpowdéler was dissol ved i|n
diethyl ether to yield a whii.t2eBirsMVMR d( 420 5MH =7y
CDQIigpm 10. 39H(2)) 2H8.-Hi5)(}), 28;HIRm(O)s, THJH8A
J= 7. 0=H%z,7 HH(42K8))Ar 7-HZ4))dIJF2B07 (kz, 1H,
H(5)), 5. 83, (4J2847H,5 €K ,4H,LJMNO 7(p, HEH 4H, N
CH), -1.38 (m,2:p0HO. BEH(E, NMR, (HZ,1 MELH m
13&(.1-n(2)), -CB2, BU(AG(1B))., -CRH, 95(5A6-M 5) 123.
1272(1-an( 4) ), 2p2. HCHEH (-R12..97 21(3(,CHL 43 1 g(mRHE
ATR/"tm2916 (S, -KsymretAthph 2849 stS.etyhm., Al5i
Al i pH.s€i ssor ), H4&dENAM,, Al iph. C
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1 Bi s-¢¢tB3adeaeanyldazol i o) methhblbdazeghe2@i)

N N
o
W €7
*o2cr

1-Oct adldcsni dazol e (3.22 g, 10.0 mmol ) added t
room temperature for 10 -binsi(nc.h | o'rheme tt o ynip o L
(0.88 g, 5.00 mmol) was then added and mi|xt
remoivre dvarcdi ot he rwehsiutlet ipnogwdoefrf was di ssol ved i
wi t h di et hyl et her to yi el d a whilt. 2Clkolli c
'H NMR (400 3Midkpm CDCB2H(3)) 2HS8.-B@5) ), 28, 08§Hm(
AFH( 2) ), J=7.75.43=(Hzd,7 H-H( 428) ) Ar 7-HQ4) Y dJ=7 2®”1| (
7.7 Hz;H(BH, ,Ar5. 01 (4J227Z4HE ,68&@H) ,4H,J8N7 (P, Hz|,
AH,-CRBCH), -1.35 (m,150HO0JBEH(GHH2EH NMR (101
MHz, DbDgICdm 2ABI*n( 2) )7,( AEB 4, 3] AC(1B)0)9,( ACRS, 5,
6) ), 1-£285%) (1 ®M22) 3(CHBM3IGRCH) , -32. B ):3(,CHL 4. 1
(CH. gm&x ATR/ e®18 (S,. -AsgmredAthph 284D (S
stretch), 1563%c(iM,soAlipHd4 @& ndM,. Al i ph. C

N
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Chapter 3

| nvestigation I nto

di ffusi on of fluorop

¢

h




3. 1Background

Tot al I nternal refl ection f|fulouersesenaerec § Tnj

developed in the édafrIRF ydarnrosafoptyhe s1 w8 Qldes

as a result of i4a@oiirster irragii oalall ynhgi gvhh tdhi gn
thin section of a given sampl e. TIRF micr
mi cr oschonppyguesg¢ where excitation l 1 ght IS
epifluorescence mo d e, excitation of t he

siginmdi se ratio as fluorescence emission 4

|y
& |
oS
S
en

roi

dramaticall yTIBWerekoesraattot al i nternal re
that occurs when | ight propagatiihgt enaammgee
with a di)Jfaetreoant &Rboel) EfRl) castgomakraedl!l by|( S
Equatdlon i AOAGEIT
Within a TIRF microscope, Il ncident excitat|io
a cover slip. Upon total internal refl ectilon
coverslip and into the samplael.l yAsdetchagy i em\gg|n &
only penetrates into a thin subsection of |th
excitation results in surface selectivity |fo
and coversl Fpg8as$ Thlrowrenienrati on depth of |th
bet weietBM0 035 m) is dependent on the wavelengt]h
oil and coverslip, and the angle at which |th
p enaettiron ddefpdarh I(i ghtaaxiohc iwdhhertl emgomhm matowaar sl
anglcan be calcul ated BEwm@2*%hematically by usd o

EquatdR on Q
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Op O o] o Non-excited

goo o O o Oo o) o fluorophores
Evanescent e ®O @9 ® Excited
wave of depth dI ° © (5} .. o © (] Id fluorophores
COVERSLIP (n,)

IMMERSION OIL (n,)

FigureD3.agram of a typup.alEXdiRtFatmi cnmaglsicplbier esfe
at adhwpleef e’) t o the coverslip and undergoes tot
propagates perpendicular to the nor mal to a
within distance d to the cover slhboveandiesgtgaon cfd

in the ground state.

Il n addition to bioimaging, where TIRF find

empl oyed to characterize supramol ecul ar fli
devel opedeby aMagmeacati onic cyanine deriva
for m, form polyaminated fibres which act
condensation whassemidley Ylomn gvais®elr pol yami na
fluorescence of the cyani ne deressatiisom uleenad
recovery of t he cyani ne fluorescence. TI
condensation through the gradual i ncrease
of f i br ouAs fsutrrtuhcetrureesa thglde cstetd BOINRE b T ous sy

in a polycaapg®ltyasulomene/ poly(ether satlSalne

When fluoreseersatittioxegegpar phyrinoid deri vatli

nano®i bf such a system (formed through el
fibres was carried out. The modul ation of
content in the system was seen in individu

Tl Rlki croscopy has also been used to meas\y
fluorescent®Dcodmpesuondsrefers to the net mo
through a concentration gradient. Speci fi

generation andigtnalddj ei,gn,fchirerma tciadn processi

6 8




the preeminent case of i1 onic diffusion compce
ion channel s, which govern cell signalling,
for a vast number !®fn bsyntolge tciad ¢ wntceamo,nsft h
di ffusion has been undertaken to aldvTlamece [ph
devel opment of synthetic materials that prov
has been notable in theeli mpebbvemewti t bf nmyel
membrane <configurations ¥n¥bhiagcdondictpiovetr
i mportant I n pol ymer hydrogel s?°That campl| ditse
understanding of di fferent types of ion dif
understood from?238 nf unnaddaumeant aandl esvyedt.heti c | s\
investi gasteudamg dieaml acement analysis and [fo.
of diffusdpnrasdadmr Bt ewAifdr)s, chraptenf idreesft.r
t hat may help to comprehend some of these]|pr

essentidalmey sommel al path for diffusion.

| n t his @h asputperramol ecul ar system is desclri
tetrasulZnoPnc)TecS acfdubrescent compound cont din
groups di f fuses al ong a-i np adtaltzwd yi € o onmed dad by
1 ,-B3i sdqt3ademytdazol i o) mekkrhoymild@BE ewnhei cdhi f or ms
that encapsulate the fluorophore. The motijon
TIRF microscopy at both enseemiPica Saveatsiianng!| e

of eMOwithin the gel made possible the <cl gar
all owing observation of ®@DoPed&dhaentdn &E€Wiuem qaof
all owed for t he monitoring of indi vidual
Further more, tracking analysis was used t¢p
and di ffusi on coefficients. Modul ateidont oo ff

investigate the relationship betweFwr tihrerrgdi

modul ati on of movement behaviour was i ndpuc
the gel: camp@G8As altibol iecn eas wilPdT &)@ ¢ T lmicd dc H g mi
modul ati on influenced both t he movement c

pht hal ocyanine fluorophores.

3.2Zinc(ll') phthalocy&@ddnikPeTSe¢trasul fjpn
As discussed in chapter 2, zinc(!l ts)ol pbt klal

fluorophore. I n this work it has been disgov
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fluorophore | eads to quencHe@PBé&dll ubo eaceaxt
this aggregation resulting in greater flu
formation within the dimensions of the fib
positZoRPsTMT&hder the compound sol ublsatiinon
The siacdprocmvi des t he ZawPiciBsnpef encapbalat ed

gel fFiilgr)es3. (2

1.2Br Hydrogel 1.2Br Molecule

Cy &3

N* 2Br *N

ZnPcTS
HO5S
SO;H
N\
I
N ‘Zn N
VAN
JN /N—
o~ N / \
HO,S =~Xg

Figur.e Represdned8igiesmabfol d and the paaiPtciT®n

ZnPciTsS el ectrostatically conf i rMed ehe tBweoam dcea tci

&

Q47 O

OH

or
re
U

v i

o f

haar

il lustrative and therefore to not match the cati

To understand th2ZnRaidberne ionfc arhpeo raantieodh iicnt o

the newly formed materi al was characteri zi{
ZnNnPcTS@Belogel s iZmdkPicddSt essthatits deprotong
(Fig).3TBis situation mi gkahdZbRcRS ppptreoed, mai
The presence of ethanol withKgyoft Hangdli omas

including %8té&omicg aeli éstr oRi )4 aosdcapy m{ $ EKX

mi croscopFi 8(.)AFMow a gel mor phol ogy that i

S

features to the pure gel at®%’ and other conpo

70




Figur.e Maghified i2adnhPaadrdh PxpieSc@aéresd gefl s.Z nSPocl Tid
(bl ack) 1l. PBdrsagenléd. (dBed) 12 [ mM, 1:2Zn AaT @6 eld ghalnjo |
containing 4 equi ValdéBnt sl 2 fmNN,a OH: Z(no duTeSr, 1e)t0h &riiq |
[ Na OH] = Z@PcTOM@®Gealogel 1(.g¥Beren)l 2 [mM, 1:1 walte
[ZnPdTS 100 OM. All concentrations are the final

U)
—
"'
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