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Novel sugar-based supergelators comprising azo dyes were synthesized and their thermo-, pH-, and photo-responsive
behavior were investigated. Gelator 2b was successfully utilized as chemosensor for selective detection of cu® ion via
supramolecular sol-gel conversion.
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Abstract: Some novel sugar-based and multistimuli respenssupramolecular gelators,
containing azobenzene moieties were synthesizectlacterized through their microscopic,
rheological, and spectroscopic measurements. Thgesdehavior of these low molecular
weight gelators in response to temperature, UV{\gkt irradiation, pH changes, and in the
presence of various metal cations was investig&fethpoundb and2d were found to be as

supergelators (gelator concentratiohi%) in a mixture of DMF/BO (1:1) and exhibited very

good response toward temperature, light, pH, angln@ns. Moreover, compourzb showed

selective gel-sol response toward?Camong a wide variety of two and three-valent mietas.
1. Introduction

Supramolecular gels involve low molecular weighlaggs (LMWGS) which self-assemble via
non-covalent interactions including hydrogen bogditin stacking, ion-dipole, van der Waals
forces, solvophobic and electrostatic interactimnfrm a three dimensional micro and/or nano-

scale network structure which entraps the solvedtpmevent its fluidity [1].

A fascinating category of LMWGs, are multi-stimulesponsive supramolecular gelators
(MRSGs). The assembling processes of these smaeriaia are affected by various external
stimuli such as heat, light, ultrasound, redox, pRidchanges [2]. In recent years, MSRGs have
attracted substantial attention, because of tleggrial applications as sensors [3], drug delivery
systems [4], optoelectronic devices [5], phasecseke gels [6], shape memory [7] and display

devices [8], molecular motors [9], and other amilans [10].

Introduction of suitable responsive units into ¢g@lanolecules, leads to development of novel

stimuli-responsive gels. As examples, the introductof azobenzene [11] or stilbene [12]



moieties leads to photo-stimuli molecular gelatocspable of forming photoresponsive
supramolecular gels. There are some reports on attebenzene-derived organogelators
containing cholesterol [13] or aryl ether [14] segns. In order to achieve a right balance
between hydrophilicity and hydrophobicity in a nmltar gelator and to produce hydrogelators,
hydrophilic blocks like peptide [15], saccharidé]lor PEG parts [11b] have been introduced

into the structure of gelators.

In this paper, we report novel sugar based, light, and metal ion responsive organogelators
(aqueous/organogelators), incorporating aryl azeeties as photoresponsive and hydroxyl and
azo substituted aromatic groups as pH and metalrésponsive binding sites. The study
encompasses thermal, spectroscopic, microscopid, raeometeric characterization of the
resultant gels. The effect of pH changes, UV/Vihtiexposure, and addition of various metal

ions has also been investigated.
2. Experimental section
2.1 Materials and Instruments

All chemicals were purchased from commercial sigppland used without further purification.
The solvents were dried and purified using stancaethods, prior to use. All yields refer to
isolated products. Thin layer chromatography (TM&s applied to monitor progress of the
reactions over Merck 0.2 mm silica gel 68/analytical aluminum platesH NMR (400 MHz)
and *C NMR (100 MHz) spectra were recorded on a Brukemmte 400 MHz NMR
spectrometer, referenced to residual solvent psoémd signals are reported in ppin (nfrared
spectra were obtained using a Jasco FTIR-6300rgpeeter as KBr pellets. Rheological studies
were done by an Anton Paar, MCR 301 reometer. FE-@Ralysis was performed using a
Tescan Mira3 scanning electron microscope.

2.2 General Procedure for the Synthesis of Diazenyl benzal dehydes 1a-d

A) Preparation of diazonium salt: 4-Aminobenzald#y0.61 g, 5.0 mmol) was added to a
mixture of HO (10 mL), acetone (5 mL) and HCI (32%, 2 mL) ismaall beaker placed in an
ice-salt bath and stirred for 5 min. Then, the terajure was kept below 0°C (-5 to 0°C) and a
solution of NaNQ (0.50 g, 7.25 mmol) in water (6.5 mL) was addegparise. After completion



of the reaction and Kl-starch test (To avoid anesscof nitrous acid), the diazonium salt

solution was stirred at same temperature for fur@emin.

B) Coupling reaction with hydroxyaromatics: In @ 8L round bottomed flask containing a
solution of NaOH (0.60 g, 15 mmol) in water (6.5 )nthe corresponding hydroxyaromatic
(6.25 mmol) was dissolved. The flask was placednnice bath to maintain the temperature
below 5°C, and the cold diazonium solution was dddepwise with vigorous stirring. After

completion of the addition, the reaction mixtureswstirred for 60 min in an ice bath and a
further 30 min at room temperature. Then, the pd adjusted to four by addition of a solution
of HCI (10%). The mixture was stirred 5 min moreldhe precipitate was filtered and washed
with water until the filtrate became neutral. Iretbase oflc, the dried crude product was

triturated in a mixture of n-hexane: ethyl acef@é, 15 mL) at 50°C for 15 min to remove the

minor impurities and filtered to obtain the desitBes as reddish orange powders.
2.3 Spectroscopic data for the compounds 1a-d

(E)-4-((4-hydroxyphenyl)diazenyl)benzal dehyde (1a). Orange solid (95%)H NMR (400 MHz,
DMSO- dg) § 10.09 (s, 1H), 8.09 (di= 8.4 Hz, 2H), 7.97 (dJ=8.4 Hz, 2H), 7.87 (d}=8.4 Hz,
2H), 6.97 (d,J=8.4 Hz, 2H);**C NMR (100 MHz, DMSO-ds) § 192.6, 162.4, 155.4, 145.2,
136.7, 130.7, 125.5, 122.6, 116.2

(E)-4-((2-hydroxynaphthalen-1-yl)diazenyl)benzaldehyde (1b). Bright red solid (86%);'H
NMR (400 MHz, DMSO-dg) ¢ 16.23 (s, 1H), 10.00 (s, 1H), 8.46 (8.0 Hz, 1H), 7.98 (d,
J=8.6 Hz, 2H), 7.76 (dJ=8.6 Hz, 2H), 7.71 (d)=9.6 Hz, 1H), 7.56 (m, 2H), 7.44 (dt, J= 7.5 Hz,
1.2 Hz, 1H), 6.74 (dJ=9.6 Hz, 1H)**C NMR (100 MHz, DMSO-ds) 6 190.9, 179.5, 147.7,
143.0, 133.5, 133.3, 131.6, 129.6, 129.1, 128.8,512427.2, 126.4, 122.4, 117.1.

(E)-4-((4-hydroxynaphthalen-1-yl)diazenyl )benzaldehyde (1c). Redish brown solid (65%)H
NMR (400 MHz, DMSO-dg) 6 9.91 (s, 1H), 8.63 (d=8.0 Hz, 1H), 8.28 (dJ=9.6 Hz, 1H), 8.10
(d,J=7.6 Hz, 1H), 7.92 (dJ=8.4 Hz, 2H), 7.79 (d]=8.4 Hz, 2H), 7.66 ({}=7.2 Hz, 1H), 7.47 (t,
J=7.2 Hz, 1H), 6.63 (d)=9.6 Hz, 1H);13C NMR (100 MHz, DMSO-s) ¢ 191.3, 178.6, 153.7,
135.3, 134.1, 131.7,131.2,130.3, 128.6, 125.9,7124£3.5, 122.5, 121.2, 117.6.

(E)-4-((2,7-dihydroxynaphthalen-1-yl)diazenyl)benzaldehyde (1d). Bright red solid (92%)H
NMR (400 MHz, DMSO-dg) 6 9.93 (s, 1H), 7.95 (dI=8.0 Hz, 2H), 7.84-7.75 (m, 3H), 7.73 (d,



J=9.6 Hz, 1H), 7.48 (d)=8.4 Hz, 1H), 6.86 (dd]=8.4 Hz, 2.0 Hz, 1H), 6.40 (d=9.6 Hz, 1H);
13C NMR (100 MHz, DMSOdg) § 191.5, 178.1, 160.9, 148.2, 143.2, 135.1, 1330,3, 131.2,
130.9, 121.2, 120.5, 117.1, 116.4, 107.7.

2.4 General procedure for the synthesis of benzylidene glucopyranosides 2a-d

Under an argon atmosphere, metliyD-glucopyranoside (1.13 g, 5.8 mmol) was addea to
solution of an azo dy#& (5 mmol) in DMF (17-30 mL). After dissolutiop-TsOH (0.09 g, 0.5
mmol) was added and the resulting solution wasestiat room temperature for 15 min. Then,
trimethyl orthoformate (1.6 mL, 15 mmol) was adakdpwise and the mixture was stirred at
room temperature for further 20 min, followed by 4tirring under reduced pressure. Progress
of the reaction was monitored by TLC. Afterwarde teaction mixture was quenched by adding
saturated agueous sodium bicarbonate solution. Water (20 mL) and a few ice cubes were
added and the precipitate (in the cas@mand2d, gel-like precipitate) was suction filtered and
washed with water (10 mL). To remove the residua dye, the crude product was extracted
several times with a mixture of n-hexane: ethyltatee(5:1) to achieve the pure compounds as
deep red to reddish orange solids. In the caserapound2b, the pure product was obtainad

recrystallization from DMF followed by washing wigthyl acetate.
2.5 Spectroscopic data for the compounds 2a-2d

(2R,4aR,6S,7R,8R,8aS)-2-(4-((E)-(4-hydroxyphenyl)diazenyl ) phenyl)-6-
methoxyhexahydropyrano[3,2-d][1,3]dioxine-7,8-diol (2a). Orange solid (35%); m¥250°C; 'H
NMR (400 MHz, DMSO-dg) 6 7.92-7.84(m, 4H), 7.69 (d)=8.6 Hz, 2H), 7.01 (dJ=8.6 Hz,
2H), 5.73 (s, 1H), 5.30 (d=3.4 Hz, 1H), 5.10 (dJ=5.6 Hz, 1H), 4.71 (d)=3.2 Hz, 1H), 4.26
(dd, J=9.6 Hz, 4.4 Hz, 1H), 3.79 (§=10.0 Hz, 1H), 3.71-3.62 (m, 2H), 3.51.3.32 (m, 5H¢
NMR (100 MHz, DMSO-dg) ¢ 161.1, 152.2, 145.2, 139.6, 127.4, 124.9, 121.8,9,1100.5,
100.3, 81.4, 72.4, 69.8, 68.2, 62.3, 54.7; Analc@dor GoH2:N.07: C, 59.70; H, 5.51; N, 6.96
Found: C, 59.85; H, 5.47; N, 6.88.

(2R,4aR,6S,7R,8R,8aS)-2-(4-((E)-(2-hydroxynaphthal en-1-yl)diazenyl ) phenyl)-6-
methoxyhexahydropyrano[ 3,2-d][1,3]dioxine-7,8-diol (2b). Bright red solid (44%); mg250°C;
'H NMR (400 MHz, DMSO-dg) 6 15.84 (s, 1H), 8.53 (d=8.2 Hz, 1H), 7.96 (d}=9.4 Hz, 1H),
7.86 (d,J=8.4 Hz, 2H), 7.78 (dJ=7.8 Hz, 1H), 7.67-7.56 (m, 3H), 7.47 J&7.3 Hz, 1H), 6.90



(d, J=9.4 Hz, 1H), 5.65 (s, 1H), 5.29 (83.5 Hz, 1H), 5.09 (dJ=5.3 Hz, 1H), 4.65 (dJ=3.5

Hz, 1H), 4.21 (ddJ=9.7 Hz, 4.6 Hz, 1H), 3.73 (§=10.2 Hz, 1H), 3.66-3.57 (m, 3H), 3.42 (t,
J=9.2 Hz, 1H), 3.33 (s,1H), 3.30-3.23 (m, 2)C NMR (100 MHz, DMSO«s) § 174.3, 145.0,
140.4, 137.0, 132.7, 129.33, 129.2, 128.9, 122%,8 126.0, 124.3, 121.4, 118.3, 100.5, 100.3,
81.4, 72.4, 69.8, 68.2, 62.3, 54.7; Anal. Calcd. @a,H24N.0O7: C, 63.71; H, 5.35; N, 6.19
Found: C, 63.89; H, 5.31; N, 6.12.

(2R,4aR,6S,7R,8R,8aS)-2-(4-((E)-(4-hydroxynaphthal en-1-yl )diazenyl ) phenyl )-6-
methoxyhexahydropyrano[3,2-d][1,3]dioxine-7,8-diol (2c). Red solid (30%); mp: 207°C
(decomposes)H NMR (400 MHz, DMSO-dg) § 9.07-8.80 (b, 1H), 8.27 (s, 1H), 8.10-7.91 (b,
3H), 7.78 (t,J=7.2 Hz, 1H), 7.74-7.63 (m, 3H), 7.13-6.96 (b, 1668 (s, 1H), 5.30 (d}=4.8
Hz, 1H), 5.10 (d,J=6.4 Hz, 1H), 4.67 (d}=3.7 Hz, 1H), 4.23 (dd]=9.8 Hz, 4.7 Hz, 1H), 3.75 (t,
J=10.1 Hz, 1H), 3.70-3.59 (m, 3H), 3.55-3.25 (m, ;4|1-f’)3 NMR (100 MHz, DMSO-dg) ¢
167.0, 131.6, 128.6, 127.5, 122.6, 111.5, 107.8,5,0.00.4, 81.4, 72.4, 69.9, 68.2, 62.4, 54.7;
Anal. Calcd. for G4H24N,O7: C, 63.71; H, 5.35; N, 6.19 Found: C, 63.85; RN, 6.14.

(2R,4aR,6S,7R,8R,8aS)-2-(4-((E)-(2,7-dihydroxynaphthal en-1-yl)diazenyl) phenyl )-6-
methoxyhexahydropyrano[3,2-d][1,3]dioxine-7,8-diol (2d). Red solid (41%); mp: 245°C
(decomposes)H NMR (400 MHz, DMSO-ds) ¢ 7.83(d,J=2.2 Hz, 1H), 7.82-7.75 (m, 3H),
7.62-7.55 (m, 3H), 6.91 (dd=8.4 Hz, 2.4 Hz, 1H), 6.60 (d=9.2 Hz, 1H), 5.63 (s, 1H), 5.45-
5.01 (b, 2H), 4.64 (d)=3.6 Hz, 1H), 4.19 (dd]=9.8 Hz, 4.6 Hz, 1H), 3.72 (§=10.2 Hz, 1H),
3.65-3.57 (m, 3H), 3.50-3.25 (m, 4HYC NMR (100 MHz, DMSO-d) 6 171.1, 159.2, 145.1,
140.8, 136.7, 135.1, 130.9, 129.4, 127.9, 121,2,01217.9, 116.0, 105.8, 100.5, 100.3, 81.4,
72.4, 69.8, 68.2, 62.3, 54.7; Anal. Calcd. foyH;4N,Og: C, 61.53; H, 5.16; N, 5.98 Found: C,
61.70; H, 5.11; N, 5.91.

2.6 Typical procedure for the gelation tests

In a small vial, 5-10 mg of the gelator was dissedhin 0.5 mL of the organic solvent upon
heating. After cooling down to 40°C, 0.5 mL watesissadded, slightly shaken, and set aside at

room temperature. After 30 min, the vial inversiest was performed.

2.7 Typical procedure for gel to sol transition temperature (Tqe) Measurement



Gel samples in critical gelation concentrationgath gelator in various solvents were prepared
and placed in a water bath at 25°C for 5 min. Tia was then taken out of the bath and vial
inversion test was carried out to observe weatheisample had kept its gel state or not. When
the sample maintained its gel state, the bath wassted to 30°C, the vial was placed in it for
another 5 min, and the same operation was donepioedure was regularly repeated while the

temperature of the water bath was raised by 5°@,the gel dropped upon vial inversion.
3. Results and discussion
3.1 Syntheses

A series of 4,6-benzylidene glucopyranosides cairtgiphenyl or naphthylazo moieties linked
to methyle-D-glucopyranoside2a-d), were synthesized through the following stepe:ghenyl
or naphthylazo dyes 14-d) were synthesized through diazotization reactioh 4-
aminobenzaldehyde followed by azo coupling with tw@responding phenol or naphthol
derivatives. The as-synthesized azo dyes were asethe precursors for the synthesis of
compound®a-d via their acetalization reaction with methydb-glucopyranoside. The structure

of final products and the synthetic pathway has\medlined in scheme 1.
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Scheme 1. Molecular structure and synthetic pathiaagreparation of compoun@s-d; Reagents and conditions: (i) NaljO
HCI (aq), -5 to 0 °C; (ii) ArH, NaOH (aq), 0 °Cii\iMe-a-D-glucopyranoside, trimethyl orthoformafgeTsOH, DMF, r.t.

3.2 Investigation of gelation abilities

The gelation ability of the producPs-d was investigated in various solvents. A weighedam

of each sample was mixed with the correspondingesland heated to dissolve. After cooling
down to ambient temperature, equal volume of wags added, slightly shaken, and set aside.
In the case of compound® and 2d, instant gelation occurred in DMF and DMSO. These
gelators made stable gels that did not flow dowonughe vial inversion test even at low
concentrations. The critical gelation concentra{io®C) of the gelato?b in 1:1 DMF/H20 was
1% (w/v, 17.8 mM). While, compourizt formed partial gels in the aforementioned solvemis

conditions,2a was not a gelator.

Table 1. Gelation test results for the compour2ds2d?

Solvent 2a 2b 2c 2d

DMF:H20 (1:1) S G PG G



DMSO:H20(1:1) S G PG G

MeOH:H20(1:1) S PG PG PG

[@] S, G and PG stand for solution, gel, and partibtegpectively.

The gelation test results are summarized in Tablasd 2. Due to minimum gel concentration

(gelator concentratioh1%), the compound2b and2d can be referred to as supergelators.

Table 2. Critical gelation concentration and sol-gel tréiosi
temperature for compoun@b and2d?®

Compound  Solvent CGQ%) TgeP (°C)
DMF:H20 0.5 70

2b DMSO:H20 1 65
DMF:H20 0.8 60

2d DMSO:H20 1 55

[a] Critical Gelation Concentration; [b] Gel to Siansition Temperature.

The Fig. 1 shows FE-SEM images of xerogelbbtained from lyophilizing a gel comprising
1.5% compoun@b in DMF/H,0O (1:1). As seen in the figure 1, a dense aggregati uneven

thin sheets are responsible for the formation bEge.

Figure 1. FE-SEM images of xerogd obtained from a 1.5% compound 2b in DMF/H20 (1:1).

Scheme 2 graphically illustrates the probable aslembly mechanism for the compo@bd As
shown in the scheme 2, the main interactions #&d to aggregates are hydrogen bonding and
face-to-facen-n stacking of aromatic rings. UV light exposure ckad to trans to cis

isomerization, disturbing the hydrogen bonding ataatking of the rings, and to collapse the gel



state. Moreover, addition of &lions can prevent gel formation due to coordinatb@?*ions
with O and N atoms (from OH and azo moieties) aisdug@ting the inter- and intramolecular
hydrogen bondings. As displayed in scheme 3, thelpkhges can also affect the self-assembly

processiia deprotonation of OH groups in basic medium orqmation of nitrogen atoms of the

azo moieties under acidic conditions.
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Scheme 2. Graphical illustration of supramolecular interaot responsible for the gelation2if
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Scheme 3. Possible equilibrium of azo and hydrazone tautamé2b and its anion at different pH conditions

Representative photographs in R2g. and 2b show thermoresponsiveness of the geicaad
2d in a 1:1 mixtures of DMF/BD. As it is clear from Fig. 2a, when a solution2bfin a 1:1



mixtures of DMF/HO is prepared by heating to a suitable temperdftable 2), after cooling to
room temperature the mixture is solidified to a cetbr firm gel (Fig. 2b).

3.3 Investigation of pH responsiveness

The pH responsiveness of the gelattlssand2d has been studied. As shown in Fig. 2c, when
2% solutions of gelatdtb in DMF was prepared and equal volumes ¢DH0.05 M solutions of
NaOH, or HCI were added (total concentration ofag®wl was 1%), quite different results were
obtained. However, in the case of a 1:1 DMfHkolution of compoun@b a firm opaque gel
was produced. After addition of NaOH solution (0/@5-0.025 M, pH= 12.4) an immediate
color change from red to dark-red (or dark-purpleHigh concentrations of OH ) was occurred
and formation of gel was mostly inhibited. Surprgdy, once a solution of HCI (0.05-M0.025,
pH= 1.6) was added to a solution of compo2bdn DMF, the gel formation process was not
prevented but a distinct color change from deeptoedhther bright red was detected. It was
revealed that, higher concentrations of NaOH (>M)5and/or HCI (up to 0.2 M, pH= 0.7)
completely inhibit the gel formation of compouBolaccompanied with a drastic color change to
a bright red for addition of HCI. At higher conceations of HCI (>0.2 M), gelation did not
occur but, rather a precipitate was formed. As Te&t confirmed, it was simply because the
acetal moiety is decomposed to the original dystiong acidic media. As shown in Fig. 2d,
gelator2b can be successfully utilize as a pH responsiveTge same behavior for compound
2d was observed, but it is explicitly unveiled thatthis case even lower concentrations of OH
and/or H (less than 0.05%) can inhibit the formation of.dal one hand, sensitivity of the
compound2d towards pH changes was higher than compd@imand on the other hand, gelator
2b made stronger gels in a mixture of 1:1 DMEIH(at 0.5 % concentration) compared with
gelator 2d (table 2). Therefore, both gelato2s and 2d could be effectively used as a pH
responsive sol-gel colorimetric sensor at pH raonfied.7<pH<1.6 for acidic medium and
pH>12.4 for basic solutions. A reasonable conclusigpported by these observations is that, the
main driving force for aggregation of gelator malkss may be the hydrogen bonding interaction
of phenolic OH (although-n stacking interactions are also notable) whichissugpted in basic

media.



Figure 2. (a) Sol of 1% gelatob in 1:1 DMF/H,0; (b) gel of 1% gelatdeb in 1: 1 DMF/H,0; (c) from left to right2b in

DMF/H,0, DMF/NaOH 0.05 M and DMF/ HCI 0.05 M; (@p in DMF/H,O, DMF/NaOH 0.1 M and DMF/ HCI 0.1 M.

It is more likely, protonation of one of azo nitesgs in acidic medium and afterwards disturbing
the hydrogen bonding interactions (due NH...OH rdpuals is responsible for inhibiting gel

formation, reducing the resonance efficiency, dreafore a clear color change to a vivid red.
3.4 Investigation of the effect of metal ions on gelation of compounds 2b and 2d

In order to investigate the response of the gedatmward metal ions, a 2% solution of geldbr

in DMF was prepared and to the vial, equal voluofed.1 M aqueous solutions of differentv
and/or M"* cations were added and shaken slightly (total eotmation for2b and metal ions
were 2.21x18 and 5x1F M respectively). The vials were set aside for anrtend after that,
the vial inversion test was done. As shown in fggB@a, among nine cations were examined,
aqueous solution of Gliwas the only metal ion that prevented gelatiorhef DMF solution of

2b alongside with a color change from red to reddigiwim. To confirm the inhibiting effect of
adding C@" ions on the gelation of compourth, the FE-SEM image of gelat@b in the
presence of Cii ion was prepared (Scheme 3b). As it is unveiledcimeeme 3b, all thin sheets
that were responsible for the gel formation areodeéd and/or collapsed. The IR spectra of
gelator2b before and after addition of €tion showed distinct changes (Scheme 3c), implying
that, there is a strong interaction between gel2icand Cd* ions leading to total destruction of
gel state. Therefore, gelat?l can be successfully use for selective detectioBuf ion among
different two and three-valent metal ions in theiBon. The test was also carried out &okin a

similar manner and almost the same results wergraat. The only difference in this case was



that, the gel-sol conversion was happened fasger ith the caséb in the presence of Eliion
(5x10%M).
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Figure 3. (a) Photograph of selective gel-sol responsessfiation of C@* ion among various metal ions (O4) to gelator2b
(4.42x10% M, 2%); The sequence of added metal ions fromttefight is as follows: P8, Ci#*, NiZ*, AI¥*, Mn**, Cf*, zr?*,
Fe*, Ho'*, H,0; (b) FE-SEM image of gelat@b in the presence of Gliion; (c) The IR spectra of gelat@b before and after
addition of CG*ion .

3.5 Investigation of photoresponse of compounds 2b and 2d



Gel to sol phase transition could be triggered Bylight irradiation in a dye/gelataia trans-cis
photoisomerization of a double bond such as azotifumal group under certain wavelengths.
Intrigued by the fact that, the synthesized getaftwrand2d have an azo functional group, we
decided to investigate their photoresponsiveneskerudifferent frequencies of UV light. To
study the effect of UV light, a sample gel contagil% of gelatofb in 1:1 DMF/HO mixture
was prepared and exposed to UV light (254 or 360 Figpn 4). Interestingly, after 30 min of
exposure, the gel collapsed. It was also found thaample gel comprising of compourathsor

2d could be transform to sol state after prolongifisity 2-4 days) expose to day light. This fact
demonstrate that, trans-cis photoisomerizationviesneoccurred very slowly under daylight
conditions, while gel state could be persist ftoreg time (over 2 months) if stored in the dark.

UV light

OH
e

Figure 4. Photo-response of gelat2in when irradiated with UV light (254 nm, 400 W, 30nin

i
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3.6 Visco-elastic behavior of compound 2d

In order to investigate the visco-elastic behawibthe gels, storage and loss moduli (G' and G")
measurements on a gel composed 1% comp@dnd DMF/H,O (1:1) were done in strain and

frequency sweep modes. As shown in Fig. 5a, GGhemained approximately constant below
a strain value of 1%. Above this critical straidueg a gradual decline of G' and G" values was

observed, demonstrating a partial disruption ofgéle

Figure 5b shows the independence of G' and G" fremquency under 0.5% constant strain. In
addition, higher G' values compared to G", imglg dominance of elastic character of the

sample.
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Figure5. Rheological Data of compourad 1% gel in 1:1 DMF/HO (a) Strain sweep under constant frequency ofisr#b)
Frequency sweep under constant 0.5% strain.

4, Conclusions

In conclusion, we have synthesized four sugar-bassnl dye as multistimuli responsive
supramolecular gelators. Compourittsand2d were supergelators (gelator concentratidfo)

in a mixture of DMF/HO while compoundfa and 2c were unsuccessful to form a firm and
uniform gel. Gelator2b and2d showed goodhermoresponsive and photoresponsive behavior.
Photoresponse of these gelators were rather fa€s@3nin) at UV (254 and 360 nm) and very
slow in daylight (2-5 days). The investigation dfi pesponsiveness of Gelato2b and 2d
revealed that, they made a gel at pH range of H64@.4 and at pH higher than 12.4 and/or
lower than 1.6 they transform to sol state. In &ddj gelator2b was effectively applied for

selective detection of Gliilon among a wide variety of two and three-valestahions.
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Novel sugar based, light, pH, and meta ion responsive organogelators, incorporating aryl azo
moiety as photoresponsive and hydroxyaromatic groups as pH responsive and meta ion binding
sites have been introduced. It was found that compounds 2b and 2d were supergelators. These
compounds showed good thermoresponsive and photoresponsive behavior. Gelator 2b formed a
gel at pH range of 1.6<pH<12.4 and at pH higher than 12.4 and/or lower than 1.6 it transform to
sol state. In addition, gelator 2b was effectively utilized for selective detection of Cu?* ion
among diverse two and three-valent metal ionsvia gel to sol conversion.



