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Introduction#

Organogelators( have( become( an( increasing( field( of( study( in( chemistry. ( But( with( this( technique,( like( with( others,( the( phase( diagrams( requires( for( each( point,( the( preparation( of( one( samples( with( a( distinct( concentration( and( the( measurement( of( its( T m .( In( the( gel,( below( T m ,( most( of( the(gelator(is(silent(because(it(belongs(in(the(solid(network(and( therefore( the( relaxation( is( very( fast.( Many( authors( have( assigned( the( remaining( intensity( as( the( concentration( of( the( gelator( in( the( liquid( phase. 12-17 ( Hirst( et( al. 

c = c t I I max 1+ c t I I max -1 " # $ % & ' ( ) * + , - (1) 
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.&1,24Dihydroxybenzene&(11.1&g,&101&mmol)&and&phtalic&anhydride&(15.0&g,&101&mmol)&were&added&over& 30&minutes&and&the&solution&was&heated&at&150&°C&for&1&h&30.&The&reaction&mixture&was&cooled&and&hydrolyzed&with&water&first&(150&ml)&and&then& with&hydrochloric&acid&(37%,&200&ml).&The&suspension&was&dissolved&by&reflux&(160&°C)&for&3&h.!On&cooling,&a&brown&solid&precipitated.&It&was&fil4 tered&and&dried&under&vacuum&overnight.&The&precipitate&was&dissolved&in&sulfuric&acid&95%&(140&ml)&and&refluxed&for&3&h.&The&solution&was&cooled& mixed&with&water&(300&mL)&and&the&resulting&precipitate&filtered&off&and&dried&overnight&under&vacuum.&The&crude&recrystallized&in&acetic&acid&to& afford&1&as&a&black&powder&and&used&without&further&purification.&(7.30&g,&yield&30&%).&M.p.&>&270&°C&(lit 1 (3934394°C);& 1 H&NMR&((CD3)2SO,&400&MHz):& δ&10.65,&(br&s,&OH),&8.18&(d,&2H,&J&=&5.9&Hz,&3.3&Hz,&54H&and&84H),&7.90&(m,&2H,&J&=&5.9&Hz,&3.3&Hz,&64H&and&74H),&7.57&(s,&2H,&14H&and&44H);& 13 C&NMR& ((CD3)2SO,&100&MHz)&:&δ&182.1&(C10,&C9),&153.2&(C2,&C3),&134.5&(C6,&C7),&133.9&(C8a,&C10a),&127.5&(C4a,&C9a),&127.0&(C5,&C8),&114.2&(C1,&C4).&FTIR& (neat,&ATR):&νmax&(cm 41 )&3456&(br,&s,&νOH),&3207&(br,&s,&νC4OH),&1672&(s,&νCO),&1575&(νCC&aromatic),&1517,&1312,&1112,&971,&900,&793,&709;&HRMS& (ESI+):&241.0521,&M+H + &(C14H8O4&requires&240.0495).& & 2,3Gbis(decyloxy)anthraceneG9,10Gdione((2)(:(A&solution&of&1&(1.01&g,&6.35&mmol),&C10H21OSO2CH3&(2&g,&12.7&mmol,&2&equiv.)&and&Bu4NBr&(680& mg,&3.15&mmol,&0.50&equiv.)&in&DMF&(100&mL)&was&stirred&at&60&°C&and&K2CO3&(2.93&g,&21.1&mmol,&3.32&equiv.)&was&added&slowly.&The&reaction&was& stirred&for&12&h&at&60&°C,&cooled&at&RT&and&mixed&with&aqueous&HCl&(1&M,&1&L).&The&resulting&precipitate&was&recovered&by&filtration&and&purified&by& chromatography&(SiO2,&CH2Cl2/heptane&:&2/1)&to&afford&pure&2&as&a&yellow&powder&(1.21&g,&55&%&yield).&M.p.&100&°C&(lit& (1)( 101°C);& 1 H&NMR&(400& MHz,&CDCl3)&:&δ&8.26&(2H,&dd,&J&=&5.9&Hz,&3.3&Hz,&&C8,&C5),&7.74&(2H,&dd,&J&=&5.9&Hz,&3.3&Hz,&C6,&C7),&7.68&(2H,s,&C1,&C4),&4.20&(4H,&t,&J&=&6.6&Hz,&OCH2),& 1.89&(4H,&p,&J&=&7.2&Hz,&OCH2CH2),&1.50&(4H,&m,&OCH2CH2CH2),&1.4341.21&(24H,&m,&OCH2CH2CH2(CH2)6CH3),&0.88&(6H,&t,&J&=&7.0&Hz,&CH3). &13 C&(100&MHz,& CDCl3)&:&δ&182.6&(C9,&C10),&153.8&(C2,&C3),&133.7&(C6,&C7),&&133.69&(C8a,&C10a),&128.1&(C9a,&C4a),&126.9&(C8,&C5)&109.3&(C1,&C4),&69.4&(OCH2),&31. 
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 110 These( compounds( are( small( molecules( able( to( gel( solvents( at( low( concentration( by( forming( fibrillar( selfB assemblies.( Most( efforts( have( been( devoted( to( design( and( synthesize(new(gelators(with(functional(properties(and(a(large( library( of( organogelators( has( been( now( constituted.( But( despite(this(large(library(of(compound,(there(is(still(no(rule(to( design( a( gelator( de( novo.( The( comparison( of( their( phase( diagram(should(be(an(asset(to(compare(them(and(make(them( a( more( quantitative( comparison.( In( the( earlier( literature( on( organogels,( phase( diagrams( were( systematically( mapped( out,( but( this( task( is( now( rarely( undertaken.( Moreover,( the( few( phase(diagrams(mapped(in(the(literature(are(generally(studied( in( a( narrow( range( of( concentrations,( typically( half( a( decade.( Indeed,(the(exploration(of(small(concentration(is(limited(by(the( sensitivity(of(the(most(common(techniques,(DSC(and(rheology.( Especially,( determination( of( the( gelBtoBsol( transition( temperatures(by(rheological(methods(requires(that(the(elastic( modulus(G+(is(still(measurable(while(the(applied(stress(is(below( the(yield(stress.(Since(G+(decreases(when(c(decreases,(there(is( a( detection( threshold( at( low( c( when( the( gels( become( too( weak.( DSC( experiments( measure( the( enthalpy( of( the( selfB association(of(the(gelator(during(the(transition.(The(technique( also( experiences( a( sensitivity( threshold,( depending( on( concentration( and( molar( enthalpy.( Regardless( of( these( experimental( limits,( mapping( out( a( phase( diagram( is( tedious( and( lengthy( because( it( necessitates( measuring( the( melting( temperature(of(samples(at(several(concentrations.( NMR( has( seldom( been( implemented( to( map( out( phase( diagrams.( In( organogels,( the( intensities( of( the( signals( of( the( gelators(represent(only(a(fraction(of(the(total(gelators(amount.( This(fraction(increases(with(T(and(levels(off(when(all(gelator(is( in( solution.( The( start( temperature( of( the( plateau( is( a( measurement(of(T m .(Terech(mapped(out(the(phase(diagram(of( a( gelator( thanks( to( measurement.
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  have( measured( the( solubility( of( a( gelator( at( different( temperatures( and( have( correlated(it(with(the(temperature(of(transitions.(But(no(clear( relation( has( been( established( between( the( NMR( intensities( measured( in( an( organogel( at( different( temperatures( and( the( phase(diagram.( We( have( measured( the( NMR( intensities( of( three( different( organogels( as( a( function( of( temperature.( We( have( compared( the(intensities(below(the(melting(temperature(with(the(phase( diagrams(mapped(by(other(techniques.(We(show(that(the(NMR( intensities(of(a(single(sample(relate(simply(to(solBgel(boundary( of( its( phase( diagrams.( This( simplifies( the( acquisition( of( phase( diagrams.( (synthesized(according(to(a(published(procedure. 18 ( HSA( was( purchased( from( Aldrich( and( used( as( is.( DDOA( was( synthesized(by(a(modified(procedure(from(the(literature

  (additional(3(to(4(min.(The(FID(were(measured( only( after( this( delay.( The( overall( heating( rate( was( about( 0.25( °C/min.( The( recycling( times( and( pulse( angles( were( tuned( to( reach( a( good(compromise(between(experiment(duration(and(errors(of( integration.( For( instance,( longitudinal( relaxation( times( T 1 ( of( the(proton(of(HSA(at(3.6(ppm((Fig.(2)(T 1( varies(from(6.3(to(1.5(s( when( the( temperature( increases,( and( for( the( protons( of( the( standard( T 1 ( varies( from( 3.3( to( 6.1( s.( The( recycling( time( has( been(set(at(18(s(and(the(pulse(angle(of(30°.(The(resulting(bias( (less( than( 1( %)( has( been( taken( into( account( to( estimate( the( overall(errors((see(below).( The( measured( intensities( I m ( were( normalized( to( the( integrals( of( the( peaks( of( the( standard( I st ( (Fig.( S1,( ESI).( The( normalized( intensities( are( noted( I( (I( =( I m /I st ).( The( intensities( of( several( peaks( of( the( gelator( were( measured( either( by( direct( integration,( either( by( fitting( the( peaks( with( lorentzian( functions.( When( the( gel( was( melted,( the( intensities( of( the( peaks( reached( a( plateau.( The( values( of( the( intensities( of( the( plateau( were( averaged( and( the( average( value( was( taken( as( I max .( The( uncertainty( on( the( average( of( the( plateau( estimated( as(the(peakBtoBpeak(deviation((about(2(%).( The(intensities(I(of(the(peaks(of(the(gelators(were(converted(to( the(weight(concentrations(with(eq.(1.(

  Results#and#discussions# Choice#of#the#studied#gelators# In(this(study(we(have(considered(3(examples(of(gelators((Chart( 1)(for(which(the(phase(diagrams(are(described(in(the(literature:( (is(©(The(Royal(Society(of(Chemistry(20xx! Phys.!Chem.!Chem.!Phys.,(2018,(00,(1B7(|(3( Please(do(not(adjust(margins( Please(do(not(adjust(margins( ( Chart(1(Structure(of(the(studied(organogelators.( hydroxystearic( acid( (HSA),( 2,3Bdidecyloxyanthracene( (DDOA)( and( decyl( 3,5Bbis((6B(hexylamino)B6Boxohexyl)oxy)benzoate( (BHPB10).( Terech( has( mapped( out( the( phase( diagram( of( HSA/nitrobenzene( by( three( techniques:( NMR,( mechanical( measurements(in(a(rheometer(and(the(falling(ball(method.(He( also( compared( these( techniques:( there( is( a( good( agreement( between( the( temperatures( measured( by( the( first( two( techniques((less(than(2(°C)(but(a(gap((>(5°C)(between(them(and( those(measured(by(the(last(method.( The( phase( diagram( of( DDOA( has( been( established( by( Desvergne( et( al.
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 1920181118 Fig.( 2( a)( VTBNMR( of( HSA/d5Bnitrobenzene.( Integrals( of( the( CHOH( peak( vs( T! (!).( The( integrals( are( normalized( to( the( intensities( of( an( internal( standard( (BTMSA);( the( solubility(of(HSA(were(measured(according(with(ref(17((").(Right(axis:(corresponding( wt.( concentrations,( calculated( from( equ.( 1;( Tm( =( 54.6( °C( (TDSC( =( 52.5( °C).( b)( conc.( calculated(from(NMR(intensities((Eq.(1)(during(heating(of(BHPB10/d18BTD(at(0.5((#),(2( (!)(and(4(wt.(%((!).(

( 11 , 21 (

 1121 Fig.(3(Reverse(plot(of(the(molar(fractions(measured(by(NMR((T(vs.(c)(superimposed(on( the(phase(diagrams(mapped(out(with(other(techniques(a)(HSA;(cited(work:(ref(11;(inset:( same( diagram( in( linear( scale;( b)( BHPB10;( c)( DDOA;( cited( work:( refs( 18( and( 19.( The( vertical(plateaus(have(been(shortened(for(clarity((they(do(not(define(any(boundary(in( the(diagram).(For((a)(and((b),(the(NMR(curves(are(the(same(as(in(Fig.(2a(and(2b,(with( the(concentration(converted(in(molar(fractions.(
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  The( rate( of( heating( must( be( very( slow( to( equilibrate( the( system.(Since(T(is(increased(by(discrete(steps,(it(is(necessary(to( proceed( with( small( increments( and( wait,( even( after( the( temperature(is(stabilized(for(each(spectrum.( The(recycling(times(and(pulse(angles(have(been(set(to(limit(the( errors(on(integrals,(but(the(main(uncertainty(of(the(measured( integrals( is( due( to( the( signal/noise( ratio( (SNR),( especially( at( low(temperatures.(As(seen(before,(the(intensities(of(the(signals( do( not( increase( with( c t .( Therefore( the( SNR( can( be( improved( only( by( increasing( the( number( of( scans( for( each( step.( The( observable( range( of( concentration( is( limited( to( the( detection( of(the(peaks(at(low(temperature,(and(the(measurement(of(its( area(with(an(acceptable(error.(With(a(standard(spectrometer,( we(found(a(minimal(concentration(of(the(order(of(0.01(wt.(%,( which( is( below( the( sensitivity( threshold( by( DSC( or( rheology.( However,( DSC( remains( necessary( to( prove( that( the( domain( solid(+liquid(is(mechanically(a(gel.( Soluble( impurity( with( shifts( close( to( those( of( the( observed( peaks( may( bias( the( integration.( The( concentration( of( the( impurity(is(constant(while(the(concentration(in(soluble(gelator( decreases( with( T.( The( bias( is( detectable( by( an( apparent( floor( value(at(low(T,(which(limits(the(cBrange.(For(instan(ce,(a(bias(of( less(than(10(%(over(two(decades(of(c,(requires(an(impurities/c t ( ratio( lower( than( 0.1%.( The( effect( of( impurities( can( be( overcome( by( considering( other( peaks( in( the( spectrum( or( by( repeating( the( experiment( with( lower( c t ( value( and( superimposing( the( curves( from( the( experiments( at( both( c t ( values.( In( summary,( if( the( heating( rate( is( slow,( the( compound( sufficiently( pure( and( the( recycling( time( long( enough,( the( method( measures( routinely( at( least( one( and( half( decade( of( c( below(the(nominal(concentration(c t (a(few(wt.(%(and(on(a(single( sample.(For(the(lower(c(values,(accuracy(is(limited(by(the(SNR( and( uncertainty( can( reach( several( 10s( of( percent;( but( in( the( first( decade( below( c t ,( the( uncertainty( is( routinely( a( few( percent.( Study#under#cooling.# The(intensities(have(been(measured(in(the(same(samples(also( while( they( were( cooled( and( normalized( as( described( above.( For(HSA,(the(cooling(curve(follows(the(solBtoBgel(temperatures,( except(a(small(hysteresis(between(55(and(50(°C((Fig.(4a).(This( hysteresis( is( more( evident( for( BHPBB10( (Fig.( 4b)( and( can( be( interpreted(more(easily(because(we(had(previoulsly 18 (mapped( out( the( phase( diagram( upon( cooling.( Diagrams( upon( heating( and(cooling(have(the(same(aspect,(except(the(temperatures(of( gel(formation(T g (are(lower(than(the(temperature(of(melting(T m .( When(the(solution(is(cooled,(c(values(measured(by(NMR(keep( constant(at(a(temperature(lower(than(T m .(When(T(reaches(T g ,( they( drop( to( the( c( values( measured( upon( heating,( and( keep( close(to(them(when(T(further(decreases.(This(can(be(explained( easily:( above( T m ,( all( the( gelator( is( in( solution( and( its( concentration(is(constant.(When(T g (<(T(<(T m ,(the(gelator(is(still( in(solution,(but(the(solution(is(now(metastable.(The(gel(forms( only( at( T( =( T g .( The( gelator( is( removed( from( the( solution( and( incorporated(into(the(solid(phase,(which(decreases(the(gelator( concentration( visible( by( NMR.( It( diminishes( abruptly( until( it( reaches( the( solubility( of( gelator,( that( is,( the( solBgel( boundary( at( equilibrium.( For( lower( T,( c( falls( or( borders( on( the( solBgel( line.( The( cooling( curves( follow( the( hysteresis( observed( by( other( techniques( and( are( coherent( with( the( nucleationBgrowth( mechanism( previously( observed( for( the( gelation( of( BHPB10.
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  However(the(cooling(curves(poorly(ascribe(the(phase(diagram.( First,( they( show( the( solBgelBline( only( below( T g .( Second,( the( cooling( curves( do( not( superimpose( closely( with( the( solBtoBgel( line( at( all( c t ( values.( For( DDOA,( the( gap( between( cooling( and( the( heating( curves( is( higher( (Fig.( 4c).( The( measured( concentrations( decrease( gradually( and( before( T( reaches( the( temperature( of( gel( measured( by( DSC.( It( suggests( a( slower( ( Variable(Temperature(NMR(of(organogelators(:(the(Intensities(of(a(Single(Sample( Describe(the(Full(Phase(Diagram(

  Figure(S1.&NMR&integrals&of&the&peak&at&3.6&ppm&of&HSA& and&the&peak&of&the&standard&(BTMSA).& & The&intensities&I&of&the&peaks&of&the&gelators&were&converted&to&the&weight&concentrations&with&eq.&1.& c = c t I I max 1+ c t I I max -1 " # $

  

  &C 10 H 21 OSO 2 CH 3 ,&K 2 CO 3 ,&Bu 4 NBr,&DMF,&55%;&c)&Zn,&40%.&

	Elliot&Christ,	a &Dominique&Collin,	a &Jean4Philippe&Lamps	a &and&Philippe&J.&Mésini	a,b, *	&
			Electronic(Supplementary(Information(
	&					
	1.(Synthesis(of(DDOA(				
	(					

&

Scheme(1.(Synthetic&scheme.&a)&AlCl3,&120&°C,&30%;&b)

  less& than& 5& %& for& the& lower& temperatures.& The& uncertainty& of& c& or& X& was& appraised& by& taking& into& account& the& sig4 nal/noise&ratio&(SNR),&the&incomplete&integration&range&(~&2%), 4 &the&uncertainty&on&mass&(~&1%),&the&error&due&to&incomplete&relaxation.&The&error& due& to& SNR& is& about& constant& with& temperature,& therefore& the& uncertainty& on& the& NMR& intensities& decreases& from& 1%& at& the& plateau& to& large& values&at&low&T&and&c.&The&lower&concentrations,&with&a&high&uncertainty&(>&50&%)&have&been&discarded&(although&in&line&with&higher&c&values).

	&
	where&Xt&is&the&total&molar&fraction.&For&low&concentration&X&can&be&approximated&by&an&equation&similar&to&eq.&2.
	The&calculation&of&the&concentrations&gave&similar&results&with&intensities&measured&by&integrations&or&by&fitting,&within&less&than&1%&error&for&
	& higher& temperatures& and& &
	&
	3.(DSC.&The&thermograms&were&recorded&with&a&SETARAM&III&microcalorimeter.&The&measuring&cell&was&filled&with&a&gelator/solvent&mixture&
	(between&100&and&200&mg).&The&reference&cell&was&filled&with&a&mass&of&pure&solvent&equal&to&that&of&the&first&cell&within&0.1&mg.&The&gel&was&
	formed&during&a&first&cycle&of&heating&at&1&°C/min&and&cooling&at&0.3&°C/min.&The&thermograms&were&measured&during&a&second&cycle&at&heating&
	and&cooling&rates&close&to&the&overall&rate&of&the&NMR&experiments&(0.25&°C/min).&
	&
	4.(Rheology.&The&real&and&imaginary&parts&of&the&shear&modulus&were&measured&as&a&function&of&temperature&as&described&pre4
	viously. 5 &The&temperature&of&gel4to4sol&transition&is&defined&by&the&temperature&for&which&the&elastic&modulus&G(&and&loss&modulus&

Conclusion#

In agreement with previous work, we prove that the visible signal corresponds to the soluble fraction of the gelator. In variable temperature experiments, the intensities of this signal, when normalized to I max /c t equal the solubility s(T) of the gelator with a good approximation; the curve representing T = f(s) defines the sol-gel boundary in the phase diagram. We have proved it experimentally by superimposing the phase diagram mapped out by other techniques.

Therefore it is possible to draw the gel-to-sol boundary with a single sample and avoid the measurements of T m on many samples, unlike with other techniques. The sensitivity of the technique depends only on the signal/noise ration of the NMR, that is the accumulation time at each temperature. The explored concentration range is one and half decades typically from ∼ 1 wt. % to ∼ 0.05 wt. % on a 600 MHz spectrometer, with an acceptable uncertainty.