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[A∗] = [A∗]0e
−t
τ ,C8K-$B J [A∗] $%'%+("+*$% '% 4$62/6') > 6<2+"+ '1*+2

[A∗]0 $%'%+("+*$% '% 4$62/6') > 6<2+"+ '1*+2 > 6<*%)+"%+ *%*+*"6
τ 0/(2' 0' &*' 0' L/$(')'%'"&' J

τ =
1

kr + knr
,C8M-4- %-#'-1-#$ 6(+#$*6(- '- /(&%-0-#- 02N%*+ 6<'O"*+2 0' L/$(')'%' 0</%'')7:' J

ΦF =
%$4;(' 0' 7=$+$%) 24*)%$4;(' 0' 7=$+$%) ";)$(;2) = kr

kr + knr
,C8P-Q6/) 6' ('%0'4'%+ ./"%+*./' 0</%' ')7:' ')+ 7($=' 0' 6</%*+2? 76/) 6<'O"*+2 0' L/$E(')'%' ')+ 3("%0'8
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B = εΦF ?@6ABC%/ /"! ,33!&2).! #! 5/% %'0% !3 ?","%', (-/)!3D &, %&%)./)!3666BD !))! !3( ,)% 3#.:"-! %&&! >
B = NεΦF ?@6EB%F > N "%&2 ! #! 5/% %'0% !3 #,"3 )*%2G!( %23! H.
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ΦF  !"#!&!"( 9/,"(-9/! #! 5/% !3!"! #! )*%2G!(7" %"!"( ,"( )!3 5/% %'0% !3 3/ /" &8&! %2G!(D ), 2 -)),"! !" !3( ,)% 3 ,/K&!"4(.! ?3- Φ
D∗ → D + hν
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τD
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r

)6 CD7HF,I B kT ,#0$(#$) *) ."$)00) *) $'(#0?)'$ C0−1F
τD *-'%) *) .") *) 2-,')0)#) *- *,##)-' C0F
R0 '(J,# *) KL'0$)' C#/F
r *"0$(#) )#$') 3 )$ 5 C#/F

R0 ,'')01,#* @  ( *"0$(#) 1,-'  (6-)  )  ) $'(#0?)'$ *!%#)'&") *- *,##)-' .)'0  !(>)1$)-' )$  ) ')$,-' *- *,##)-' .)'0  !%$($ ?,#*(/)#$( 1(' 2-,')0)#) 0,#$ %6-"1',>4(4 )07 R0 C)$ *,#  !)M("$% *) $'(#0?)'$F *%1)#* 1'"#"1( )/)#$ *)  !,'")#$($",# )#$') )0 *"1� )0 )$ *- '),-.')/)#$ )#$')  )0 01)$')0 *!%/"00",# *- *,##)-' )$ *!(40,'1$",#*)  !()1$)-' C !"#$% D7EF7 R0 .('") &%#%'( )/)#$ *) D @ DN #/ 0) ,#  ) ,-1 ) *,#>#)-'O()1$)-'74- $%+#05-%$ '62#-%7*- '- $8,- @-A$-% ;P℄ )0$ -# 1',)00-0 #,# '(*"($"? /)$$(#$ )#Q)- -# %:(#&) *!% )$',#0 )#$') -# *,##)-' @  !%$($ )9"$% )$ -# ()1$)-' C !"#$% D7<F7R) /%(#"0/) "/1 "6-) 6-)  )0 /, %- )0 0,")#$ 0-M0(//)#$ 1',:)0 *(#0  !)01() 1,-'?(.,'"0)'  ) '),-.')/)#$ ,'4"$( ("')7 S,# )M("$% )0$ *,##%) 1(' B
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h ,#0$(#$) *) U (#V CPWDP × DN−15 )X70F
S "#$%&'( ) *) '),-.')/)#$ )#$')  ) 01)$') *!%/"00",# *) 3 )$ *!(40,'1$",#*) 5 C)XF
L 0,//) *)0 '(J,#0 *) X(# *)' Y(( 0 *) 3 )$ 5 C#/F
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BDPY-MésityleBDPY-o-tolyleBDPY-t-buPh

τ (ns)           0,45                       0,55                        5,8                         6,6
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     a                                  b                                          c
Solvant            MeOH                          MeOH                                 MeCN
λabs / nm         547                              605                                      628
λemF /nm         582                              622                                      642
ΦF                   0,21                            1,00                                     0,84

   dichlorométhane        méthanol                             acétonitrile

N
B

N

F F

N
B

N

F F

Extension du système π

Rigidification Aza-BODIPY
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     d                                 e                                         f
Solvant           CHCl3                          MeCN                                EtOH
λabs / nm        634                              597                                    647
λemF /nm        647                              606                                    669
ΦF                 0,38                             0,91                                   0,34

    chloroforme                acétonitrile                         éthanol

Extension du système π
et rigidification

O(CH2)10COOC2H5
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∫ ∞
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f(k) = τ0
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(kτ0)(1−β/2)/(1−β)
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−(1 − β)ββ/(1−β)

(kτ0)β/(1−β)

]

× (1 + C(kτ0)
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G =

IHV

IHH
)*+,-./0&#$123'2%$4 413 56&#3 7 4884 84 '&%%2'3  41 $#34#1$3!1 94'3$&841 43 ;2'$<2#3&841 )$#=34#1$3!1 !3&#3 '41%43$94>4#3  $'$?!41 %&'&88@84>4#3 26 2'3;2?2#&84>4#3 %&' '&%%2'3 7 8&%28&'$1&3$2#  6 A&$14&6  04B$3&3$2#.C 16' 80$#34#1$3! 323&84  4 D62'414#4 (

A =
IV V −G× IV H

IV V + 2×G× IV H
)*+,*. !"!# $%&'()&'*+ ,-% &-(.% ,- ,'/0%'*+ ,-% 123% -& ,-% 5)6+-%.*78(9:-/41 >416'41  0&#$123'2%$4 #4 %4694#3 E3'4 9&8$ 41 564 1$ 8&  6'!4  4 80!>$11$2#  4 D62='414#4 413 26'34  49&#3 841 >2694>4#31  6 >&3!'$&6 56$ &614'&$4#3 6#4  !%28&'$1&3$2# 4 8& 86>$@'4+ F$#1$C %26'  41 GHI1 4# 161%4#1$2#C $8 #4 A&63 %&1 56048841 &$4#3 84 34>%1  4326'#4'  6'&#3 84 34>%1  4 80&#&8J14+ K 80&$ 4  4 8& 82$  4 L32M41=N$#134$# )!56&3$2# O+,-.C84 34>%1  4  $P61$2# '23&3$2##4884 %463 E3'4 413$>! %26'  41 #&#2%&'3$6841 1%;!'$5641%&' (

τR =
1

6DR
=
4

3
π
ηr3

kT
)*+,Q.2R ( τR 34>%1  4  $P61$2# '23&3$2##4884 )1.

DR 24S$4#3  4  $P61$2# '23&3$2##4884 )1−1.
r '&J2# ;J '2 J#&>$564 )>.
η 9$121$3!  6 1289&#3 )T+>−1+1−1.
k 2#13&#34  4 U283<>&## )T+V−1.
T 34>%!'&36'4  0&#&8J14 )V.H26'  41 GHI1  06# '&J2# ;J '2 J#&>$564  4 *W #>  &#1 804&6C 7 -WXYC τR Z *W WWW#1 43 7 [WXYC τR Z ,- WWW #1+ Y41 34>%1 12#3 56&1$>4#3 ,WWW A2$1 16%!'$46'1 7 8&  6'!4 4 9$4  4 D62'414#4  41 GHI1  &#1 804&6+ /41 >416'41  0&#$123'2%$4  4 D62'414#4  41GHI1  &#1 804&6 14'2#3  2# 9&8&\841+]&#1 84 3286@#4C 146841 841 ;&^#41 %28J>@'41 14'2#3 2\14'9!41+ /0!&'3 4#3'4 4B3'!>$3!1 06#4 ;&^#4 %28J>@'4 %463 104B%'$>4' %&' (

r2 = C∞nl
2 )*+,_.2R ( r  $13&#4 4#3'4 4B3'!>$3!1  4 ;&^#4

C∞ '&%%2'3 &'&3!'$13$564
n #2>\'4  06#$3!1 >2#2>@'41  4 82#?646' l
l 82#?646'  06#4 6#$3!  4 '!%!3$3$2#
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1. Hg(AcO)2
2. NaBH4
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 ρ ~ 20%

 ρ : quantitatif
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∼M•

A +MA → ∼ MAM
•
A kAA JM<NK

∼M•
A +MB → ∼MAM

•
B kAB JM<,K

∼M•
B +MB → ∼MBM

•
B kBB JM<EK

∼M•
B +MA → ∼MBM

•
A kBA JM<MK.O L ∼M•

i +%(+9#%"*% /"% '!:"% 7% (.$;86+% %" +.)##!"% *%+8)"!"* !0%$% +!7)!$ 7/ 8.".86+%  J! ./ "K
kAA %* kBB ."#*!"*%# 7% 0)*%##% 7@'.8.(.$;89+)#!*)."#
kAB %* kBA ."#*!"*%# 7% 0)*%##% 7% (.$;89+)#!*)."# +.)#9%#%* L rA = kAA/kAB
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forme acide
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ε = 22800 L.cm-1.mol-1
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 !"#$%  ! " #$%'(%) *+,-).($'/.0 *1 .2$.)3  ! 4 */53(%0') $6 7"8 %' )$%'(% *+32/))/.0*% 91.(%)%0% *% :;<) 4 .1(.00% ;=>? ?;@@ %' 4 A1( ;7#?"?BC;D@8 7· · · 8E %0(%F/)'(3)*,0) G+%,1!K!% )A%!$0/&.)-% !DI*.?,!-&  @,-! I/$& I),$?,). *!% A/- !% /$/&+$.%&.?,!%  , 1!,&$/*G! -! %)-& I/% 0.%.A*!% %,$ *!% %I!&$!%  @/A%)$I&.)-  !% -/-)I/$&.,*!% F$!H+!% L)!JM.!-&  @!D&.-&.)- ()*/.$!  , 1GM/(. ! &$)I E/.A*!N;  @/,&$! I/$& I),$?,). *! $!- !(!-&?,/-&.?,!  !% 12"% F$!H+!% O,&! (P(! %),% E)$(! A/%.?,!9:-Q-; *! IRa  , 1!,&$/* G! () S*! / +&+ +0/*,+; /.-%. ?,! %/ T)-!  ! 0.$/F!9 2),$+0/*,!$ *! IRa  @,- .- ./&!,$ )*)$+;  !% %I!&$!%  @/A%)$I&.)-  ! (P(! )-!-&$/&.)-()*/.$! (/.% 3  .H+$!-&% IU %)-& !-$!F.%&$+%9 V! IRa !%& /*)$%  +&!$(.-+ 3 *@/. !  !*@+?,/&.)-  ! 5!-!%.MU.* !A$/- W
pH = pKa + log

A− AA

AB − A
LX9YN)Z W 8 /A%)$A/-!  ! */ %)*,&.)- 3 ,- IU  )--+8A /A%)$A/-!  ! */ %)*,&.)- )Z *@!%IS! /. ! !%& %!,*!8B /A%)$A/-!  ! */ %)*,&.)- )Z *@!%IS! A/%.?,! !%& %!,*!?,. I!,& P&$! +$.&! %),% */ E)$(! W

A =
AA + ABKa10

pH

1 +Ka10pH
LX9[NV/  !"#$% X9\ I$+%!-&! *@+0)*,&.)-  ! *@/A%)$A/-! 3 ]XB !& 3 ]=] -( !- E)-&.)- , IU; $!%I!&.0!(!-& I),$ *!% )(I)%+% 1!,&$/* G! !& 45; /.-%. ?,! *@/^,%&!(!-&  !%I).-&% !DI+$.(!-&/,D /0! *@+?,/&.)- X9[9 8.-%.; *! IRa  , )(I)%+ 45 / I, P&$! !%&.(+3 ];YB; /*)$% ?,! !*,.  , 1!,&$/* G! !%&  ! X;X[ L*.&&+$/&,$! W X;> _=`a℄N9 6! I*,%; I),$ *!)(I)%+ 45; */ T)-!  ! &$/-%.&.)-  ! IU 0/  ! ` 3 X; )-&$! ];] 3 > I),$ *! 1!,&$/* G! 9
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non fluorescentfluorescent

pKa = 3,7 "#$%  !" # $%&'()*+, - .&/. .,. 0&1),. (*', ,3 4(.*5/,! ! "#$% & '(# ) % *+,' , -./0℄2 3! 4!5,+&$4%(!5 $! 7(8! 957:# ; # "<a  %5 &= !>4,+!?; (#+,% @$=(>  $! A,+$" ' !5 (&('(!5(! # "<a  %5 & /;B2 3! !+$% C(%(!5 %$,  %5,(>($D; !+$% (>+!% 5+$5 &=(C+,& %:!57954%9 # +'"+%9  !; &9,4>9 & #( E7+&('4! F"+%%9&(!5 $! ('4! G "#$% H2HI2 J ",+5++# &9,45 "(, K$(!  5 +##2 @$4 +!%4%5 )*+,' , $! 7#+,$, &=(4& ) #=(4& & 5,47#+,$, & "7+%"7+,:# ; "$4% ) # *(4, ,9(A4,(>  #=957:#L! &4('4! !=( "(% *+!54+!!9  5 95(45 (%% M #+$,& ) ' 55,  ! N$>, 2 K('(5+ 5 +##2 -.//℄  5 O74,(4%74  5 +##2 -./H℄ +!5 &9,45 #( %:!57L% &  55 'P' '+#9$#  !7($Q(!5 5+$5 %4'"# ' !5 ) , R$D #( E7+&('4! F  5 #=957:#L! &4('4! &(!% #=957(!+#2S ",+5++# "#$% %4'"# ( &+! 959 , 5 !$ G "#$% H2HI2
O NN

O

O
éthylènediamine

EtOH, reflux, 24h

O NN

O

N
NH2

ρ = 85 %

` #=4!> ,% ;  ! "(,5(!5 &=$! %+#$54+! (4&  5  ! (a+$5(!5 @$ #@$ % A+$55 % & C(% ; #( %+#$54+! & >4 !5 4!%5(!5(!9' !54!+#+, 2 U=(",L%  % ,9%$#5(5%; !+$% !+$% %+'' % 4!59, %%9% ) #( 4!954@$ &=+$> ,5$, &$:# %"4,+#(5(' "(, $! %$4>4 & #=(C%+,C(! & #( %+#$54+! ) /H? !' G&'()*% H2BI2
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 !"#$% #&'($&*&+,- "5 "7 "#$%  !" # $%&'()*+ ,- ./,)0+  ! ,- ,12341  " ,+ 05 6(/,5.3&+ 7!.( -/$01#& 23& (/430&#,3#& ,4,$(& 53 6(& *&, 789 : ;,#& #<$(=-<&> ?&,,& *4(<3(& +& '&3,54+ #$=-4++$@(&*&+, '$- ;,#& &*'(46<& 4**& -&+-&3# 5& 'A>

a 5& NKS TUVW℄>B&- $#$,<#=-,=23&- -'&,#4-4'=23&- 5&- "4#*&- 3K  &, . -4+, #<-3*<&- 5$+- (& &'()*%'# +,- TUVW℄> B$ "4#*& . &-, "4#,&*&+, $@-4#@$+,& &, I34#&-&+,& $0& 3+ #&+5&*&+,23$+,=23& 5& YKOU &, <*&, : V8Y +*K $(4#- 23& ($ "4#*&  &-, @&$343' *4=+- I34#&-&+,&&, <*&, -43- ($ "4#*& 5/3+& @$+5& ($#%& &+,#& V8Y &, VSY +*> ?&- $#$,<#=-,=23&- &+ "4+,
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pKa = 6,4pKa = 4,3pKa = 2,0
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1. eau (pH ~ 8), EDC, 4°C, 2h
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ζ  !"#$ %&# #'( ')&$'+"," $ -'./0" $ -" "12' -"# 34# &+& $ (0".&("5 6& +&1"20 (178&1"9," $  /(&$'+" -2 %7$" $'"1 ζ
ζ -"# 34# (0"./"# "#$ 1/(M0"," $ #2%/0'"20" < "11" -"# 34# &+& $ (0".&(" %720 -"# %F" $0" L "$ R5 S %F TC 1" %7$" $'"1 ζ "#$ D2&#'," $  "2$0"C " D2' %07+'" $ %"2$9O$0" -!2 ,7' # 87 /0& $&(" -"# 807##"# -" 4:; 7,%&0/ &2 4:; 1' /&'0"5 !"#$!% &'&  !"#"%&#'(%')*+( ,+( -.( / 0*# .1 +% / ,'2&#+3%+( 4*#433+( 56,#475'8+(9:#+2&+( ;< +% =%>?-? @ .4%+3%'+8( ζ ABCD B+(*#&( ,"3( 8E+"* / ,'2&#+3%( 7? AF%"B743( 754(G75"%+H'%#"%+℄ J K BL9 F-"!8℄ J KM BLD@:=% 7207  " Ua Hz @σB ζ , %F T %F L %F G %F R4:;9"94AA19 RJb 9VL 9VG 9VGUTK 4:;9"94AA19

√ GW @JCXWB 9Y 9VT 9VT4@AA0,59!9A4:;0,5B22 GJ @JCVXB 9VX 9XL 9XR 9XTUTY 4@AA0,59!9A4:;0,5B22 √ KL @JCJLB 9V 9VR 9XV
a -.;( :#+2&+( &%5"348"B'3+ +% ;8*4#+(&'3"B'3+@ b N'"BO%#+ 56,#4,63"B')*+ B+(*#& (*#8E"77"#+'8 !4#,4*"3@Z",&0D27 # D2!2 " ,/$>7-" %720 &0&$/0'#"0 1" #2M# -" "# (0".&("# #"0&'$ -!2$'91'#"0 1& N:[ " 72%1/" < 1& -/$"$'7 \]9+'#5 0/(1/" #20 1" ,&=',2, -!&8#70%$'7 -"1& Â5 _&1>"20"2#"," $C "# 7%71?,M0"# < 8&#" -!&'-" &0?1'D2" -7'+" $ O$0" ,/$>?1/#&+& $ -!O$0" & &1?#/# %&0 N:[5 ;0C 2 " & &1?#" -" 1!&8#708& " -" "# 7%71?,M0"# &%0M#,/$>?1&$'7 ,7 $0" D2" 1" #%"$0" -!&8#70%$'7 -" 1& Â & -0&,&$'D2"," $ >& (/5 `1 "#$$0M# %078&81" D2" 1!&(" $ -" ,/$>?1&$'7 @a_[B &'$ /(&1"," $ 0/&(' #20 1& E7 $'7 &'-"&087=?1'D2" -" 1& Â "$ &'$ &1$/0/ #"# %07%0'/$/# #%"$07#7%'D2"#5 N"# 7%71?,M0"# 7 $&170# /$/ & &1?#/# %&0 N:[ -& # 1" H_^ @b6'c0BC & &1?#" D2'  "  /"##'$" %&# -!/$&%"-" ,/$>?1&$'7 (0d" &2= #"1# %0/#" $# -& # 1!/12& $5 _&1>"20"2#"," $ 1"# 7%71?,M0"# <8&#" -" 4[ #7 $ %"2 #71281"# -& # 1" H_^5 H" %12#C 1& Â -& # " #71+& $ "#$ %0/#" $"#72# #& E70,"  "2$0" @E70," 3C  !"#$% L5YBC E70," D2' &8#708" $0M# %"2 -& # 1" +'#'81"@&'()%'# *+,B5 6!& &1?#" -"# 7%71?,M0"# %&0 1& ,/$>7-" N:[ 72%1/" < 2 " -/$"$'7 \]9+'#5  !& -7  %&# -7  / -"# 0/#21$&$# ' $"0%0/$&81"#56"# #%"$0"# -!&8#70%$'7 "$ -!/,'##'7 -" e270"#" " " E7 $'7 -2 %F -"# 34# <



≈ :V W6 *21. 73"*N05D3'* @"' 72"# 30 +3"2#'*)51' '1 *23".521O ' @"5 7'". P.#' AQ C "1' .#27 &#01A' 7#2L545.)A'* +, '1.#' '33'* '. A21 C "1' 51/5D5.521 A' U"2#'*'1' 70# N2#40.521 AS0&#)&0.*9 ?'*A"#)'* A' M5' 42T'11'* A' U"2#'*'1' *21. )&03'4'1. A" 4P4' 2#A#' A' &#01A'"# 72"#3'* A'"L .T7'* A' B$*O M'#* HOH>HO8 1*O @"'33' @"' *25. 30 321&"'"# AS21A' AS)45**521 A'U"2#'*'1' -&'()%'# *+,O  !"#$% 89:X69 !"#$!% &'(  !"#"%&#'(%')*+( (,+%#-(-,')*+( .+( /0( 1 2*# 03 +% 1 .'4&#+5%+( -*#-55+(67.#-,6'8+(9 :#+4&+( ;<= >+(*#+( #&"8'(&+( ."5( 8?+"* 1 ,@ A BC%"D,-5( ,6-(,6"%+E'%#"%+℄ G HID>9 C/"!8℄ G HJI D>K=<L7 2"#211' λabs λF ΦF τa515 τa54314 14 1* 1*YEG $<=> >$,,19 EFE GHH ;O:H HOH HOHYEF $-,,0,5>">,$<=0,5622 EFX GHE ;O:E HOX HO8
a L*#&+( .+ M'+( D-7+55+( "8*8&+( 1 8?"'.+ .+ 8?&)*"%'-5 N=O9 D+(*#&+( ,-*# λF G PHP -* PJN5D9 "M+ λexc G JQP 5D=$0# A'* 4'*"#'* AS0D*2#D01' -'1 7#'101. ε ! "#$%&$ Z JJ × 1039?9423−194−1 C 7I J[V8X℄6 A'* B$+* 07#R* A503T*'O 53 0 ).) 72**5D3' AS'*.54'# 3S']05.) A" &#'(0&' A' 30 +,9$2"# 3'* B$* C 2"#211' $<=> >$,,O '1M5#21 GOH W *'"3'4'1. A'* +, 21. #)0&5O ' @"52##'*721A C ;OV +, 70# /0^1' '. C '1M5#21 GV; +, 70# B$+*9 $2"# 3'* B$* C 2"#211'$-,,0,5>">,$<=0,5622O '1M5#21 VO; W A'* +, 21. ).) &#'()'*O ' @"5 2##'*721A C ;OVV+, 70# /0^1'O '. C '1M5#21 VE; +, 70# B$+*9 _'* M03'"#* *21. '#.051'4'1. *2"* '*.54)'*0# 3S).07' A' A503T*' 7'". 0M25# 3)&R#'4'1. A53") 3'* *23".521* A' B$+* '. A21 N0"**) 3'03"3 A'* 21'1.#0.521* '1 +,9
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 !"! #$&'()*$+ ,$ -.-/0.(+-/(1' 234 ! "#$%&'()* (!) +$,,) "#-&,-+)!% "),-) /( +&0&)( #-$%&1!!)0 2#(% 3)!4&#1! 5*6 78 ),%"0$-) 9 ,-:)# ,1(, :1%%) 9 %)+"-#$%(#) $+2&$!%) "(&, /$!, (!) -%(4) 9 ;5<= >(,'(?9+$,,) 1!,%$!%)@ A$ 4$0)(# /) 0?)B%#$&% ,) ")#+)% /?$-/)# 9 0$ 1!4)#,&1! /( +1!1+C#)$( +1D)! /) 0$ #)0$%&1! ,(&4$!%) E
χ =

τ !"#$%&'
τ$!(!$%&' = ES − τNV

τ$!(!$%&' 3F@G81H E χ 1!4)#,&1! /( +1!1+C#)
τ !"#$%&' %$(B /) "10D+C#) I1#+- )B"-#&+)!%$0
τ$!(!$%&' %$(B /) +1!1+C#) &!&%&$0 &!%#1/(&% 3+$,,) /) +1!1+C#) 9 %0J+$,,) %1%$0)8
ES )B%#$&% ,) 3"#1"1#%&1! /) %1(, 0), 1+"1,-, !1! 410$%&0),8
τNV %$(B /) 1+"1,-, !1! 410$%&0), 3:1#, "10D+C#)8K$!, !1%#) $,* 0), 1!4)#,&1!, /( ,%D#C!) )% /) 0?$&/) $#D0&'() 1!% -%- /-%)#+&!-),"$# 7#$4&+-%#&)* 1!%#$&#)+)!% 9 )00), /), +1!1+C#), !1! 410$%&0), 1++) 0), /-#&4-,LMKNOP 1( 0?$#D0$%) /) O M@5-. 678 9 :;-(,$ ,;*'$ ,0/$/(1' <=>?(+!A$ 1!4)#,&1! /), +1!1+C#), /-#&4-, /( LMKNOP $ "( Q%#) /-%)#+&!-) "$# = R 90?$&/) /?(!) /-%)%&1! STU4&,&20) #-70-) ,(# 0$ 01!7()(# /?1!/) /?$2,1#"%&1! +$B&+$0) /(+1!1+C#) 9 $!$0D,)# 3λ V W6; !+ "1(# 0) LKOXY8@  ! )Z)%* )! 1+"$#$!% 0), &!%-7#$0),3$0(0-), ,1(, N71# O#18 1##),"1!/$!% $(B ,&7!$(B /( "10D+C#) )% /( +1!1+C#)* &0 ),%"1,,&20) /) /-%)#+&!)# 0) %$(B /) +1!1+C#) 0&2#) "$# #$""1#% $( %$(B /) +1!1+C#) $D$!%"10D+-#&,-@ O1(# )0$* 0?$""#1B&+$%&1! εmonom. ≈ εpolym. $ -%- I$&%)@ =)%%) $""#1B&+$%&1!,)+20) $)"%$20) /$!, 0$ +),(#) 1H 0), LMKNOP ,1!% /), :#1+1":1#), 1!!(, "1(#$41&# /), "#1"#&-%-, ":1%1":D,&'(), ")( /-")!/$!%), /) 0)(# )!4&#1!!)+)!%@ Y&!,&* 0$1!4)#,&1! /), +1!1+C#), /-#&4-, LMKNOP ")(% Q%#) $0(0-) $4) 0?-'($%&1! ,(&4$!%) E

χBODIPY =
SPBDPMA

SPBDPMA + SBDPMA
3F@681H E χBODIPY 1!4)#,&1! /( +1!1+C#) /-#&4- LMKNOP

SPBDPMA &!%-7#$%&1! /( ,&7!$0 STU4&,@ 1##),"1!/$!% $( ,&7!$0 /( LMKNOP"10D+-#&,- 3OLKOXY8
SBDPMA &!%-7#$%&1! /( ,&7!$0 STU4&,@ 1##),"1!/$!% $( ,&7!$0 /( LMKNOP!?$D$!% "$, #-$7& 3LKOXY8[)+$#'() E /$!, 0) $, /) 0?(%&0&,$%&1! /) 0$ \O= ]^_* 0) "& /( /-#&4- LMKNOP+1!1+C#) ),% /1!!- "1(# (! 410(+) /) #-%)!%&1! /?)!4&#1! G; +A* )% )0(& /( "10D+C#)1##),"1!/$!% )!%#) G` )% Ga +A* ,)01! 0$ 1!4)#,&1!@



 !" #$ %&'()* +,-.')/*0(&1*2304*'5)30 /31&)'* 6137&1* ! #$%&'()#$ *#+!)'& ,+#-!+& &(. /#$$0& 1!' +2034!.)#$ (4)%!$.& 5
Xn =

∑

i

χini 6789:#; 5 Xn #$%&'()#$ *#+!)'& ,+#-!+&
χi #$%&'()#$ )$/)%)/4&++& /4 *#$#*<'& )
ni ='!.)#$ *#+!)'& /4 *#$#*<'& )2304*'5)30 /&55)89* 6137&1* ! #$%&'()#$ *!(()34& ,+#-!+& &(. /#$$0& 1!' +2034!.)#$ (4)%!$.& 5

Xm =
∑

i

χiwi 678>:#; 5 Xm #$%&'()#$ *!(()34& ,+#-!+&
χi #$%&'()#$ )$/)%)/4&++& /4 *#$#*<'& )
wi ='!.)#$ *!(()34& /4 *#$#*<'& ):*6'. ;* -31</.')5&()30 /3<*0 *0 03/7'* =:%n> *( /&55* /31&)'* /3<*00**0 03/7'* (?.3')89* =M ! "#> & /&,'0 /& 1#+?*0')(!.)#$ *#?&$ &$ $#*-'& &. +! *!((& *#+!)'& *#?&$$& &$ $#*-'&.@0#')34& (#$. /0A$)( B +2!)/& /&( /&4C 034!.)#$( )D/&((#4( 5

DPn =
∑

i

χi
n ! "

n#$%& 678E:
M'! () =M' #$%& + 1

n#$%& (∑i χimi) 678F:#; 5 DPn /&,'0 /& 1#+?*0')(!.)#$ *#?&$ &$ $#*-'&
χi #$%&'()#$ )$/)%)/4&++& /4 *#$#*<'& )
ni,0 $#*-'& /& *#+&( )$).)!+&( &$ *#$#*<'& )
n#$%& $#*-'& /& *#+&( /4 6*!'#:!,&$. /& .'!$(=&'.
M'! () *!((& *#+!)'& *#?&$$& &$ $#*-'& .@0#')34&
M' #$%& *!((& *#+!)'& 6*#?&$$& &$ $#*-'&: /4 6*!'#:!,&$. /& .'!$(=&'.
χi #$%&'()#$ )$/)%)/4&++& /4 *#$#*<'& )
mi *!((& /4 *#$#*<'& )G!$( +& !( #; 4$& 1&'.& /& (.?'<$& 1!' 0%!1#'!.)#$ &(. #$(.!.0& (4).& B +20.!1& /&(#$)A!.)#$ 6.?1)34&*&$. 1&'.& /& HE I:J +& /&,'0 /& 1#+?*0')(!.)#$ *#?&$ &$ $#*-'&/4 -+# 1#+?(.?'<$& 1&4. (2&C1')*&' (#4( +! =#'*& 5

DPn =
[K]0

[LMNO]0 × (1− PS)× χ* ,-- ./0 6787:



 !"! #$&'()*$+ ,$ -.-/0.(+-/(1' 23  ! " [#]0  %&%'()'* % + ,)*(& &% -'.(/%& *%*'*),&
[0123]0  %&%'()'* % + ,)*(& &% 4+)( 56)7&%' 0123 *%*'*),&
PS 8&('& &% -'.(/%&9 '.8*:;&+&%' <& => ?
χ "##$%&'  %@&(-* % &% -'.(/%&  ((*7A& <& ,) 8&('& 8)( A@)8 ()'* %B& % +C(& <D;%*'A- + % +/(&- EFGHIJ 8)( K)L%& <&  8 ,.+/(& 8&;' M'(& A@),;A8)( "

n()*+,- = [EFGHIJ]0
[0123]0 4NOP6 ! " [EFGHIJ]0  %&%'()'* % + ,)*(& &% + % +/(& EFGHIJ *%*'*),&


− ^9X^ ?O !"!6 7*-3(0 .& 890-*3B&- 8 *%'- <& R;-* % <&- + ,A;,&- -.%'KA'*-A&-  %' A'A +&-;(A- -;( ;% C)% _ `&( &'%& - %' 8)-  ((*7A-O !"! 7*(&3(-&4 :5.)*;<3&B&- +&-;(&- <& 8a  %' A'A (A),*-A&- Q ,D)*<& <D;%& A,&'( <& <& @&((&  +C*%A&9 (&,*A&Q ;% 8a5+/'(& IaW=Y^ <& W&'&(,)CO !"!= 2-)*0*%-& ,4&()*3->9& ? ()/30+-00-*3 @2ABCB&- %)% 8)('*;,&- 8 ,.+/(&  %' A'A )%),.-A&- 8)( +*( - 8*& A,&'( %*:;& Q '()%-5+*--* % 8)( W+& I)'(**) E&);%*&( 4-&(@*& <& +*( - 8*& A,&'( %*:;& <& ,DbIWS6O B&-,*KA- <& +*( - 8*&  %' A'A (A),*-A- -;( ;% +*( - 8& A,&'( %*:;& Q '()%-+*--* % cdFB



g(τ) 94 H:8./4.F8/+ 94 98O7F8). 4F/ /,-+4F4H). H:+67-/8). F78P-./4 W
g(τ) =< I(t) • I(t+ τ) > @XJYIZ)7, -H7H4, gV H:8./4.F8/+ 94 98O7F8). 4F/ 9+)7*+4 4. 8./4,P-HH4F 94 /4<*F τ F7TF-<<4./*4/8/F *)7, 674 I(t) P-,84 *47J K4F Q7/7-/8).F ,-*894F 94 H:8./4.F8/+ 94 98O7F8). F)./-//,8M7-MH4F 0 94F *4/8/4F *-,/87H4F 678 F4 9+*H-4./ ,-*894<4./ -H),F 674 H4F Q7/7-/8).FH4./4F ),,4F*).94./ 0 94 D,)FF4F *-,/87H4FJ =-.F H4 -F 9:+L-./8HH).F /2023)4-*'4*4VH- B)./8). 9:-7/)C),,+H-/8). *47/ [/,4 -S7F/+4 D,\4 0 H- <+/L)94 94F 7<7H-./F W
g(τ) = A(1 +Be−2Dq2τ ) @XJ12I)] W D )4T84./ 94 98O7F8).
q P4/47, 9:).94
τ /4<*F 9:+L-./8HH).-D4
A H8D.4 94 M-F4 94 H- B)./8). 9:-7/)),,+H-/8).
B 8./4,F4/8). 94 H- B)./8). -P4 H:-^4 94F ),9)..+4FK4 P4/47, 9:).94 4F/ 9+_.8 *-, W

q =
4πn

λ
sin(

θ

2
) @XJ11I)] W λ H).D747, 9:).94 97 H-F4,

θ -.DH4 9:)MF4,P-/8).
n 8.984 94 ,+B,-/8). 97 F)HP-./!._.V 4. -S7F/-./ H4 H)D-,8/L<4 94 H- B)./8). 9:-7/)C),,+H-/8). *-, 7. *)HE.�<4 97F4).9 94D,+V 8H 4F/ *)FF8MH4 94 ,4<)./4, 0 7. )4T84./ 94 98O7F8). <)E4. @*4./4 94 H-9,)8/4IV -8.F8 67:0 7. 8.984 94 *)HE98F*4,F8/+ @σV +-,/ 94 H- 9,)8/4 -S7F/+4 0 H- B)./8).<4F7,+4IJ K4 )4T84./ 94 98O7F8). 4/ H:8.984 94 *)HE98F*4,F8/+ -8.F8 -H7H+F F)./ M-F+FF7, 94F ,+F7H/-/F 4. 8./4.F8/+ 4/ .). 4. .)<M,4 )7 4. <-FF4J&.4 B)8F H4 )4T84./ 94 98O7F8). +P-H7+ *-, 4//4 <+/L)94V 8H 4F/ *)FF8MH4 94 9+/4,<8C.4, H4 ,-E). LE9,)9E.-<8674 94F .-.)*-,/87H4F 0 H:-894 94 H:+67-/8). 94 A/)34FC!8.F/48. W

r =
kBT

6πηD
@XJ1aI



 !"! #$&'()*$+ ,$ -.-/0.(+-/(1' 234 ! " D # $%'$() *$ *'+,-' (
kB  (-).()$ *$ / 0)12.(( 34 5678 × 59−23:;<−1=> )$2?@A.),A$
η B'- -')@ *, - 0B.()
r A.C ( DC*A *C(.2'E,$ *$ 0. ?.A)',0$F$,G )C?$- *H.??.A$'0-  () @)@ ,)'0'-@-6 -$0 ( 0$ 0.I A.) 'A$  !  () @)@ $+$),@$- 0$-.(.0C-$- "J 5-67$.'8 9$/- :(;$. <-'1 :4= 3K#L6 MLN#=; K.-$A O$PQ$ 3R2S= T U77 (26V9W; K$ .0,0 *$- *'.2X)A$- DC*A *C(.2'E,$- 3Fz= $) *$- '(*'$- *$ ? 0C*'-?$A-')@3σ= $-) $+$),@ T 0H.'*$ *, 0 Y''$0 Q.( F>Z $( ,)'0'-.() ,( 2 *X0$ *$ 0.)$G *$? 0C-)CAX($;J >1.,1*-' #$&'161?($+8 @A:>BC" 3LLZN6 [QZ #.D.(=; F' *$ 0.-$A 35\2S=T U\8 (26 57\W; K$ .0,0 *$- *'.2X)A$- DC*A *C(.2'E,$- 3Fh= $-) $+$),@ T 0H.'*$*$ 0 Y''$0 ]$.( *$ # A* ,.( >$D( 0 Y'$-;F.(- ) ,- 0$- .-6 0$- @D.()'00 (- *$ (.( ?.A)',0$- *.(- 0H$.,  () @)@ .(.0C-@- T ,($ ($()A.)' ( *H$(B'A ( 9695^ $( 2.--$6 T _9W#6 -.(- `)A$ a0)A@- ., ?A@.0.I0$ 3-.,b 0 A-E,$$0. $-) ?A@'-@ *.(- 0$ )$G)$=; K$- *$,G )C?$- *H.??.A$'0- * ((.() 0$- 2`2$- A@-,0).)-60H,(  , 0H.,)A$ ?$,) `c,),.)' (- *H'()$(-')@ *.(- 0$ )$2?- E,' - () 2$-,A@$-6 2.'- 0H'()$(-')@ 2 C$(($*'+,-@$; Z' 0. ).'00$ *$- (.( ?.A)',0$- $-) ?$)')$ *$B.() 0. 0 (Y,$,A *H (*$ *, 0.-$A6 0.*'+,-' ( $-) *$ )C?$ ].C0$'YD;K. A$0.)' ( Y@(@A.0$ ?$A2$)).() *$ *@)$A2'($A 0$- ?.A.2X)A$- 2 0@,0.'A$- *$- ?.A)'P,0$- @),*'@$- $-) 0H@E,.)' ( *$ ].C0$'YD "

Kc

Rθ

= (
1

Mw

+ 2A2c)(1 +
q2R2

g

3
) 3d;57= ! " Rθ  !""# $ %& '!()&*+, -cm−1.

c #0&0$ !$*#0 &0 "#)(12 & -g.cm−3.
A2 3&#0% #&4*&0$ %5 6* *&) -cm3.mol.g−2.



 !" #$ %&'()* +,-.')/*0(&1*
Mw  !""#  $%!&'#  $(#))# #)  !""# *#" $+,#-" *&./"!)-" 0g.mol−11
q 2#-#/' *4$)*# 0nm−15 67/!-&$) 89::1
Rg '!($) *# ;&'!-&$) 0nm1
K $)"-!)-# $<-&7/# 0cm2.mol.g−25 67/!-&$) 89:=1>! $)"-!)-# $<-&7/# #"- *$))6# <!' ?

K =
4π2n2

réf(
dn
dc
)2

λ4
0NA

089:=1$@ ? n &)*&# *# '6A'!-&$) */ "$%2!)- *# '6A6'#)# 0-$%/B)#1
dn/dc &)'6 #)- *4&)*&# *# '6A'!-&$) *# %! "$%/-&$) *# <$%( B'# 0cm3.g−11
λ0 %$);/#/' *4$)*# */ %!"#' 0cm1
NA )$ +'# *4C2$;!*'$ 0mol−11># '!<<$'- *# D!(%#&;E5 Rθ #"- *$))6 <!' ?

Rθ =
I(θ, T )échantillon − I(θ, T )solvant

I(θ, T )réf érence
.R(T )réf érence 089:F1$@ ? I(θ, T )échantillon &)-#)"&-6 *&./"6# <!' %46E!)-&%%$)

I(θ, T )solvant &)-#)"&-6 *&./"6# <!' %# "$%2!)- 0#!/1
I(θ, T )réf érence &)-#)"&-6 *&./"6# <!' %! '6A6'#)# 0-$%/B)#1
R D!<<$'- *# D!(%#&;E
θ !);%# *4!)!%("#G -# <6'!-/'# *4!)!%("#>#"  #"/'#" *# HI> $)- 6-6 '6!%&"6#" !/ %!+$'!-$&'# J$%( B'#"5 K$%%$L*#" #- M)-#'A!#"0NOD P:QR1 *# %4N)&2#'"&-6 */ O!&)#5 !2# %! $%%!+$'!-&$) */ J'9 KE'&"-$<E# KE!""#S)&#/T9 >4!<<!'#&% /-&%&"6 #"- /) ;$)&$ B-'# 0C>UVKWISX1 *# %$);/#/' *4$)*# λ = 632.8) $/<%6 !2# /) $''6%!-#/' 0C>UV>IYSFRR=19 >#" *$))6#" "$)- !7/&"#" Z %4!&*# */%$;&&#% C>US$''#%!-$' "$A-[!'#9 >#" 6E!)-&%%$)" *# )!)$<!'-&/%#" $)- 6-6 !)!%("6" Z *#"$)#)-'!-&$)" $ <'&"#" #)-'# 5 × 10−5 #- 5 × 10−6 ;V > #- <!""6" "/' /) \%-'# *# R5=F

µm !2!)- !)!%("#"9 >#" "$%/-&$)" *$&2#)- ]-'# "/^"!  #)- *&%/6#" !\) *462&-#' %#" <E6S)$ B)#" *# *&./"&$)"  /%-&<%#"5  !&" )6!) $&)" !""#_ $)#)-'6#" <$/' 7/# %4&)-#)"&-6*&./"6# "$&- "/<6'&#/'# Z #%%# */ -$%/B)#9 >#"  #"/'#" $)- 6-6 #)'#;&"-'6#" <$/' *#" !);%#"!%%!)- *# :F Z :FR̀ <!' <!" *# :F̀ 5 Z QR̀ K5 #) #.#-/!)- *#/T "!)" *# ab919 >!



 !"! #$&'()*$+ ,$ -.-/0.(+-/(1' 23"

 !"#$%  !" # $! %&'()*+,)'-+. / ).0,1 .2, 1' 3! %&'()*+,)'-+. / +.1.'()'-+. .2,,1! !""#  $%!&'# (#)* +*'# #"*& ,# (!' %#" -#). #.*'!($%!*&$/"0 1#" 2'!(3&4)#" "$/* !((#%,"*'!," -# 6#78#09#" :!%#)'" -#" &/', #/*" -;&/-&# -# ',<'!*&$/ = !" > ($)' %#" /!/$(!'*&)%#" -!/"%;#!) $/* ,*, -,*#' &/,#" !) %!7$'!*$&'# -# ?38"&$@3& &# -#" ?$%8 A'#" #* B&%&#). 6&"@(#'"," C&#/#" #* D/2,/&#'&# -# %! B!*&A'# B$%%# -# %;EC?1D =FBG HIJK>0 9# ',<'!*$ A*'#)*&%&", ('$:&#/* -# %! "$&,*, 1$'-$)!/ L#3/$%$2&#" =M'!2$ ∞N -&$-# %!"#' IKO / >0 9#" #")'#" "$/* ',!%&",#" P QKR1 !:# -#" $/#/*'!*&$/" #/ %!*#. -# SNK T P U T #/  !""#09!  + # :!%#)'  $8#//# ! ,*, )*&%&",# ($)' %#" ,3!/*&%%$/" P $)'$//# ?EV@b@?MM #*P W)' ?C =SNJI> #* ($)' %;,3!/*&%%$/ P $)'$//# ?=M?EV0,5@co@MM0,5>22 #* W)' ?C=SNQS>0 !"!"" #$%&'%(&) *&%+9#"  #")'#" -# ($*#/*&#% X#*! =ζ> $/* ,*, ',!%&",#" !) 9!7$'!*$&'# ?38"&$@13& &#1)'&# =FBG JIO> -# %;D/"*&*)* 1)'&# !:# %;!&-# -# B # B&/@Y)& 9& #* -# B # C!7'&/!Y$&/#09;!((!'#&% )*&%&", #"* )/ X#*!C&Z#' [!/$"#'&#" -# B!%:#'/0 9#" [?\" "$/* (',(!',#"P -#" $/#/*'!*&$/" -;#/:&'$/ SNSSK ]* T -!/" J^  B -# [!1% #* J  B -# *! ($/(3$"(3!*#_&*'!*# =(Y !`)"*," #/*'# ^ #* O>0 9#" ,3!/*&%%$/" "$/* !/!%8"," -!/" -#" ):#"6LC JSIS `#*!7%#"N P QKR1N #/ #a#*)!/* *'$&"  #")'#" -# -&. 7!%!8!2#"0 !"!", -.&%0$1$.(& 23+41$0.%($' 5678(1(4)&9#"  #")'#" -# "(#*'$"$$(&# -;!7"$'(*&$/ $/* ,*, ',!%&",#" ")' -#" !((!'#&%" 1!'8@K$) 1!'8@KSSS =b!'&!/>0 1#" "(#*'$ A*'#" Fb@:&"&7%# P -$)7%# <!&"#!) (#' #**#/* )/#)*&%&"!*&$/ !%%!/* -# JHK P UUSS / !:# )/# (',&"&$/ &/<,'&#)'# P SNSK / 0 9#" ,3!/@*&%%$/" "$/* !/!%8","N "#%$/ %! %$/2)#)' -;$/-# #* %! /!*)'# -) "$%:!/* )*&%&","N -!/" -#"):#" #/ :#''#N #/ 4)!'*ZN $) #/ ($%8"*8'A/#N -;)/ *'!`#* $(*&4)# -# J  0



 ! "# $%&'() *+,-&(.)/'%0)1)23&) 43 6)7()/' 48)+'(/'(6/ .60%(&) ! #!$%!&' ()!*'%&'%#& +#,-%.! /ε0 '.-(1%' ,- 2-1,'3 41)- 1&! 5#,1'%#& (! 6.#+#786#.!5 9 -:5#.:!. #1 &#& ,- ,1+%;.!< =, !5' (3>&% 9 ,)-%(! (! ,- ,#% (! ?!!.7 -+:!.' @
A = εlC /A<BC0#D @ E -:5#.:-&! (! ,- 5#,1'%#& 9 1&! ,#&F1!1. ()#&(! (#&&3!, '.-G!' #8'%41! (-&5 ,- 5#,1'%#& /+0
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