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𝐸𝑚𝑎𝑔

𝐸𝑚𝑎𝑔 = −
1

2
 𝑚 𝐵

𝑚

𝐵

𝑀

𝑉

𝑚 = 𝑀 ∙ 𝑉

𝑀𝑠

𝐻

𝜒

𝑀 = 𝜒 ∙ 𝐻

𝐵 𝐻

𝐵 = 𝜇0 (𝑀 + 𝐻) = 𝜇0 𝐻 (1 + 𝜒)

𝜇0 4𝜋 × 10−7  𝐻 𝑚⁄

|𝜒| ≪ 1

𝐵 = 𝜇0 𝐻

• 

• 

• 



• 

∇ 𝐹𝑚𝑎𝑔



|𝑩⃗⃗ | 𝑩⃗⃗ |(𝑩⃗⃗ ∙ 𝛁⃗⃗ )𝑩⃗⃗ |

|𝑩⃗⃗ |

|(𝑩⃗⃗ ∙ 𝛁⃗⃗ )𝑩⃗⃗ |

 

𝐸𝑚𝑎𝑔 = −
1

2 𝜇0
 𝜒 𝑉 𝐵2

𝐵 ≤ 2 𝑇

𝐹𝑚𝑎𝑔

𝐹 𝑚𝑎𝑔 = −∇⃗⃗ 𝐸𝑚𝑎𝑔 =
1

2
 𝑚⃗⃗  ∇⃗⃗ 𝐵⃗ =

1

2
 𝑀⃗⃗  𝑉 ∇⃗⃗ 𝐵⃗  



𝐹 𝑚𝑎𝑔 =
1

2 𝜇0
 𝜒 𝑉 (𝐵⃗ ∙ ∇⃗⃗ ) 𝐵⃗ 

𝐸𝑡ℎ𝑒𝑟𝑚

𝐸𝑡ℎ𝑒𝑟𝑚 = −
3

2
 kB 𝑇

kB 𝑇

6.2 × 10−21 𝐽

𝐹𝑡ℎ𝑒𝑟𝑚

𝐹𝑡ℎ𝑒𝑟𝑚 = √2 𝑘𝐵 𝑇 (6 𝜋 𝜇 𝑅) 𝜂(𝑡)

𝜇 𝜂(𝑡)

𝑡𝑖𝑚𝑒−1 2⁄

𝛽𝐸 𝐸𝑚𝑎𝑔

𝐸𝑡ℎ𝑒𝑟𝑚

𝛽𝐸 = 
𝐸𝑚𝑎𝑔

𝐸𝑡ℎ𝑒𝑟𝑚
=

−
1
2
 𝑚 𝐵

−
3
2 𝑘𝐵 𝑇



𝛽𝐹

𝐹𝑚𝑎𝑔 𝐹𝑡ℎ𝑒𝑟𝑚 𝜂(𝑡) =

1 𝑠−1 2⁄  

𝛽𝐹 = 
𝐹𝑚𝑎𝑔

𝐹𝑡ℎ𝑒𝑟𝑚
=

1
2
 𝑚 ∇𝐵

√2 𝑘𝐵 𝑇 (6 𝜋 𝜇 𝑅)

𝜒𝑚𝑜𝑙 = 5.702 ∙ 10−7  𝑚3 𝑚𝑜𝑙⁄ ; 𝑅 =

0.901 Å

𝐸𝑡ℎ𝑒𝑟𝑚 = −
3

2
∙ 1.38 ∙ 10−23  

𝐽

𝐾
∙ 298 𝐾 =  − 6.16 ∙ 10−21 𝐽

𝐸𝑚𝑎𝑔(𝐻𝑜3+) = −
1

2 𝜇0
 𝜒 𝑉 𝐵2 = −

1

2 𝜇0
 𝜒𝑚𝑜𝑙 𝑛 𝐵2

𝜒𝑚𝑜𝑙 𝑛

𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑜𝑛𝑠 𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜′𝑠 𝑛𝑢𝑚𝑏𝑒𝑟⁄ =

1 (6.022 ∙ 1023 𝑚𝑜𝑙−1)⁄

𝐸𝑚𝑎𝑔(𝐻𝑜3+)  = −
1

2 ∙ 4𝜋 ∙ 10−7 𝑁
𝐴2

 5.702 ∙ 10−7  
𝑚3

𝑚𝑜𝑙
∙

1

6.022 ∙ 1023 𝑚𝑜𝑙−1
∙ (1 𝑇)2

= −3.76 ∙ 10−25 𝐽

𝛽𝐸(𝐻𝑜3+) =  
−3.76 ∙ 10−25 𝐽

− 6.16 ∙ 10−21 𝐽
= 6.15 ∙ 10−5

𝑀𝑠𝑎𝑡 = 3.96 ∙ 105 𝐴 𝑚⁄

𝐷 = 37.6 𝑛𝑚 𝑀 = 𝑀𝑠𝑎𝑡

𝐸𝑚𝑎𝑔(𝐼𝑂 − 𝑁𝑃) =  −
1

2
 𝑀𝑠𝑎𝑡 𝑉 𝐵 = −

1

2
∙ 3.96 ∙ 105

𝐴

𝑚
∙
4

3
𝜋 ∙ (18.8 ∙ 10−9 𝑚)3 ∙ (1 𝑇)

= −5.51 ∙ 10−18𝐽 

𝛽𝐸(𝐼𝑂 − 𝑁𝑃) =  
−5.51 ∙ 10−18 𝐽

− 6.16 ∙ 10−21 𝐽
= 895



𝛽𝐸(𝐼𝑂 −

𝑁𝑃) ≫ 1

𝐵 = 1 𝑇 ∇𝐵 = 2000 𝑇/𝑚

𝜇 = 8.91 ∙ 10−4 𝑃𝑎. 𝑠

𝐹𝑚𝑎𝑔(𝐻𝑜3+) =
1

2 𝜇0
 𝜒𝑚𝑜𝑙 𝑛 (𝐵 ∙ ∇)𝐵

=
1

2 ∙ 4𝜋 ∙ 10−7 𝑁
𝐴2

 5.702 ∙ 10−7  
𝑚3

𝑚𝑜𝑙
∙

1

6.022 ∙ 1023 𝑚𝑜𝑙−1
∙ 1 𝑇 ∙ 2000

𝑇

𝑚

= 7.53 ∙ 10−22 𝑁 

𝐹𝑡ℎ𝑒𝑟𝑚(𝐻𝑜3+) = √2 ∙ 1.38 ∙ 10−23
𝐽

𝐾
∙ 298 𝐾 ∙ (6 𝜋 ∙ 8.91 ∙ 10−4 𝑃𝑎 ∙ 𝑠 ∙ 0.901 ∙ 10−10𝑚) ∙ 1

= 1.12 ∙ 10−16 𝑁

𝛽𝐸(𝐻𝑜3+) =  
7.53 ∙ 10−22 𝑁

1.12 ∙ 10−16 𝑁
= 6.75 ∙ 10−6

𝐹𝑚𝑎𝑔(𝐼𝑂 − 𝑁𝑃) =
1

2
 𝑀𝑠𝑎𝑡 𝑉 ∇𝐵 =

1

2
 ∙  3.96 ∙ 105  

𝐴

𝑚
∙
4

3
𝜋 ∙  (18.8 ∙ 10−9 𝑚)3  ∙ 2000

𝑇

𝑚

= 1.10 ∙ 10−14 𝑁 

𝐹𝑡ℎ𝑒𝑟𝑚 = √2 ∙ 1.38 ∙ 10−23
𝐽

𝐾
∙ 298 𝐾 ∙ (6 𝜋 ∙ 8.91 ∙ 10−4 𝑃𝑎 ∙ 𝑠 ∙ 18.8 ∙ 10−9𝑚) ∙ 1

= 1.61 ∙ 10−15 𝑁

𝛽𝐸(𝐻𝑜3+) =  
1.10 ∙ 10−14 𝑁

1.61 ∙ 10−15 𝑁
= 6.83



 



≥





𝐹𝑚𝑎𝑔





𝐸𝑚𝑎𝑔 ~ 0.9 kB𝑇 

~ 0.5 kB𝑇 ~ 1.5 kB𝑇

1 𝑟6⁄



~ 1.1 kB𝑇 ~ 5.2 kB𝑇



 



(𝐵 ∙ ∇)𝐵





kB𝑇









 



 



 

 



 



 



𝛼

 



𝜏1/2

𝜏1/2 = 𝑎 𝑚0
𝛾 𝑚0

𝛾

𝛾



𝒎𝟎 𝝉𝟏/𝟐 =

𝒂 𝒎𝟎
𝜸

𝜸 = −𝟎. 𝟑𝟒 ± 𝟎. 𝟏𝟖

𝑘𝑝𝑘𝑛 𝑘𝑝𝑘𝑓 𝑘𝑓𝑘𝑑 𝑘𝑝

𝑘𝑑 𝑘𝑛 𝑘𝑓

𝑘𝑓𝑘𝑑

𝑘𝑝𝑘𝑛 𝑘𝑝𝑘𝑓) 𝑘𝑑 ≪ 𝑘𝑝𝑚0 𝑚0

𝑘𝑑 𝑘𝑝𝑚0⁄ 𝑘𝑑

𝑛𝑐 𝑛𝑐 = 2



ln (𝐴𝑝𝐴𝑛)

ln (𝐴𝑝𝐴𝑓)

𝐸𝑎,𝑝 + 𝐸𝑎,𝑛

𝐸𝑎,𝑝 + 𝐸𝑎,𝑓



𝑘 =
𝜅kB𝑇

h
𝑒−

∆𝐺≠

R𝑇

𝑘 𝑅 𝑇 ∆𝐺≠

𝜅 kB

h 𝜅

ln (
𝑘1𝑘2.ℎ

𝑘𝐵𝑇
)

∆𝐻𝑛,𝑒
≠ 154.1 ± 0.3 𝑘𝐽.𝑚𝑜𝑙−1 ∆𝑆𝑛,𝑒

≠ 310.0 ± 1.1 𝐽.𝑚𝑜𝑙−1. 𝐾−1 𝑇∆𝑆𝑛,𝑒
≠ =

92.38 ± 0.32 𝑘𝐽. 𝑚𝑜𝑙−1

∆𝑯≠

∆𝑺≠



∆𝐻𝑛,𝑒
≠

∆𝑆𝑛,𝑒
≠

∆𝐺𝑛,𝑒
≠

∆𝐻𝑒,𝑓
≠

∆𝑆𝑒,𝑓
≠

∆𝐺𝑒,𝑓
≠

 



 







 



 



 



 

 

 





https://doi.org/10.1002/anie.201806668


 



 



 



 



 



 



 

 

 

→





 

→



 





. 

 





 



 

→









 

→



 





 



 

 



 



 

 

 

 



 𝜕𝑓(𝑡, 𝑗)

𝜕𝑡
= 2𝑚(𝑡)𝑘𝑝𝑓(𝑡, 𝑗 − 1) − 2𝑚(𝑡)𝑘𝑝𝑓(𝑡, 𝑗)

+ 2𝑘𝑑𝑓(𝑡, 𝑗 + 1) − 2𝑘𝑑𝑓(𝑡, 𝑗 + 1)

− 𝑘𝑓(𝑗 − 1)𝑓(𝑡, 𝑗) + 2𝑘𝑓 ∑ 𝑓(𝑡, 𝑖)

∞

𝑖=𝑗+1

+ 𝑘𝑛𝑚(𝑡)𝑛 

 

 
𝑑𝑚(𝑡)

𝑑𝑡
= −

𝑑

𝑑𝑡
[∑ 𝑗 × 𝑓(𝑡, 𝑗)

∞

𝑗=𝑛

] 

 

𝑓(𝑡, 𝑗) 𝑗 𝑡 𝑚(𝑡)

𝑡 𝑘𝑝 𝑘𝑑

𝑘𝑛 𝑘𝑓

𝑛

𝐹(𝑡)  𝑃(𝑡)

 
𝐹(𝑡) =  ∑𝑓(𝑡, 𝑗)

∞

𝑗=𝑛

 

 
𝑃(𝑡) =  ∑ 𝑗 × 𝑓(𝑡, 𝑗)

∞

𝑗=𝑛

 

 𝑚(𝑡) = 𝑚0 − P(𝑡) 

 𝑑𝐹

𝑑𝑡
=  𝑘𝑛𝑚(𝑡)𝑛𝑐 + 𝑘𝑓𝑃(𝑡) 

 𝑑𝑃

𝑑𝑡
= 2(𝑚(𝑡)𝑘𝑝 − 𝑘𝑑)𝐹(𝑡) 

 
𝑃(𝑡) = 𝑃∞ + 𝑒𝑥𝑝 [−

𝑘𝑝(4𝑐𝜅 𝑐𝑜𝑠ℎ(𝜅𝑡) + 𝐹0𝜅
2𝑠𝑖𝑛ℎ(𝜅𝑡))

𝜅3
] × 



[(𝑃0 − 𝑃∞)𝑒𝑥𝑝 (
2𝑘𝑝𝑐

𝜅2
)] 

 𝑐 = 𝑘𝑛𝑚0
𝑛𝑐 + 𝑘𝑓𝑃0 

 
𝜅 = √2(𝑘𝑝𝑚0 − 𝑘𝑑)𝑘𝑓 

 𝑃∞ = 𝑚𝑡𝑜𝑡 −
𝑘𝑑

𝑘𝑝
⁄  

𝐹0 𝑃0 𝑚0

𝑚𝑡𝑜𝑡

𝐹0 𝑃0

𝑚𝑡𝑜𝑡 = 𝑚0

 
𝑃(𝑡) = 𝑃∞ {1 − 𝑒𝑥𝑝 [

2𝑘𝑝𝑐

𝜅2
(1 − 𝑐𝑜𝑠ℎ(𝜅𝑡))]} 

 𝑐 = 𝑘𝑛𝑚0
𝑛𝑐 

 
𝜅 = √2(𝑘𝑝𝑚0 − 𝑘𝑑)𝑘𝑓 

 𝑃∞ = 𝑚0 −
𝑘𝑑

𝑘𝑝
⁄  

𝑘𝑝𝑘𝑛 𝑘𝑝𝑘𝑓 𝑘𝑓𝑘𝑑

𝑘𝑑

 
𝑃(𝑡) = 𝑚0 {1 − 𝑒𝑥𝑝 [

2𝑘𝑝𝑐

𝜅2
(1 − 𝑐𝑜𝑠ℎ(𝜅𝑡))]} 

 𝑐 = 𝑘𝑛𝑚0
𝑛𝑐 

 
𝜅 = √2𝑘𝑝𝑘𝑓𝑚0 

 
𝑘 = 𝐴𝑒−

𝐸𝑎
𝑅𝑇 

 

𝑘 𝐸𝑎 𝑅

𝑇 𝐴



 
𝑘𝑝𝑘𝑛 = 𝐴𝑝𝐴𝑛𝑒

−
𝐸𝑎,𝑝+𝐸𝑎,𝑛

𝑅𝑇  

 

𝑘𝑝𝑘𝑓 = 𝐴𝑝𝐴𝑓𝑒
−
𝐸𝑎,𝑝+𝐸𝑎,𝑓

𝑅𝑇  

𝐸𝑎,𝑝 𝐴𝑝

𝐸𝑎,𝑛 𝐴𝑛

𝐸𝑎,𝑓 𝐴𝑓

 
ln (𝑘𝑝𝑘𝑛) = ln (𝐴𝑝𝐴𝑛) −

𝐸𝑎,𝑝 + 𝐸𝑎,𝑛

𝑅𝑇
 

 

ln (𝑘𝑝𝑘𝑓) = ln (𝐴𝑝𝐴𝑓) −
𝐸𝑎,𝑝 + 𝐸𝑎,𝑓

𝑅𝑇
 

 

𝑘𝑝𝑘𝑛 𝑘𝑝𝑘𝑓

𝑘𝑓𝑘𝑑

𝑘𝑓𝑘𝑑

𝑘𝑝𝑘𝑛 𝑘𝑝𝑘𝑓)

𝑘𝑑 ≪ 𝑘𝑝𝑚0 𝑚0

𝑘𝑑 𝑘𝑝𝑚0⁄

𝑘𝑑

 



 

 
𝑘 =

𝜅𝑘𝐵𝑇

ℎ
𝑒−

∆𝐺≠

𝑅𝑇  
 

𝑘 𝑅 𝑇 ∆𝐺≠

𝜅 𝑘𝐵

ℎ 𝜅

∆𝐺≠ = ∆𝐻≠ − 𝑇∆𝑆≠ ∆𝐻≠

∆𝑆≠

 
𝑘𝑝𝑘𝑛 =

𝑘𝐵𝑇

ℎ
𝑒−

∆𝐻𝑛,𝑝
≠

𝑅𝑇
+
∆𝑆𝑛,𝑝

≠

𝑅  

 

𝑘𝑝𝑘𝑓 =
𝑘𝐵𝑇

ℎ
𝑒−

∆𝐻𝑝,𝑓
≠

𝑅𝑇
+
∆𝑆𝑝,𝑓

≠

𝑅  

∆𝐻𝑛,𝑝
≠ = ∆𝐻𝑛

≠ + ∆𝐻𝑝
≠ ∆𝐻𝑝,𝑓

≠ = ∆𝐻𝑝
≠ + ∆𝐻𝑓

≠ ∆𝑆𝑛,𝑝
≠ = ∆𝑆𝑛

≠ + ∆𝑆𝑝
≠ ∆𝑆𝑝,𝑓

≠ =

∆𝑆𝑝
≠ + ∆𝑆𝑓

≠ ∆𝐻𝑛
≠ ∆𝐻𝑝

≠ ∆𝐻𝑓
≠

∆𝑆𝑛
≠ ∆𝑆𝑝

≠ ∆𝑆𝑓
≠

 
ln (

𝑘𝑝𝑘𝑛. ℎ

𝑘𝐵𝑇
) = −

∆𝐻𝑛,𝑒
≠

𝑅𝑇
+

∆𝑆𝑛,𝑒
≠

𝑅
 

 

ln (
𝑘𝑝𝑘𝑓 . ℎ

𝑘𝐵𝑇
) = −

∆𝐻𝑒,𝑓
≠

𝑅𝑇
+

∆𝑆𝑒,𝑓
≠

𝑅
 



 ®

𝐸𝑎 ∆𝐻≠ ∆𝑆≠ 𝐸𝑎/𝑅

∆𝐻≠/𝑅 ∆𝑆≠/𝑅

 

function [Alpha] = polymfit_knowles2_multifit_T(t,opt,a1,e1,a2,e2,a3,e3,x,T) 

%Multi fitting variable temperature 

%THIS MODEL DESCRIBES COOPERATIVE SUPRAMOLECULAR POLYMERIZATION (nuc. size 

% x) - using the linearized moments equations unseeded taking into account 

% fragmentation and arrhenius law 

% cf T. P. J. Knowles, et al., Nat. Protoc. 2016, 11, 252–272. 

% Georges Formon 28 FEB 2018 - HERMANS@UNISTRA.FR 

% ###################################################################### 

% ###################################################################### 

 

 

nT=size(T); 

Tu = unique(T); 

nTu=size(Tu); 

x_=1; 

y=nT(1)/(nTu(1)); 

 

if nT(1)==nTu(1) 

  Alpha(1:nT,1)=1; % Trick to bypass the software 

else 

  for i=1:nTu(1) 

    Ti=Tu(i); 

    C0N = 0; %Polymer initial concentration 

    C0M=opt; %monomer inital concentration 

 

    Y0 = zeros(2,1); % define initial conc. vector (first x vals, then y vals) 

    Y0(1)=0; % initial condition M(t) 

    Y0(2)=0; % initial conc P(t) 

    t_range = t(x_:y,1); % better sampling since most event happen early on 

 

 

    kfekfn=exp(a1)*exp(-e1/Ti); % Arrhenius equation to predict the combined elongation-nucleation rate 

constant 

    kfekfrag=exp(a2)*exp(-e2/Ti); % Arrhenius equation to predict the combined elongation-fragmentation 

rate constant 

    kfragkre=exp(a3)*exp(-e3/Ti); % Arrhenius equation to predict the combined depolymerization-

fragmentation rate constant 

 

    kappa=sqrt(2*(kfekfrag*C0M-kfragkre)); 

    kpc=kfekfn*C0M.^x; %kfe*c 

    Minf=C0M-kfragkre/kfekfrag; 

 

    Alpha(x_:y,1)=(Minf*(1-exp((2*kpc/kappa.^2)*(1-cosh(kappa*t_range)))))/C0M; % Calculation of alpha 

    x_=x_+1000; 

    y=x_+1000-1; 



  end 

end 

 

function [Alpha] = polymfit_knowles2_multifit_T_Eyring(t,opt,H1,S1,H2,S2,H3,S3,x,T) 

%Multi fitting variable temperature 

%THIS MODEL DESCRIBES COOPERATIVE SUPRAMOLECULAR POLYMERIZATION (nuc. size 

% x) - using the linearized moments equations unseeded taking into account fragmentation and % Eyring 

equation 

% cf T. P. J. Knowles, et al., Nat. Protoc. 2016, 11, 252–272. 

% Georges Formon 28 FEB 2018 - HERMANS@UNISTRA.FR 

% ###################################################################### 

% ###################################################################### 

 

 

nT=size(T); 

Tu = unique(T); 

nTu=size(Tu); 

x_=1; 

y=nT(1)/(nTu(1)); 

 

if nT(1)==nTu(1) 

  Alpha(1:nT,1)=1;% Trick to bypass the software 

else 

  for i=1:nTu(1) 

    Ti=Tu(i); 

    C0N = 0; %Polymer initial concentration 

    C0M=opt; %monomer inital concentration 

 

    Y0 = zeros(2,1); % define initial conc. vector (first x vals, then y vals) 

    Y0(1)=0; % initial condition M(t) 

    Y0(2)=0; % initial conc P(t) 

    t_range = t(x_:y,1); 

 

    kb=1.38064852e-23; % Boltzmann constant 

    h=6.62607004e-34; % Planck constant 

 

 

    kfekfn=(kb*Ti/h)*exp(-H1/Ti+S1); %Eyring equation to predict the combined elongation-nucleation rate 

constant 

    kfekfrag=(kb*Ti/h)*exp(-H2/Ti+S2); % Eyring equation to predict the combined elongation-fragmentation 

rate constant 

    kfragkre=(kb*Ti/h)*exp(-H3/Ti+S3); % Eyring equation to predict the combined depolymerization-

fragmentation rate constant 

 

    kappa=sqrt(2*(kfekfrag*C0M-kfragkre)); 

    kpc=kfekfn*C0M.^x; %kfe*c 

    Minf=C0M-kfragkre/kfekfrag; 

 

    Alpha(x_:y,1)=(Minf*(1-exp((2*kpc/kappa.^2)*(1-cosh(kappa*t_range)))))/C0M;% Calculation of alpha 

 

    x_=x_+1000; 

    y=x_+1000-1; 

  end 

end 

 

function Besenius_Fitroutine_T_var_frag_unseeded_multifit 



%%Besenius 

%%Fitting routine for analyze experimental data using a cooperative supramolecular 

polymerization model 

%Nucleation elongation fragmentation unseeded - analytical 

% Georges Formon - 16 Frebruary 2018 (Hermans@unistra.fr) 

clc 

close all 

clear all 

 

tic % start timer 

S=load('Temp_var_80uM'); %conc 80 uM 

% time in seconds. 

t(:,1) = S.B_80uM_20C(:,1); 

t(:,2) = S.B_80uM_25C(:,1); 

t(:,3) = S.B_80uM_30C(:,1); 

t(:,4) = S.B_80uM_35C(:,1); 

t(:,5) = S.B_80uM_40C(:,1); 

t(:,6) = S.B_80uM_45C(:,1); 

t(:,7) = S.B_80uM_50C(:,1); 

t(:,8) = S.B_80uM_55C(:,1); 

% alpha 

a(:,1) = S.B_80uM_20C(:,2); 

a(:,2) = S.B_80uM_25C(:,2); 

a(:,3) = S.B_80uM_30C(:,2); 

a(:,4) = S.B_80uM_35C(:,2); 

a(:,5) = S.B_80uM_40C(:,2); 

a(:,6) = S.B_80uM_45C(:,2); 

a(:,7) = S.B_80uM_50C(:,2); 

a(:,8) = S.B_80uM_55C(:,2); 

 

T=[20; 25; 30; 35; 40; 45; 50; 55]; 

Tk=T+273; 

Tkinv=1./Tk; 

nT=size(Tk); 

nt=size(t); 

x_=1; 

y=nt(1,1); 

for j=1:nT(1,1) 

  a_(x_:y,1)=a(:,j); 

  t_(x_:y,1)=t(:,j); 

  T_(x_:y,1)=Tk(j); 

  x_=x_+1000; 

  y=x_+1000-1; 

end 



opt=80e-6; 

R=8.314; 

kfragkre1=0; 

x=2; 

a3=-inf; 

e3=0; 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [75,1.7e4,80,2.5e4], ... 

  'Lower', [10,1e3,10,1e3], 'Upper', [1e3,1e6,1e3,1e6],... 

  'TolFun',1e-14,'TolX',1e-14,'MaxIter',5000,'MaxFunEval',2500,'Display','iter'); 

 

ftmm = fittype('polymfit_knowles2_multifit_T(t,opt,a1,e1,a2,e2,a3,e3,x,T)',... 

  'coefficients',{'a1','e1','a2','e2'},... 

  'independent', {'t','T'},... 

  'problem',{'opt','x','a3','e3'},... 

  'options',fomm); 

 

[f,gof] = fit ([t_,T_], a_, ftmm,'problem',{opt,x,a3,e3}) 

 

Success, but fitting stopped because change in coefficients less than tolerance (TolX). 

   General model: 

   f(t,T) = polymfit_knowles2_multifit_T(t,opt,a1,e1,a2,e2,a3,e3,x,T) 

   Coefficients (with 95% confidence bounds): 

    a1 =    67.78 (67.66, 67.91) 

    e1 =  1.884e+04 (1.88e+04, 1.888e+04) 

    a2 =    81.42 (81.36, 81.48) 

    e2 =  3.176e+04 (3.173e+04, 3.178e+04) 

   Problem parameters: 

    opt =    8e-05 

    x =      2 

    a3 =    -Inf 

    e3 =      0 

 

gof =  

      sse: 15.4259 

    rsquare: 0.9848 

      dfe: 7996 

  adjrsquare: 0.9848 

     rmse: 0.0439 

A1=f.a1;%%logA 

E1=f.e1*R;%%E 

A2=f.a2;%%logA 

E2=f.e2*R;%%E 

A3=f.a3%%logA 

E3=f.e3*R%%E 

 

ConfidenceInterval=confint(f); 

 

confintA1=ConfidenceInterval(:,1); 



confintE1=ConfidenceInterval(:,2).*R; 

confintA2=ConfidenceInterval(:,3); 

confintE2=ConfidenceInterval(:,4).*R; 

 

R1=gof.sse; 

R2=gof.rsquare; 

R3=gof.dfe; 

R4=gof.adjrsquare; 

R5=gof.rmse; 

% message=output.message; 

 

kfekfn=exp(A1)*exp(-E1./(R*Tk)); 

kfekfrag=exp(A2)*exp(-E2./(R*Tk)); 

kfragkre=exp(A3)*exp(-E3./(R*Tk)); 

 

A3 = 

 -Inf 

 

E3 = 

   0 

 

nT=size(Tk); 

cor_i = [0 0 1]; 

cor_f = [1 0 0]; 

var  = (cor_f - cor_i)/(nT(1)-1); 

cor = cor_i; 

for ii=2:(nT(1)) 

  cor=[cor; cor(end,:) + var]; 

end 

 

F=polymfit_knowles2_multifit_T(t_,opt,A1,E1/R,A2,E2/R,A3,E3/R,x,T_); 

 

x_=1; 

y=nt(1,1); 

fig=figure; 

for i=1:nT(1) 

  Results(:,3*i-2)=t_(x_:y,1); 

  Results(:,3*i-1)=a(:,i); 

  Results(:,3*i)=F(x_:y,1); 

  plot(t_(x_:y,1),F(x_:y,1),'color',cor(i,:)) 

  hold on 

  plot(t(:,i),a(:,i),'.','MarkerEdgeColor',cor(i,:)); 

  hold on 

  lgdttl{2*i-1}=sprintf('%4.0f %cC',T(i),176); 

  lgdttl{2*i}=sprintf('%4.0f %cC',T(i),176); 

  hold on; 

  x_=x_+1000; 

  y=x_+1000-1; 

end 

legend(lgdttl,'Location','best'); 

ttl=sprintf('Nucleus size: %4.0f',x); 

title(ttl); 

axis([1 10000 0 1]) 



ylbl=sprintf('%c',945); 

ylabel(ylbl); 

xlabel('t/s'); 

set(gca,'xscale','log') 

hold off 

end 

 

function Besenius_Fitroutine_T_var_frag_unseeded_multifit_Eyring 

%%Besenius 

%%Fitting routine for analyze experimental data using a cooperative supramolecular 

polymerization model 

%Nucleation elongation fragmentation unseeded - analytical 

% Georges Formon - 16 Frebruary 2018 (Hermans@unistra.fr) 

clc 

close all 

clear all 

 

tic % start timer 

S=load('Temp_var_80uM'); %conc 80 uM 

% time in seconds. 

t(:,1) = S.B_80uM_20C(:,1); 

t(:,2) = S.B_80uM_25C(:,1); 

t(:,3) = S.B_80uM_30C(:,1); 

t(:,4) = S.B_80uM_35C(:,1); 

t(:,5) = S.B_80uM_40C(:,1); 

t(:,6) = S.B_80uM_45C(:,1); 

t(:,7) = S.B_80uM_50C(:,1); 

t(:,8) = S.B_80uM_55C(:,1); 

% alpha 

a(:,1) = S.B_80uM_20C(:,2); 

a(:,2) = S.B_80uM_25C(:,2); 



a(:,3) = S.B_80uM_30C(:,2); 

a(:,4) = S.B_80uM_35C(:,2); 

a(:,5) = S.B_80uM_40C(:,2); 

a(:,6) = S.B_80uM_45C(:,2); 

a(:,7) = S.B_80uM_50C(:,2); 

a(:,8) = S.B_80uM_55C(:,2); 

 

T=[20; 25; 30; 35; 40; 45; 50; 55]; 

Tk=T+273; 

Tkinv=1./Tk; 

nT=size(Tk); 

nt=size(t); 

x_=1; 

y=nt(1,1); 

 

for j=1:nT(1,1) 

  a_(x_:y,1)=a(:,j); 

  t_(x_:y,1)=t(:,j); 

  T_(x_:y,1)=Tk(j); 

  x_=x_+1000; 

  y=x_+1000-1; 

end 

opt=80e-6; 

R=8.314; 

kfragkre1=0; 

x=2; 

H3=inf; 

S3=0; 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [1.7e4,37,2.5e4,40], ... 

  'Lower', [1000,1e1,1000,1e1], 'Upper', [1e6,1e2,1e6,1e2],... 

  'TolFun',1e-14,'TolX',1e-14,'MaxIter',5000,'MaxFunEval',2500,'Display','iter') 

 

ftmm = fittype('polymfit_knowles2_multifit_T_Eyring(t,opt,H1,S1,H2,S2,H3,S3,x,T)',... 

  'coefficients',{'H1','S1','H2','S2'},... 

  'independent', {'t','T'},... 

  'problem',{'opt','x','H3','S3'},... 

  'options',fomm) 

 

[f,gof,output] = fit ([t_,T_], a_, ftmm,'problem',{opt,x,H3,S3}) 

  

fomm = 

    Normalize: 'off' 

     Exclude: [] 

     Weights: [] 

      Method: 'NonlinearLeastSquares' 

      Robust: 'Off' 

    StartPoint: [17000 37 25000 40] 

      Lower: [1000 10 1000 10] 



      Upper: [1000000 100 1000000 100] 

    Algorithm: 'Trust-Region' 

  DiffMinChange: 1.0000e-08 

  DiffMaxChange: 0.1000 

     Display: 'Iter' 

   MaxFunEvals: 2500 

     MaxIter: 5000 

      TolFun: 1.0000e-14 

       TolX: 1.0000e-14 

 

ftmm =  

   General model: 

   ftmm(H1,S1,H2,S2,opt,x,H3,S3,t,T) = polymfit_knowles2_multifit_T_Eyring(t, 

          opt,H1,S1,H2,S2,H3,S3,x,T) 

 

Success, but fitting stopped because change in coefficients less than tolerance (TolX). 

   General model: 

   f(t,T) = polymfit_knowles2_multifit_T_Eyring(t,opt,H1,S1,H2,S2,H3,S3,x,T) 

   Coefficients (with 95% confidence bounds): 

    H1 =  1.853e+04 (1.849e+04, 1.857e+04) 

    S1 =    37.29 (37.16, 37.42) 

    H2 =  2.745e+04 (2.733e+04, 2.757e+04) 

    S2 =    39.24 (39.07, 39.41) 

   Problem parameters: 

    opt =    8e-05 

    x =      2 

    H3 =     Inf 

    S3 =      0 

 

gof =  

      sse: 15.3660 

    rsquare: 0.9849 

      dfe: 7996 

  adjrsquare: 0.9848 

     rmse: 0.0438 

 

output =  

      numobs: 8000 

     numparam: 4 

    residuals: [8000x1 double] 

     Jacobian: [8000x4 double] 

     exitflag: 2 

  firstorderopt: 1.4888 

    iterations: 36 

    funcCount: 185 

   cgiterations: 0 

    algorithm: 'trust-region-reflective' 

     message: [1x87 char] 

H_fefn=f.H1*R;%%logA 

S_fefn=f.S1*R;%%E 

H_fefrag=f.H2*R;%%logA 

S_fefrag=f.S2*R;%%E 

H_fragre=f.H3*R;%%logA 

S_fragre=f.S3*R;%%E 



 

TS_fefn=Tk.*S_fefn; 

TS_fefrag=Tk.*S_fefrag; 

G_fefn=H_fefn-Tk.*S_fefn; 

G_fefrag=H_fefrag-Tk.*S_fefrag; 

 

ConfidenceInterval=confint(f); 

 

confintH_fefn=ConfidenceInterval(:,1).*R; 

confintS_fefn=ConfidenceInterval(:,2).*R; 

confintH_fefrag=ConfidenceInterval(:,3).*R; 

confintS_fefrag=ConfidenceInterval(:,4).*R; 

 

R1=gof.sse; 

R2=gof.rsquare; 

R3=gof.dfe; 

R4=gof.adjrsquare; 

R5=gof.rmse; 

message=output.message; 

 

kb=1.38064852e-23; 

h=6.62607004e-34; 

 

 

kfekfn=(kb.*Tk./h).*exp(-H_fefn./(Tk.*R)+S_fefn./R); 

kfekfrag=(kb.*Tk./h).*exp(-H_fefrag./(Tk.*R)+S_fefrag/R); 

kfragkre=(kb.*Tk./h).*exp(-H_fragre./(Tk.*R)+S_fragre/R); 

nT=size(Tk); 

cor_i = [0 0 1]; 

cor_f = [1 0 0]; 

var  = (cor_f - cor_i)/(nT(1)-1); 

cor = cor_i; 

for ii=2:(nT(1)) 

  cor=[cor; cor(end,:) + var]; 

end 

 

F=polymfit_knowles2_multifit_T_Eyring(t_,opt,H_fefn/R,S_fefn/R,H_fefrag/R,S_fefrag/R,H_fragre

,S_fragre,x,T_); 

 

 

x_=1; 

y=nt(1,1); 

fig=figure; 

for i=1:nT(1) 

  Results(:,3*i-2)=t_(x_:y,1); 

  Results(:,3*i-1)=a(:,i); 

  Results(:,3*i)=F(x_:y,1); 

  plot(t_(x_:y,1),F(x_:y,1),'color',cor(i,:)) 

  hold on 

  plot(t(:,i),a(:,i),'.','MarkerEdgeColor',cor(i,:)); 

  hold on 

  lgdttl{2*i-1}=sprintf('%4.0f %cC',T(i),176); 

  lgdttl{2*i}=sprintf('%4.0f %cC',T(i),176); 



  hold on; 

  x_=x_+1000; 

  y=x_+1000-1; 

end 

legend(lgdttl,'Location','best'); 

ttl=sprintf('Nucleus size: %4.0f',x); 

title(ttl); 

axis([1 10000 0 1]) 

ylbl=sprintf('%c',945); 

ylabel(ylbl); 

xlabel('t/s'); 

set(gca,'xscale','log') 

% saveas(fig,'C:\Users\Owner\Google Drive\Doctorat\1st year\Besenius\Moments 

model\Besenius_Fitroutine_T_var_unseeded_multifit_Eyring\Model_data_overlay.png') 

% saveas(fig,'C:\Users\Owner\Google Drive\Doctorat\1st year\Besenius\Moments 

model\Besenius_Fitroutine_T_var_unseeded_multifit_Eyring\Model_data_overlay.eps') 

hold off 

 

save('T_var_kopt_nuc_elong_frag_Nucsize_fix_multifit_Eyring') 

toc % stop timer 

Elapsed time is 3.027391 seconds. 

end 

 



 



 



 



 



⧫ ▲ ●



𝝉𝟏/𝟐 = 𝒂 𝒎𝟎
𝜸

𝜸 =

−𝟑. 𝟔𝟏

https://www.amylofit.ch.cam.ac.uk/fit


𝑛1 𝑛2

𝑘𝑛1 2.84 ± 0.64 ∙ 10−10 𝐿5𝑚𝑜𝑙−5𝑠−1 4.79 (−1.99
+0.59) ∙ 10−5 𝐿5𝑚𝑜𝑙−5𝑠−1

𝑘𝑛2 4.81 ± 0.11 ∙ 104 𝐿6𝑚𝑜𝑙−6𝑠−1 1.75 (−0.15
+0.19) ∙ 104 𝐿6𝑚𝑜𝑙−6𝑠−1

𝑘𝑒 1.69 ± 0.02 ∙ 103 𝐿 𝑚𝑜𝑙−1𝑠−1 1.67 (−0.16
+0.12) ∙ 103 𝐿 𝑚𝑜𝑙−1𝑠−1

𝑛1 𝑛2 𝑘𝑛1

𝑘𝑛2 𝑘𝑒

𝑘𝑜𝑓𝑓 10−9 𝑠−1

 







 





~

 





 

 



𝑘𝑎𝑝𝑝 (𝑠
−1)

5.91 ±  0.05 ∙  10−4

7.70 ±  0.17 ∙  10−4

1.24 ±  0.04 ∙  10−3

1.17 ±  0.06 ∙  10−3



Figure 3.13 
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



 



𝑑𝑃(𝑡)

𝑑𝑡
= 𝑘𝑛1𝑚(𝑡)𝑛1 + 𝑘𝑛2𝑚(𝑡)𝑛2𝑀(𝑡)

𝑑𝑀(𝑡)

𝑑𝑡
= 2(𝑚(𝑡)𝑘𝑒 − 𝑘𝑜𝑓𝑓)𝑃(𝑡) + 𝑛1𝑘𝑛1𝑚(𝑡)𝑛1 + 𝑛2𝑘𝑛2𝑀(𝑡)𝑚(𝑡)𝑛2

𝑃(𝑡)

𝑀(𝑡)

 𝑚(𝑡) 𝑘𝑛1

𝑘𝑛2 𝑘𝑒

𝑘𝑜𝑓𝑓 𝑛1

𝑛2

𝑀(𝑡)

𝑀(𝑡)

𝑀(∞)
= 1 − (1 −

𝑀(0)

𝑀(∞)
) × (

𝐵++𝐶+

𝐵++𝐶+𝑒𝜅𝑡

𝐵−+𝐶+𝑒𝜅𝑡

𝐵−+𝐶+
)

𝑘∞
2

𝜅𝑘̃∞ 𝑒−𝑘∞𝑡

𝑀(0) 𝑀(∞)

𝜅 = √2𝑘𝑛2𝑚(0)𝑛2(𝑚(0)𝑘𝑒 − 𝑘𝑜𝑓𝑓)  

 𝜆 = √2𝑘𝑒𝑘𝑛1𝑚(0)𝑛1  

𝐶± = 
𝑘𝑒𝑃(0)

𝜅
±

𝑘𝑒𝑀(0)

[2(𝑚(0)𝑘𝑒−𝑘𝑜𝑓𝑓)]
±

𝜆2

2𝜅2 



𝑘∞ = 𝜅√ 2

𝑛2(𝑛2+1)
+

2𝜆2

𝑛1𝜅2 +
2𝑀(0)

𝑛2𝑚(0)
+ (

2𝑘𝑒𝑃(0)

𝜅
)
2

𝑘̃∞ = √𝑘∞
2 − 4𝐶+𝐶−𝜅2

𝐵± =
𝑘∞±𝑘̃∞

2𝜅

𝑃(0) 𝑚(0)

𝑀(𝑡)

𝑛1 𝑛2

𝑘𝑜𝑓𝑓

10−9 𝑠−1

𝑃(0)



 

 

function [Alpha] = 

polymfit_knowles2seeded_secondarynucleation_multifit(t,kfe,kfn,kfn2,koff,x1,x2,c1,s1,c2,s2,c3

,s3,c4,s4,c5,s5,n1,n2,n3,n4,n5,P1,P2) 

% THIS MODEL DESCRIBES COOPERATIVE SUPRAMOLECULAR POLYMERIZATION (nuc. size 

% x) - using the linearized moments equations taking into account 

% secondary nucleation 

% cf T. P. J. Knowles, et al., Nat. Protoc. 2016, 11, 252–272. 

% Georges Formon 28 Aug 2019 - HERMANS@UNISTRA.FR 

% kfn: primary nucleation; 

% kfn2: secondary nucleation; 

% kfe: Elongation; 

% koff: Depolymerization (negligeable and set to a small global constant koff=1e-9) 

% ###################################################################### 

% ###################################################################### 

nt=size(t); 

tu = unique(t); 

ntu=size(tu); 

 

if nt(1)==ntu(1) 

  Alpha(1:nt,1)=1; 

else 

kfn=kfn/1000; 

M0 = s1; %Polymer initial molar concentration 

P0 = 0; %Initial Polymer number concentration 

m0=c1; %monomer inital molar concentration 

 

K = sqrt((2.*m0.^x2).*(m0.*kfe-koff).*kfn2); 

 

L = sqrt(2.*kfe.*kfn.*m0.^x1); 

 

C_p = kfe.*P0./K + kfe.*M0./(2.*(m0.*kfe-koff)) + (L.^2)./(2.*K.^2); 

 

C_m = kfe.*P0./K - kfe.*M0./(2.*(m0.*kfe-koff)) - (L.^2)./(2.*K.^2); 

 

k_inf = 

K*sqrt((2./(x2.*(x2+1)))+((2.*L^2)./(x1.*K^2))+((2.*M0)./(x2.*m0))+((2*kfe*P0)/(K))^2); 

 

k_inf_ = sqrt(k_inf.^2 - 2.*C_p.*C_m.*K.^2); 

 

B_p = (k_inf+k_inf_)./(2.*K); 

 

B_m = (k_inf-k_inf_)./(2.*K); 

 



  Alpha(1:n1,1)=(1-(1-M0./(M0+m0)).*exp(-

k_inf.*t(1:n1,1)).*(((B_m+C_p.*exp(K.*t(1:n1,1)))./(B_p+C_p.*exp(K.*t(1:n1,1))).*((B_p+C_p)).

/(B_m+C_p))).^((k_inf.^2)./(K.*k_inf_)))*100; %%%output 

M0 = s2; %Polymer initial molar concentration 

P0 = 0;%Initial Polymer number concentration 

m0=c2; %Monomer inital molar concentration 

 

K = sqrt((2.*m0.^x2).*(m0.*kfe-koff).*kfn2); 

 

L = sqrt(2.*kfe.*kfn.*m0.^x1); 

 

C_p = kfe.*P0./K + kfe.*M0./(2.*(m0.*kfe-koff)) + (L.^2)./(2.*K.^2); 

 

C_m = kfe.*P0./K - kfe.*M0./(2.*(m0.*kfe-koff)) - (L.^2)./(2.*K.^2); 

 

k_inf = 

K*sqrt((2./(x2.*(x2+1)))+((2.*L^2)./(x1.*K^2))+((2.*M0)./(x2.*m0))+((2*kfe*P0)/(K))^2); 

 

k_inf_ = sqrt(k_inf.^2 - 2.*C_p.*C_m.*K.^2); 

 

B_p = (k_inf+k_inf_)./(2.*K); 

 

B_m = (k_inf-k_inf_)./(2.*K); 

 

  Alpha(n1+1:n1+n2,1)=(1-(1-M0./(M0+m0)).*exp(-

k_inf.*t(n1+1:n1+n2,1)).*(((B_m+C_p.*exp(K.*t(n1+1:n1+n2,1)))./(B_p+C_p.*exp(K.*t(n1+1:n1+n2,

1))).*((B_p+C_p))./(B_m+C_p))).^((k_inf.^2)./(K.*k_inf_)))*100; %%%output 

M0 = s3; %Polymer initial molar concentration 

P0 = 0; %Initial Polymer number concentration 

m0 = c3; %Monomer inital molar concentration 

 

K = sqrt((2.*m0.^x2).*(m0.*kfe-koff).*kfn2); 

 

L = sqrt(2.*kfe.*kfn.*m0.^x1); 

 

C_p = kfe.*P0./K + kfe.*M0./(2.*(m0.*kfe-koff)) + (L.^2)./(2.*K.^2); 

 

C_m = kfe.*P0./K - kfe.*M0./(2.*(m0.*kfe-koff)) - (L.^2)./(2.*K.^2); 

 

k_inf = 

K*sqrt((2./(x2.*(x2+1)))+((2.*L^2)./(x1.*K^2))+((2.*M0)./(x2.*m0))+((2*kfe*P0)/(K))^2); 

 

k_inf_ = sqrt(k_inf.^2 - 2.*C_p.*C_m.*K.^2); 

 

B_p = (k_inf+k_inf_)./(2.*K); 

 

B_m = (k_inf-k_inf_)./(2.*K); 

 

  Alpha(n1+n2+1:n1+n2+n3,1)=(1-(1-M0./(M0+m0)).*exp(-



k_inf.*t(n1+n2+1:n1+n2+n3,1)).*(((B_m+C_p.*exp(K.*t(n1+n2+1:n1+n2+n3,1)))./(B_p+C_p.*exp(K.*t

(n1+n2+1:n1+n2+n3,1))).*((B_p+C_p))./(B_m+C_p))).^((k_inf.^2)./(K.*k_inf_)))*100; %%%output 

M0 = s4; %Polymer initial molar concentration 

P0 = P1; %Initial Polymer number concentration 

m0 = c4; %Monomer inital molar concentration 

 

K = sqrt((2.*m0.^x2).*(m0.*kfe-koff).*kfn2); 

 

L = sqrt(2.*kfe.*kfn.*m0.^x1); 

 

C_p = kfe.*P0./K + kfe.*M0./(2.*(m0.*kfe-koff)) + (L.^2)./(2.*K.^2); 

 

C_m = kfe.*P0./K - kfe.*M0./(2.*(m0.*kfe-koff)) - (L.^2)./(2.*K.^2); 

 

k_inf = 

K*sqrt((2./(x2.*(x2+1)))+((2.*L^2)./(x1.*K^2))+((2.*M0)./(x2.*m0))+((2*kfe*P0)/(K))^2); 

 

k_inf_ = sqrt(k_inf.^2 - 2.*C_p.*C_m.*K.^2); 

 

B_p = (k_inf+k_inf_)./(2.*K); 

 

B_m = (k_inf-k_inf_)./(2.*K); 

 

  Alpha(n1+n2+n3+1:n1+n2+n3+n4,1)=(1-(1-M0./(M0+m0)).*exp(-

k_inf.*t(n1+n2+n3+1:n1+n2+n3+n4,1)).*(((B_m+C_p.*exp(K.*t(n1+n2+n3+1:n1+n2+n3+n4,1)))./(B_p+C

_p.*exp(K.*t(n1+n2+n3+1:n1+n2+n3+n4,1))).*((B_p+C_p))./(B_m+C_p))).^((k_inf.^2)./(K.*k_inf_))

)*100; %%%output 

M0 = s5; %Polymer initial molar concentration 

P0 = P2; %Initial Polymer number concentration 

m0 = c5; %Monomer inital molar concentration 

 

K = sqrt((2.*m0.^x2).*(m0.*kfe-koff).*kfn2); 

 

L = sqrt(2.*kfe.*kfn.*m0.^x1); 

 

C_p = kfe.*P0./K + kfe.*M0./(2.*(m0.*kfe-koff)) + (L.^2)./(2.*K.^2); 

 

C_m = kfe.*P0./K - kfe.*M0./(2.*(m0.*kfe-koff)) - (L.^2)./(2.*K.^2); 

 

k_inf = 

K*sqrt((2./(x2.*(x2+1)))+((2.*L^2)./(x1.*K^2))+((2.*M0)./(x2.*m0))+((2*kfe*P0)/(K))^2); 

 

k_inf_ = sqrt(k_inf.^2 - 2.*C_p.*C_m.*K.^2); 

 

B_p = (k_inf+k_inf_)./(2.*K); 

 

B_m = (k_inf-k_inf_)./(2.*K); 

 

 

Alpha(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1)=(1-(1-M0./(M0+m0)).*exp(-



k_inf.*t(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1)).*(((B_m+C_p.*exp(K.*t(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,

1)))./(B_p+C_p.*exp(K.*t(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1))).*((B_p+C_p))./(B_m+C_p))).^((k_inf

.^2)./(K.*k_inf_)))*100; %%%output 

end 

end 

 

function SacCHO_Fitroutine_multifit_seeded 

%%Fitting routine for analyze experimental data using a cooperative supramolecular 

polymerization model 

% Georges Formon - 05 August 2019 (Hermans@unistra.fr) 

close all 

% clear all 

load('All_kinetics_revisions.mat'); 

N=1; 

[n1,m1]=size(kin_1mgc); 

 

t(1:n1,1)=kin_1mgc(:,1); 

 

Y(1:n1,1)=kin_1mgc(:,2)*100; 

c1=0.0268; 

s1=0; 

N=2; 

[n2,m2]=size(kin_1_25mgc); 

 

 

t(n1+1:n1+n2,1)=kin_1_25mgc(:,1); 

 

Y(n1+1:n1+n2,1)=kin_1_25mgc(:,2)*100; 

c2=0.0335; 

s2=0; 

N=3; 

[n3,m3]=size(kin_1_5mgc); 

 

 

t(n1+n2+1:n1+n2+n3,1)=kin_1_5mgc(:,1); 

 

Y(n1+n2+1:n1+n2+n3,1)=kin_1_5mgc(:,2)*100; 

c3=0.0402; 

s3=0; 



N=4; 

[n4,m4]=size(kin_10percentseeds); 

 

t(n1+n2+n3+1:n1+n2+n3+n4,1)=kin_10percentseeds(:,1); 

 

Y(n1+n2+n3+1:n1+n2+n3+n4,1)=kin_10percentseeds(:,2)*100; 

 

c4=0.02948; 

s4=2.68e-3; 

N=5; 

[n5,m5]=size(kin_20percentseeds); 

 

t(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1)=kin_20percentseeds(:,1); 

 

Y(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1)=kin_20percentseeds(:,2)*100; 

 

c5=0.03216; 

s5=5.36e-3; 

tic % start timer 

koff=1e-9; 

x1=6; 

x2=6; 

P1=1e-5; 

P2=2e-5; 

 

    fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [2000 4.79e-5 50000], 

... 

      'Lower', [1e-5 1e-12 1e-5], 'Upper', [1e6 1e-3 1e6],... 

      'TolFun',1e-16,'TolX',1e-8,'MaxIter',40000,'MaxFunEval',48000,... 

      'DiffMaxChange',1e6,'Algorithm','Trust-Region','Robust','LAR','Normalize','off') 

    ftmm = 

fittype('polymfit_knowles2seeded_secondarynucleation_multifit(t,kfe,kfn,kfn2,koff,x1,x2,c1,s1

,c2,s2,c3,s3,c4,s4,c5,s5,n1,n2,n3,n4,n5,P1,P2)',... 

      'coefficients',{'kfe','kfn','kfn2'},... 

      'independent', 't',... 

      

'problem',{'koff','x1','x2','c1','s1','c2','s2','c3','s3','c4','s4','c5','s5','n1','n2','n3',

'n4','n5','P1','P2'},... 

      'options',fomm) 

    [f,gof,output] = fit (t,Y, ftmm,'problem',{koff,x1,x2,c1-s1,s1,c2-s2,s2,c3-s3,s3,c4-

s4,s4,c5-s5,s5,n1,n2,n3,n4,n5,P1,P2}) 

 

Y_val=polymfit_knowles2seeded_secondarynucleation_multifit(t,f.kfe,f.kfn,f.kfn2,f.koff,f.x1,f

.x2,c1-s1,s1,c2-s2,s2,c3-s3,s3,c4-s4,s4,c5-s5,s5,n1,n2,n3,n4,n5,f.P1,f.P2)/100; 

  

fomm = 



  

    Normalize: 'off' 

     Exclude: [] 

     Weights: [] 

      Method: 'NonlinearLeastSquares' 

      Robust: 'LAR' 

    StartPoint: [2000 4.7900e-05 50000] 

      Lower: [1.0000e-05 1.0000e-12 1.0000e-05] 

      Upper: [1000000 1.0000e-03 1000000] 

    Algorithm: 'Trust-Region' 

  DiffMinChange: 1.0000e-08 

  DiffMaxChange: 1000000 

     Display: 'Notify' 

   MaxFunEvals: 48000 

     MaxIter: 40000 

      TolFun: 1.0000e-16 

       TolX: 1.0000e-08 

 

 

ftmm =  

 

   General model: 

   ftmm(kfe,kfn,kfn2,koff,x1,x2,c1,s1,c2,s2,c3,s3,c4,s4,c5,s5,n1,n2,n3,n4,n5, 

          P1,P2,t) = polymfit_knowles2seeded_secondarynucleation_multifit(t, 

          kfe,kfn,kfn2,koff,x1,x2,c1,s1,c2,s2,c3,s3,c4,s4,c5, 

          s5,n1,n2,n3,n4,n5,P1,P2) 

 

f =  

 

   General model: 

   f(t) = polymfit_knowles2seeded_secondarynucleation_multifit(t,kfe,kfn,kfn2, 

          koff,x1,x2,c1,s1,c2,s2,c3,s3,c4,s4,c5,s5,n1,n2,n3,n4, 

          n5,P1,P2) 

   Coefficients (with 95% confidence bounds): 

    kfe =    1687 (1666, 1708) 

    kfn =  2.438e-07 (1.887e-07, 2.99e-07) 

    kfn2 =  4.855e+04 (4.748e+04, 4.962e+04) 

   Problem parameters: 

    koff =    1e-09 

    x1 =      6 

    x2 =      6 

    c1 =   0.0268 

    s1 =      0 

    c2 =   0.0335 

    s2 =      0 

    c3 =   0.0402 

    s3 =      0 

    c4 =   0.0268 

    s4 =   0.00268 

    c5 =   0.0268 

    s5 =   0.00536 

    n1 =     350 

    n2 =     150 

    n3 =     122 

    n4 =     63 

    n5 =     86 

    P1 =    1e-05 

    P2 =    2e-05 



 

gof =  

 

      sse: 666.7769 

    rsquare: 0.9996 

      dfe: 768 

  adjrsquare: 0.9996 

     rmse: 0.9318 

 

 

output =  

 

      numobs: 771 

     numparam: 3 

    residuals: [771x1 double] 

     Jacobian: [771x3 double] 

     exitflag: 2 

  firstorderopt: 4.0901e+04 

    iterations: 599 

    funcCount: 2604 

   cgiterations: 0 

    algorithm: 'trust-region-reflective' 

     message: [1x87 char] 

 

mod1=Y_val(1:n1,1); 

 

mod2=Y_val(n1+1:n1+n2,1); 

 

mod3=Y_val(n1+n2+1:n1+n2+n3,1); 

 

mod4=Y_val(n1+n2+n3+1:n1+n2+n3+n4,1); 

 

mod5=Y_val(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1); 

 

 

h=figure; 

plot(kin_1mgc(:,1),kin_1mgc(:,2),'s','MarkerEdgeColor',[0 0 204/255],'MarkerFaceColor',[0 0 

204/255],'MarkerSize',8) 

hold on 

plot(kin_1_25mgc(:,1),kin_1_25mgc(:,2),'s','MarkerEdgeColor',[102/255 0 

204/255],'MarkerFaceColor',[102/255 0 204/255],'MarkerSize',8) 

hold on 

plot(kin_1_5mgc(:,1),kin_1_5mgc(:,2),'s','MarkerEdgeColor',[204/255 0 

204/255],'MarkerFaceColor',[204/255 0 204/255],'MarkerSize',8) 

hold on 

plot(kin_10percentseeds(:,1),kin_10percentseeds(:,2),'s','MarkerEdgeColor',[204/255 0 

102/255],'MarkerFaceColor',[204/255 0 102/255],'MarkerSize',8) 

hold on 

plot(kin_20percentseeds(:,1),kin_20percentseeds(:,2),'s','MarkerEdgeColor',[204/255 0 

0],'MarkerFaceColor',[204/255 0 102/255],'MarkerSize',8) 

hold on 

plot(kin_1mgc(:,1),mod1,'-','LineWidth',3,'Color',[0 0 204/255]) 

hold on 

plot(kin_1_25mgc(:,1),mod2,'-','LineWidth',3,'Color',[102/255 0 204/255]) 

hold on 



plot(kin_1_5mgc(:,1),mod3,'-','LineWidth',3,'Color',[204/255 0 204/255]) 

hold on 

plot(kin_10percentseeds(:,1),mod4,'-','LineWidth',3,'Color',[204/255 0 102/255]) 

hold on 

plot(kin_20percentseeds(:,1),mod5,'-','LineWidth',3,'Color',[204/255 0 0]) 

hold off 

set(gca,'FontName','arial','FontSize',24,'LineWidth',2.5,'box','off') 

xlabel('Time (sec.)','FontName','arial','FontSize',24,'FontWeight','bold') 

ylabel('Normalised Absorbance @500nm','FontName','arial','FontSize',24,'FontWeight','bold'); 

legend({'26.8 mM','33.5 mM' ,'40.2 mM','9% seeds','17% seeds','26.8 mM – Fit','33.5 mM – Fit' 

,'40.2 mM – Fit','9% seeds – Fit','17% seeds – 

Fit'},'FontName','arial','FontSize',17,'FontWeight','bold','Location','SouthEast'); 

legend('boxoff') 

set(gcf,'color','w','Position', [470, 200, 1000, 750]); 

ylim([-0.00 1.00]) 

% title('G\deltaL 233 mM','FontName','arial','FontSize',24,'FontWeight','bold') 

 

 

h=figure; 

plot(kin_1mgc(:,1),kin_1mgc(:,2),'o') 

hold on 

plot(kin_1mgc(:,1),mod1,'-') 

hold off 

title('26.8 mM') 

 

 

h=figure; 

plot(kin_1_25mgc(:,1),kin_1_25mgc(:,2),'o') 

hold on 

plot(kin_1_25mgc(:,1),mod2,'-') 

hold off 

title('40 mM') 

 

h=figure; 

plot(kin_1_5mgc(:,1),kin_1_5mgc(:,2),'o') 

hold on 

plot(kin_1_5mgc(:,1),mod3,'-') 

hold off 

title('53.6 mM') 

 

h=figure; 

plot(kin_10percentseeds(:,1),kin_10percentseeds(:,2),'o') 

hold on 

plot(kin_10percentseeds(:,1),mod4,'-') 

hold off 

title('10% seeds') 

 

h=figure; 

plot(kin_20percentseeds(:,1),kin_20percentseeds(:,2),'o') 

hold on 

plot(kin_20percentseeds(:,1),mod5,'-') 

hold off 

title('30% seeds') 

 

 

 

 

Y_val=polymfit_knowles2seeded_secondarynucleation_multifit(t,1666.3,4.79e-



5*1000,17517.0,koff,x1,x2,c1,s1,c2,s2,c3,s3,c4,s4,c5,s5,n1,n2,n3,n4,n5,P1,P2)/100; 

 

 

mod1=Y_val(1:n1,1); 

 

mod2=Y_val(n1+1:n1+n2,1); 

 

mod3=Y_val(n1+n2+1:n1+n2+n3,1); 

 

mod4=Y_val(n1+n2+n3+1:n1+n2+n3+n4,1); 

 

mod5=Y_val(n1+n2+n3+n4+1:n1+n2+n3+n4+n5,1); 

 

 

h=figure; 

plot(kin_1mgc(:,1),kin_1mgc(:,2),'s','MarkerEdgeColor',[0 0 204/255],'MarkerFaceColor',[0 0 

204/255],'MarkerSize',8) 

hold on 

plot(kin_1_25mgc(:,1),kin_1_25mgc(:,2),'s','MarkerEdgeColor',[102/255 0 

204/255],'MarkerFaceColor',[102/255 0 204/255],'MarkerSize',8) 

hold on 

plot(kin_1_5mgc(:,1),kin_1_5mgc(:,2),'s','MarkerEdgeColor',[204/255 0 

204/255],'MarkerFaceColor',[204/255 0 204/255],'MarkerSize',8) 

hold on 

plot(kin_10percentseeds(:,1),kin_10percentseeds(:,2),'s','MarkerEdgeColor',[204/255 0 

102/255],'MarkerFaceColor',[204/255 0 102/255],'MarkerSize',8) 

hold on 

plot(kin_20percentseeds(:,1),kin_20percentseeds(:,2),'s','MarkerEdgeColor',[204/255 0 

0],'MarkerFaceColor',[204/255 0 102/255],'MarkerSize',8) 

hold on 

plot(kin_1mgc(:,1),mod1,'-','LineWidth',3,'Color',[0 0 204/255]) 

hold on 

plot(kin_1_25mgc(:,1),mod2,'-','LineWidth',3,'Color',[102/255 0 204/255]) 

hold on 

plot(kin_1_5mgc(:,1),mod3,'-','LineWidth',3,'Color',[204/255 0 204/255]) 

hold on 

plot(kin_10percentseeds(:,1),mod4,'-','LineWidth',3,'Color',[204/255 0 102/255]) 

hold on 

plot(kin_20percentseeds(:,1),mod5,'-','LineWidth',3,'Color',[204/255 0 0]) 

hold off 

set(gca,'FontName','arial','FontSize',24,'LineWidth',2.5,'box','off') 

xlabel('Time (sec.)','FontName','arial','FontSize',24,'FontWeight','bold') 

ylabel('Normalised Absorbance @500nm','FontName','arial','FontSize',24,'FontWeight','bold'); 

legend({'26.8 mM','33.5 mM' ,'40.2 mM','9% seeds','17% seeds','26.8 mM – Fit','33.5 mM – Fit' 

,'40.2 mM – Fit','9% seeds – Fit','17% seeds – 

Fit'},'FontName','arial','FontSize',17,'FontWeight','bold','Location','SouthEast'); 

legend('boxoff') 

set(gcf,'color','w','Position', [470, 200, 1000, 750]); 

ylim([-0.00 1.00]) 

% title('G\deltaL 233 mM','FontName','arial','FontSize',24,'FontWeight','bold') 

 

 

h=figure; 

plot(kin_1mgc(:,1),kin_1mgc(:,2),'o') 

hold on 

plot(kin_1mgc(:,1),mod1,'-') 

hold off 

title('26.8 mM') 



 

h=figure; 

plot(kin_1_25mgc(:,1),kin_1_25mgc(:,2),'o') 

hold on 

plot(kin_1_25mgc(:,1),mod2,'-') 

hold off 

title('33.5 mM') 

 

h=figure; 

plot(kin_1_5mgc(:,1),kin_1_5mgc(:,2),'o') 

hold on 

plot(kin_1_5mgc(:,1),mod3,'-') 

hold off 

title('40.2 mM') 

 

h=figure; 

plot(kin_10percentseeds(:,1),kin_10percentseeds(:,2),'o') 

hold on 

plot(kin_10percentseeds(:,1),mod4,'-') 

hold off 

title('10% seeds') 

 

h=figure; 

plot(kin_20percentseeds(:,1),kin_20percentseeds(:,2),'o') 

hold on 

plot(kin_20percentseeds(:,1),mod5,'-') 

hold off 

title('20% seeds') 





end 
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kB𝑇



 



𝒈𝑽𝑽
(𝟏)

(𝒒, 𝒕)

𝑮(𝝉)



 

𝑅(𝑞) 𝑞

𝑑𝐹 = 1 𝑑𝐹 = 3 𝑑𝐹 =

1.7 ± 0.2

𝑑𝐹 = 1.77– 1.85



 

𝑅(𝑞)

𝑑𝐹

1.7 ± 0.2 2.2 ± 0.2 2.6 ± 0.2

𝑅(𝑞) ~ 𝑟6 𝑟



𝑹(𝒒)

𝑹(𝒒)

 



𝒎



 

𝐸𝑚𝑎𝑔,1 = −
1

2
𝑚 𝐵 = 3 

1

2 𝜇0
 𝜒 𝑉𝐵2 =

3

2
 
𝑚𝑒𝑓𝑓

2  𝐵2

3 kB𝑇
 =

𝑚𝑒𝑓𝑓
2  𝐵2

2 kB𝑇
 

𝑚 𝐵 𝑇  𝜒

𝑉 𝑚𝑒𝑓𝑓

µ𝐵

𝐿𝑐 𝑁𝑐

|𝐸𝑚𝑎𝑔| ≥ kB𝑇

𝐸𝑚,𝑟𝑜𝑑 = 𝑁𝑐 𝐸𝑚,1 =
𝐿𝑐

𝑑𝜋−𝜋
𝐸𝑚,1

𝑑𝜋−𝜋

kB 𝑇

𝐿𝑐 =
𝑑 kB 𝑇

𝐸𝑚,1
= 2 𝑑 (

kB 𝑇

𝑚𝑒𝑓𝑓 𝐵
)

2



𝑚𝑒𝑓𝑓

µ𝐵

𝐸𝑚,1 𝐿𝑐

kB 𝑇

𝐾𝑠

𝐾𝑠 =
1

4
 𝜇0 𝑀𝑠

2 (1 − 3𝑁)

𝑁 𝑁 = 0

𝑀𝑠

𝜇0

𝑀𝑠 = 600 Am−1 𝐾𝑠 =

0.11 Jm−3 𝑉𝑐 = 𝑘𝐵𝑇 𝐾𝑠⁄ = 36 ∙ 10−21 m3

4 ∙ 10−24 m3 𝑘𝐵𝑇



𝑘𝐵𝑇

 

kB𝑇



 

𝒅𝑭

𝑑𝑓
̅̅ ̅



𝒅𝑩
̅̅ ̅̅ 𝒅𝑴

̅̅ ̅̅ 𝒅𝑿
̅̅ ̅̅

 𝑑𝐵
̅̅̅̅  𝑑𝑀

̅̅ ̅̅  𝑑𝑋
̅̅̅̅  

 

 

 

 



 

𝑉𝑟𝑜𝑑 = 𝜋𝑟2𝑑𝜋−𝜋 = 557 nm3 

𝐵 =  2 T 𝑇 =  298 K

𝑚𝑒𝑓𝑓 ≈  0.12 𝜇𝐵 𝜇𝐵

9.27 ∙ 10−24 J. T−1

𝑀𝑠 = 0.12 𝜇𝐵 ∙ 0.54 ∙ 1027 𝑚−3 = 600 A.m−1

𝑀𝑠 𝐵

𝐵 𝐵

𝐵

𝑀 =  595.1 A. m−1 𝐵

𝑀 =  594.8 A.m−1

600 A. m−1

𝑀𝑠 = 600 A. m−1



 

 

  



𝒎 𝑬𝒎,𝟏

∆𝑮𝒎,𝟏 𝑳𝒄 𝑵𝒄

𝑚 𝐸𝑚,1 ∆𝐺𝑚,1 𝐿𝑐 𝑁𝑐



 

 

 

 



 

 

𝑔𝑉𝑉
(1)(𝑞, 𝑡) 𝑞  

𝑞 =
4 𝜋 𝑛0

𝜆
sin (

𝜃

2
)

𝑛0 𝜆 𝜃

𝐺(𝜏)

𝜏

𝛤 = 𝜏−1

𝐷𝐻

𝛤 = 𝐷𝐻 ∙ 𝑞2

𝑅𝐻 =
𝑘𝐵 𝑇

6 𝜋 𝜂 𝐷𝐻

𝑘𝐵 𝑇 𝜂

 



 

 

𝐼𝑠𝑎𝑚

𝑅(𝑞)

𝐼𝑠𝑎𝑚

𝑅(𝑞) =
𝐼𝑠𝑎𝑚 − 𝐼𝑏

𝐼𝑟𝑒𝑓
· 𝑅𝑟𝑒𝑓 · (

𝑛0

𝑛𝑟𝑒𝑓
)

2

 

𝐼𝑏

𝐼𝑟𝑒𝑓

𝑅𝑟𝑒𝑓

𝑛0

𝑛𝑟𝑒𝑓

𝑞 =
4 𝜋 𝑛0 · sin (

𝜃
2
)

𝜆

𝜃

𝑞

𝑅(𝑞) ~ 𝑞−𝑑𝐹

𝑑𝐹



𝑑𝐹

 

𝑑𝑓  = lim
𝜀→0

ln 𝑁𝜀

ln 𝜀
 

 



 

𝑁𝑚

B = 𝐵𝑥 x̂ + 𝐵𝑦 ŷ + 𝐵𝑧 ẑ
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𝑰𝟓𝟎𝟎/𝑰𝟓𝟒𝟎

[𝜃]



𝐼500/𝐼540

∆𝐺 = −31.4 ± 0.8 kJ/mol 298 K

𝑚 = 18.5 ± 0.8 kJ/mol

~1.9 kJ/mol

∆𝐺 ~ − 13 kJ/mol

𝜶 𝒇𝑴𝒆𝑶𝑯
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𝛼

𝑇𝑅



𝜶 𝑻𝑹

∆𝐻

𝐼500/𝐼540 𝛼



∆𝐻 ∆𝐻

−30.60 ± 0.23 kJ/mol −9.07 ± 1.01 kJ/mol

−31.01 ± 0.38 kJ/mol −9.88 ± 0.78 kJ/mol

−33.44 ± 0.16 kJ/mol −10.87 ± 0.87 kJ/mol

−27.47 ± 0.13 kJ/mol −9.76 ± 0.87 kJ/mol
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−30 kJ/mol
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−30 kJ/mol



 

𝑔𝑉𝑉
(1)(𝑞, 𝑡)

𝛤

𝑞2

𝐷𝐻 𝐷𝐻

𝑅𝐻

𝑅𝐻



𝑅𝐻

𝑅𝐻



 

−30 kJ/mol



 





𝜺



𝜺 [𝜽]



∆𝐻
−30.60 

± 0.23 kJ/mol

−31.01 

± 0.38 kJ/mol

−33.44 

± 0.16 kJ/mol

−27.47 

± 0.13 kJ/mol

𝑇𝑚,800µM 413.7 ± 1.0 K − − 420.1 ± 0.6 K

𝑇𝑚,160µM 384.0 ± 0.6 K 385.2 ± 0.8 K 379.9 ± 0.3 K 385.7 ± 0.4 K

𝑇𝑚,40µM 359.2 ± 0.4 K 364.1 ± 0.5 K 365.4 ± 0.2 K 360.4 ± 0.3 K

𝑇𝑚,8µM 323.0 ± 0.3 K 335 ± 0.4 K 333.9 ± 0.2 K −

𝑇𝑚,4µM 314.9 ± 0.3 K − − 309.6 ± 0.2 K

𝑇𝑚,0.8µM 298.8 ± 0.3 K 296.3 ± 0.4 K 300.9 ± 0.2 K 290.6 ± 0.2 K

0.9986 0.9978 0.9996 0.9996

𝐼500/𝐼540 1.919 ± 0.004 1.842 ± 0.005 1.866 ± 0.002 1.966 ± 0.002
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𝑇𝑚,800µM 307.2 ± 8.0 K 320.6 ± 9.2 K 326.3 ± 8.3 K −

𝑇𝑚,160µM 273.3 ± 9.8 K 275.8 ± 6.5 K 296.0 ± 6.7 K 289.7 ± 8.8 K

𝑇𝑚,40µM 267.1 ± 9.5 K 258.4 ± 6.0 K 292.2 ± 5.5 K 263.7 ± 7.3 K

𝑇𝑚,8µM − 261.3 ± 6.1 K 250.5 ± 5.4 K 243 ± 6.6 K
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function [Alpha]=isodesmic_equilibria_UV_equations_solvent(Sol,G,UVmax,T,c,m) 

G_eff=G+m*Sol; 

 

K=exp(-G_eff./(8.314*T)); 

 

MtK=c*K; 

 

Alpha=(UVmax-0.65).*(1-((2.*MtK+1)-sqrt(4.*MtK+1))./(2.*MtK.^2))+0.65; 

end 

function isodesmic_equilibria_UV_Solvent 



close all 

load('GF03_Y_solvent_UV.mat') 

 

c=40e-6; 

T=298; 

Sol=S_50uM; 

UV=ratio_50uM; 

 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [-40000,1,2], ... 

  'Lower', [-100000,0,1], 'Upper', [-10000,100000,4],... 

  'TolFun',1e-16,'TolX',1e-16,'MaxIter',5000,'MaxFunEval',2500,'Display','off') 

 

ftmm = fittype('isodesmic_equilibria_UV_equations_solvent(Sol,G,UVmax,T,c,m)',... 

  'coefficients',{'G','m','UVmax'},... 

  'independent', {'Sol'},... 

  'problem',{'T','c'},... 

  'options',fomm) 

 

[f,gof,output] = fit (Sol, UV, ftmm,'problem',{T,c}); 

 

Alpha=(UV-0.65)./(f.UVmax-0.65); 

Alpha_m=(isodesmic_equilibria_UV_equations_solvent(Sol,f.G,f.UVmax,f.T,f.c,f.m)-

0.65)/(f.UVmax-0.65); 

 

% 

% h=figure; 

% plot(Sol,Alpha_m); 

% hold on 

% scatter(Sol,Alpha,'o','MarkerEdgeColor',[1 0 0]); 

hold off 

% plot(Tr,Alpha_model,'-','LineWidth',3,'Color',[0 0 0]) 

% hold off 

% xlabel('Tr') 

% ylbl=sprintf('%c',945); 

% ylabel(ylbl); 

% legend('1 mM','50 \muM','10 \muM','Model') 

 

c=400e-6; 

T=298; 

Sol=S_500uM; 

UV=ratio_500uM; 

 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [-40000,1,2], ... 

  'Lower', [-100000,0,1], 'Upper', [-10000,100000,4],... 

  'TolFun',1e-16,'TolX',1e-16,'MaxIter',5000,'MaxFunEval',2500,'Display','off') 

 

ftmm = fittype('isodesmic_equilibria_UV_equations_solvent(Sol,G,UVmax,T,c,m)',... 

  'coefficients',{'G','m','UVmax'},... 

  'independent', {'Sol'},... 

  'problem',{'T','c'},... 

  'options',fomm) 

 

[f,gof,output] = fit(Sol, UV, ftmm,'problem',{T,c}); 

 

Alpha=(UV-0.65)./(f.UVmax-0.65); 

Alpha_m=(isodesmic_equilibria_UV_equations_solvent(Sol,f.G,f.UVmax,f.T,f.c,f.m)-

0.65)/(f.UVmax-0.65); 

 



% h=figure; 

% plot(Sol,Alpha_m); 

% hold on 

% scatter(Sol,Alpha,'o','MarkerEdgeColor',[1 0 0]); 

% hold off 

Sol(1:7,1)=S_500uM(:,1); 

Sol(8:14,1)=S_50uM(:,1); 

 

UV(1:7,1)=ratio_500uM(:,1); 

UV(8:14,1)=ratio_50uM(:,1); 

 

c500=400e-6; 

c50=40e-6; 

T=298; 

 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [-80000,1,1.84], ... 

  'Lower', [-100000,0,1], 'Upper', [-10000,100000,4],... 

  'TolFun',1e-16,'TolX',1e-16,'MaxIter',5000,'MaxFunEval',2500,'Display','off') 

 

ftmm = 

fittype('isodesmic_equilibria_UV_equations_solvent_multi(Sol,G,UVmax,T,c500,c50,m)',... 

  'coefficients',{'G','m','UVmax'},... 

  'independent', {'Sol'},... 

  'problem',{'T','c500','c50'},... 

  'options',fomm) 

 

[f,gof,output] = fit (Sol, UV, ftmm,'problem',{T,c500,c50}) 

 

Alpha_500=(ratio_500uM-0.65)./(f.UVmax-0.65); 

Alpha_50=(ratio_50uM-0.65)./(f.UVmax-0.65); 

 

Solm=linspace(0, 0.8, 17); 

Alpha_m_500=(isodesmic_equilibria_UV_equations_solvent(Solm,f.G,f.UVmax,f.T,f.c500,f.m)-

0.65)/(f.UVmax-0.65); 

Alpha_m_50=(isodesmic_equilibria_UV_equations_solvent(Solm,f.G,f.UVmax,f.T,f.c50,f.m)-

0.65)/(f.UVmax-0.65); 

 

h=figure; 

plot(Solm,Alpha_m_500,'-','LineWidth',3,'Color',[0 128/250 0/255]); 

hold on 

plot(Solm,Alpha_m_50,'-','LineWidth',3,'Color',[0 128/250 0/255]); 

hold on 

scatter(S_500uM,Alpha_500,85,'d','MarkerEdgeColor',[120/255 220/255 

120/255],'MarkerFaceColor',[120/255 220/255 120/255]); 

hold on 

scatter(S_50uM,Alpha_50,85,'o','MarkerEdgeColor',[120/255 220/255 

120/255],'MarkerFaceColor',[120/255 220/255 120/255]); 

hold off 

 xlim([-0.02 0.82]) 

 ylim([-0.02 1.02]) 

xlabel('f_M_e_O_H','FontName','myriad pro','FontSize',16) 

ylabel('\alpha','FontName','myriad pro','FontSize',16); 



 set(gca,'TickDir','out','FontName','myriad 

pro','FontSize',14,'LineWidth',3,'box','off','Xtick',[0:0.1:0.8],'Ytick',[0:0.25:1],'TickLeng

th',[0.015 0]) 

 

title('PDI-Y','FontName','myriad pro','FontSize',16,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

hold off 

  

 

f =  

   General model: 

   f(Sol) = isodesmic_equilibria_UV_equations_solvent_multi(Sol,G,UVmax,T,c500, 

          c50,m) 

   Coefficients (with 95% confidence bounds): 

    G = -3.136e+04 (-3.216e+04, -3.056e+04) 

    m =  1.845e+04 (1.725e+04, 1.964e+04) 

    UVmax =    1.792 (1.764, 1.82) 

   Problem parameters: 

    T =     298 

    c500 =   0.0004 

    c50 =    4e-05 

 

gof =  

      sse: 0.0062 

    rsquare: 0.9967 

      dfe: 11 

  adjrsquare: 0.9961 

     rmse: 0.0238 

 

end 

 

function 

[Alpha]=isodesmic_multifit_UV_equations_Ho(T,Tm1000,Tm200,Tm50,Tm10,Tm5,Tm1,H,UVmax,s_cum) 

  nT=size(T); 

  Tu = unique(T); 

  nTu=size(Tu); 

  x_=1; 



  y=nT(1)/(nTu(1)); 

 

  if nT(1)==nTu(1) 

    Alpha(1:nT,1)=1; 

  else 

 

    Alpha(1:s_cum(1,1),1)=(UVmax-0.65)./(1+exp(-0.908*... 

      H*(T(1:s_cum(1,1),1)-Tm1000)/(8.314*Tm1000^2)))+0.65; 

    Alpha(s_cum(1,1)+1:s_cum(2,1),1)=(UVmax-0.65)./(1+exp(-0.908*... 

      H*(T(s_cum(1,1)+1:s_cum(2,1),1)-Tm200)/(8.314*Tm200^2)))+0.65; 

    Alpha(s_cum(2,1)+1:s_cum(3,1),1)=(UVmax-0.65)./(1+exp(-0.908*... 

      H*(T(s_cum(2,1)+1:s_cum(3,1),1)-Tm50)/(8.314*Tm50^2)))+0.65; 

    Alpha(s_cum(3,1)+1:s_cum(4,1),1)=(UVmax-0.65)./(1+exp(-0.908*... 

      H*(T(s_cum(3,1)+1:s_cum(4,1),1)-Tm10)/(8.314*Tm10^2)))+0.65; 

    Alpha(s_cum(4,1)+1:s_cum(5,1),1)=(UVmax-0.65)./(1+exp(-0.908*... 

      H*(T(s_cum(4,1)+1:s_cum(5,1),1)-Tm5)/(8.314*Tm5^2)))+0.65; 

    Alpha(s_cum(5,1)+1:s_cum(6,1),1)=(UVmax-0.65)./(1+exp(-0.908*... 

      H*(T(s_cum(5,1)+1:s_cum(6,1),1)-Tm1)/(8.314*Tm1^2)))+0.65; 

 

  end 

end 

function isodesmic_multifit_UV_Ho 

 

clc 

close all 

load('PDI_Ho_UV_H2O.mat') 

 

[s(1,1),s(1,2)]=size(ratio_1mM); 

[s(2,1),s(2,2)]=size(ratio_200uM); 

[s(3,1),s(3,2)]=size(ratio_50uM); 

[s(4,1),s(4,2)]=size(ratio_10uM); 

[s(5,1),s(5,2)]=size(ratio_5uM); 

[s(6,1),s(6,2)]=size(ratio_1uM); 

 

s_cum(1,1)=s(1,1); 

 

for i=2:6 

  s_cum(i,1)=s(i,1)+s_cum(i-1); 

end 

 

UV(1:s_cum(1,1),1)=ratio_1mM; 

UV(s_cum(1,1)+1:s_cum(2,1),1)=ratio_200uM; 

UV(s_cum(2,1)+1:s_cum(3,1),1)=ratio_50uM; 

UV(s_cum(3,1)+1:s_cum(4,1),1)=ratio_10uM; 

UV(s_cum(4,1)+1:s_cum(5,1),1)=ratio_5uM; 

UV(s_cum(5,1)+1:s_cum(6,1),1)=ratio_1uM; 

 

T(1:s_cum(1,1),1)=t_1mM; 

T(s_cum(1,1)+1:s_cum(2,1),1)=t_200uM; 

T(s_cum(2,1)+1:s_cum(3,1),1)=t_50uM; 

T(s_cum(3,1)+1:s_cum(4,1),1)=t_10uM; 

T(s_cum(4,1)+1:s_cum(5,1),1)=t_5uM; 

T(s_cum(5,1)+1:s_cum(6,1),1)=t_1uM; 



 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [268,268,250,240,230,220,-

50e3,950], ... 

  'Lower', [200,200,200,200,190,180,-100e3,1], 'Upper', [500,400,400,400,400,400,-10e3,3],... 

  'TolFun',1e-14,'TolX',1e-

14,'MaxIter',5000,'MaxFunEval',2500,'Display','iter','Robust','LAR') 

 

ftmm = 

fittype('isodesmic_multifit_UV_equations_Ho(T,Tm1000,Tm200,Tm50,Tm10,Tm5,Tm1,H,UVmax,s_cum)',

... 

  'coefficients',{'Tm1000','Tm200','Tm50','Tm10','Tm5','Tm1','H','UVmax'},... 

  'independent', {'T'},... 

  'problem',{'s_cum'},... 

  'options',fomm) 

 

[f,gof,output] = fit (T, UV, ftmm,'problem',{s_cum}) 

 

 

UV_model=isodesmic_multifit_UV_equations_Ho(T,f.Tm1000,f.Tm200,f.Tm50,f.Tm10,f.Tm5,f.Tm1,f.H,

f.UVmax,s_cum); 

 

Alpha=(UV-0.65)/(f.UVmax-0.65); 

Alpha_model=(UV_model-0.65)/(f.UVmax-0.65); 

 

Tr1000=-f.H*(T(1:s_cum(1,1),1)-f.Tm1000)./(8.315*f.Tm1000^2); 

Tr200=-f.H*(T(s_cum(1,1)+1:s_cum(2,1),1)-f.Tm200)./(8.315*f.Tm200^2); 

Tr50=-f.H*(T(s_cum(2,1)+1:s_cum(3,1),1)-f.Tm50)./(8.315*f.Tm50^2); 

Tr10=-f.H*(T(s_cum(3,1)+1:s_cum(4,1),1)-f.Tm10)./(8.315*f.Tm10^2); 

Tr5=-f.H*(T(s_cum(4,1)+1:s_cum(5,1),1)-f.Tm5)./(8.315*f.Tm5^2); 

Tr1=-f.H*(T(s_cum(5,1)+1:s_cum(6,1),1)-f.Tm1)./(8.315*f.Tm1^2); 

 

Tr(1:s_cum(1,1),1)=Tr1000; 

Tr(s_cum(1,1)+1:s_cum(2,1),1)=Tr200; 

Tr(s_cum(2,1)+1:s_cum(3,1),1)=Tr50; 

Tr(s_cum(3,1)+1:s_cum(4,1),1)=Tr10; 

Tr(s_cum(4,1)+1:s_cum(5,1),1)=Tr5; 

Tr(s_cum(5,1)+1:s_cum(6,1),1)=Tr1; 

 

Tr=sort(Tr); 

Alpha_model=sort(Alpha_model,'descend'); 

 

Alpha1000(:,1)=Alpha(1:s_cum(1,1),1); 

Alpha200(:,1)=Alpha(s_cum(1,1)+1:s_cum(2,1),1); 

Alpha50(:,1)=Alpha(s_cum(2,1)+1:s_cum(3,1),1); 

Alpha10(:,1)=Alpha(s_cum(3,1)+1:s_cum(4,1),1); 

Alpha5(:,1)=Alpha(s_cum(4,1)+1:s_cum(5,1),1); 

Alpha1(:,1)=Alpha(s_cum(5,1)+1:s_cum(6,1),1); 

 

Alpha_model1000(:,1)=Alpha_model(1:s_cum(1,1),1); 

Alpha_model200(:,1)=Alpha_model(s_cum(1,1)+1:s_cum(2,1),1); 

Alpha_model50(:,1)=Alpha_model(s_cum(2,1)+1:s_cum(3,1),1); 

Alpha_model10(:,1)=Alpha_model(s_cum(3,1)+1:s_cum(4,1),1); 

Alpha_model5(:,1)=Alpha_model(s_cum(4,1)+1:s_cum(5,1),1); 

Alpha_model1(:,1)=Alpha_model(s_cum(5,1)+1:s_cum(6,1),1); 

 

f1=scatter(Tr1000,Alpha1000,25,'o','MarkerEdgeColor','none',... 

  'MarkerFaceColor',[75/255 75/255 75/255]); 

hold on 



f2=scatter(Tr200,Alpha200,25,'o','MarkerEdgeColor','none',... 

  'MarkerFaceColor',[95/255 95/255 95/255]); 

hold on 

f3=scatter(Tr50,Alpha50,25,'o','MarkerEdgeColor','none',... 

  'MarkerFaceColor',[115/255 115/255 115/255]); 

hold on 

f4=scatter(Tr10,Alpha10,25,'o','MarkerEdgeColor','none',... 

  'MarkerFaceColor',[136/255 136/255 136/255]); 

hold on 

f4=scatter(Tr5,Alpha5,25,'o','MarkerEdgeColor','none',... 

  'MarkerFaceColor',[158/255 158/255 158/255]); 

hold on 

f4=scatter(Tr1,Alpha1,25,'o','MarkerEdgeColor','none',... 

  'MarkerFaceColor',[180/255 180/255 180/255]); 

hold on 

plot(Tr,Alpha_model,'-','LineWidth',4,'Color',[0 0 0]) 

% ylbl=sprintf('%c',945); 

ylabel('\alpha','FontName','myriad pro','FontSize',24); 

xlabel('T_r','FontName','myriad pro','FontSize',24); 

legend({'800 \muM' ,'160 \muM','40 \muM','8 \muM','4 \muM','0.8 \muM','Model'},... 

  'FontName','myriad pro','FontSize',16,'FontWeight','bold'); 

legend('boxoff') 

set(gca,'TickDir','out','FontName','myriad pro','FontSize',16,... 

  'LineWidth',2,'box','off') 

title('PDI-Ho','FontName','myriad pro','FontSize',24,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

hold off 

 

end 

  

f =  

   General model: 

   f(T) = isodesmic_multifit_UV_equations_Ho(T,Tm1000,Tm200,Tm50,Tm10,Tm5,Tm1, 

          H,UVmax,s_cum) 

   Coefficients (with 95% confidence bounds): 

    Tm1000 =    414.2 (413.9, 414.4) 

    Tm200 =    384.8 (384.7, 385) 

    Tm50 =     360 (359.9, 360.1) 

    Tm10 =    323.7 (323.7, 323.8) 

    Tm5 =    315.7 (315.6, 315.7) 

    Tm1 =    299.3 (299.3, 299.4) 

    H = -3.117e+04 (-3.123e+04, -3.112e+04) 

    UVmax =    1.909 (1.909, 1.91) 

   Problem parameters: 

    s_cum = 6x1 double 

 

gof =  

      sse: 0.0088 

    rsquare: 0.9999 

      dfe: 1198 

  adjrsquare: 0.9999 

     rmse: 0.0027 

 

 



 

function [CD]=isodesmic_multifit_CD_equations_Gd(T,Tm1000,Tm200,Tm50,Tm10,H,CDmax,s_cum) 

nT=size(T); 

Tu = unique(T); 

nTu=size(Tu); 

x_=1; 

y=nT(1)/(nTu(1)); 

 

if nT(1)==nTu(1) 

  CD(1:nT,1)=1; 

else 

 

CD(1:s_cum(1,1),1)=CDmax./(1+exp(-0.908*H*... 

  (T(1:s_cum(1,1),1)-Tm1000)/(8.314*Tm1000^2))); 

CD(s_cum(1,1)+1:s_cum(2,1),1)=CDmax./(1+exp(-0.908*H*... 

  (T(s_cum(1,1)+1:s_cum(2,1),1)-Tm200)/(8.314*Tm200^2))); 

CD(s_cum(2,1)+1:s_cum(3,1),1)=CDmax./(1+exp(-0.908*H*... 

  (T(s_cum(2,1)+1:s_cum(3,1),1)-Tm50)/(8.314*Tm50^2))); 

CD(s_cum(3,1)+1:s_cum(4,1),1)=CDmax./(1+exp(-0.908*H*... 

  (T(s_cum(3,1)+1:s_cum(4,1),1)-Tm10)/(8.314*Tm10^2))); 

 

end 

end 

function isodesmic_multifit_CD_Gd 

 

clc 

close all 

load('PDI_Gd_CD_H2O.mat') 

 

[s(1,1),s(1,2)]=size(PDI_Gd_1mM_H2O_475nm_molar_elipticity); 

[s(2,1),s(2,2)]=size(PDI_Gd_200uM_H2O_475nm_molar_elipticity); 

[s(3,1),s(3,2)]=size(PDI_Gd_50uM_H2O_475nm_molar_elipticity); 

[s(4,1),s(4,2)]=size(PDI_Gd_10uM_H2O_475nm_molar_elipticity); 

 



s_cum(1,1)=s(1,1); 

 

for i=2:4 

s_cum(i,1)=s(i,1)+s_cum(i-1); 

end 

 

CD(1:s_cum(1,1),1)=PDI_Gd_1mM_H2O_475nm_molar_elipticity(:,2); 

CD(s_cum(1,1)+1:s_cum(2,1),1)=PDI_Gd_200uM_H2O_475nm_molar_elipticity(:,2); 

CD(s_cum(2,1)+1:s_cum(3,1),1)=PDI_Gd_50uM_H2O_475nm_molar_elipticity(:,2); 

CD(s_cum(3,1)+1:s_cum(4,1),1)=PDI_Gd_10uM_H2O_475nm_molar_elipticity(:,2); 

 

T(1:s_cum(1,1),1)=PDI_Gd_1mM_H2O_475nm_molar_elipticity(:,1); 

T(s_cum(1,1)+1:s_cum(2,1),1)=PDI_Gd_200uM_H2O_475nm_molar_elipticity(:,1); 

T(s_cum(2,1)+1:s_cum(3,1),1)=PDI_Gd_50uM_H2O_475nm_molar_elipticity(:,1); 

T(s_cum(3,1)+1:s_cum(4,1),1)=PDI_Gd_10uM_H2O_475nm_molar_elipticity(:,1); 

 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [300,350,294,250,-

10e3,950], ... 

  'Lower', [200,250,200,200,-1000e3,200], 'Upper', [500,400,400,400,-1e3,20000],... 

  'TolFun',1e-14,'TolX',1e-14,'MaxIter',5000,'MaxFunEval',2500,'Display','iter') 

 

ftmm = 

fittype('isodesmic_multifit_CD_equations_Gd(T,Tm1000,Tm200,Tm50,Tm10,H,CDmax,s_cum)',... 

  'coefficients',{'Tm1000','Tm200','Tm50','Tm10','H','CDmax'},... 

  'independent', {'T'},... 

  'problem',{'s_cum'},... 

  'options',fomm) 

 

[f,gof,output] = fit (T, CD, ftmm,'problem',{s_cum}) 

 

 

model=isodesmic_multifit_CD_equations_Gd(T,f.Tm1000,f.Tm200,f.Tm50,f.Tm10,f.H,f.CDmax,s_cum); 

 

Alpha=CD/f.CDmax; 

Alpha_model=model/f.CDmax; 

 

Tr1000=-f.H*(T(1:s_cum(1,1),1)-f.Tm1000)./(8.315*f.Tm1000^2); 

Tr200=-f.H*(T(s_cum(1,1)+1:s_cum(2,1),1)-f.Tm200)./(8.315*f.Tm200^2); 

Tr50=-f.H*(T(s_cum(2,1)+1:s_cum(3,1),1)-f.Tm50)./(8.315*f.Tm50^2); 

Tr10=-f.H*(T(s_cum(3,1)+1:s_cum(4,1),1)-f.Tm10)./(8.315*f.Tm10^2); 

 

Alpha1000(:,1)=Alpha(1:s_cum(1,1),1); 

Alpha200(:,1)=Alpha(s_cum(1,1)+1:s_cum(2,1),1); 

Alpha50(:,1)=Alpha(s_cum(2,1)+1:s_cum(3,1),1); 

Alpha10(:,1)=Alpha(s_cum(3,1)+1:s_cum(4,1),1); 

 

 

Tr(1:s_cum(1,1),1)=Tr1000; 

Tr(s_cum(1,1)+1:s_cum(2,1),1)=Tr200; 

Tr(s_cum(2,1)+1:s_cum(3,1),1)=Tr50; 

Tr(s_cum(3,1)+1:s_cum(4,1),1)=Tr10; 

 

Tr=sort(Tr); 

Alpha_model=sort(Alpha_model,'descend'); 

 

 

f1=scatter(Tr1000,Alpha1000,25,'o','MarkerEdgeColor','none','MarkerFaceColor',[0/255 0/255 

160/255]); 



hold on 

f2=scatter(Tr200,Alpha200,25,'o','MarkerEdgeColor','none','MarkerFaceColor',[21/255 62/250 

191/255]); 

hold on 

f3=scatter(Tr50,Alpha50,25,'o','MarkerEdgeColor','none','MarkerFaceColor',[58/255 106/255 

217/255]); 

hold on 

f4=scatter(Tr10,Alpha10,25,'o','MarkerEdgeColor','none','MarkerFaceColor',[100/255 149/255 

237/255]); 

hold on 

% plot(Tr1000,Alpha_model1000,'-','LineWidth',3,'Color',[0 0 0]) 

% hold on 

% % plot(Tr200,Alpha_model200,'-','LineWidth',3,'Color',[0 0 0]) 

% % hold on 

% plot(Tr50,Alpha_model50,'-','LineWidth',3,'Color',[0 0 0]) 

% hold on 

% plot(Tr10,Alpha_model10,'-','LineWidth',3,'Color',[0 0 0]) 

% hold off 

plot(Tr,Alpha_model,'-','LineWidth',5,'Color',[0 0 0]) 

hold off 

ylabel('\alpha','FontName','myriad pro','FontSize',24); 

xlabel('T_r','FontName','myriad pro','FontSize',24); 

legend({'800 \muM','160 \muM','40 \muM','8 \muM','Model'},'FontName','myriad 

pro','FontSize',16,'FontWeight','bold'); 

legend('boxoff') 

 set(gca,'TickDir','out','FontName','myriad pro','FontSize',16,'LineWidth',2,'box','off') 

title('PDI-Gd','FontName','myriad pro','FontSize',24,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

hold off 

 

end 

f =  

   General model: 

   f(T) = isodesmic_multifit_CD_equations_Gd(T,Tm1000,Tm200,Tm50,Tm10,H,CDmax, 

          s_cum) 

   Coefficients (with 95% confidence bounds): 

    Tm1000 =    326.3 (318.1, 334.6) 

    Tm200 =     296 (289.4, 302.7) 

    Tm50 =    292.2 (285.7, 298.7) 

    Tm10 =    250.5 (245.1, 255.9) 

    H = -1.087e+04 (-1.174e+04, -9998) 

    CDmax =    1310 (1252, 1369) 

   Problem parameters: 

    s_cum = 4x1 double 

 

gof =  

      sse: 3.3864e+06 

    rsquare: 0.9579 

      dfe: 2455 

  adjrsquare: 0.9578 

     rmse: 37.1400 



 

function fit_dls_data_Ho20190625_1mM 

close all 

clc 

load('GF03_Ho_1mM_2019_06_24_25mW.mat') 

 

[n,m]=size(g); 

red=[1 0 0]; 

blue=[0 0 1]; 

green=[0 1 0]; 

colors1=[linspace(red(1),blue(1),(m+1)/2)',linspace(red(2),blue(2),(m+1)/2)',linspace(red(3),

blue(3),(m+1)/2)']; 

colors2=[linspace(blue(1),green(1),(m-1)/2)',linspace(blue(2),green(2),(m-

1)/2)',linspace(blue(3),green(3),(m-1)/2)']; 

colors=[colors1;colors2]; 

[mc,nc]=size(colors); 

if mc<m 

colors(m,:)=[0 0 0]; 

end 

jk=0; 

for i=1:1:m 

if i==21 

  m=m; 

end 

[pks,loc] = findpeaks(g(:,i),'MinPeakHeight',0.005,'MinPeakDistance',1); 

locs=s(loc); 

plot (s,g(:,i),'Color',colors(i,:),'LineWidth',2) 

l=size(locs); 

if l(1,1)>1 

  for j=1:l 

    if i>10 

      if locs(j)>0 && locs(j)<100 

        L(i)=locs(j)*1e-3; 

        J=j; 

        jk=1; 

      else 

        if jk ~=1 

          L(i)=0; 

          J=1; 



          locs(J)=NaN; 

          pks(J)=NaN; 

        end 

      end 

    else 

      if i>9 

        if locs(j)>0 && locs(j)<100 

          L(i)=locs(j)*1e-3; 

          J=j; 

          J=j; 

          jk=1; 

        else 

          if jk ~=1 

            L(i)=0; 

            J=1; 

            locs(J)=NaN; 

            pks(J)=NaN; 

          end 

        end 

      else 

        if locs(j)>0 && locs(j)<100 

          L(i)=locs(j)*1e-3; 

          J=j; 

          jk=1; 

        else 

          if jk ~=1 

            L(i)=0; 

            J=1; 

            locs(J)=NaN; 

            pks(J)=NaN; 

          end 

          %         end 

          %         end 

          %       end 

        end 

      end 

    end 

  end 

 

    else 

 

      if l(1,1)<1 

        L(i)=0; 

        J=1; 

        locs(J)=NaN; 

        pks(J)=NaN; 

      else 

        if locs>0 && locs<1000 

          L(i)=locs*1e-3; 

        else 

          L(i)=0; 

          locs(J)=NaN; 

          pks(J)=NaN; 

        end 

        J=1; 

      end 

      % end 

  end 



 

  hold on 

  scatter(locs(J),pks(J),'o','MarkerEdgeColor',[1 0 0]) 

  set(gca, 'xScale', 'log') 

  hold on 

  %   pause 

  pks=0; 

  locs=0; 

  jk=0; 

end 

legend('30','30','30','30','30','30','40','40','40','40','40','40',... 

  '50','50','50','50','50','50','60','60','60','60','60','60',... 

  '70','70','70','70','70','70','80','80','80','80','80','80',... 

  '90','90','90','90','90','90','100','100','100','100','100','100',... 

  '110','110','110','110','110','110','120','120','120','120','120','120',... 

  '130','130','130','130','130','130','Location','West') 

ylabel('G(\tau)','FontName','myriad pro','FontSize',24); 

xlabel('\tau (ms)','FontName','myriad pro','FontSize',24); 

set(gca,'TickDir','out','FontName','myriad pro','FontSize',16,'LineWidth',2,'box','off') 

title('PDI-Ho','FontName','myriad pro','FontSize',24,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

hold off 

 

% theta=[30;30;30;40;40;40;50;50;50;60;60;60;70;70;70;80;80;80]*pi()/180; 

% theta=[30;30;40;40;50;50;60;60;70;70;80;80;90;90;100;100;110;110;120;120;130;130]*pi()/180; 

% theta=[30;40;50;60;70;80;90;100;110;120;130]*pi()/180; 

theta=[30;30;30;40;40;40;50;50;50;60;60;60;70;70;70;80;80;80;90;90;90;100;100;100;110;110;110

;120;120;120;130;130;130]*pi()/180; 

% 

theta=[30;30;30;40;40;40;50;50;50;60;60;60;70;70;70;80;80;80;90;90;90;100;100;100;110;110;110

;120;120;120;130;130]*pi()/180; 

% theta=[30;40;50;60;70;80]*pi()/180; 

el=0; 

tau_inv=L([1:m-el]).^-1; 

 

kB=1.38064852e-23; 

T=293; 

mu=0.563e-3; 

n0=1.331; 

lambda=639e-9; 

 

p=2; 

h=figure; 

[AX,H1,H2]=plotyy(s,g(:,p),t,AxB(:,p)); 

% xlim([10 1000]) 

set(AX, 'xScale', 'log','XLim',[1e-3 1e4],'TickDir','out','FontName','myriad 

pro','FontSize',16,'LineWidth',3,'box','off'); 

% ylabel('G(\tau)','FontName','myriad pro','FontSize',24); 

set(get(AX(1),'Ylabel'),'String','G(\tau)','FontName','myriad pro','FontSize',24); 

set(get(AX(2),'Ylabel'),'String','g_v_v^(^1^)(q,t)','FontName','myriad pro','FontSize',24); 

set(AX(1),'YColor',[0 0 0],'YTick',[0 0.05 0.1 0.15 0.2]); 

set(AX(2),'YLim',[-0.05 1],'YColor',[0.5 0.5 0.5],'YTick',[0 0.25 0.5 0.75 

1],'LineWidth',3,'TickDir','out','FontName','myriad pro','FontSize',16); 

set(H1,'Color',[0 0 0],'LineWidth',3); 

set(H2,'Color',[0.5 0.5 0.5],'LineWidth',3); 

xlabel('t (ms)','FontName','myriad pro','FontSize',24); 

title('PDI-Ho','FontName','myriad pro','FontSize',24,'FontWeight','bold'); 

set(gcf,'color','w','Position', [0, 0, 1200, 750]); 



hold off 

 

q_plot=(4*pi*n0/lambda)*sin(theta(p)/2) 

q_sqrd_plot=q_plot.^2; 

 

D_int=((s/1e3).^-1)'./q_sqrd_plot; 

Rh_plot=((kB.*T./(6.*3.14.*mu.*(D_int)))).*1e9; 

 

h=figure; 

plot (Rh_plot,g(:,p),'Color',[0 0 0],'LineWidth',3) 

xlim([100 10000]) 

set(gca, 'xScale', 'log') 

ylabel('G(\tau)','FontName','myriad pro','FontSize',24); 

xlabel('R_H (nm)','FontName','myriad pro','FontSize',24); 

set(gca,'TickDir','out','FontName','myriad pro','FontSize',16,'LineWidth',2,'box','off') 

title('PDI-Ho','FontName','myriad pro','FontSize',24,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

hold off 

 

n=m-el; 

k=0; 

for i=1:n-1 

    if L(i)==0 ||tau_inv(i-k)>700 

%   if L(i)==0 

    tau_inv(i-k)=[]; 

    theta(i-k)=[]; 

    k=k+1; 

  end 

end 

% tau_inv(12)=[]; 

% theta(12)=[]; 

% tau_inv(11)=[]; 

% theta(11)=[]; 

% tau_inv(6)=[]; 

% theta(6)=[]; 

% tau_inv(13)=[]; 

% theta(13)=[]; 

% tau_inv(8)=[]; 

% theta(8)=[]; 

% tau_inv(7)=[]; 

% theta(7)=[]; 

 

 

 

q=(4*pi*n0/lambda)*sin(theta/2); 

q_sqrd=q.^2; 

tau_inv_1000000=tau_inv'*1e9; 

 

 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [1e-6,1e9], ... 

  'Lower', [1e-9,-1e11], 'Upper', [1e-1,1e11],... 

  'TolFun',1e-14,'TolX',1e-14,'MaxIter',5000,'MaxFunEval',2500) 

 

ftmm = fittype('D*q_sqrd+b',... 

  'coefficients',{'D','b'},... 

  'independent', {'q_sqrd'},... 

  'options',fomm) 

 



[f,gof,output] = fit (q_sqrd, tau_inv_1000000, ftmm) 

figure 

D_lin=f.D/1e9; 

b_lin=f.b/1e9; 

tau_inv_mod=q_sqrd*D_lin+b_lin; 

hold on 

 

f1=scatter(q_sqrd, tau_inv,120,'o','MarkerEdgeColor','none','MarkerFaceColor',[180/250 0/255 

0]); 

hold on 

plot(q_sqrd, tau_inv_mod,'-','LineWidth',3,'Color','k') 

ylabel('\Gamma (s^-^1)','FontName','myriad pro','FontSize',24); 

xlabel('q^2 (m^-^2)','FontName','myriad pro','FontSize',24); 

legend({'Data','Fit'},'FontName','myriad 

pro','FontSize',16,'FontWeight','bold','Location','NorthWest'); 

legend('boxoff') 

set(gca,'TickDir','out','FontName','myriad pro','FontSize',16,'LineWidth',2,'box','off') 

title('PDI-Ho','FontName','myriad pro','FontSize',24,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

hold off 

 

hold off 

Rh_lin=(kB*T/(6*3.14*mu*(f.D/1e9))); 

 

D_lin_int= confint(f) 

Conf_D_lin=abs(D_lin_int(:,1)-f.D)/1e9 

Conf_D_lin_avg=mean(Conf_D_lin) 

Conf_Rh_lin=Rh_lin*sqrt((Conf_D_lin_avg/D_lin)^2) 

D=[D_lin] 

Rh=[Rh_lin] 

 

q_plot = 

  6.7746e+06 

 

  

fomm = 

    Normalize: 'off' 

     Exclude: [] 

     Weights: [] 

      Method: 'NonlinearLeastSquares' 

      Robust: 'Off' 

    StartPoint: [1.0000e-06 1.0000e+09] 

      Lower: [1.0000e-09 -1.0000e+11] 

      Upper: [0.1000 1.0000e+11] 

    Algorithm: 'Trust-Region' 

  DiffMinChange: 1.0000e-08 

  DiffMaxChange: 0.1000 

     Display: 'Notify' 

   MaxFunEvals: 2500 

     MaxIter: 5000 

      TolFun: 1.0000e-14 

       TolX: 1.0000e-14 

 

ftmm =  

   General model: 

   ftmm(D,b,q_sqrd) = D*q_sqrd+b 



 

f =  

   General model: 

   f(q_sqrd) = D*q_sqrd+b 

   Coefficients (with 95% confidence bounds): 

    D =  0.0001297 (0.0001123, 0.0001472) 

    b =  7.652e+09 (1.765e+09, 1.354e+10) 

 

gof =  

      sse: 2.1647e+21 

    rsquare: 0.8814 

      dfe: 31 

  adjrsquare: 0.8776 

     rmse: 8.3563e+09 

 

output =  

      numobs: 33 

     numparam: 2 

    residuals: [33x1 double] 

     Jacobian: [33x2 double] 

     exitflag: 3 

  firstorderopt: 4.3151e+08 

    iterations: 47 

    funcCount: 144 

   cgiterations: 0 

    algorithm: 'trust-region-reflective' 

     message: [1x86 char] 

 

 

D_lin_int = 

  1.0e+10 * 

  0.0000  0.1765 

  0.0000  1.3540 

 

 

Conf_D_lin = 

  1.0e-13 * 

  0.1743 

  0.1743 

 

 

Conf_D_lin_avg = 

  1.7431e-14 

 

 

Conf_Rh_lin = 

  3.9499e-07 

 

 

D = 

  1.2973e-13 

 

 

Rh = 

  2.9398e-06 

 



theta_u=unique(theta); 

[nu,m]=size(theta_u); 

 

for i=1:nu 

  tau_inv_med(i)=mean(tau_inv(theta==theta_u(i))); 

  tau_inv_std(i)=std(tau_inv(theta==theta_u(i))); 

end 

 

q_u=(4*pi*n0/lambda)*sin(theta_u/2); 

q_u_sqrd=q_u.^2; 

tau_inv_1000000_med=tau_inv_med'*1e9; 

 

fomm = fitoptions('Method', 'NonLinearLeastSquares', 'StartPoint', [1e-6,1e9], ... 

  'Lower', [1e-9,-1e11], 'Upper', [1e-1,1e11],... 

  'TolFun',1e-14,'TolX',1e-14,'MaxIter',5000,'MaxFunEval',2500) 

 

ftmm = fittype('D*q_sqrd+b',... 

  'coefficients',{'D','b'},... 

  'independent', {'q_sqrd'},... 

  'options',fomm) 

 

[f,gof,output] = fit (q_u_sqrd, tau_inv_1000000_med, ftmm) 

figure 

D_lin=f.D/1e9; 

b_lin=f.b/1e9; 

tau_u_inv_mod=q_u_sqrd*D_lin+b_lin; 



hold on 

 

f1=errorbar(q_u_sqrd,tau_inv_med,tau_inv_std,'o','MarkerSize',10,'LineWidth',3,'Color',[150/2

50 150/255 150/255],'MarkerEdgeColor','none','MarkerFaceColor',[150/250 150/255 150/255]); 

hold on 

plot(q_u_sqrd, tau_u_inv_mod,'-','LineWidth',3,'Color','k') 

ylabel('\Gamma (s^-^1)','FontName','myriad pro','FontSize',24); 

xlabel('q^2 (m^-^2)','FontName','myriad pro','FontSize',24); 

legend({'Data','Fit'},'FontName','myriad 

pro','FontSize',16,'FontWeight','bold','Location','NorthWest'); 

legend('boxoff') 

set(gca,'TickDir','out','FontName','myriad pro','FontSize',16,'LineWidth',2,'box','off') 

title('PDI-Ho','FontName','myriad pro','FontSize',24,'FontWeight','bold') 

set(gcf,'color','w','Position', [0, 0, 1000, 750]); 

saveas(gca,'C:\Users\Owner\Google Drive\Doctorat\OneDrive\Thesis\Chapter V\Figures\Data\PDI-

Ho-DLS-Linear-1mM_2.eps') 

 

hold off 

Rh_lin=(kB*T/(6*3.14*mu*(f.D/1e9))); 

 

D_lin_int= confint(f) 

Conf_D_lin=abs(D_lin_int(:,1)-f.D)/1e9 

Conf_D_lin_avg=mean(Conf_D_lin) 

Conf_Rh_lin=Rh_lin*sqrt((Conf_D_lin_avg/D_lin)^2) 

D=[D_lin] 

Rh=[Rh_lin] 

 

fomm = 

    Normalize: 'off' 

     Exclude: [] 

     Weights: [] 

      Method: 'NonlinearLeastSquares' 

      Robust: 'Off' 

    StartPoint: [1.0000e-06 1.0000e+09] 

      Lower: [1.0000e-09 -1.0000e+11] 

      Upper: [0.1000 1.0000e+11] 

    Algorithm: 'Trust-Region' 

  DiffMinChange: 1.0000e-08 

  DiffMaxChange: 0.1000 

     Display: 'Notify' 

   MaxFunEvals: 2500 

     MaxIter: 5000 

      TolFun: 1.0000e-14 

       TolX: 1.0000e-14 

 

ftmm =  

   General model: 

   ftmm(D,b,q_sqrd) = D*q_sqrd+b 

 

f =  

   General model: 

   f(q_sqrd) = D*q_sqrd+b 

   Coefficients (with 95% confidence bounds): 

    D =  0.0001297 (0.0001116, 0.0001479) 

    b =  7.652e+09 (1.514e+09, 1.379e+10) 

 



gof =  

      sse: 1.8510e+20 

    rsquare: 0.9666 

      dfe: 9 

  adjrsquare: 0.9629 

     rmse: 4.5351e+09 

 

output =  

      numobs: 11 

     numparam: 2 

    residuals: [11x1 double] 

     Jacobian: [11x2 double] 

     exitflag: 0 

  firstorderopt: 2.0391e+15 

    iterations: 833 

    funcCount: 2502 

   cgiterations: 0 

    algorithm: 'trust-region-reflective' 

     message: [1x104 char] 

 

D_lin_int = 

  1.0e+10 * 

  0.0000  0.1514 

  0.0000  1.3791 

 

Conf_D_lin = 

  1.0e-13 * 

  0.1817 

  0.1817 

 

Conf_D_lin_avg = 

  1.8175e-14 

 

Conf_Rh_lin = 

  4.1184e-07 

 

D = 

  1.2973e-13 

 

Rh = 

  2.9398e-06 

 

end  



 



• 

• 

• 





 





















 















 







 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Georges FORMON 

Towards Better Control Over 
Supramolecular Polymerization 

 

 

Résumé 

L’objectif de cette thèse était de développer de nouvelles techniques pour mieux contrôler des polymères 
supramoléculaires, trois différentes stratégies ont été présentées. Premièrement, le contrôle spatiotemporel 
d’un hydrogel a été réalisé par la diffusion d’un acide à partir d’un matériau poreux, ce qui active une molécule 
sensible au pH. La deuxième stratégie s’appuie sur un cycle réactionnel hors équilibre à fin d’obtenir le contrôle 
temporel et des propriétés mécaniques d’un hydrogel. La dernière méthode repose sur l’utilisation de stimuli 
magnétiques de deux façons : en utilisant des champs magnétiques (< 2 T) pour influencer la topologie de 
réseaux de fibres supramoléculaires contenant des ions paramagnétique ; et contrôler la taille d’agrégats 
supramoléculaires, sans champ magnétique, juste en incluant des différents lanthanides paramagnétiques 
dans leur structure moléculaire. Ces nouvelles méthodes sont un avancement vers un meilleur contrôle des 
polymères supramoléculaires. 

Mots-clés : polymères supramoléculaires, autoassemblage, contrôle magnétique, cycle réactionnel hors 
équilibre, terres rares. 

 

Résumé en anglais 

The aim of this thesis was to develop new techniques to better control supramolecular polymers, three 
different strategies were presented. First, spatiotemporal control of a hydrogel was achieved by diffusion of 
protons from a porous material, which activates a pH-responsive hydrogelator. The second strategy relies on 
an out-of-equilibrium reaction cycle to obtain temporal and mechanical control of a hydrogel. The last method 
relies on the magnetic control of supramolecular assemblies in two ways: using magnetic fields (< 2 T) to 
influence the topology of supramolecular rod networks containing a paramagnetic lanthanide; and controlling 
the size of supramolecular aggregates, without a magnetic field, by including different paramagnetic 
lanthanides in the molecular structure and inducing their interaction through supramolecular self-assembly. 
These new methods are an advancement towards better kinetic and thermodynamic control of supramolecular 
polymers in and out-of-equilibrium. 

Keywords: supramolecular polymers, self-assembly, magnetic control, out-of-equilibrium reaction cycle, rare 
earths. 
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