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The free energy of prolate vesicle (with the area S) with ringlike AC strip structure equals: 

                             curvature sst( ) /    F E E S= +                        (1) 

where curvatureE  and sstE  are the vesicle curvature energy and the free energy of phase 

separation in A and C two components in vesicle wall, respectively. Here, we neglect the thickness 

of vesicle wall. The curvature free energy is expressed as follows:  

  2
curvature 1 2 0

1
( )

2 cE k C C C dS= + −                    (2) 

where kc is elastic moduli, C1 and C2 are the two principal curvatures of the specified surface, and 

C0 is the spontaneous curvature which equals zero.  

       

Figure S1 

 

Figure S1 is the scheme of prolate ellipsoid. The minor and major axis are a and c, respectively. 

The vesicle area S equals 2 12 (1 sin / ( )) S a c e aeπ −= + where 2 21 /e a c= − . The 

coordinates Y=(x, y, z) of oblate ellipsoid vesicle is expressed with polar coordinates: 
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      ( sinθcos , sinθsin ,ccosθ)    (0 ,0 2 )Y a aφ φ θ π φ π= ≤ ≤ ≤ ≤            (3) 

The two principal curvatures C1 and C2 equal: 

 1 23 12 2 2 22 2 2 2 22
,      

( cos sin )( cos sin )

ac cC C
a a ca c θ θθ θ

= =
++

       (4) 

The unit area dS equals:  

2 2 2 22 ( sin )( cos sin )dS a a c dπ θ θ θ θ= +                  (5)  

According to Eq.2, Eq.4, Eq.5 and defining the ratio of minor axis to major axis as /m a c= , the 

final expression of curvature energy is

 

 

1 4 3 2 2 1

0
( 2 )sincurvature cE k m m Q m Q Q Qd

π
π θ θ− − − −= + +                (6) 

where 2 2 2cos sinQ m θ θ= + .  

      In Eq.1, the interface energy of A and C strip phase equals interface
1

2
n

i
i

E Rπ γ
=

= , where n 

is the interface number, γ  is the tension of phase interface, iR  is the radius of the ith AC 

interface ring. Obviously, iR  equal sin ia θ  according to Eq.3. The stretching length of chain in 

longitude direction in present model is assumed to be equal i.e., ( , ) i jL L i j n= ∈ . Meanwhile, 

the incompressible condition makes the A and C areas ( and A C
i iS S ) at every copolymer layer 

equal ( 1 ~ )A C
i iS S i n= = . So, the elasticity energy of block polymer chain equals: 
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                 (9)  

where ek  is the elastic module of polymer chain and li is the longitude arclength from area unit 

of iS  
to the ith interface. l

iR  is the section radius of area unit of iS  
parrallel to the ith AC 

interface. 

    In numerical calculation, a and c are firstly solved with the area equation of prolate ellipsoid 

after the area S, axis length ratio m and interface number n are fixed. Further, iθ  is numerically 
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calculated to satisfies  ( , ) i jL L i j n= ∈ and ( 1 ~ )A C
i iS S i n= = . Then, total free energy F is 

numerically integrated from Eq.1, Eq.5 and Eq.9. Finally, the free energy at differently interface 

number n are compared to determine the stable structure with the lowest energy at fixed S and m. 

Figure S2 show the dependences of the curvature energy curvatureE and phase separation 

energy sstE on m, respectively, at 35.0 10 ,  =1.0, 0.03c ek k γ−= × = and S=5.  
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Figure S2. The dependences of the curvature energy curvatureE and the energy sstE  of phase 

separation on m, respectively. 35.0 10 ,  =1.0, 0.03c ek k γ−= × = . The vesicle area S equals 5. 
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