
POLYMER CRYSTALLIZATION UNDER CONFINEMENT IN 

ELECTROSPUN NANOFIBERS 

 

 

 

 

 

 

 

 

 

  PRATICK SAMANTA 

 

 

 

 

 

 

 

DEPARTMENT OF TEXTILE TECHNOLOGY 

INDIAN INSTITUTE OF TECHNOLOGY DELHI  

DECEMBER 2017 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2017



POLYMER CRYSTALLIZATION UNDER CONFINEMENT IN 

ELECTROSPUN NANOFIBERS 

 

 

 

by 

PRATICK SAMANTA 

Department of Textile Technology 

 

Submitted 

 in fulfilment of the requirements of the degree of  Doctor of  Philosophy 

 

to the 

 

 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

DECEMBER 2017 



 

 

 

 

 

 

 

 

 

 

 

DEDICATED WITH EXTREME AFFECTION AND GRATITUDE TO 

my parents Mr. Brajabasai Samanta and Ms. Chandana Samanta 

my research supervisor Prof. Bhanu Nandan  

my wife Ms. Archana Samanta 

 



i 
 

CERTIFICATE 

 

This is to certify that the thesis titled “Polymer Crystallization Under Confinement in 

Electrospun Nanofibers” being submitted by Mr. Pratick Samanta to Indian Institute of 

Technology Delhi, for the award of  Doctor of Philosophy degree, is a record of bonafide 

research work carried out by him. He has worked under my guidance and supervision and 

fulfilled the requirements for the submission of thesis which has attained the standard required 

for a Ph.D. degree of this institute. The work carried out to complete the thesis has not been 

submitted for degree or diploma in any institute in part or full. 

 

 

 

 

 

(Prof. Bhanu Nandan) 

Department of Textile Technology 

Indian Institute of Technology Delhi 

 

Date: 

New Delhi 

 

 



ii 
 

ACKNOWLEDGEMENTS 

I wish to express my gratitude to my PhD supervisor Prof. Bhanu Nandan, Department 

of Textile Technology, Indian Institute of Technology Delhi for supporting the idea and 

giving me the opportunity to undertake this work. His motivational skills, constant 

guidance, timely suggestions have always helped me during the tenure of this research 

work. I shall be grateful to him for the valuable suggestions and untiring help which he has 

shown right from the beginning till the successful completion of this endeavour. 

 

I am thankful to the present and previous Heads of Department of Textile Technology for 

providing the infrastructure facility and co-operation for smooth completion of this research 

work. I would also like to express my gratitude to my SRC members: Prof. Mangala    

Joshi, Prof. Paresh P. Chokshi and Prof. Rajiv Srivastava, for their valuable inputs and 

suggestions during the tenure of my PhD. 

 

Also, I am grateful to Prof. Hsin-Lung Chen for providing the characterization facilities 

and co-operation for smooth completion of research work during my visit to his lab at the 

Department of Chemical Engineering, NTHU Taiwan. 

 

I am thankful to Nano research facility, Central research facility and SMITA research 

facility of IIT Delhi for providing me access to various characterization instruments which 

were required for my studies.  

 

I am thankful to Mr. Amarjeet, Mr. R. Khatter, Mr. A. K. Sehgal, Mr. Om Prakash, Mr. B. 

Biswal, Mr. V. K. Kala, Ms Kiran Sachdeva and other members of Textile Department for 

their support. 

 

I am thankful to Puhup, Esha, Koustubh, Sajan, Avinash, Sanchayan, Thangapandian, Anil, 

Jit Pal, Shweta, Sumona, Deepika and all my friends for their support. 

 

I am thankful to my parents for their support and motivation during the entire period of my 

PhD. I am heartily thankful to my wife, Archana, for her continuous support and 

endeavour at all circumstances.   

 

Lastly I express my gratitude to the almighty and all those who have helped me directly or 

indirectly during the course of my research work. 

 

 

Pratick Samanta 

 

 

 



iii 
 

ABSTRACT 

The crystallization behaviour of polymers has been one of the most fascinating research 

area in polymer science for last several decades. With the advent of nanotechnology and 

focus shifting to understanding the properties of materials in nano-dimensions, a lot of 

focus is on understanding crystallization behavior of polymers when present in nanoshaped 

materials. This is driven by the fact that any perturbation of crystallization behaviour in 

confinement may significantly alter the properties of the materials. Hence, an 

understanding of the polymer crystallization under nano-confinement is necessary for 

tailoring of the polymer properties when used in nanotechnology related applications. The 

electrospun nanofibers composed of an immiscible blend of an amorphous and a crystalline 

polymer, with the latter forming the dispersed phase in the nanofibers, offers an interesting 

system for studying the effect of confinement on the crystallization behaviour. In this case, 

the limited radial dimension of the nanofibers may restrict the length scale of phase 

separation between the immiscible constituents, so as to generate the domains in 

nanodimensions. The confinement induced crystallization behaviour observed in such 

systems is expected to provide information under non-equilibrium processing conditions. 

Hence, in this research, the crystallization behavior of polymers has been investigated in 

the electrospun nanofibers in order to gain vital fundamental understanding of confined 

crystallization in polymeric materials.  

 

The present study mostly focussed on understanding the confined crystallization 

behaviour of poly(ethylene oxide) (PEO) in nanofibers electrospunned from polystyrene 

(PS)/PEO blends. The results obtained was further compared with their corresponding as-

casted samples. The PEO weight fraction was varied from 0.1 to 0.4. It was found that an 

abrupt shift in the nucleation mechanism from heterogeneous to homogeneous occurs when 

the PEO weight fraction was decreased from 0.3 to 0.2 in the nanofibers. The change of 

nucleation mechanism implied a drastic reduction of the spatial continuity of PEO domains 

in the nanofibers, which was not encountered in the cast film. The melting temperature and 

crystallinity of the PEO crystallites developed in the nanofibers were also significantly 

lower than those in the corresponding cast films. The phenomena observed were reconciled 

by the morphological observation, which revealed that the phase separation under the radial 

constraint of the nanofibers led to the formation of small-sized fibrillar PEO domains with 

limited spatial connectivity. The thermal treatment of the PS/PEO blend nanofibers above 
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the glass transition temperature of PS induced an even stronger confinement effect on PEO 

crystallization. It was also observed that the overall crystallization behaviour further 

depended on the PEO molecular weight. Furthermore, within the confined domains, PEO 

of two different molecular weights were found to cocrystallize which otherwise exhibited 

phase segregated crystallization behaviour. This was attributed to the restricted mobility of 

the PEO chains within the confined domains. However, such geometrical confinement 

could not restrict the phase separated crystallization behaviour of mixtures of two polymers 

with different chemical structure in the electrospun nanofibers fabricated from the ternary 

blends of PS, PEO, and poly(ε-caprolactone) (PCL). Furthermore, the homogenous 

nucleation of both PEO and PCL was suppressed whereas the heterogeneous nucleation 

was enhanced in the ternary blend nanofibers even at very low weight fraction of PEO or 

PCL. It will be shown that the promotion of heterogeneous nucleation was due to the 

coupling between the crystallization and the concentration fluctuations of liquid-liquid 

phase separation of PEO/PCL mixture dispersed in the PS matrix in the ternary blend 

nanofibers. The present study provides new insights into the effect of confinement on the 

crystallization behavior in crystalline/crystalline blend in the absence of junction point 

constraint. The dispersed phase stability was further improved using polystyrene-block-

poly(ethylene oxide) (PS-b-PEO) block copolymer as a compatibilizer in the PS/PEO blend 

nanofibers. The compatibilizer was found to locate at the interfacial region reducing the 

interfacial tension which led to the formation of finer and uniformly sized PEO droplets in 

PS/PEO blends. Such reduction of PEO domains in glassy PS matrix imposed further strong 

geometrical restriction on PEO crystallization. As a result, additional reduction in 

crystallization temperature and percentage crystallinity was observed for the PEO in the 

PS/PEO nanofibers. The present study has demonstrated that the confinement driven 

crystallization behavior in electrospun nanofibers could be very interesting and also 

complex.  
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heating upto 90oC (a, b) cast film samples and (c, d) nanofiber samples. 

 
Figure 4.16 Variation of normalized heat of fusion with PCL composition, as 

ascertained from DSC measurements, in as-casted and electrospunned 

PS/PCL blends. The respective value for neat PCL sample has been 

represented with the dashed blue line.  C denotes cast film whereas N 

denotes nanofiber samples. 

 
Figure 5.1 SEM micrographs of electrospun PS/PEO/PCL blend nanofibers (a) N-

S80E20L00; (b); N-S80E15L05; (c) N-S80E10L10; (d) N-S80E05L15; 

(e) N-S80E00L20 (f) N-S90E05L05. 

 
Figure 5.2 DSC cooling (a) and heating (b) curves of PEO/PCL cast films after first 

heating upto 90oC.  

 
Figure 5.3 DSC cooling (a, c) and heating (b, d) curves of PS/PEO/PCL blends after 

first heating upto 90oC (a, b) cast film samples and (c, d) nanofiber 

samples. 

 
Figure 5.4 SEM micrographs of the cross section of the cast films composed of 

PS/PEO/PCL blends (a) C-S80E15L05; (b) C-S80E10L10; (c) C-

S80E05L15. PEO phase was selectively etched using deionized water. 

 
Figure 5.5 DSC melting curves of PS/PEO/PCL nanofibers after cooling to pre-

decided crystallization temperature from 90°C. (a) N-S80E15L05, (b) N-

S80E10L10, (c) N-S80E05L15. The figure clearly shows that the 

crystallization peak above 25oC is solely due to the heterogenous 

nucleated crystallization of PEO since the subsequent heating curve only 

depicts the PEO melting behavior. The heterogeneous nucleated 

crystallization of PCL between 0-10oC leads to the observed melting 

behavior of PCL on subsequent heating. The homogenous nucleated 

crystallization of PCL (between 0 - -10oC) and that of PEO (between -

20 - -30oC) is revealed from the increase in the heat of fusion of 

respective melting peaks.  
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Figure 5.6 WAXD profiles of electrospun PS/PEO/PCL (80/10/10) blend nanofibers 

(N-S80E10L10) obtained after crystallization at different temperatures. 

The samples were crystallized at the temperatures mentioned after 

annealing at 90oC. The WAXD profiles shows that the crystallization 

nucleation process at 31oC could be solely attributed to PEO 

crystallization. The heterogeneous crystallization of PCL is visible from 

the diffraction peak of PCL at 4oC. Subsequent homogenous nucleated 

crystallization of PCL and PEO at -10oC and -24oC, respectively, is 

revealed from the increased intensity of the diffraction peaks.    

 
 

Figure 5.7 Variation of crystallization peak temperatures, attributed to 

homogenous and heterogenous nucleation mechanism, of PEO and PCL 

with respect to PEO composition in PS/PEO/PCL blend nanofibers. 

 
Figure 5.8 DSC cooling (a) curves of N-S80E10L10 blends after melt annealing at 

90oC for different time; (b) variation of heat of crystallization 

corresponding to each crystallization peak with melt annealing time.  

 
Figure 5.9 DSC cooling (a, c) and heating (b, d) curves of PS/PEO/PCL blends after 

first heating upto 90oC (a, b) cast film samples and (c, d) nanofiber 

samples. 

 

Figure 5.10 WAXS profiles of PS/PEO/PCL nanofiber at room temperature. 

 
Figure 5.11 SAXS (a, b) plots of PS/PEO/PCL blends obtained after isothermal 

crystallization at -20oC (a) cast film samples; (b) nanofiber samples. The 

complete absence of scattering peak in nanofiber samples is due to lower 

degree of crystallinity and the absence of coherently stacked lamellae in 

the ternary blend nanofibers. 

 
Figure 5.12 SEM micrographs showing the morphology of the electrospun 

PS/PEO/PCL blend nanofiber samples after selective etching of PEO 

phase with deionized water (a) N-S80E20L00; (b) N-S80E15L05; (c) N-

S80E10L10; (d) N-S80E05L15 and further washing with cyclohexane to 

remove PS phase (e) N-S80E00L20; (f) N-S80E15L05; (g) N-

S80E10L10; (h) N-S80E05L15. 

 
Figure 5.13 DSC cooling (a) and heating (b) curves of N-S80E10L10 sample after 

thermal treatment of the samples to different melt conditioning 

temperatures (Ta).  

 
Figure 6.1 SEM micrographs of electrospun PS/PEO/PS-b-PEO blend nanofibers 

(a) N-S7E3B0; (b); N- S7E3B2; (c) N- S7E3B4 and (d) N- S7E3B6. 

 
Figure 6.2 SEM micrographs of electrospun PS/PEO/PS-b-PEO blend nanofibers 

(a) N-S8E2B0; (b); N- S8E2B2; (c) N- S8E2B4 and (d) N- S8E2B6. 
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Figure 6.3 DSC cooling curves of PS/PEO/PS-b-PEO blends, prepared as as-casted 

films and nanofibers, after first heating upto 90oC. (a, b) cast film and 

(c, d) nanofibers with different weight fraction of block copolymer added 

samples. 

 
Figure 6.4 DSC heating curves of PS/PEO/PS-b-PEO blend nanofibers and cast 

film after first heating up to 90oC. (a, b) cast film and (c, d) nanofibers 

with different weight fraction block copolymer added samples. 

 
Figure 6.5 Variations of the thermal properties as a function of PS-b-PEO content, 

as ascertained from DSC measurements, in as-casted and 

electrospunned PS/PEO blends (a) melt crystallization temperature (Tc); 

(b) crystalline melting temperature (Tm); (c) normalized heat of fusion. 

The respective values for the neat PEO sample, in each case, has been 

represented with the dashed line.  

 
Figure 6.6 DSC cooling curves of PS/PEO(70/30) with different weight fraction of 

block copolymers in nanofibers after annealing at different temperature. 

(a) N-S7E3B0, (b) N-S7E3B2, (c) N-S7E3B4 and (d) N-S7E3B6. 

 
Figure 6.7  (a, b) and (c, d)  are  DSC cooling and heating curves of C-S7E3B4 and 

C-S8E2B4 sample, respectively, after thermal annealing at different 

temperatures.  

 
Figure 6.8 Heat of crystallization of homogeneous nucleated crystallization of PEO, 

in PS/PEO(70/30) nanofibers with different weight fraction of block 

copolymer, after annealing at different temperatures.  

 
Figure 6.9 Surface morphology of electro-spun nanofibers prepared from 

immiscible polymer blend of PS/PEO(80/20) after selectively etched 

PEO domains using deionised water.  

 
Figure 6.10 DSC cooling (a, b, c and d) curves of PS/PEO(80/20) with different 

weight fraction block copolymer added nanofibers after annealing at 

different temperature. (a) N-S8E2B0, (b) N-S8E2B2, (c) N-S8E2B4 and 

(d) N-S8E2B6. 

 
Figure 6.11 Heat of crystallization of PEO in PS/PEO(80/20) nanofibers with 

different weight fraction of block copolymer, after annealing at different 

temperatures.  

 
Figure 6.12 SEM micrographs showing the morphology of PEO domains in the 

electrospun PS/PEO(70/30) with different weight percent of block 

copolymer in the nanofibers after annealing at different temperature. (a 

- a’’) N-S7E3B0; (b – b’’) N-S7E3B2; (c – c’’) N-S7E3B4; (d – d’’) N-

S7E3B6.  
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Figure 6.13 SEM micrographs showing the morphology of PEO domains in the 

electrospun PS/PEO(80/20) with different weight fraction of block 

copolymer in the nanofibers after annealing at different temperatures. 

(a-a’’) N-S8E2B0; (b – b’’) N-S8E2B2; (c – c’’) N-S8E2B4; (d – d’’) N-

S8E2B6.   

 
Figure 6.14 Variation in PEO domain size in nanofibers after thermal annealing at 

different temperatures. (a) PS/PEO(70/30) and (b) PS/PEO(80/20) 

nanofibers with different  concentration of  block copolymer.  

 
Figure 6.15 Schematic illustration depicting the morphological changes of 

nanofibers after treatment at different Ta. (a) uncompatibilized blend 

nanofibers, (b) compatibilized blend nanofibers.  

 
Figure 6.16 DSC cooling curves of PS/PEO2/PS-b-PEO blend nanofibers obtained 

after annealing at different temperatures (a) 90°C (b) 130°C and (c) 

160°C. 

 
Figure 6.17 Schematic illustration depicting the dry brush and wet brush morphology 

of PEO in the electrospun compatibilized blend nanofibers. (a) dry-

brush morphology (b) wet-brush morphology. 

 
Figure 7.1 SEM micrographs of the electrospun PS/PEO(80/20) blended nanofibers 

with PEO of different molecular weights (a) 400000; (b) 100000; (c) 

35000; (d) 4000. The inset in each figure shows the corresponding 

distribution of nanofibers diameter. 

 

Figure 7.2 SEM micrographs of the electrospun PS/PEO(90/10) blended nanofibers 

with PEO of different molecular weights (a) 400000; (b) 100000; (c) 

35000; (d) 4000. The inset in each figure shows the corresponding 

distribution of nanofibers diameter. 

 
Figure 7.3 DSC cooling and reheating curves of PS/PEO blended nanofiber after 

first heating up to 90°C. Cooling curve of (a) 80/20 and (b) 90/10 blend 

nanofibers. Reheating curves of (c) 80/20 and (b) 90/10 blend 

nanofibers. 

 

Figure 7.4 Variations of the PEO thermal properties with PEO molecular weight 

and composition, as ascertained from DSC measurements, in as-casted 

and electrospunned PS/PEO blends (a) melt crystallization temperature 

(Tc); (b) crystalline melting temperature (Tm); (c) degree of crystallinity 

(Xc). 

 

Figure 7.5 DSC cooling curves of nanofibers after thermal treatment at different 

annealing temperatures (Ta). ‘a’ and ‘b’ represent 130°C and 160°C 

annealed PS/PEO(80/20) nanofibers; ‘c’ and ‘d’ represent 130°C and 

160°C annealed PS/PEO(90/10) nanofibers respectively. 
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Figure 7.6 SEM micrographs of the electrospun PS/PEO blended nanofibers. (a) N-

S80E110E210; (b) N-S90E105E205. The inset in each figure shows the 

corresponding distribution of nanofibers diameter. 

 

Figure 7.7 DSC cooling (a) and heating (b) curves of PS/PEO blended nanofiber 

after first heating up to 90°C. 

 
Figure 7.8 DSC heating curve of mixture of high and low molecular weight PEO 

inside nanofibers after quenching at different temperature from 90°C. 

(a) PS/PEO1/PEO2(80/10/10) and (b) PS/PEO1/PEO2(90/05/05) 

nanofibers. 

 

Figure 7.9 DSC cooling cycles and Avrami plots of (a, d) N-S9E11 blend nanofibers; 

(b, e) N-S90E105E205 blend nanofibers; (c, f) N-S9E21 blend nanofibers. 

Figure 7.10 Variation of (a) crystallization growth rate constant and (b) Avrami 

exponent with cooling rate. 

 

Figure 7.11 DSC cooling curves (a, b) and 2nd heating curves (c, d) of mixture of 

high and low molecular weight PEO nanofibers after thermal annealing 

at different annealing temperatures (Ta). (a, c) S80E110E210 nanofibers 

and (b, d) S90E105E205nanofibers. 

 

Figure 7.12 SEM micrographs showing the morphology of PEO inside nanofibers 

after thermal annealing at various temperatures. (a, a1, a2) S8E12 

nanofibers; (b, b1, b2) S80E110E210 nanofibers and (c, c1, c2) S8E22 

nanofibers. 

 

Figure 7.13 SEM micrographs showing the morphology of PEO inside nanofibers 

after thermal annealing at various temperatures. (a, a1, a2) S9E11 

nanofibers; (b, b1, b2) S90E105E2 05 and (c, c1, c2) S9E21 nanofibers. 
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LIST OF SYMBOLS AND ABBREVIATIONS 

Tg Glass transition temperature 

AAO   Anodic aluminum oxide 

PVDF Poly(vinylidine floride)  

PSF Polysulfone 

PAN  Poly(acrylonitrile) 

PEO Poly(ethylene oxide) 

PS Polystyrene   

PS-b-PEO Polystyrene-block-Poly(ethylene oxide) 

PCL Poly(ɛ-caprolactone) 

SEM Scanning electron microscopy  

 DSC Differential scanning calorimetry  

 SAXS   Small and wide angle X-ray scattering 

WXRD Wide angle X-ray diffraction  

WAXS Wide angle X-ray scattering  

𝑮𝒄 Gibb’s free energy in the crystalline state 

𝑮𝒂 Gibb’s free energy in the amorphous state 

Tm Melting temperature 

𝑻𝒎
𝟎  Equilibrium melting temperature 

𝑮𝒄
𝟎 Bulk crystal free energy for equilibrium crystals 

𝑮𝒔   Surface free energy 

𝑮𝒅 Free energy due to chain defects 

a Length 

b Width 

l Thickness 

𝝈𝒆 Fold free surface energy 

∆𝒉𝒇
𝟎 Heat of fusion of crystal composed of fully extended chains 

 γ  Ratio of crystal thickness to thickness of the crystalline nucleus  

𝒍𝒈
∗  Critical thickness of the crystalline nucleus  

𝑻𝒄 Crystallization temperature 

σ Surface energy 
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-∆𝒈𝒇
𝟎 Change of free energy during crystallization from melt  

𝑿(𝒕) Fractional crystallinity at time ‘t’ 

 t Time 

k Crystallization rate constant 

n Avrami exponent 

∆𝑯𝒎𝒆𝒍𝒕   Change of enthalpy per unit volume in melt 

∆𝑺𝒎𝒆𝒍𝒕  Change of entropy per unit volume in melt 

∆𝑮𝒏𝒖𝒄𝒍𝒆𝒊
∗  Critical dimension of nuclei 

I Nucleation rate  

G Growth rate  

𝑲𝟏 Constant related to the surface energy 

𝑲𝟐 Constant related to the surface energy 

𝒏𝟏  Constant 

𝒏𝟐  Constant 

H–L theory Hoffman– Lauritzen  theory 

∆𝑬  Actual energy barrier 

 χ  Temperature-dependent Flory-Huggins parameter 

N Degree of polymerization 

f Volume fraction 

BCC Body centred cubic  

C-A Crystalline-amorphous  

Tg
A Glass transition temperature of the A block  

TODT Order-disorder transition temperature 

PCL-b-P4VP  Poly(4-vinylpyridine)-block-Poly(ε-caprolactone) 

P4VP  Poly(4-vinylpyridine) 

PEO-b-PB  Poly(ethylene oxide)-block-Poly(butadiene) 

PS-b-PLLA Poly(styrene)-block-Poly(L-lactide)  

TEM Transmission electron microscope 

PE-b-PEP Poly(ethylene)-block-Poly(ethylene-propylene) 

PE-b-PEE Poly(ethylene)-block-Poly(ethylethylene) 

C-C Crystalline-b-Crystalline 

Tc1 Crystallization temperature of one block 

Tc2 Crystallization temperature of second block 
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PCL-b-PE Poly(ɛ-caprolactone)-block-Polyethylene 

PLLA-b-PEO Poly (L-lactide)-block-Poly(ethylene oxide) 

PLLA-b-PCL Poly (L-lactide)-block-Poly(ɛ-caprolactone) 

PEO-b-PCL Poly(ethylene oxide)-block-Poly (ɛ-caprolactone) 

PS-b-PEO Polystyrene-block-Poly(ethylene oxide) 

PS-b-PEO-b-PCL Polystyrene-block-Poly(ethylene oxide)-block-Poly(-caprolactone) 

2-D Two dimensional 

𝑴𝒆 Entanglement molecular weight 

𝒗𝒅 Volume of polymer in one AAO nanochannel 

𝒏𝒏  Related to crystal nucleation machanism  

𝒏𝒈𝒅  Related to crystal growth dimension 

P(VDF-TrFE) Poly(vinylidene fluoride trifluoroethylene) 

DAAO AAO domain size 

θ Angle 

EAA Poly(ethylene-co-acrylic acid) 

 Crystal form of PDVF 

 Crystal form of PDVF 

’ Crystal form of PDVF 

PA6 Polyamide 6  

PBS Poly(butylene succinate) 

PAN poly(acrylonitrile) 

BSE Back-scattered electron 

DMF Dimethylformamide 

DCM Dichloromethane  

Mn Number average molecular weight 

Mw Weight average molecular weight 

iPP Isotactic polypropylene 

Mv Viscosity average molecular weight 

Tg
PS Glass transition temperature of polystyrene  

Ta Annealing temperature 

wPEO Weight fraction of PEO 

wPCL Weight fraction of PCL 

δ Solubility parameter 
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LLPS Liquid-liquid phase separation  

UCST Upper critical solution temperature 

NA Avogadros number 

Dvs  Volume-to-surface average diameter of the domains 

ρ  Density 

ϕb  Block copolymer volume fraction 

ni Number of domains 

Ʃo Maximum block copolymer coverage  

Ʃ Block copolymer coverage  

Λ/2  Half of the lamellar spacing in the ordered block copolymer 

PS-b-PMMA Polyethylene-block- Poly(methyl methacrylate) 
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