Lab 5 : Polymers

MSE-421 Statistical Mechanics



Contents

Objectives:

1. How does temperature alter the shape of polymers?
2. Study the coil-globule transition and obtain the crossover temperature
3. Estimate the Flory exponent and characterize the polymer

Deadlines:

- Lab04 (Liquids) : Wednesday, 29 May 2024, 03:00
- Lab05 (Polymers) : Tuesday, 4 June 2024, 03:00
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Polymers in everyday life

Teflon

Polyisoprene

Proteins
(myoglobin)

Polyester Polyethylene
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Polymers

Staudinger (1920) : Macromolecular Hypothesis

“Polymers are molecules made of covalently bonded elementary umts called

monomers.
Staudinger, H. (1920), Uber Polymerisation. Ber. dtsch. Chem. Ges. A/B, 53: 1073-1085 (in German)

(Nobel Prize in Chemistry 1953)
n Jj‘m Recommended Term () DO

polymer

PAC, 1996, 68, 2287. (Glossary of basic terms in polymer science (IUPAC Recommendations
1996)) on page 2289

More info at: https://doi.org/10.1351/goldbook.P04735 Official IUPAC Definition

https://en.wikipedia.org/wiki/Polymer

. Polymer Physics — Rubinstein and Colb
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https://en.wikipedia.org/wiki/Polymer

Flory Theory of a polymer chain

Established by Paul J. Flory (Nobel Prize in Chemistry, 1974)

Paul J. Flory — Nobel Lecture. NobelPrize.org. Nobel Prize Outreach AB 2024. Thu. 23 May 2024.

The theory lies lies on the assumption that we can consider a real polymer
chain as composed of two components:

1. Anideal (no interactions) chain (entropic contribution)
2. A dilute ‘gas’ of monomers (energetic contribution)

For a real polymer chain, monomer-monomer and monomer-solvent
interactions are considered.

|deal polymer chain
Scaling “law” Rg ~ bNY v=1/2
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Coil-globule thermodynamic transition

Of great importance in biology : such transitions are observed in proteins and
DNA

J. Chem. Phys. 102, 6595-6602 (1995)

Study the average end-to-end distance as a function of T.

— T gy = e — w—— o ——
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- . M. W. Tibbitt, Lecture 6: Real polymer
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Polymer in a solvent and scaling laws

e Good solvent : A solvent in which a polymer expands R ~ N3/5
e Poor solvent : A solvent in which the polymer collapses R ~ N1/3
e theta solvents : A solvent in which a polymer acts like an ideal chain

inter-monomer and
solvent-chain
interactions cancel each od X S
other AR W e

Poor < - *» Good
Solvent Quality

Low < * High
Temperature

"'-:Radlus

R=ry—1r

M. W. Tibbitt, Lecture 6: Real polymer
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Lab 5

Our physical system:

a0 = N oW
P —— e —

Single chain in vacuum
100 identical monomers
Monomers are linked by a harmonic potential

Vv ({ri}) __kZ‘rJH r]\2

Lennard-Jones interaction between monomers

e =4](2)" -
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Lab 5

Study the shape of polymer chains for the following temperature values
T € {0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.4} (LJ units)

T
Study coil-glubole transition and determine crossover temperature.

For a given temperature value /' = 4.4, extract the Flory exponent.

N € {75,100, 150}
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Molecular Dynamics

“MD is the science of simulating motion of a system of particles according to

Newton's classical equations of motion”

(“Pursuing Laplace’s Vision on Modern Computers | SpringerLink” by Schlick T. )

You will not have to implement anything!
— We will use the software Visual Molecular Dynamics

VMDD

Visual-Molecular Dynamics
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https://link.springer.com/chapter/10.1007/978-1-4612-4066-2_13

VMD / Load a molecule

Open VMD + load a molecule (.pdb extension) from data_polymers/

§ Choose a molecule file

w= New Volume (I

= O X
f i : . Load files for: |New Molecule N <« labis > labS > d e
Molecule Graphics Display Mouse Extensions Help I 4 abs > lab5 > data_polymers
Filename: Browse
New Molecule _ Organize > Newfolder =- o
Atoms Frames Vol ek lRE Ry 5 : . - -
pad Data Into Molecule [Automatically __| Load @ OneDrive lame Date modified pe
Save Coordinates . 8 This PC ) polymer_NO75_T4.4,pdb 31/05/2018 22:26 PDB File
Load Visualization State Strid % Local Disk () ") polymer_N100_T0.5.data 9 4
") polymer_N100_T0.5.pdb 9/05/2017 12 PDB File

Save Visualization State. ..

Log Tcl Commands to Console
| Log Tcl Commands to File...
Turn Off Logging

Render...

Quit

[) polymer_N100_T1.0.data

= nam-scratch (

() polymer_N100_T1.0.pdb

6 plugins in directory: >  m= nam (\\sti-nas
Info) C:/Program FJles/\/MD/plug1ns/L\JII“IGu/molFﬂe
md > |

@ Network ] polymer_N100_T1.5.data

A Linux

| polymer_N100_T1.5.pdb

M cabans MN1AA T A datn

All files

| open |+ Cancel

File name: | polymer_N075_T4.4.pdb
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VMD / Load a molecule

8" VMD Main

File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule Atoms Frames Vol
[0 T A D F polymer_NO075_T4.4.pdt 75 850 0

lﬁ 349 |
‘ zoom [ Loop ¥| stepd| 1 M speed il
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VMD / How to make beads visible

From Graphics -> Representations

Choose
CPK in

Drawing
Method

M
[ |

I
r

|a|||

Graphical Representations = a X

Selected Molecule

|0 polymer_NO75_T4.4.pdb L‘
Create Rep Delete Rep
| Style Color Selection
CPK Name all
|
|
Selected Atoms

Draw style‘ Selections | Trajectory\ Periodic |
Coloring Method Material

IName ﬂ IOpaque ﬂ

Drawing Method
CPK v Default

Sphere Scale #| 4 I 10 bW
Sphere Resolution § {I 12 bW
Bond Radius 4| { I 03 MW

Bond Resolution § ll 12 (B

& Apply Changes Automatically ~ Apply
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VMD / How to choose end-to-end distance

Use Mouse -> Scale Mode to zoom in
Use Mouse -> Rotate Mode to rotate the structure
Use Mouse -> Label -> Bonds to choose end points of a bond

Bl VMD 1.9.4a53 OpenGL Display = a X

For our polymer,
we can define the
end-to-end
distance
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VMD / Time evolution of end-to-end distance

Use Graphics -> Labels

S
Q Choose Bonds here @ AT
1
Labels = X S Labels _ »

Bonds vI I Show | Hide I Delete | |Bonds vl Show Hide Delete

11H 11:H 11H 11:H

Picked Atom | Graph| Properties | Global Properties | Picked Atom{ Graph [|Properties | Global Properties |
Molecule: |0: polymer_N075_T4.4.pdb " Show preview Graph... | Save... |

XYZ:| -1.085 5029 0.053

ResName: |1 Chain: |X

ResID: |1 SegName:
Name: [H Index: 58
Type: |H value:[ 0.000

View bond length Save data
L ——vstime —
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