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※ Polymer? Macromolecules?

Hermann Staudinger (1881-1965)

: Staudinger proposed in a landmark paper published in 1920 that rubber and other

polymeric substances such as starch, cellulose and proteins are long chains of

short repeating molecular units linked by covalent bonds.

: In other words, polymers are like chains of paper clips, made up of small

constituent parts linked from end to end
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Natural progression of material

1.1. Configurations and Conformations 
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 Three basic properties of polymer chains

1) Molecular weight & molecular weight distribution

2) The configuration of the chain

⇒ The organization of the atoms 

along the chain. 

3) The conformation of the chains in space

⇒ Different arrangements of atoms 

and substituents of the polymer chain 

brought about by rotations of single bonds.

1.1. Configurations and Conformations 

isotactic syndiotactic

Ref. http://plc.cwru.edu/tutorial/enhanced/files/

polymers/struct/Struct.htm

Conformation in the 

single bond
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H-to-T : Thermodynamically

spatially preferred.

H-to-H

PS

1.1. Configurations and Conformations 

1.1.1. Examples of Configurations and Conformations

1.1.1.1. Head-to-Head and Head-to-Tail Configurations

CHCH2 CH2 CH

CHCH2 CH CH2
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1.1.1.2. Trans-Gauche Conformations
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1.1. Configurations and Conformations 
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 Microstructure

• long-range shape of the entire chain several
possibilities of rotating atoms or short
segments of chain relative to one another

Conformation

• includes composition, sequence
distribution, steric configuration, geometric
and substitutional isomerism.

Configuration

1.1. Configurations and Conformations 

1.1.2. Theory and Instruments
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Table 1.1 Chemical methods of determining polymer chain microstructure

1.1. Configurations and Conformations 

1.1.2.1. Chemical Methods of Determining Microstructure

Elemental analysis
• identify unknowns

• confirms new synthesis

 gives information on the  purity of 

the polymer 

Functional group analysis
• relates to those reactions that  

polymers undergo, either intentionally 

or accidentally. 

1.1.2. Theory and Instruments
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1.1. Configurations and Conformations 

1.1.2.2. General Physical Methods

Table1.2 Physical methods of determining polymer chain microstructrure

UV-Vis spectroscopy
• utilize the quantized nature of the  

electronic structure of molecules.

Mass spectroscopy
• utilize polymer degradation.

X-ray & Electron Diffraction 
• most useful determining the 

structure polymers in the crystalline 

state.
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1.1.2.3. Infrared and Raman Spectroscopic Characterization

 Total ε of a molecule =    rotational

vibrational 

electronic 

electromagnetic spin energies

⇒ Specific energies maybe increased or decreased by interaction with   

electromagnetic radiation of a specified wavelength. 

⇒ all such interactions are quantized 

i.e. only specific ε levels are permitted. 

1.1. Configurations and Conformations 
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1) IR spectra

obtained by passing IR radiation through the sample of interest and observing 

the wavelength of absorption peaks. ← caused by the absorption of the 

electromagnetic radiation and its conversion into specific molecular motions. 

⇒ requires intrinsic dipolemoment

 Dispersive IR:

IR is divided into frequency elements by the use of a monochromator and slit 

system. 

1.1.2.3. Infrared and Raman Spectroscopic Characterization

1.1. Configurations and Conformations 

http://www.chemicool.com/definition/infrared_absorption_spectrometers.html
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1.1. Configurations and Conformations 

Fourier Transform IR: Michelson interferometer. 

Total spectral information is contained in an interferogram from a 

single scan of a movable mirror. 

(no slits, the amount of IR ε falling on the detector is greatly enhanced.) 
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2) Raman spectra

obtained by a variation of a light-scattering 

• technique whereby visible light is passed into the sample. 

• light scattering     elastic 

inelastic-longer or shorter wavelength emitted. 

⇒ The electric field of the light must induce a dipole moment by changing 

the polarizability of the molecule. 

1.1. Configurations and Conformations 
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1.1. Configurations and Conformations 

1.1.2.4. Nuclear Magnetic Resonance Methods

 By sweeping the frequency, and hence the energy, of the applied 

electromagnetic radiation, a plot of frequency versus energy absorption can 

be generated. This is the NMR spectrum.
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1.1.2.4. Nuclear Magnetic Resonance Methods

 The spin quantum number of a nucleus ≥ ½   : it possesses a magnetic moment. 

 Proton(H+) has a spin of 1/2 : widely used in NMR studies. 

ε differences in the two orientations 

⇒ △E = hυ = 2μH0 : Bovey et al. 

½  : being aligned with H+

-½  : being aligned against the field

1.1. Configurations and Conformations 
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△E : the energy that must be absorbed to raise the nuclei in the lower state up 

to the higher level 

: emitted in the reverse process. 

: proportional to the magnetic field strength 

 In H0 = 9400G the resonant freq. for protons = ~40MHz

H0 ≥ 10000G υ is in microwave region. 

 In a molecule containing many atoms, the field on anyone of these is 

altered by the presence of the others. 

∴ △E = 2μ(H0+HL) 

where HL is the local field with a strength of 5-10gauss. 

 It is these changes that are important in NMR characterization. 

1.1.2.4. Nuclear Magnetic Resonance Methods

1.1. Configurations and Conformations 
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 Atoms used in NMR : 1H(Hydrogen), 2H(Deuterium) 
19F(Fluorine), 13C(Carbon-13) 
14N or 15N, 31P 

⇒ much higher resolutions are often with these nuclei, allowing exact sequences of

structures to be determined along the chain.

 Magic angle method for 13C-NMR 

⇒ Uses oriented specimens spur around an axis at 54.7° to reduce line broadening

due to anisotropic contributions. This particular angle arises because

the broadening component is proportional to the quantity(3cos2θ-1), where θ is

the angle between the line correcting the nuclei and the direction of the

magnetic field in isotropic compositions.

- at 54.7°, (3cos2θ-1) ≅ 0 

1.1.2.4. Nuclear Magnetic Resonance Methods

1.1. Configurations and Conformations 
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1.2.1. Stereochemistry of Repeating Units

1.2.1.1. Chiral Centers

Enantiomers
non-superimposible

chemically identical

optically different

enantiomorphs

1.2. Stereochemistry and Tacticity
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1.2.1. Stereochemistry of Repeating Units

1.2.1.2. Tacticity in Polymers

 Polymerization of vinyl compound

(=monosubstituted ethylene)

every other carbon atom is a chiral center.

→ pseudochiral centers in long-chain polymers because  the polymers do  not in 

fact exhibit optical activity

 tacticity - atactic :                 generally amorphous    ( exception : PVC, PVA )

syndiotactic(st)

isotactic (it)     

→ The different possible spatial arrangements

1.2. Stereochemistry and Tacticity

crystallizable

CH2 C CH2
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H

R
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1.2.1.3. Meso-and Racemic Placements (ref. to stereochemistry) 

meso-(same)

racemic(opposite)
placement of a pair of consecutive pseudochiral centers

Diads
meso-

racemic-

Triads
mm

mr

rr

·

·

Pentads

1.2. Stereochemistry and Tacticity
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1.2.2. Repeating Unit Isomerism

1.2.2.1. Optical Isomerism

1.2.2.2. Geometric Isomerism

cis / trans isomerism

⇒ different from trans-, gauche conformations 

Poly(propylene oxide)

: optically active

1.2. Stereochemistry and Tacticity
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1.2.2.3. Substitutional Isomerism 

CH2=CH-CH=CH2

1,2- addition

1,4- addition

1,2- addition

1,4- addition

3,4- addition

1.2. Stereochemistry and Tacticity
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1.3.1. Common Types of Copolymers 

1.3.1.1. Unspecified Copolymers

Poly(A-co-B) : random copolymer 

1.3.1.2. Statistical Copolymers

Poly(A-stat-B) : Sequential distribution of the monomeric units obeys 

known statistical laws 

= Poly(A-co-B) : old term 

1.3.1.3. Random Copolymers

The probability of finding sequence …ABC… of monomeric units 

P(…ABC…)=P(1)․P(B)․P(C)…=P(i) ; i=A,B,C… 

1.3. Copolymers
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1.3. Copolymers

1.3.1. Common Types of Copolymers 

1.3.1.4. Alternating Copolymers 

Poly(A-alt-B)

e.g. Poly[styrene-alt-(maleic anhydride)] 

…-A-B-A-B-A-B-… 

1.3.1.5. Periodic Copolymer 

Poly(A-per-B-per-C) 

…-A-B-C-A-B-C-A-B-C-… 
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1.3.2. Quantitative Determination of MER distribution

‘run number' : first introduced by Harwood and Ritchey 

= average number of like mer sequences or "runs" occurring in a 
copolymer per 100mers. 

(H) = (HHH) + (EHH) + (EHE) 

(E) = (EEE) + (HEE) + (HEH) 

Run number = (1/2) (HE) 

= (EHE) + 1/2(EHH) 

= (HEH) + 1/2(HEE)

average E sequence length = (E) / run number 

average H sequence length = (H) / run number 

1.3. Copolymers

where E and H represent the two 

mers, respectively.
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83/17 Copolymer 97/3 Copolymer

(EHE) 0.098 0.031

(EHH) 0.053 0.000

(HHH) 0.022 0.000

(HEH) 0.043 0.000

(HEE) 0.164 0.061

(EEE) 0.620 0.908

1.3. Copolymers

Table 1.3 Triad distributions in two ethylene/1-hexane copolymers

 Example calcluations

• 83/17 copolymer case

(H) = (HHH) + (EHH) + (EHE)

= 0.022 + 0.053 + 0.098 = 0.173

(E) = (EEE) + (HEE) + (HEH)

= 0.620 + 0.164 + 0.043 = 0.827

Run number = (½ ) (HE) 

= (HEH) + ½  (HEE)

= 0.043 + ½  0.164 = 0.125

Av. E sequence length 

= (E) / run number = 0.827 / 0.125 = 6.616 

Av. H sequence length

= (H) / run number = 0.173 / 0.125 = 1.384

Try it in the case of 97/3 copolymer!!
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1.3.3. Multicomponent Polymers (ref to pp46-47)

(≃polymer alloys) 

1.3.3.1. Block Copolymers

PolyA - Block - PolyB 

-(A-A-A-…-A)---(B-B-B-…-B)-

1.3.3.2. Graft Copolymers

PolyA - graft - PolyB 

1.3. Copolymers
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: The sequence of bond conformations at a given instant defines 

the rotational isomeric state of the chain

≃ several times the thermal energy kT 

 rate of transition ∝① Arrhenius factor : exp(-Eact/kT) 

: the probability of being near the saddle point joining the 

two ε wells in question

② the frequency of saddle traversal 

 Helfand et al.⇒ transitions frequently occur in pairs, cooperatively. 

: sequential fashion to minimize the effect of the activation ε barrier 

• Conformational States in Polymers (ref. to Fig.2.10)
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 trans-gauche transition under lie

① the diffusional motions of de Gennes. 

② the shatzki transition. 

③ the glass transition. 

• Conformational States in Polymers (ref. to Fig.2.10)

Fig.2.10 The rotational energy for carbon-

carbon single bond in a hydrocarbon 

polymer such as polyethylene. 

Illustrated are the energy wells of 

the trans, gauche plus, and the gauche 

minus position.


