
Controlling Dispersity



Questions

 Is dispersity alone sufficient as single parameter to describe the 

width of a molecular weight distribution ?

 Is narrower always better ? 

 How can we control dispersity ?



Ribonuclease A: molecular weight = 13 690,29 gr/mol
124 amino acids (degree of polymerization = 124) 

(Anal. Chem. 1990, 62, 1836)

The Quest for One

Proteins: Perfect control of chain length and sequence

Đ = 1.0
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Synthetic Polymers are Mixtures!
 Due to statistical variations in the polymerization process, polymers even in

their purest form, are usually mixtures of molecules of different molecular

weights

 Both the average molecular weight and the molecular weight distribution are

needed to fully characterize a polymer

(Anal. Chem. 1990, 62, 1836)

Ribonuclease A: Polystyrene (Mn = 9000 Da):
(Acta Polymer. 1998, 49, 272)

MALDI TOF mass spectra of a natural polymer (protein) vs. that of a synthetic polymer



Polymer Molecular Weight
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 Mn is biased towards the low molecular weight fraction
 Mw is biased towards the higher molecular weight fraction
 Mw/Mn (=  Đ = dispersity) depends on the breadth of the distribution

curve and is used as a measure of chain length heterogeneity



Beyond Dispersity

ACS Macro Lett. 2016, 5, 7, 796–800

https://doi.org/10.1021/acsmacrolett.6b00392

See also: Rudin, A. J. Chem. Educ. 1969, 46, 595

MWDs can be further described by going beyond Mn and Đ values to the third (skewness, α3) and fourth
(kurtosis, α4) moments of the distribution function. Skewness describes the symmetry of the curve, whereas
kurtosis indicates the amount of tailing on either side of the MWD around Mp.

Asymmetry factor (As), skewness (α3), kurtosis (α4)

Asymmetry factors (As) > 1 describe polymer MWDs tailing into low molecular weights, As < 1 describes polymer 
MWDs tailing into high molecular weights; As = 1 indicates a symmetric distribution. 

α3 is positive if the distribution is skewed toward high
molecular weights, zero if it is symmetrical about the mean
and negative if it is skewed to low molecular weights.



ACS Macro Lett. 2016, 5, 796–800

https://doi.org/10.1021/acsmacrolett.6b00392

Beyond Dispersity



Strategies to Control Dispersity

https://doi.org/10.1039/C9SC03546JChem. Sci., 2019, 10, 8724-8734



Macromolecules 2018, 51, 4553–4563

Polymer Blending



ACS Macro Lett. 2016, 5, 796–800

https://doi.org/10.1021/acsmacrolett.6b00392

Initiation Regulation
Anionic Polymerization(*)

• Normally: all initiator is added at once
• All chains start to growth at the same time -> narrow dispersity polymers

(*) will be discussed in more detail later, see “ionic chain polymerization”



ACS Macro Lett. 2016, 5, 796–800

https://doi.org/10.1021/acsmacrolett.6b00392

Initiation Regulation



https://doi.org/10.1021/acsmacrolett.9b00405
ACS Macro Lett. 2019, 8, 859–864

Tailored Catalyst Concentration

Controlled / “living” radical polymerization
• Atom transfer radical polymerization (ATRP)

(*) will be discussed in more detail later, see “controlled free radical polymerization”



Tailored Catalyst Concentration in ATRP

https://doi.org/10.1021/acsmacrolett.9b00405
ACS Macro Lett. 2019, 8, 859–864



Additional Reagents

DOI: 10.1039/C8PY00033F
Polym. Chem., 2018, 9, 4332-4342



Impact of Dispersity on Structure & Properties

Examples of the effect of dispersity on four different application areas, namely (a) the Young's modulus as determined by dynamic
mechanical analysis, (b) the effect of skew on self-assembly in bulk, (c) the formation of vesicles in solution and (d) the release of
adherent bacteria by polymer brushes. This figure is adapted from ref. 56, 59, 108 and 116 with permission from ACS publications.

https://doi.org/10.1039/C9SC03546JChem. Sci., 2019, 10, 8724-8734



Diblock Copolymer Phase Behavior

IS-64: lamellae IS-82: PS cylinders in PI matrix

Compare the length scale of the phase separated structures with those observed in polymer blends



Experimental PS-PI Diblock Copolymer
«Phase Diagram»

Diblock copolymers would like to
phase separate in the same way as
oil – water mixtures and polymer
blends. Due to the fact that the two
blocks are chemically linked
together, phase separation,
however, occurs at much smaller
length scales



Poly(styrene-block-isoprene) block copolymers with varying polystyrene (PS) MWD shapes and Young’s moduli 
(E) determined with dynamic mechanical analysis. (b) Plot of PS Đ vs E (MPa): blue circles indicate PS blocks 
with asymmetry factor (As) values of <1; red circles indicate PS blocks with As values of > 1; S = PS; SI = 
poly(styrene-block-isoprene). Each E value is an average of at least four measurements.

ACS Macro Lett. 2016, 5, 796–800 https://doi.org/10.1021/acsmacrolett.6b00392

Dispersity Effects on Physical Properties

Young’s moduli of poly(styrene-block-isoprene) block copolymers 



(a) Synthesis of block co-oligomers via click chemistry using α-alkynyl-oligoMMA (M) and ω-azido-oligoDMS (D)
as building blocks. (b) Left: MALDI-MS analysis of discrete (no asterisk) and semidiscrete (*) oligomers obtained
after chromatographic separation. Right: corresponding MALDI-MS data of the resulting block co-oligomers.

ACS Macro Lett. 2017, 6, 668–673 https://doi.org/10.1021/acsmacrolett.7b00262

ACS Macro Lett. 2017, 6, 674–678 https://doi.org/10.1021/acsmacrolett.7b00266For another related example: 

Effects of Dispersity on Self-Assembly



Left: Temperature-dependent SAXS profiles of D16M14
*. Right: Inverse intensity at q* 

as a function of inverse temperature for samples D16M14
* and D16

*M14
**.

Effects of Dispersity on Self-Assembly

ACS Macro Lett. 2017, 6, 668–673 https://doi.org/10.1021/acsmacrolett.7b00262



Effects of Dispersity on Self-Assembly



Learning Objectives

 Be familiar with the parameters asymmetry factor (As), skewness 

(α3) and kurtosis (α4) to describe molecular weight distributions.

 Be able to discuss different strategies to control dispersity.

 Understand the effects of dispersity on some materials properties of 

polymers.


