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Đ =
𝑀𝑊

𝑀𝑛

Weight-average molecular weight (𝑀𝑊)
Number-average molecular weight (𝑀𝑛)

Example: Mixture of 
1

3
pentane, 

1

3
hexane, 

1

3
heptane

Pentane  72 
𝑔

𝑚𝑜𝑙

Hexane   86 
𝑔

𝑚𝑜𝑙

Heptane 100 
𝑔

𝑚𝑜𝑙

Total Mass 258 
𝑔

𝑚𝑜𝑙

Number-average molecular weight (𝑀𝑛)

𝑀𝑛 =
1

3
72 +

1

3
86 +

1

3
100 = 86

Weight-average molecular weight (𝑀𝑊)

𝑀𝑊 =
72

258
72 +

86

258
86 +

100

258
100

= 20.1 + 30.0 + 38.8 = 88.9

Đ =
𝑀𝑊

𝑀𝑛
=
88.9

86
= 1.03

Most of the weight was 
in heptane (43.6 %)







Catalyst Transfer Polymerization
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Ratio

49 57 136

75 mM 75 mM 75 mM

1 1 1

1.5 mM 1.3 mM 0.55 mM

Narrow dispersity

Highest conversion * 

Broad dispersity
High molecular weights
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75%
93%

Dispersity

Molecular 

Weight
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Ratio 10 60 109

0.12 M 0.12 M 0.12 M

11.8 mM 2 mM 1.1 mM
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GPC Trace Conv Mn Mw/Mn

B 90 % 8900 1.34

A 93 % 17200 1.34

After 

Monomer

Addition
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2005

JPP = 42.7 Hz

31P{1H} NMR: δ 15.6 ppm, 

14.7 ppm

31P{1H} NMR: δ 12.45 ppm
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Complex
31P{1H} 

δ
JPP

3
16.9 ppm
18.3 ppm

39.7 Hz

5 11.24 ppm -

Similar to 2005 Pt studies
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Aryl-Br Activation

Aryl-I Activation
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Aryl-Br Activation

Aryl-I Activation

Not observed



Key differences:

Metal-polymer π-complex

Ring-walking
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0th

order

1st

order

What about oxidative 

addition and reductive 

elimination?JPP = 15 Hz JPP = 68 Hz
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JPP = 15 Hz

JPP = 24 Hz

JPP = 68 Hz
RDS: 

Reductive Elimination
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0th

order

1st

order

What about oxidative 

addition and reductive 

elimination?JPP = 15 Hz JPP = 68 Hz
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JPP = 15 Hz JPP = 68 Hz

JPP = 11 Hz

RDS:

Reductive Elimination
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RDS for (dppe)NiCl2: Reductive Elimination
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RDS for (dppe)NiCl2: Reductive Elimination
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1st order 1st order

JPP = 64 Hz

JPP = 66 Hz

RDS: 

Transmetalation
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JPP = 59 Hz

1st order 1st order

JPP = 52 Hz

RDS: 

Transmetalation
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RDS for (dppe)NiCl2: Reductive Elimination

RDS for (dppp)NiCl2: Transmetalation
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% 𝑟𝑖𝑛𝑔 − 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 =
[𝑡𝑜𝑙/𝑡𝑜𝑙]

𝑡𝑜𝑙/𝑡𝑜𝑙 + [𝑡𝑜𝑙/𝐵𝑟]
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Key differences:

Metal-polymer π-complex

Ring-walking

Control properties of polymers:

Length

Sequence

End groups

Living polymerizations:

Catalyst

Monomer
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Polymer
(ψP3HT)

Mn
𝒌𝒈

𝒎𝒐𝒍
Mw

𝒌𝒈

𝒎𝒐𝒍
Đ

P3HT
(1.0 P3HT)

7.9 12.3 1.54

P3HT-b-PFTBT
(0.4 P3HT)

16.3 23.5 1.44

P3HT-b-PFTBT
(0.22a P3HT)

12.5 17.1 1.36

P3HT-b-PFTBT
(0.22b P3HT)

17.9 23.4 1.31
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220 ℃ : P3HT melted, PFTBT crystalline
195 ℃ : P3HT and PFTBT crystalline
165 ℃ : P3HT crystalline
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Ratio between power output and power input
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Maximum voltage at zero current
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Current when voltage is zero
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Ratio of maximum power and the product of 
open-circuit voltage and short-circuit current 
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How quickly electrons move through the material
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