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Properties of Polymers: Dispersity

Weight-average molecular weight (My,) My,
Number-average molecular weight (M,,) M,

. 1 1 1

Example: Mixture ofg pentane, 3 hexane, 3 heptane

Pentane 72 -
mol

y a6 0 Weight-average molecular weight (My,)
exane —

"% My = (22) 72 + (22 86 + (—22) 100
Heptane 100 =~ W=\ 258 258 258
. =20.1+30.0 +38.8 =88.9 post of the weight was
Total Mass 258 — in heptane (43.6 %)

Number-average molecular weight (M,,)

1 1 1
My, =7 (72) + 7 (86) + (100) = 86

My 889
M, 86

D = 1.03




Properties of Polymers: Chain-Growth
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Properties of Polymers: Step-Growth
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Properties of Polymers: Growth

Polyester
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Catalyst Transfer Polymerization

Chain-Growth
Molecular

Weight )
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0 % Conversion 100




McCullough Group - dpppNidl,

thP\Ni,Pth

o [\ I\
1\ cl’ cl S 7\ S
+ > S + B
Br/[;\iBr CIZn/Q \ / S s

2 equiv 1 equiv 97 % 3%
5 1 10
m Ph, Q Ph, /A/_g\
ﬂ o DY \ S S, 4N s s
ph, | ) Elimination Ph, Oxidative
1 2 3 4 Addition
Ph  \ Ph
P\ZN_.Bf Ph, XM’Q P Br
<:P/ II SUEN Oxidative N . / \ S, 1 P/NI S
Phy L, \ | Addition Ph/ S \ / Transmetalation phy LI
8 3° 7 6
Ph \
/ \ 2
xm’Q S
1

!\ 7\
s ) S
Reductive
: th I, ——— — 3 5\ /) s
Transmetalatlon Elimination
10

Sheina, E.E.; Liu, J.; lovu, M. C.; Laird, D. W.; McCullough, R. D. Macromolecules 2004, 37, 10, 3526-3528.



Screening Reactions

thP\N .PPh,

. I\ cl’ ¢
) /[S_\S\Br _ /Q O\qO O\g

2 equiv 1 equiv 97 %
5 1 10

3 %

PhoPs .PPhy

CII ©
2%

2 equiv 1 equiv 98 %
thP\ ~PPh,
o o+ g A o Ao L Y
S \ )/

2 equiv 1 equiv ~ 100 % ~0%

thP\ PPh2
I
+ Bng—@— . @_d
\ /
2 equiv 1 equiv 97.7 % 0.3 %

Sheina, E.E.; Liu, J.; lovu, M. C.; Laird, D. W.; McCullough, R. D. Macromolecules 2004, 37, 10, 3526-3528.



More Evidence of Chain Growth Polymerization Pt. 1

Ratio A e =«
A Narrow dispersity
) 49 57 136
XM . .
S @ | Highest conversion *
1 75mM | 75mM | 75 mM
1 1 1 L Broad dispersity
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|
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100 18
2 . 1
" . . = 4 16 L, mow o
80 A = &
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A @ u
. . = o o 3 “5‘3 L] g g g A . ® « 2 :Lm
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S A ;" 2 % 1.0
o L ] o
o " 6 5 S -
g 404 & o = 16000
S . 5 N -
PR 12000 ) — o
> .
zn-.;gouﬂn 11 =" 8000} " « o °® ':‘:‘.
O = . J-"'___..
> 4000} * P
?ﬁ o |
0 : - - 0 ) SR : : : ]
0 2000 4000 6000 8000 0 20 40 60 80 100
Time(s) Conversion (%)

Sheina, E.E.; Liu, J.; lovu, M. C.; Laird, D. W.; McCullough, R. D. Macromolecules 2004, 37, 10, 3526-3528.



Yokozawa Group - dpppNiCl,

Ph,P.  .PPh
2 Ni 2

CgH13 i-PrMgCil > CeH13 Cll \Cl » CeH1s
I\ THF, 0°C, 0.5 h ﬂ THF, rt I\
I S Br CiMg S Br S
n
1 2 HT-P3HT
100 )
80 f 30000
< 60 \ Dispersity
— 0 200001
= 93% Molecular =
o 40¢ /5% . =
& Welght 10000+
20
0 - : : 0 .
0 6 12 18 24 0 50 100
Time (h) Conv (%)
CeHq3 CeHq3
!\ !\
CiMg s” bBr CiMg s” bBr

Yokoyama, A.; Miyakoshi, R.; Yokozawa, T. Macromolecules 2004, 37, 4, 1169-1171.



More Evidence of Chain Growth Polymerization

Ph,P.  .PPh
2 Ni 2

CeH13 -PrMgCl CeH13 cl’ cl CeH13
>
/(/_\S\ THF, 0°C, 0.5 h ﬂ THF, rt /@\
I S Br CiMg S Br S
n
1 2 HT-P3HT
Ratio 10 60 109
CeH1s é“é
C,Mg/@& 012M | 012M | 0.12M 1:6
2 1.4
1.2
PhoPs .- PPhy 11.8 mM 2 mM 1.1 mM
,NI‘ 0 ’ ' 1 O
¢ cl 0 40 80 120
[2]o/[Ni(dppp)Clo]o

Yokoyama, A.; Miyakoshi, R.; Yokozawa, T. Macromolecules 2004, 37, 4, 1169-1171.



Gradient rt-Conjugated Copolymers

B Ilil A
.'I: GPCTrace | Conv | M M, /M,
i After
. Monomer B 90 % 8900 1.34
JJ" i Addition
N
_J \ A 93 % | 17200 1.34
14 18
20
A .
15 |
CH,OCgH1 EW
CeH1s3 thp\'Ni:PPhZ s / \ ;‘ Q
S A |Ns T Toe—e=l
THF, 0 °C n 5
B CeH1s 3
0 : , ; ;
CHZOCes opougo 0 20 40 &0 80 100

%% total conversion

3.0

+ 2.5
= 2.0
- 1.5 &
- 1.0

- 0.5

0.0

Yokoyama, A.; Miyakoshi, R.; Yokozawa, T. Macromolecules 2004, 37, 4, 1169-1171.
Locke, J. R.; McNeil, A. J. Macromolecules 2010, 43, 21, 8709-8710.



Isolation & Characterization of Pt n*-complex

2005 PEts

Tolune/ Tolune/
=\ / 5+ PPEty), —THF g _THE o /T // Pt Br
NN/ ZPEG PEt, NN/ PEty

EQP PE%
1 2 3

Bri

%%‘%#ﬁ%
5 oY

21 22 23 25 26 27 28 29 30
Sc| Ti | V Cr Mn Fe Co|Ni|J]Cu Zn
'—3; 40 a 4_2* 43 4; :'5"‘ 46 47 48
Y Zr Nb Mo Tc Ru Rh|Pd] Ag Cd
: 72 73 74w 75 76" 77'"' 78w 79 80~

Hf Ta W Re Os Ir |Pt]| Au Hg

104 105 106 107 108 109 110 m 12

Rf Db Sg Bh Hs Mt Ds Rg Cn

Rutherforgium  Dubnium Seaborgum Bohrium Hassium Meltnerium  Darmstadtium  Roentgenium  Coperniclum

“'N12
Jop = 42.7 Hz
31P{1H} NMR: & 15.6 ppm, >*'P{*H} NMR: & 12.45 ppm
14.7 ppm

Strawser, D.; Karton, A.; Zenkina, O. V.; Iron, M. A.; Shimon, L. J. W.; Martin, J. M. L.; van der Boom, M. E. J. Am. Chem. Soc. 2005, 127, 26,
9322-9323.



Characterization of Ni n°-complex

PEts
C Ds C7Ds Ni= X

=\ / X+ Ni(PEty), =\ / 3
N\ / 2PEt3 N\ / PEt;

EtP” PEL,
1 X=Br 3 X=Br 5 X=Br
2 X=| 4 X=| 6 X=|

31P 1H
Complex é } Jpp
16.9 ppm
3 18.3 ppm 39.7 Hz
5 11.24 ppm -

Similar to 2005 Pt studies

Zenkina, O. V.; Karton, A.; Freeman, D.; Shimon, L. J. W.; Martin, J. M. L.; van der Boom, M. E. Inorg. Chem. 2008, 47, 12, 5114-5121.



Experiment to Determining Reaction Pathway

PEt3
_Cibs < >_ c,D : _< >_
— X . 7 8
+  Ni(PEt
Ny / (PEts)s 2PEt3 Ny PEt,

EtsP” PEt3
1 X=Br 3 X=Br 5 X=Br
2 X=| 4 X=| 6 X=I
PEt;
3 Q_/—Q— -Br  Aryl-Br Activation
PEt3
— Br R/
Ny 7 C,Dg
Et3P'NI"PEt3 5°C PEts
o ) . .
3 3 =\ / Ni=I Aryl-l Activation
NN/ PEt;
6

Zenkina, O. V.; Karton, A.; Freeman, D.; Shimon, L. J. W.; Martin, J. M. L.; van der Boom, M. E. Inorg. Chem. 2008, 47, 12, 5114-5121.



Intramolecular Process by Ni n°-complex

PEt3
CD8 C7D8
=\ / X+ Ni(PEt
N, ) (PEG)s  ~ZpE, 2 N\ pEt3

Et;P” PEt3
1 X=Br 3 X=Br 5 X=Br
2 X=| 4 X=| 6 X=I
PEt;
> = / N|—Br Aryl-Br Activation
__ \ / PEt3
— Br R/
\_7 C1Dg
Et3P’N'“PEt3 5°C PEts
1 . .
3 3 =\ Ni=I Aryl-1 Activation
NN/ PEts
6

Not observed

Zenkina, O. V.; Karton, A.; Freeman, D.; Shimon, L. J. W.; Martin, J. M. L.; van der Boom, M. E. Inorg. Chem. 2008, 47, 12, 5114-5121.



Catalyst Transfer Polymerization Mechanism

n n
Key differences:

Metal-polymer m-complex
Ring-walking

Intramolecular
Oxidative Addition

X
n
LM<

X
X

Transmetalation

Ring-walking

X
n
M'X

Reductive
Elimination
LM

X

Leone, A. K.; Goldberg, P. K.; McNeil, A. J. J. Am. Chem. Soc. 2018, 140, 25, 7846—7850.



Rate Determining Step: Ligand and/or Monomer Dependent?

Ph,P. .PPh
2 \Ni 2

VA S
Cl Cli
OC6H13 OCSH13
S S
CIMQ\Q/BF Br g § MgCl m ® 4<é S?_
n n
CeH13 H13CeO thRNi'Pth CeH1s H13C60
TAY
Cl Cli

.

Lanni, E. L.; McNeil, A. J. Macromolecules 2010, 43, 19, 8039-8044.
Lanni, E. L.; McNeil, A. J. 3. Am. Chem. Soc. 2009, 131, 16573-16579.



Rate Determining Step: (dppe)NiCl,

Ph,P. .PPh
2 \Ni 2

2R
Cl Cli
OC6H13 OCSH13
S S
CIMQ\Q/BF Br MgCl m ®
n n
CGH13 H13C60 PhZP\Ni'PPhZ CBH13 H13C6O
VARY
Cl ClI

S

Lanni, E. L.; McNeil, A. J. Macromolecules 2010, 43, 19, 8039-8044.
Lanni, E. L.; McNeil, A. J. 3. Am. Chem. Soc. 2009, 131, 16573-16579.



Transmetalation Not RDS with Thiophene Monomer

— Br., ¢ R
Ph,P, ,PPh,
s Ni Ph,
CIMg oY cl’ ©l s P
0 e
\q THF, 0 °C > \ / A [ /N| -
P
CeH13 CeHus P,
Br
0 50 R
A B s
% 154 q:dn Ph2 \ ' Ph2
‘;; ‘.'“ a0 P\ . S \ Br
£1o- ‘/E_{—% = /NI s
B %20 P
: : 3 Ph, Wkl ph2 | /
) R
00,00 -D,Ios ﬂ,;o U.;S 0,20 Uﬂ.ODCHI n.m.:nz ﬂ.{éﬁ-‘- ﬂ.ﬂhﬁ ﬂ.ﬂ’ﬂl}a Il.ﬂlﬂiﬂ
[Monomer 6] (M) [Catalyst] (M)

Oth 1st

MgX, CIMQ\Q/BF
order order
‘ What about oxidative
Ph Cy2 ‘

R ’Br Me P addition and reductive
[N Jpp =15 Hz E,Ni" Jep =68Hz  glimination?
Me Me

Lanni, E. L.; McNeil, A. J. J. Am. Chem. Soc. 2009, 131, 16573-16579.



Finding RDS with Thiophene Monomer

Ph,P. ,PPh,
s Ni
S

\(—Z/ TR 0cc . A\ A/,

CeHis CeH13

Jpp = 24 Hz

<M
/NI
/ \ P |/
Ph,P. ,PPh, Ph,
|

N
LAY
cr cl \

Ph C
2 Me PYz

R Br \

E Ni i Jpp =15 Hz E Ni--
P P
Ph, Cy
Me Me

RDS:
Reductive Elimination

Lanni, E. L.; McNeil, A. J. J. Am. Chem. Soc. 2009, 131, 16573-16579.



Transmetalation Not RDS with Hexyloxyphenylene Monomer

Br
Ph P/_\ y
OCgH13 2 \Ni'PPhZ OCgH13 0 R
. ac cl’ T o
' 9 THF, 0 °C > A P\2
CGH13O C6H13O [P/Nio'" R
Ph,
A B Br
%‘an- '*;;‘ . R Br
& 2" Ph, i :i Ph,
% }___.-—’——-i g . P\ P\ 'Br
% e E E Ni E Ni
E E 24 / /
P P
Ph, @lsr Ph, @Br
’ 0.0 0:1 i'l..l II.IJ 0.’1 0.5 Dﬂ.m ﬂ.ﬂ’ﬂz D.:ﬂ-% ﬂ.ﬂlu oooos R ,7 R ,7
[Monomer 2a] (M) [Catalyst] (M)
Oth 1st
order order MaX, C|M9_®_Br
R
‘ What about oxidative
B 2B Me gy ‘ addition and reductive
\ 'Br P\
EP,Ni Jop=15Hz [ - Jep =68Hz  glimination?
th Eyz
Me Me

Lanni, E. L.; McNeil, A. J. J. Am. Chem. Soc. 2009, 131, 16573-16579.



Finding RDS with Hexyloxyphenylene Monomer

OCeHis Ph,P. .PPh,

Ni OCgH13 e R
. c’ ¢l Ph
Br MqgCl - 2
? THF, 0 °C A R
0
[ /NI--- R

CGH13O C6H13O

P
Ph,
/ Br
Jop = 11 Hz r e \

\ Ph,
P, P,
—\ \ \ _Br
PhaP -PPh2 3 N > MNi
! P P
c’ ¢l \ ‘/ Ph, Br Ph, Br

MgX, C|Mg—®—8r

&5 44 47 4 R
L Y Jpp=15H N ‘ Jpp = 68 H RDS:
EP'N':©\ PP z EP'N'" O PP £ Reductive Elimination
Ph, Cy
Me Me

Lanni, E. L.; McNeil, A. J. J. Am. Chem. Soc. 2009, 131, 16573-16579.



RDS: Not Monomer Dependent for (dppe)NiCl,

Ph,
Br

r ] _

th@ Ph,

P, P,

\ \ Br
A e

P/ /

Ph, Br Ph Br

R R

RDS for (dppe)NiCl,: Reductive Elimination

Lanni, E. L.; McNeil, A. J. J. Am. Chem. Soc. 2009, 131, 16573-16579.



Rate Determining Step : (dppp)NiCl,

Ph,P. ,PPh,
Ni

7 N

Cl ClI

OC6H13 OCSH13
S S
CIMQ\Q/BF Br MgCl m ®
n n
CeH13 H13CeO thP\Ni'PF>hz CeH1s H13C60

7 N

Cl Cli

S

Lanni, E. L.; McNeil, A. J. Macromolecules 2010, 43, 19, 8039-8044.
Lanni, E. L.; McNeil, A. J. 3. Am. Chem. Soc. 2009, 131, 16573-16579.



RDS: Transmetalation?

s PhaPs -PPh,

Br Br CIM S _B N
U FPrMgCl g\V\_l_/7/ " o'

0 o )
CGH13 THF, 25 C CGH13 THF, 0 C
B A
. 20 -
; i3
"a 20 "
= =
£ @ 10 4
52 10 - 2
E £ ;]
L]
0 T v T 0 v . ; : T
0.00 0.05 0.10 0.15 0.20 0.0000 0.0002 0.0004 0.0006 D.0008 0.0010
[monomer 4] (M) [catalyst] (M)
1st order 1st order
B
vV

S
Py Jpp = 66 Hz MgX; C'Mg\/\_,z/Br
<:P>Ni' < V R
Me T RDS:
Transmetalation

Jpp = 64 Hz

40 3530252015105 0O -5 -10-15 ppm

Lanni, E. L.; McNeil, A. J. Macromolecules 2010, 43, 19, 8039-8044.



RDS: Transmetalation?

OCSH13 OC6H13 thP\NI'PPhZ
i~PrMgCl c’ ¢l
B Br MgCl
' 5" "THF, 25°C > ? THF, 0 °C
CeH130 CeH130

50 B 100 A
HJO- . 80 -
‘:i 30 - -.‘i 60
= =
%20- % 40
§ 10 o £ 20 A

L] 1]

T T T T T T T
01 0.2 0.3 0.4 0.5 0.000 0.002 0.004 0.006 0.00¢

o0 [monomer 2a] (M) [catalyst] (M)
st st \. 7
1st order A 1st order
Il —
— MgX CiMg Br

<:P\Ni,Br I R
e 1)
F4C k\k—. RDS:

J. =59 Hz "22 21 20 19 2 3 -4 5 Transmetalation
PP —

40 3530252015105 0 -5 -10-15ppm

Lanni, E. L.; McNeil, A. J. Macromolecules 2010, 43, 19, 8039-8044.



Rate Determining Step: Ligand Dependent

RDS for (dppe)NiCl,: Reductive Elimination

Ph,P. .PPh
2 \Ni 2

cl’
OCgH13 OCgH13
CIMg\@/Br Br—Q—Mgu m \s/ @
n
CGH13 H13C60 thp\Ni'Pth C:;H13 H13C6O
TAY
Cl CI -

RDS for (dppp)NIiCl,: Transmetalation

Lanni, E. L.; McNeil, A. J. Macromolecules 2010, 43, 19, 8039-8044.
Lanni, E. L.; McNeil, A. J. 3. Am. Chem. Soc. 2009, 131, 16573-16579.



Ring-Walking Efficiency: 100 %

% ring-walking

n

Efficient

[ : Failed
ring-walking Br— tol ring-walking Br tol
ki —
L N n

1007

(00]
o
I

o)
<

N
T

N
o
I

AR

i-Pr i-Pr
ClI—=Ni—Cl
[tol/tol] Mg B |
PPh,

o

% ring — walking =
oTing = WG = 1o tol] + [tol /Br] RG
BHP (PPh3)NI(IPr)Cl,
i-Pr
i-Pr i-Pr
Degree of polymerization cl- Pd ci
. POy m i-Pr I-Pr
C'Mg\(]/ thP\ ,Pth JI/\) Cl= "l"
Cl Z PPh,
3DT (dppp)NICl, (3-Clpy)Pd(IPr)Cl, (PPh3)Ni(IPr)Cl,

Leone, A. K.; Goldberg, P. K.; McNeil, A. J. J. Am. Chem. Soc. 2018, 140, 25, 7846—7850.



Ring-Walking Efficiency: Decreasing

Ln
M

Efficient ' Failed
tol+©+tol ‘M Br tol M» Br+®+tol
n n n

% ring — walking = [tol/tol]
100 \ OTIg = WANRG = Tol/tol] + [tol/Br]
g 81\
= .
g o0- \ i-Pr — i-Pr
0o Ne_,N
£ 4 \ Crvo
S
R . i-Pr i-Pr
X 20+ — . OR Cl-Pd—Cl
\ !
0 le= e === o == CIMg—QBr | N
Degree of polymerization o Cl” NP
BHP (3-Clpy)Pd(IPr)Cl,

Leone, A. K.; Goldberg, P. K.; McNeil, A. J. J. Am. Chem. Soc. 2018, 140, 25, 7846—7850.



Ring-Walking Efficiency: 0 %

% ring-walking

Efficient Failed
tol+©+tol ring-walking Br tol ring-walking Br+®+tol
n n n

[tol/tol]

_ o o
100 oring = walking = rore i+ [eol/Br]
801

60+

40-

20+ or

0 s e o e o o smms o s o ssss CIMg‘@*Br PhZP\Ni'PPhZ

Degree of polymerization o c’
BHP (dppp)NiICl,

Leone, A. K.; Goldberg, P. K.; McNeil, A. J. J. Am. Chem. Soc. 2018, 140, 25, 7846—7850.



Ring-Walking Efficiency: MALDI-TOF/MS

i-Pr
5 T
i-Pr i-Pr
Cl-= Pd Cl
i-Pr i-Pr N
Ph,P< .PPh, ClI—Ni—Cl <N
N I |
Ccl Cl PPh; cl
(dppp)NICl, (PPh3)Ni(IPr)Cl, (3-Clpy)Pd(IPr)Cl,
tolitol tolitol tolitol

om s . ML, = (Ni(dppp) Ni(IPr)
Q\QIT r y=18x=1 y=1,x=2 y=1x=6
R

iPriBr
3DT Hitol iPr/Br[ | NHC/Br_ipr/Br
5150 5250 5600 5700 4050 4150
m/z miz miz
tollBr talitol tollBr
OR"  mL,=(Ni(dppp)) Ni(IPr) Pd(IPr)
y=2 i y=20 y=2
CIMg Br tolltol
NHC/Br
R'O iPrBr Hitol Br/B
BHP s —— —r—r— L —— . Sa—
5850 5850 6050 6400 6500 6600 4700 4800 4800
miz miz miz

Leone, A. K.; Goldberg, P. K.; McNeil, A. J. J. Am. Chem. Soc. 2018, 140, 25, 7846—7850.



Catalyst Transfer Polymerization Reactions

n n
Key differences:

Metal-polymer m-complex
Ring-walking

Intramolecular

Ring-walking Oxidative Addition

Control properties of polymers:

Length «
Sequence @ q
End groups L’
X
Living polymerizations: M’
Catalyst X
y Reductive X
Monomer Elimination n
Transmetalation
L,M
Q,
X

Leone, A. K.; Goldberg, P. K.; McNeil, A. J. J. Am. Chem. Soc. 2018, 140, 25, 7846—7850.



Synthesis of Block Copolymers

thP\Ni,Pth

CeH13 -PrMgCl CeH13 cl’ C CeH13
H »
/@\ THF ﬂ THF I\
Br S Br CiMg g7 bBr S
n
HT-P3HT
CeH13

{0 0y B

Hy7Cg  CgH
HT-P3HT e e

Pd(PPh3)q4

P3HT-b-PFTBT

Le, T.P.; Smith, B. H.; Lee, Y.; Litofsky, J. H.; Aplan, M. P.; Kuei, B.; Zhu, C.; Wang, C.; Hexemer, A.; Gomez, E. D. Macromolecules 2020, 53, 6, 1967—
1976.



Synthesis of Block Copolymers

Polymer " .
M_(=£ M (X D
(¢P3HT) n (mol) w (mol)
CeH13
P3HT =
7.9 12.3 1.54
(1.0 P3HT) s” I
HT-P3HT
P3HT-b-PFTBT
16.3 23.5 1.44
(0.4 P3HT)
1S\N
P3HT-b-PFTBT | S O N | M
L /
12.5 17.1 | 1.36 " O 3 O ]
(0.22a P3HT) Gt H C S ~
1778 CgHyy
P3HT-b-PFTBT P3HT-b-PFTBT
17.9 234 | 131
(0.22b P3HT)

Le, T.P.; Smith, B. H.; Lee, Y.; Litofsky, J. H.; Aplan, M. P.; Kuei, B.; Zhu, C.; Wang, C.; Hexemer, A.; Gomez, E. D. Macromolecules 2020, 53, 6, 1967—
1976.



Thermal Annealing Results

CeH13

/ \
S

n
HT-P3HT P3HT-b-PFTBT PFTBT

| I | I I I L | | | | I | | I I | | | | I LI | | |

- —— 220 °C
S - —— 195°C -
3 —— 165 °C 1 220 °C: P3HT melted, PFTBT crystalline

195 °C : P3HT and PFTBT crystalline
165 °C : P3HT crystalline

Current density (mA/cm?)

N T T TR T TN TN W T TR TN TR MO TN NN NN M N NN NN AN B

-1 -0.5 0 0.5 1 1.5
Bias voltage (V)

Le, T.P.; Smith, B. H.; Lee, Y.; Litofsky, J. H.; Aplan, M. P.; Kuei, B.; Zhu, C.; Wang, C.; Hexemer, A.; Gomez, E. D. Macromolecules 2020, 53, 6, 1967—
1976.



Temperature vs Solar Cell Performance: Power Conv. Eff.

Ratio between power output and power input
C6H1
iﬂ-' H17Cs CgHq7

3.3 e

] lur-r|rl-llu-|r-||-|Ir-|-|r||-|[-|I-]|r-|r-|;.-|: 1 E S
3t ! a‘ e E
a5l Ay o dos 5 CehHia
2 |- i L ] B
o ) | i i L s
w 2p 4 | | ¢ 3 ”
L o I g P3HT
u. 1.5 = : : N I:I.4 11-
[ ! =
1 1 ! ODJo2 = SN
L | - Q N /\
0.5 Laalo L Lol s e~
160 170 ‘IHH:I 19|:|| EEH:II 2111 EEEI 23!.'! chg \ / 0
Temp (°C) coftr
PFTBT

Le, T.P.; Smith, B. H.; Lee, Y.; Litofsky, J. H.; Aplan, M. P.; Kuei, B.; Zhu, C.; Wang, C.; Hexemer, A.; Gomez, E. D. Macromolecules 2020, 53, 6, 1967—
1976.



Temperature vs Solar Cell Performance: Open-Circuit Voltage

Maximum voltage at zero current S=N
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Temperature vs Solar Cell Performance: Short-Circuit Current

Current when voltage is zero SN
SO RS
L o, LT
CeHi3 . ® m
) H17Csg CaH1r

5.5 RbAd Rt ity Mt aeans dant i
5 1 Il " i 111 041 E P3HT-b-PFTBT
= 0 e md e a iy S =
ol a PIHT J08 = CeHia
E - -1 - (100) ® I\
@ 4L I = "
" ! F {06 = )
Ea J.a b : i ) @ P3HT
4 ! ! 104 3
= 3 | | A
| l 52 =
25 1 : 17z S m
2 Mlu—h—uﬁluﬁﬂ-— 0 ":E O.O S 0 S 'm
160 170 180 190 200 210 220 230 e \W/
temp ﬂ':'l::l h PFTBT

Le, T.P.; Smith, B. H.; Lee, Y.; Litofsky, J. H.; Aplan, M. P.; Kuei, B.; Zhu, C.; Wang, C.; Hexemer, A.; Gomez, E. D. Macromolecules 2020, 53, 6, 1967—
1976.



Temperature vs Solar Cell Performance: Fill Factor

Ratio of maximum power and the product of
open-circuit voltage and short-circuit current
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Electron Mobility from Transistors
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How quickly electrons move through the material

P3HT-b-PFTBT

PFTBT
P3HT

25 165 195 230
Annealing Temperature (°C)

Electron Mobility (cm?/V-s)
o

En
T 3107 : E— ,
> s PIHT-b.PFTET |
“gz10” o PFTBT o
g PIHT
=
= 1107 i
2 . ?
— - ¥ 1
H 0 1L,
i a0 a5 100 105 110 115 120

&
=<
5

Le, T.P.; Smith, B. H.; Lee, Y.; Litofsky, J. H.; Aplan, M. P.; Kuei, B.; Zhu, C.; Wang, C.; Hexemer, A.; Gomez, E. D. Macromolecules 2020, 53, 6, 1967—

1976.



Thank you!

Questions?




