CHAPTER II

EXPERIMENTAL SECTION

2.1 Chemicals

Thiophene Fluka
3-Hexylthiophene Aldrich
Ferric chloride Riedel-deHaén

Aldrich
Merck
Fluka
‘Carlo Erba
Labscan
Fluka

m-Chloropero
30% Hydrogen
Trifluoroacetic aci
65% Perchloric aci
70% Nitric acid

Methanesulfonic

2\ R R

2
13. Tetrabutylammeon: -

14. Benzyltnethylamn - ﬂ Fluka
15. N-Benzylcinchodifiium chloride : Fluka
1o et £ 7] 3 8] P
17. Urea hycﬂ&gen peroxide § Merck

s AR 501519177 9] 094 8

19. Trimethylamine N-oxide dihydrate

20. Sulfuric acid - Labscan
21. Pyridine N-oxide : Fluka
22. Toluene-4-sulfonic acid (TsOH) : Merck
23. Oxone tatrabutylammonium salt : Fluka
24. Sodium hydroxide : Merck

25. Sodium bisulphite : Merck
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26. Methanol 3 Labscan
27. Dichloromethane : BDH
28. Chloroform : BDH
29. Deuterated chloroform £ Merck
30. Potassium bromide 3 Merck

2.2 Instrument and apparatus

1. Infrared Spectrophoto \g( r Nicolet (Impact 410)

2. Nuclear Magnatlw Sp&trm@an ACF 400 MHz
3. UV-Visible Spe /- HP, \

4. Four-point pro

mple To a stirred suspension of 1.94

ethy e@de 0.74 g (9 mmol) thiophene was

added dropwise at 0 °C. After GEﬁErewtlmh;ﬁas :

L}

temperature and stirred-oveiight-—Methanol-was-added-to-th

lowed to warm to room

‘mixture resulting in the

°re] colleted by filtration and

formation of brown preei
|

recipitates. The p
subsequently extracted‘jnth methanolto remove FeC13 residue using a soxhlet
apparatus for 1 i wn yields according to
Table 1. The pr %ﬁﬁs uﬂﬁﬁ ?‘I’ﬂ nlrire characterization
by conventional methods was not posSible. IR (KBrj»3070, 2920, 2850, 1640, 1430,

0. co08l] | INTID RIINETA Y

24 Synthesns of poly(3-hexylthiophene)*’ (P3HT)

P3HT has been synthesized using many conditions and mole ratios of starting
materials as shown in Table 3.2. The following is an example: To a stirred
suspension of 0.377 g (1 mmol) FeCl3 in 11 mL of dichloromethane was added
dropwise 0.168 g (2.33 mmol) of 3-hexylthiophene. The mixture was stirred overnight

at ambient temperature. It was then worked up with methanol and centrifuged to let
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precipitate of P3HT settle. Repeated methanol wash and centrifuge until the solution
was no longer yellow. Solvent was removed and extracted with methanol using a
soxhlet apparatus for 5 h. The crude polymer was redissolved in chloroform, and
insoluble products were filtered off. P3HT was obtained as a black solid in varied
yields according to Table 2. The product was soluble in toluene, THF, and
chloroform. Ama(CHCL3) = 436 nm 'H-NMR (CDCls): 8 6.97 (s, 1H), 2.8 (broad,
2H), 1.7-1.3 (broad m, 4H), 0.91 (broad m, 3H). IR (KBr): 2920, 2855, 1510, 1460,
1380, 1190, 1110, 1020, 825, 725, 670 em’"

2.5 Oxidation of PT o

2.5.1 One-pot method 1

-
To a stirred suspe;lw .944a(1 mmol) FeCls in 27 mL of dichloromethane

was added dropwise 0.74 ;nmol) of th‘:lophene and 0.746 g ( 3 mmol) mCPBA at
0°C. After 6 h, the re tl;l‘e was owed to warm to room temperature and
stirred overnight. Metha as added to the mixture resulting in the formation of
brown precipitates. The precip tates‘ were pblfécted by filtration and subsequently
extracted with methanol to re,thoveTéCh re__m@%, using a soxhlet apparatus for 15 h.

PT was obtained as brown powder m‘ varledfyR‘lds according to Table 3.3. The final
product dissolved only sparmgly in chloroform an‘a dlchlorojmethane

| ——

2
2.5.2 Consecufi{g‘method Lo

2.5.2.1 By 70% HNO3/CH;SO;H*!

In a 10' mI¥round ottom-flask, 70% nitrie’ acid' (0.73 mL, 12 mmol) was
addded, and the reaction was cooled“to 0 °C. Thefly methanesulfohic acid (2 g, 21
mmol) was added and the mixture was stirred for 10min. To this solution, PT (0.5 g,
6 mmol) was added in one portion which turned black immediately. The mixture was
vigorously stirred at 0 °C for 3 h, then at room temperature for 3 days. Samples of
reaction mixture were collected to follow the progress of the reaction at 10™ minute.
The reactant was quenched by pouring a large amount of methanol into the reaction
flask. The resulting precipitate was collected by suction filtration and washed

repeatedly with methanol.
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The experiment was repeated with increased reaction time to 30 min, 70

min, 2 h, 3 h,4h, 6 h, 1 day, 2 days and 3 days to monitor progress of reaction.
2.5.2.2 By mCPBA **%

A suspension of PT (0.01 g, 0.12 mmol) in CH,Cl, (2 mL) was cooled to 0
°C in an ice water bath, mCPBA (0.15 g, 0.6 mmol) was then added to this mixture
and stirred for 15 min, after which the ice bath was removed and the solution was
allowed to warm to room temper r 24 h, reaction was quenched by an

addition of a large amount of-age reactlon flask. The solvent was

eatedly with methanol. The
ac tom&ﬂg'ffmhad of dichloromethane.

removed by filtration and
—'
reaction was repeated with.aeetonc a

2.5.2.3 By H,0,'

PT powder (0

cOH (2 mL) and 30%

ith vigorous stirring. The

PT powde ‘é.Q_Lg 0.12 mmo

H,0, (3 mL, 26.4 n'{ﬁ{ol) was added to thi
mixture was stirred at ‘rdom temperature for 24 h. The

adding methmoﬁﬁHﬁvﬁeﬂﬁ %’%ﬁjﬂuﬁ esidue was washed
repeatedly with! me e Iresiduel was d i u The reaction was
repeated with strmng at 0 °C for 2 h and then at roonztemperature foriadditional 22 h.

VNG IATINE R

PT powder (0.01 g, 0.12 mmol) and FeCl; (0.78 g, 4.8 mmol) were

action was quenched by

suspended in 14 mL acetone in an ice bath and mCPBA (0.60 g, 2.4 mmol) was added
to this mixture and stirred for 15 min, after which the ice bath was removed. The
solution was allowed to warm to room temperature with stirring for additional 24 h.

The reaction was quenched by adding methanol. The solvent was filtered from the



31

reaction mixture, and the residue was dried. The reaction was repeated with

acetonitrile.
2.5.2.6 By H,0o/TFAY

PT powder (0.01 g, 0.12 mmol) was suspended in dichloromethane (2 mL)
and 30% H,0; (3 mL, 26.4 mmol) was added to this mixture and the reaction was
cooled to 0 °C. TFA (0.37 mL, 4.8 mmol) was added and the mixture was stirred for
15 min and then the solution was aﬁf ‘warm to room temperature. After 24 h,

reaction was quenched by pouri f methanol into the reaction flask.

Solvent was removed by ﬁm and the

methanol.

was washed repeatedly with

To the solution of P3HT (3. ol)in ¢ loroform (2 mL), 70% nitric

d@actlon was cooled to 0 °C. Then,

e mixture was stirred for 10

d,.—;

acid (0. 3 mL, 5 mmol) was addea‘—,_an
methanesulfonic acid (O 8 g,8. 3‘3&3161)

min. The reactant ’ ' Ci - iount of methanol into the
tion filtration and washed

reaction flask. The resulti j;r
|
out any solvent.

repeatedly with methanot. The reaction was repeated with

- 262Byﬁ?%4m1’18%‘§%48’1ﬂ‘§
o Tmm KGR TSI ARV IAF ) -

stirred for 10 min, after which the ice bath was removed and the solution was allowed
to warm to room temperature. After 30 min, reaction was quenched by pouring a large
amount of methanol into the reaction flask. Solvent was removed by filtration and the

residue was washed repeatedly with methanol.

The reaction was repeated with increased reaction time to 10 min, 20 min, 40

min, 50 min, 60 min, 90 min, 120 min, 150 min, 180 min and 210 min.
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2.6.3 By H,0, **

To the solution of P3HT (3.36 mg, 0.02 mmol) in chloroform (2 mL) was added
30% aqueous H,O, (1 g, 8.8 mmol) and the mixture was vigorously stirred at room
temperature for 1 day. Reaction was quenched by pouring a large amount of methanol
into the reaction flask. Solvent was removed by filtration and the residue was washed

repeatedly with methanol. The reaction was repeated with reflux for 1 day.

2.6.4 By KMnO4/CuSOj,. 5H20

Equal weights of potasm@@(mangar/&o per sulfate pentahydrate were
ground together in a mort:ﬂ;:@l

as a heterogeneous oxidant

lored product was then used
._ ution of P3HT (3.36 mg, 0.02
mmol) in 2 mL of dichloro ' ] .ared oxidant (0.5 g, 1.6 mmol KMnO4
d- ottomed flask and stirred

e ——

_- F, "
TR 2 S

P3HT (3.36 g, ogz iR s dlss{)lved in chlorofc

2.6.5 By H,0,/CF;COOH*" ;g

?ﬁ (2 mL) and 30% H,0,
1 was cooled to 0 °C. TFA
- was@tirred for 10 min. Then,

(0 68 g, 6 mmol) was ‘add
(0.13 mL, 0.8 mmol) yas added and the
reaction was quenched by extracting the mixture with 0.IM NaHSO; (10 mL x 3

times), the orga:ﬂ %85’3 %\H %@ w %}{}ﬁﬁ
The eXﬁment was :ﬁeated with increased refietion time to 20-in, 40 min, 50

min, 60 o, 4 i 20, i 040 21 i GHQTEA 10 an

40 equlvalence
2.6.6 By Urea Hydrogen Peroxide (UHP)/TFA*’

P3HT (3.36 mg, 0.02 mmol) was dissolved in 2 mL chloroform and UHP (18.8
mg, 0.2 mmol) was added to the solution, which was cooled to 0 °C. TFA (0.13 mL,
0.8 mmol) was then slowly added to the reaction mixture (the reaction is exothermic).

After 30 min the reaction was allowed to warm to room temperature and stirred for 24
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h. The reaction was followed by UV-visible spectrophotometry every 4 h for the
duration of 3 days. The reaction was quenched with an aqueous solution of Na;S,0;
and stirred for 15 min to destroy any residual peroxides before being poured into a 0.5
mol HCI solution and extracted with CHCIs. The organic extracts were washed with
saturated NaHCO3, dried over MgSO4 and evaporated. The reaction was repeated at

room temperature.

2.6.7 By Trimethylamine N-oxnde Dlhydrate (MNO)

To the solution of P3HT (i,\é mg %} in chloroform (2 mL), MNO (0.5

g, 4.5 mmol) was addded, *reacjon d for 24 h. The reactant was
——:’

quenched by pouring a 1 eaction flask. The resulting

precipitate was collect n and" i(\ repeatedly with methanol.

The experiment was re 1 day and ‘su@d at room temperature for

3 days.

.
The resulting precipitate was collected ion ion/and washed repeatedly
with methanol. The experiment was repeate: day and stirred at room
temperature for 3 daysLJAlso é(iﬁegus pyridine N-oxid&lvas used instead of solid

pyrldlne N-oxide.

B UL ANYNINYINT

2.6.9 By Aqueous Oxone/Tetrabutylammonmm Sulphate

A RIATNUNA TN Yor 0 v

dissolved%n CH,Cl; (2 mL) at room temperature. The solution was cooled to -10°C
and an aqueous solution of oxone (0.2 g in 0.5 mL of water) was added. The reaction
was stirred vigorously and allowed to warm slowly to room temperature and
continued stirring for 24 h. Then the excess oxone was deactivated by the addition of
10% sodium metabisulfite. The organic layer was separated and evaporated to

dryness.
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The experiment was repeated with reflux for 1 day and stirred at room
temperature for 3 days and varied phase transfer to benzyltriethylammonium chloride

and N-benzylcinchlodinium chloride.
2.6.10 By UHP

To the solution of P3HT (3.36 mg, 0.02 mmol) in chloroform (2 mL), UHP

(37.6 mg, 0.4 mmol) was added, and the reaction was stirred for 24 h. The reactant

was quenched by pouring a large j‘;’ g ethanol into the reaction flask. The
resulting precipitate was collected by /l

?ﬂon and washed repeatedly with
methanol. The experiment ated Jmt or 1 day and stirred at room

HP was uséd'insiead of UHP.

temperature for 3 days.

a,..—.—..

repeatedly with methanol. The eXpeﬁment @pea ed with reflux for 1 day and
stirred at room temperature for 3-days. Also,ms methylmorpholine N-oxide was
used instead of methyLni)rpholme N—ox1de il {

z ?_EJ
2.6.12 By Methyhf}rpholme N- . 1,
eV 1) m"fﬁ"m LT misnre and 0
methylmorphoh e de s mixture and the

reaction was cooled to 0 °C. Then, mCPBA (0.13 mk, 0.8 mmol) was’added and the

misure Wi Yied 61195 Thbacat Vi abeo 8 bk e amoun

of methan(a into the reaction flask. The resulting precipitate was collected by suction
filtration and washed repeatedly with methanol. The experiment was repeated at room

temperature for 1 day, 3 days, and 5 days.
2.6.13 By UHP/Tetrabutylammonium Sulphate

P3HT (3.36 mg, 0.02 mmol) and a phase transfer catalyst (0.02 g) were

dissolved in CH,Cl, (2 mL) at room temperature. The solution was cooled to 0°C and
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an aqueous solution of UHP (0.2 g in 0.5 mL of water) was added. The reaction was
stirred vigorously and allowed to warm slowly to room temperature and continued
stirring for additional 24 h. The reactant was quenched by pouring a large amount of
methanol into the reaction flask. The resulting precipitate was collected by suction
filtration and washed repeatedly with methanol. The experiment was repeated with
reflux for 1 day and stirred at room temperature for 3 days and varied phase transfer

to benzyltriethylammonium chloride.

2.6.14 By 30% H,0,/T oluene—4-suldec1d (TsOH)

_.__,.-r""
P3HT (3.36 g, 0.02 mmol) was d1§jolved in- chioroform (2 mL) and 30% H,0O,
(0.68 g, 6 mmol) was added to-this mlxtur'e and the reaction was cooled to 0 °C. Then,

TsOH (38 mg, 0.2 m%dded Aj‘d the mixture was stirred for 24 h. The

4 large amount of methanol into the reaction flask.

reactant was quenched
The resulting precipitate

with methanol.

2.6.15 By HzOz/TF

P3HT (3.36 g, 0.02 mmol)- 'Was dlssolvédi.{f chloroform (2 mL) and 30% H,O,
(0.68 g, 6 mmol) was added to this mixture anﬂ*ihe-reactlon was cooled to 0 °C. Then,
TFA (13 mL, 0.2 mmoi) was added and the mixture was gtl:"grred for 24 h. The reactant

was quenched by po‘ﬁ?img a large amount of methanol int6 the reaction flask. The
resulting precipitate was collected by suction filtration and washed repeatedly with

methanol.
2.6.16 By Peroxymonosulfate (oxone: KHSOs)

To"the 'solution of PSHT (3.36:mg, 0.02 mmel) in chloroferm (2 mL), oxone
(0.5 g) was added, and the reaction was stirred for 24 h. The mixture was filtered and
the organic part was quenched by methanol. The resulting precipitate was collected by

suction filtration and washed repeatedly with methanol.
2.6.17 By Oxone Tetrabutylammonium Salt

To the solution of P3HT (3.36 mg, 0.02 mmol) in chloroform (2 mL), oxone

tatrabutylammonium salt (0.5 g) was added, and the reaction was stirred for 24 h. The
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reactant was quenched by pouring a large amount of methanol into the reaction flask.
The resulting precipitate was collected by suction filtration and washed repeatedly

with methanol.
2.6.18 By Dimethyldioxirane®

Oxone (0.5 g) was stirred in acetone (2 mL) for 48 h, then the mixture was

filtered and dimethyldioxirane solution in acetone was collected.

To the solution of P3H R&a ’y 2 mmol) in chloroform (2 mL),
dimethyldioxirane solution O.&I was a d the reaction was stirred for 24
g (‘N—_.v —
h. The reactant was quenc ing ¢ larwf methanol into the reaction

te ction filtration and washed

flask. The resulting precipi

repeatedly with methanol.

separated and dried with anhy:fr:;;—i _P}‘ﬂ e solvent was evaporated until
approximately 1.5 m{,:fmained. The film was Mi;toncentrated liquid on a
Petri dish of 5 cm ~ ---_‘" st film ¢ircular shape of 3 cm
diameter. Store the sam@ in a desiccator fo ' Lrj
Y ANINTNINT

2.8.1 PT Doped with HCIO, o o

¢ o

AAAADIAUNBRAIBYA R 24 o)

in water 63 mL and certain amount of HCIOy4 at room temperature for 3 days. The
amounts of 65%HCIO4 used for low, medium and high doped polythiophene are
shown in Table 2.1. The HCIO4 doped PT particles were filtered, vacuum dried for 2
h and ground to fine powder.
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Table 2.1 The amount of 65%HCIO;4 used for polythiophene doping

Final Acid

Ent 65%HC10 Concentration Molératio
& Volume (mL) PT: acid
M)
1 1.1 0.2 i |
2 5.5 1.0 1:5
11 2.0 1:10
2.8.2 P3HT Film Doped.r ine

1 dimension, were dried in a
vacuum oven for 24 h. The driedfiling were w » marked for identification, and

placed in the iodine chambef. Afte ish ep €a separately in an enclosed

min interval until the UV spectrum did chang; e experiment was repeated with

P3HT (0.05 mg 0.3 ﬁ%was dissolved in ﬂ Biﬁ% measured the UV
spectrum, addeﬂ ﬂm‘ril UV spectrum again

every 10 min mterval until the UV speétrum did not ehange.
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