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A study of the polymerization of 2—ethynylpyridine

with fluorinated carboxylic acid

Dong Woo Kim

Department of Image Science & Engineering, The Graduate School,

Pukyong National University

Abstract

In this study, conjugated ionic polymers of poly(2—ethynylpyridinium)
(P2EP) was prepared by polymerization. of 2—ethynylpyridine and
fluorinated carboxylie” acid under - different conditions as solvent, mole
ratio and polymerization time. The fluorinated carboxylic acid of different
number of  fluorine such  as = trifluoroacetic acid (CF3COOH),
heptafluorobutyric- 'acid(CF3(CF2)2COOH) and pentadecafluorooctanoic
acid (CF3(CF2)sCOOH) were used in this designed experiment. The
spectra were obtained successfully with conjugated polymer backbones
from the result of polymerization. In addition, the polymerization of 2EP
in supercritical carbon” dioxide. was obtained similar result with using
organic solvent. The PZ2EP were obtained reddish solid, which soluble in
polar organic solvent such as water, acetone, DMF, and DMSO but
insoluble in non—polar solvents such as ethyl ether, CCly; and toluene
because of natural ionic polymer. The chemical structures and
compositions of the PZ2EP were characterized by nuclear magnetic
resonance spectroscopy (NMR), fourier transform infrared spectroscopy
(FT-IR), and UV/Vis spectrometer. The fluorescence spectra of P2EP

were obtained by photoluminescence spectrophotometer (PL).
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3. A3
3.1 A5

2 Ay &3t 2-ethynylpyridine (sigma—aldrich, 98%),
trifluoroacetic acid (sigma—aldrich, 99%), heptafluorobutylic
acid (sigma—aldrich, 98%), pentadecafluoro octanoic acid(TCI,
98.0%), N,N—-Dimethylformanide (sigma—aldrich, anhydrous 99.8%)
= A glol Agdel Abgskie. olatEtEAE 1 =523 (99.99%, ¢

D& el
3.2. &4 ] Bl

dAdE AaEo 87|19 wWslE &Qlsl’| 93t Fourier Transform

Infrared (FT—=IR)

8|\

2 Agilent Technologies Co., Ltd¢] Carry 600
SeriesE AM&&F9th. Spectra range:= 4000~4Q0cm™ & 16%W scand}
A3 KBr pellets AZ3tol-574 skdch. el 1829 -7 ¥
o Tx FFske HFE SAskr] s AREE UV/Vis
Spectrophotometer< Mecasys Co., Ltd®] Optizen POP& AF&-3FSIT}.
SWS= 300~700nmel il 1nme @92 54 HUAo UV/Vise =
4 DMFel =9l A¥ES Quartz celll Hol 54 sttt d3&E2
x5 574357l 9% Nuclear Magnetic Resonance (NMR)+ JEOL
Co., Ltd®] JNM-ECP 400& AF&etiar, 7 A3E2  dimethyl
sulfoxide (DMSO—de) & &WZ Atgstel 54 #H3dv. PLE

4

o
ZO'C

g

|\
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3. T2923 JIEAFGOESE FI2E o]&oF JIX= P2EPY

S}
H

off &

50mle & =TEAF9 0.2g9 DMF, 2—ethynylpyridine (2—EP,
0.1 g, 1.0 mmoD & Y1 AHuR7IE o]&slo] —60T olstel Fi
sl W7z A 7IAEA ok skl Fs] WztE & Aol trifluoroacetic
acid(TFA, 0.12 g, 1.0 mmol), heptafluorobutylic acid(HFBA, 0.22
g, 1.0 mmol), pentadecafluoro octanoic acid(PFOA, 0.45 g,
1.0mmoD & 27 ¥3lth, & A WAL HE FASHHA Ng purge:s
30 F< XA 65ToM AxF H2 Fd= I8 it T

ded T 9O cooled ethyl ethero Al precipitation A1 3 40T 9

)

A 220X 12h st 2 AR & BA] v]=Fe] acetones ©]-§-3}]
TRAEE Fo]3 HHA] cooled ethyl etherollA] precipitation A7 &
40T AF\ ~LEAAN 120 | ERL AX L ARG AT
poly (2—ethynylpyridinium trifluoroacetate)~" (P2EPT), poly(2—
ethynylpyridinium  heptafluorobutyrate) (P2EPH), poly(2—ethynyl

—pyridinium pentadecafluorooctanoate) (P2EPP)+= H#24& ul+= 11

AZ Ak 742be] A 21 ®lel FeE Hol ot
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WATER

—p

RCOOH
R : CF;, CF3(CFy)y, CF3(CTy)g

A -
Magnetic \ Magnetic |
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stirrer & stirrer = @

Precipitation with
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Scheme 3. EO0HE A}
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H 1. P2EP &9 HF =d
2—EP FCA" mole ratio solvent Temp. Time
(g) (2) (2—EP:FCA) (2) (C) (h)

TFA

P2EPF-0 0.1 1:1 - 25 1
(0.12)
TFA DMF

P2EPF—-1 0.1 1:1 65 1
0.12 (15.9)
TFA DMF

P2EPF-2 0.1 1:1 65 1
0.12) (0.2)
TEA DMF

P2EPF-3 0.1 ] : O 65 1
(0.06) (0.2)
TEFA DMF

P2EPF—-4 (Qenlle 1:3 65 1
(0.35) (0.2)
TFA DMF

P2EPF—-5 0.1 1:1 65 3
S ) (0.2)
HFBA DMF

P2EPH-1 0.1 1+ 65 1
(0.22) (0.2)
PFOA DMF

P2EPP-1 0.1 1:1 65 1
(0.45) (0.2)

* . fluorinated carboxylic acid
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3.4. 297 o|ArslEt Ao A ¢ P2EPY F3

10cc? stainless steel AZAL]l FWo] nmidE niel 2—-EP(0.21 g,
2.0 mmoD= Y1 FHE ©&E3 F —60ToA FH stF-5 B2 5k
o Fws] W¥ZhE Aol PFOA(0.85 g, 2.0 mmol)< ¥il ISCO
PumpE ©]&3dte] 4A| COE FddtH mrkeitt. HA COL9 43
A

__[%4
2ol ¢S 250bar® A A7 AzHEE F3e A3 st 3
= m

cooled
mixture
scCO, in | s¢CO, out  5¢CO, n scCO, out
N P — = ) ——
! | ] Euﬁt‘ ] [ Liquid o2 || 1
‘ - £ : ’
) :ﬁ;-_ b After |
et = | | heated |
| magnetic ] : s | ]
1 i ] : 1| heated water
i 1 = i ] (—: : :@
”‘ ......... y R &= O000 | VR y
cooled chamber sealed chamber
- =
I 6. EUEC UE IX U SHF
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V. 23 4 &9
4.1. P2EP9] 34

P2EPS] A4S 2-EPSh ZAtwe] 43 23 MAUSES Baho] 04
=

Ao FHATE’ B AN A8E ERes ARANES B

o
23} JMRAAES HCIY 22 Aoz dbgo] Fod ZAo=r o) &)
Aok w3k =A% A (Rate—determining step) 7} ¥+= 2—-EP9] 4%
st HbE2 ddddeto|=y, HERIg) e JAS S35 st E B
o HClolA o wt=tss 7120 A9 A9 s AdeMz g%s]
5 HoyFdtt. wetA 2-EP9 AAke) A3 T A

=
UZS 23] dojx= P2EPY 2= 9 FuEdad G418 18 8%

JF 8. 2 A ol&=E= P2EPS X (R:TFA, HFBA, PFOA)
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2—EP¢ EF2=23} 7HEAA 7o &35t T o2 Ao P2EPE
A WA precipitation ©]F FH2Mol LAF AR do] F1, F HA
precipitation ©]F H2MS m= pAE dolFrtl. P2EPFE water,

acetone, alcohol, DMSO, DMF 529 =4 g£wjol= & == HldH, ethyl

ether, toluene, CCly 5% & v|=FA Erd= 2 xx Y= EAS
HolFgh o9} 2 SAAEuAgAMY # faEH= A AP A o]

=4 132 5AS Hojeth whH o %2 fluorines 7FA= P2EPH
oM P2EPPZ 4% &
A8 =A gkt o9k o
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AME 3. CH¥FSH 00| =91 P2EPPL| At

I 9¢li= 2-EP9} TFA® FT-IR A¥7} ve} 9lth. FT-IRS A7
T ol Wy wet Al 2-EPS] 5442l PeakEe] Wt
BgE wolFEh WA @Al 2-EP+ ¢3300cm ™ 'ellA ofAld @] C
=C—H stretching peak$} °F 2100cm ‘o4 —C=C— stretching Peak
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Z 5440w 74xd. TFAE ¢1100~1250cm 'olA C—F peak$l oF
1690cm™ 'l 4 ¢] C=0 stretching peak’} YERIE S &<l & 5 9
otk Sl ¢hEE P2EPFelA & 2—-EPolA et 2100cm 94 oF
3300cm '] peak® AFFA 3L 2F3400cm 'olA BR =% peak’t A3
AeE B & Ay ol 4% 3 © pyridinium AFO]E 159 =NH
stretch9}  #F%9 C=C-H stretche] 7]1&ch. =3 ¢F1600cm™ o
A A2 peakZt HEFHEHE], o] AL FY H —C=C— stretching? &
2 2]l peako]th. FT-IRE] A¥e Fako] Mol wet 2-EP9] 45
A9 peaks°] AMGALL ¥ @ F AFES] peake¥ pyridiniumé
t}

peak=°] Ao A= A3 L3l

] -_/““'/-} \M"W- i J
N T g w41
\‘ I:'ff f (B)

N ff“”w«\ o N

T T T T T T T T T T T T T I T

4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500

a3 9. (A) 2—EP, (B) P2EPF—22| FT—IR AHEH
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P2EPFS NMR =4 A3+ 28 11(H-NMR) ¢ 2% 12(**C-NMR)
of 31tk NMRS A¥+= ionic pyridyl7]e] £AZ <138 line—broading
7% Aste] NMR peak5e 38e FuE @717k o A%
tjekd el P2EPF9] 1H-NMR®] peakE ¥ RW 6.5~9.5 ppmelAl o}
Zwle %9 pyridinium¥ pyridine 49 peak, 7183l ¥R ¥
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dol7t A45 o 93
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pKa#ts 7FA&= PFOA7Z}F 7F4 wr=A 4x3¥ pyridiniums A shd
SIS w2A Aaksidly] "ol gEHeE ¢ 71 ¥ dolg /A
7 Ae Aog giadr) o)A nRANME FHEE o)L H7|9 F
wpebA Zbzhe] UV-Vis&7 SFER S PL.AFER 9 wigryt Uy
te Aoz Ruy w QukFT gixnt 747k PLoAAEYLS FAFS
FHE veRd Buk ofyet g X £33 F Aol7t Sles & 5 Sdth

olel§ o] i/ ofilE F1EEjo]L 0T ey iy

)
o
okl

ne
1) Y. e
2

P

o

KU KU
1o
1o
ML
o
o]
&
ol
rlr
I
oX,
o
L
B
ullx

=
M
Y
>,

19

P2EPS PL &I EYHL 2719 &-58E 7"HHv FHE Yehd=d, o
st Jel= 7 AbEol EH e AtolE 5] pyridine, pyridinium %
At (chromophore) 7o) dXw ¢} @AHe® wWid vl ok’ &Avt
poly (2—vinylpyridine) ¥ poly (4=vinylpyridine) ¢ trifluoro aceticacid
o 2] UV—-Vis AHEHI} dAl Pl AHEY Azpe}l vlwsiHd A

F3ol AT F AL P 5 AP AEHow 2709 PL BPen

Oft

]

normal excimer® dimer—like excimer? ®W3o]| 7]¢ldt= How B
= o 2719 PL &%
A 71ekeE AeR B 4 Sy, f "33 F98+ dimer—like

excimero A 7]Qlsl= Ao = & £ Qv wEkx & AW PL A=

g = 9 F3He B9+ normal excimer?]



4213} ¥ pyridinium¥ pyridine AFOlE 1§ 7] AIwrE opbd
pyridinium AFO]= T35 7k AAH 2] Aate Hi= Flo] ¥ et

O8 13. poly (2—vinyl pyridine)dlA{2] Normal excimer2l Dimer—Ilike

excimer

—

TS 2 AP AR PL AGVEaE BE TR SRS ARE A
T3t = 5 Q). 4A poly (2—vinyl pyridine) & A9} &2 & A

o] IEAEZ FAE QU] "ol olF A 1 AlolE OES 3
o] AsteE AEHIE & 7 Qlth o] ASelA = normal excimer?] PLOJ
O AEstA wekol AR 2 Aol A= FFoFAY dimer—like
excimer?] PL A3}7b O A UEFH o= ofnf= Alo]= T1F Apo]
off EAek= I ol E wwol ZEA AFEo] 3] ojX Al o] normal
excimer? HH7} AdE Ror WOl Ztl o] yEol 2-EPs} &
2 depol=gle] AgddEL tiFE v PL &9 & 7HA= Ay
S RoFEU), o|AE ofvl%: pyridininumel] A7lEE 4A7]E9 A
Zofoll 9|4 dimer—like excimer®to] ¥ = Ao ek 0
7} 3 RBAE9 PL AFEF intensitys UV—-Vise A9} th=24 FA
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P2EP2 &wje] a3+ §wlE AREehA &> =¥ DMFE ARE3h

2194 AdEHY. fuiE AFgekR . AR TS AASH
P2EPF -0 2—-EP9 TFAE A2oA 4= 3 Adst daddksS 2

& skt REEA2 Aol oF 60~70T7HA w43 sttt B
9l 2—-EP$} TFA7ZF ¥hgste= A% 54 2% AHo whgEo] +=
H7|% sk aeal g A A F =l ©
=2 et nAGEZE Holvh el 1A3F W] § mge] DMFO| =
o]3l, ethyl ether®lx +F W precipitation¥o] A% P2EPF-0<
50%2 +&& JEbdsith. DMFE &= AbE-¢ A3 (P2EPF-2) & H]
o EGlE o, Bop 232 FEo AR (72%)7F Aol At o] o= ¢

Fo| AA AejolA] TA AElE G435 WHetdHA g8d o g =3Tlo] o
FolA A ¢k Zlow wutAn. I3 Hge] DMFE AMEE F
(P2EPF—-1)¢ A¥+= 0.2g9 DMFE Algst 22 A9 P2EPF-29
Al vlu Hedvk IS &wiE ARES P2EPFi= cooled ethyl
etherol Al precipitation®] %] ¢kSke}. o]= F# st FA=H] mEA7}
AT x] Balo] g4 07 precipitation®]. & A HE3F o7 FAEvh
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Fe F APe FEA wE GG 24T} $25E FRUEY
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g8°] = AoR AdHY, AL teS LdEsle W AEE
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4.4. QA o|ArslEr Ao A e P2EPY F3%

x4 o)xkzter A YelA P2EPS =3 A A ZE3 (precipitation
polymerization) 2.2 o] o). dFA &S AA o|AkserAi ol £l
FAlo] wHteE o]F EHEE JX= PAE2MS "3t TFAE o] &3t

3 250bar, 40TColA 1:19 v&=2 AztER F3 33T

Hl

3. QA O|LrStEAO M2 P2EPP S8 =71

2—EP PFOA more ratio Temp. Time pressure
(g) (g) (2—EP:PFOA) (C) (h) (Bar)

PZ2EPP-5C-1 0.1 0.45 11 40 0.5 250
P2EPP-5C-2 0.1 0.45 T4 40 3 250
P2EPP-5C-3 0.2 0.85 1°1 65 3 250

A

ol 2
o] Y= A= AHRES 2UA 0 EEA O] Flowd ventA] ol A
A

o] 2dEel YA UL WAk ele et wmebd by wAPol
31 AFeolA T el RFOAE o8] 29l oldsieis AR e
A&y seloh. 181722 DMFEAA dojxl P2EPPe} =47 o]Ailksteli o

A @ojxl P2EPPE FT-IR-ZA#ZE Hepdith 2907 o|itstetiolA F
¥l P2EPPE A A5 2 302 (B) A¥ellA 2-EPS] 544l
peakE°] YEPE Z o0& Hol ykgo] ATHA 2 oz & 4 9
o} 228]al o] & 3AIZH(C) AFoAE 2-EPS 5 A9l peakso] EF
AR RS B otk SRR dAF ez oFst waE JE 1, 53

conjugation C=C peak® =NH, C—H (aromatic)°] <3| <k3}A

|\
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