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Abstract

Polymerization of 2-pyrrolidone was carried out through anionic mechanism using
S0,/KOH as catalyst.

The effects of KOH concentration, SO:/KOH mole ratio and temperature on poly-
merization were investigated. The conversion and viscosity of polymers were measured
at various polymerization conditions.

It was observed that as the concentration of KOH was increased, equilibrium conver-
sion was also increased. It was, however, found that after the concentration of KOH
‘was reached above 8 mole percent, the equilibrium conversion was decreased. The high-
st rate of polymerization and maximum conversion were obtained when SO.,/KOH mole
ratio was around 0.5. It was also found that the rate of polymerization and the equilib-
rium conversion were higher at 50°C. than at 30°C. but the viscosity of polymer solution
at 50°C. was not so high as expected.

The rate constant, Kr of polymerization, was determined by least square method:
the value of K, was observed as 16 liter/mole-hour at 50°C. and 2.6 liter/mole-hour at
.30°C., respectively.

The mechanism of polymerization was also discussed.
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HAg dezglrdl.

% COy/KOHA &wjel ¢35t} 445 poly-pyrrolidones Fe}) N-acyl H¢| AHA#&
A4eE A F¢A mel Bl 45E ¥ 54 sheAlel el wlEl
472 new Nylon-4, F}& old Nylon-42 7z F3she] 22 gk,

Old Nylon-4¢] 7] 414 = Ney, Nummy, Barnes? o]z ®-& o771 AFH Lol & =
wako 2y Fgol =% A xste] 2-& conversion-g Jeli® A& SEI}UE. F &
ol& ol AL EN Bzie = AAHLE FE2E A4 o gk
<2 £xsl welx) o conversion® 7AW 47t gdged, nad AAAEEZE N-acyl
pyrrolidones, acyclic anhydrides, lactones, mono 32 di-carboxylic acid®] alkyl esters,
polyhydric alcohol esters, organic p;eroxides3>, adipoyldipyrrolidone®, 7-butyrolactone,
r-valerolactone, organic acid ¢ anhydride @ <ol3}E%, N-benzoyl pyrrolidone®,
HCON (CHy),, r-hydroxy buts;ramide'“, N, N-disubstituted urea®% uk.e 3gEESo] 7
AAZ AHgE o gt

A9 AAAEL F2 N-acyl oo o] f4E AMAAZ BaHe] dev ALEZE o
FRE0, o, ¥, F& TRUF, GUE Y F49 24 $24°, NO, I RONOW,
phosphoric anhydride!'®, ¢ 9 39 Ogl:?z]-% 3= oxyhalide’®, BBrg, CO,1%,16 Fo] o
#2A glet

S YEE, ZF Y o B
i 2 g4 i}% E=x FASES, 'ATEZE, BARE & ol&de el xaH
& & 2o Frlz mnse g,

Zv °]9-]‘ 7L N-acyl 3 & AAAG S0 & AHg3te] T3 poly-pyrrolidone!™& %
¥ =% trans-initiationd] &) &le] s} F3Fe] Adeluirl @l Foll AR FHA del] A&
o 99=h. w2l trans-initiationg WA A g SFHAE ALTezd 4F EAol

58 FrAel Ad4Fd A MEte TEAE 4 Wil T 475

A T o] AESS AA A= 423 SO/KOH # Eulo] 28k 2-pyrrolidoned] &o)
Zge] deid FASREY FE, SO/KOHY &+ 9 £=2& #3714 ¢ 9
ST 4%, A2Y WstE AT =2 A #E conversiong AL R FISE
A4 Kps T8 S #l7k S0 o i 23g Wyt A2 poly-pyrrolidoneg & 4~
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1. 4ENME

1) o=

2-Pyrrolidone (4] 5%, §d 25°C.)ell 2 wt. %8 FA3+2E 4 FFq4E P4 4o
2t FFE3 F 52 2-pyrrolidoned v Fu FG FHstel FA s At

) FHAIH] 2 H0H

o) A5tsk- ©] 3 Matheson Co. 9 % 99.99%%] 5725 A4g3Hg 0w

FAE g g A% A F5F, FF 86.5%9 A& AL,

& o

A 2349 &ele FAGAEF, 96%)H m-cresol (A ¥5F, 99%)¢ AH&stdcl.

Hd 2= EdL &7 g poly-pyrrolidone L E-¢ ml=e Lol 2 T E2A(ANGEF,
85%)-% Ah&3tsi .

2. HEEZ

Teke] 2-pyrrolidones] 4-Ab3}A5-% =o]a o] ulLolA Az & 79 (2~4 mmHg)
Bl 90°C.oll 4] A AR F AAA QL o] Ak3HeH-& A FH L E‘%M?l—t— A 4]+ Fig. 19
2w},

48 £A%E st 2ol sheeh

1) Potassium pyrrolidonateo| 4§44

2-Pyrrolidones} 944 %4 +43t2E4 Kol Y2 =iz && 3 F G 24dsld Fo
IR A2 B30 @ £ F EE Fich

% TE A4gskd U,V,57 % Sa2% & 3 ATH= VE 4544 4449 ¥ @
R3] A A3k potassium pyrrolidonateE sl&c},

2) Ol4tztgle] =X

F GE 9As %, F EE dv¢ 247 BE 94 F/b AFAMel=z AY o4
o] FR Sojzbrh. ola) Fehiaa Fel Eoizk o]43tae kg 90om. +&F HEA
D rFoz Fo id¢ ¢ + A2 41 Fo ¥518 &3 g7 Aol Al g3
¢ & gok(e] At o4z APatgeh.

3) olLtstgre] =¢

% TE 443l U LKPQRS 4% $opi 243 ¥, ATI= VE 2n % G
€ z4dstd FO JE& 53 sbd, Fepza K& AZFAddmz hE i 9std Fo
o] Ak2l3ts J & -53le] potassium pyrrolidonater} §8 1= o] ¢l 2-pyrrolidone £ Z-off
Eofste] FalAlv

2
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o] k3189 4% rzjA 3w, SO/KOH Eul7k 18et A& ALcdle F45A 1 Y
2E AL AY gdoos (4EA U9 FEusst ¢ AE 232 89T 4+ g4 =04
7 ol sk} ok Felz Al 44T EY GE JNELR sl SO/KOHY 7t
0.25, 0.5 % 0.757F SE& WsAN A FEAA L

4) B2 Jfxel F=¢

o] Atel g ¥4/ Bud £ GE H Juk =S 24 F, HE 99 K,P,QRS
9 F7el A&tEg FAALH.

5) SRR 2%

K9 sAE 92 2&7t28 A% A F94 w8 Asstast $4d A3 RS
2cm. Ao 8em.)el] Eelza K44 $EE¢ FAa 2R wtobd iz L4 5
A7 e

3. AIBUY
1) Potassium pyrrolidonate2] 4§44
2-Pyrrolidones] 9329l 44b8}25(2,4,6,8 2 12mole %)& ¥, 2~4mmHg 7ok
o4 A48 Adsd ok 2 A7 Fol 0°C. HESA HEE so} L LAl AAAA
potassium pyrrolidonate €& o =r},

2) & #®

2-Pyrrolidones]] = st A& ZEF9] ¥5F 2,4,6,8 4 12 mole percentz w3tA]7]=d
A 2z 44825 okl oiske] SO/KOHS Eu]E 0.25, 0.5 % 0.752 4484 F
getgiet. o] W FELEE 30°C. 4 50°C. 2 shgich®.

3) Conversion &%

Percent conversiong T3] $15le] crude polymer& =1z} 2a]s]o)4 20mesh X B
d2 qhEe] FAE 22 80~90°C. & o] ¥ Fell A k% Bk wA st ]k weiA G
oligomerg F&3lx AEFolz A4 FeARANA 4~54% AzAL F FFAY F
AL 2o} vhg 4oz Fage

_ 3 He 22 2538 T Axd E¢A9 FA
Conversion (%)= crude polymer«l A

X100

4) HE &3

A4 10mld] 0.952. 9 S¢A S SNA F 25°+ 0.1°C. 9] ez A Ostwald g =4
2 2390 ¥ F¢AY SR TEAE MeE ¢4 93 °=1 m-cresol 10ml. ol &
A 0.058. % MR F 2L yygom gl Seldl FHAE LS E W os

%nﬂ Zol FHAE ¥ 50°C. Y FezoA 1247 Fof q ohg, ARAZ 127
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¢4 52.¢ 254 3oml ol o Fea(20%20cm.) $)e] FoA LEE n
Aol A B, BLoA &, i 70°~80°C. Y B LolA FHF o]4Ahe u

Abg A8 FEsta, LEE A o] 50°C. Az FollA 4~5A 2 A2
%

%‘\_
A4 r9edg A0

: SO, cylinder
: Regulator

: Dryer

: Manometer
: 3~way cock
: Gas flask

: 3~way cock
: Regulator

: N; cylinder
: Gas inlet

: 4-neck flask

Re=TamEoOw»

<coHun"ovOoZI

: Magnetic bar

: Heating mantle
¢ Stirrer

: Thermometer

: 2-way connector
: Condenser

¢ 3-way connector
: 1-neck flask

: 3-way cock

: Manometer

: Vacuum pump

Fig. 1. Apparatus of polymerization,
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2-Pyrrolidones]] o) sty =Al3l259] FEE 2,4,6,8 12 mole percent2 A st 7749
73 %ol o8t o} A3t k& A dte] SO/KOH &3] (R)E 0.25,0.5 % 0.75% w33 &
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W] 259 A 7kel] @& percent conversion®] Zt& Table1,2,3 @ 4o #7 4-Estgcl,

A3 59 rx w3l wlE percent conversiong Fig, 2,3,4 T 64 ZAFgoH
4825 zws o SO, /KOH E4]9 wisle] =& inherent viscosity®] #3}% Fig.5
9 Fig. 74 77 34184}

Table 1. Conversion of 2-pyrrolidone to polymer with variation of KOH mole percent, $0,/KOH

mole ratio, reaction temperature, reaction time and inherent viscosity

KOH 50°C. 30°C.
(mole ¥ R time conversion nink, time conversion inh.
(hr.) (%) (dl./g.) (hr.) (%) (dl./g.)
z 0.5 Phase separation; conversion after one Phase separation; conversion after one
week is less than 10 percent, week is less than 10 percent,
4 " { 0.25 24 11.4 2.18 24 3.0 2 26

48 18.8 2.55 48 5.2 281
76 28.2 2.84 76 8.0 3.02
96 3;1. 2 2.83 96 10.8 3.32

120 39.1 2.78 120 13.3 3.15

168 44.3 3.03 168 18.7 3.40

0.5 12 7.0 — 24 4.8 1.04

24 14.4 0.83 48 7.6 1. 40
36 20.3 -— 72 10.5 1.27
48 24.2 1.03 96 12.2 1.96
72 3.2 1.00 120 15.1 2.82
96 37.9 1.23 144 18.0 3.02
120 45.4 1.49 168 21.5 . 3.31
144 © 50.5 1.73

168 56.1 1.70

0.75 Phase separation; conversion after one Phase separation; conversion after one
week is less than 10 percent. week is iess ithan 10 percent,

Table 2. Conversion of 2-pyrrolidone to polymer with variatior of KOH mole percent, SO,/KOH

mole ratio, reaction temperature, reaction time and inherent viscosity

KOH 50°C. 30°C.
R R . . . . .
1e%) time conversion 7inh. time  conversion ninh., .
(moless (hr.) (%) (/g | (br) (%) (. /g.)

6 0.5 4 4.5 1.48 12 4.1 1.86
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6.2 7.9 1.58 24 7.1 2.72

8 11.0 1.59 48 4.0 2.98

10 13.1 1.69 72 20.5 2.94

12 14.7 1.73 120 32.5 2.61

14.25 16.9 1.73 168 48.4 2.88
24 28.8 1.92
72 55.3 1. 69
120 65.8 1.78
168 62. 4 1.69

Table 3. Conversion of 2-pyrrolidone to polymer with variation of KOH mole percent, SO./KOH

mole ratio, reaction temperature, reaction time and inherent viscosity

KOH 50°C., 30°C.
(mole%) R t(i}ine conv&:rsion ninh. time co nvgrsion ninh.
r.) (%) (dh/g.) (hr.) (%) (d./g.)
8 0.25 5 5.8 24 3.0 1.94
6 2.0 43 7.0 2.19
10 2.9 72 9.3 2.53
11 3.5 120 12.1 2.55
12 4.0 168 18.3 2.77
24 10.0 1.82
48 23.0 2.19
72 34.2 2.29
120 37.9 2.36
168 44.4 2.50
0.5 2 2.3 4 2.3
3 5.6 8.5 3.9
4 8.3 12, 5.5
6 13.6 16 7.3
8 18.3 20 8.9
24 44.5 1.19 24 11.0 1.03
48 64. 8 1.36 48 22.9 1.60
72 68.5 1.51 72 3.5. 6 1. 99
96 70.0 1.48 96 44.3 1.86
120 65.4 1.45 120 53.5 1.75
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144 67.1 1. 40 144 59.5 2.47
168 67.4 1.41 168 64.5 2.30
0.75 4 ‘1.8
6 2.3
8.5 2.7
10 4.0
12 6.6
24 19.8 0.83
72 32.5 0.86
120 38.9 0.89
168 43.0 0. 88

Table 4. Conversion of 2-pyrrolidone to polymer with variation of KOH mole percent,

SO./KOH mole ratio, reaction temperature, reaction time and inherent viscosity

KOH 50°C. 30°C.
(mole%) R time conversion nink. time conversion ninh.
(hr.) . (%) (dl. /g.) (hr.) (%) (dl./g.)
12 0.5 2 5.6 7.25 6.9
4 10. 4 8 7.2
7.25 17.4 10 9.2
8 20.9 24 20.8
10 26.6 | 48 38.4
2% 55.1 115 72 52.5
48 58.5 1.16 120 58.9
72 60.9 1.14
96 64.0 1.08
120 62.5 1.16

1. S#d nixie =4d4siZd 82l 55, S0/KOHo| gu{(R) W 2x9| HE

Table 1,2,3 9 4% 452 EY FE, R, &5 W39 Az &2 S¢AxE +53
gvh

w91 9 potassium pyrrolidonate EgEd] st A& o] 4k3}5}9) oF-& potassium pyrrol-
idonatest o 3hat Pgstel AAAE FATHT AAAA Azl wsAd wohs)
< potassium pyrrolidonated] FE AAAY FZE ARV E 4 U3 R4
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[ (o]
[=3 (o)
T

w
(=)

Temperature ; 50C
S0O,/KOH mole ratio; 0.5
. O 1KOH 4 mole% |
0 :KOH 6 mole% .? -
A2 KOH 8 mole%
X 1 KOH 12 mole%

.+ Conversion (%)

,15?.8

Conversion (%)"
W
$

/Ol- Temperature 30e”
& S0,/KOH,_ mole ratis § 0.5 -

ot
j)

(o)
j o)
LS

—

70 ¢ KOH 4 mole% ;

*

i ' it 2

z 3 4 5 6
" Polymerization time (day)

Fig. 2. Effect of KOH concentration on rate

of polymerization.

70+ B
/ ~>
50 N
50k
~
B
< 40}
5
/
£ a0} |
<
]
‘ ‘Zor / §0,/KOH mole ratio : 0.5
) o :50C
130T
10t
0 2 4 T T

« KOH concentration (mole %)

Fig. 4. Effect of KOH concentration on
conversion at equilibrium,

1 3 ¢ & 68 1

2
A Polymerization time {(day) /

Fig. 3. Effect of KOH concentration on rate
of polymerization.

3t .

-

3

2 gt

oy

S

12]

2.

5

Rt

E ir S0;/KOH mole vatio : 0.5%

O 50T
Fazst .

i 6 8 12
KOH _concentration (mole %) .

Fig. 5. Effect of KOH concentration on visco~
sity of polymer at equilibrium,
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70p :
3r.
60r : -
,\ bl -
$sof § . : Temperature : 507C
\; ~ ok "KOH: 8 mole % .-
5, 2 . -
240 B time ; 7 days
<§ 300 ! E
N s -~ -
Temperature : 50C ‘54l
20+ KOH : 8 mole% ) é , °
~ . O :S0,/KOH mole ratio=0.25 - N
10r *» g :S0,/KOH mole ratio=0.5
AL SQ,/KOH mole ratio=0.75
1z 3 & 8§ 6 41 0.5 05 0.7
Polymerization time (day) . S0,/KOH mole ratio
Fig. 6. Effect of SO,/KOH mole ratio Fig. 7. Effect of SO,/KOH mole ratio
on polymerization. on inherent viscosity.

SO/KOH %417t 4445 AAAS $& 242 Adld, Tt 245 AAAY 3=
£ 38 R Aoleh. 2ey A%P el AR FARTES Furk B =
potassium pyrrolidonate®} FE 7t A9 zerools] wj Bo] A Auk-go] dojrlx] &8 B 4
9l9it}, 2-pyrrolidoned] o) 3le] FA3ZFY & 2,4,6,8 ¥ 12 mole percent® A&},
SO,/KOH E41 & 12 AYP-E A%, 50°C. 2 A=A 16822k FHAR o THa= A
3 dx E3=h

AAEE o8P steka shd Dol @gdl 4A4EA e obF shzn
jnduction period= A& Iz 7 g4+

1) F=HEUE| 5E

FFAE T AP Rl we} A& FRAA L 2A 7 Aok § Fel AFE+F &S]
A 9] diffusiong AA o] WA vk FA2EY FEE AT 9 A 7F el 4 diffusion
A gaE AAske U BAFA F2L 4 9ok BHNA FTLE conversion
4 A% adel Foh(Fig. 2 ¥ 3). 22 FEEsdE A9 FEA T8 gas
o] diffusiono] =%~ 27| @] B =] open chaing] amide anione] protong F4T =zt

o
ol
4o

2] (2-pyrrolidone) &} w28 Fo] o] gl 3l t}E polymers] open chain®] carbonyl
carbong Z Az} =3 E-L branchingg B4 e T gt k3-8 gogith o]z
-2 & 42 amide aniono] % %T% 5 ﬁ‘-’&ﬁi&%g FEE S/HIEFE oS A5 dod

Aolrt. Table 2,3,4 @ Fig. 201 4 44 V5259 F%7} 6,8 % 12mole percente] 3 Rzkol
0.50] 2 &= 7} 50°C. @ =, conversiono] Huld] =g ¥, Alze] vl Iy =2}

conversiono] €7t 7HAFHE AL AT F A )AL Y 2L o] wEe AL
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2 #Z3t}, Fig. 40l A 4431289 Fxrt oL 4 (8 mole percent)d] =g = 7]
= T4 5‘4%‘5‘4 BESL Fohgel Aek FRol WA 22U w ¢} conversionk. 713t
o @A E dd AR edd dashl 2o,

SOg/KOPH a7k 9AE A FASES BRI/ oAk ol AEF R Fobste
2 FEA A g9 $A7 Sohste a3E R Aoz R gad] A
ol inherent viscosity: zF&#tr}(Fig. 5).

2) S0,/KOH £4]

A8 A ZEFY FEstl A SO/KOH Exl7l 0.59 o) &7 ¢4 AL € A
CLo2 JluiEe o)A Fig, 602 38 o 4 g3 4 (8)d dstd AF5=c),

SO,/KOHE] Eul7} 0.5¢9 Wl £¢45 2a) ohizl B3 al49 conversion®E 713 &
€ ¢ % dvh

Fig. 7¢& 442289 =7t 9432 o SOy/KOH &7t Ax wli& 9%
Aolrt. SO/KOH Ev7t 248 MA %S¢ 409 F438 £A57E B7] d&e T3
A9 AL FaAA N Gehd AEE Aasd Do

Table 1 & 3ell A= Autg oz o]atdlgte] Fxrt Figd w2} BE7F FA4EE ¢ 5
Ateh

3) Egtex

Table 1,2,3 9 49 Fig. 494 ¢ 4 g& whebzdo] 50°C. & w7} 30°C. & =} v} F34<
E7b wh23 3o conversion®E H4 wriE A4S ALY 4 Yotk 50°C. & 30°C. &
20°8 gEApold A FEEE 9 o conversiond] A JF Aol = w141 ¢ diffusion raterb
e 2 9FE uAE AE ¢+ Ak F FHeE7 30°C. A welE 50°C. ¢ A
2ol =i 9 diffusion rates} vz =] Folr},

@ Fig. 4514 45259 mole percentst Z7g4+% 50°C. =45t 30°C.#he] slo} A
9] conversion ie]¢] il FAMEZE W o]AIFY FEsb F71845 2-pyrrolidone
¢ diffusione] golslz o]e] wlel &= wWisle] w=1 diffusiond &3 conversione] ¥
2 4 FA F37] A Eelzta 44

2 w2yt 30°C. 4 #{l 7k 50°C. 4 surl g4k =2 inherent viscosityE =it
T 4 Aglen o] Ay Fig. 54l BEA AR 5 aksbtE 2 ol4sg Y 3% 24
T whg2Ent 2El S eE 2AFY HEQ AEE Adel Aol wirhe A4
A7t F ol b kel debdvhe A E FAE 4 U ol Rl Astd A& T6.
Foll i3t il A dFsA ek

A9 A= AES A3 FAHEz A Fgel delvtA & T g A Ak v
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i SOy/KOHY Ewle] whule) sl S71¢ Aeletx 4 4=t

FEA Y EA % Mark-Houwink<]-§ o]-8-3le &3 stg k.

M=K M*

K 2 e $99 3%, 47, 250 4259 2949 559 e 4 sk
2-pyrrolidoned] ol Fgo] olA nznd K ¥ o3t g k. & 25°C.o4
m~-cresolS S92 IS o K=3.98x107¢ dl./g., a=0.770]v}®, m-cresol 10ml. o] S
4 0.052. 4 S WEE A5 nink. & Fahg ok,

oA Y F& FEoAE nimk. 7t (1194 AY 2L g AR mz o] e oLy 7 b
A FgA Y THHTEAYF Mwd AlAstg s 2 43S Table 501 2oFstgl=h

m-cresold vl 8 A4sle] o1& F5& Table 1,2,3 2 40]4] 4L Loz A4S
7$9 Az viud | F ol glivh

Table 1,2,3 9 4914 ¥ 4 sl&o] SO/KOHA &ul 2 o-pyrrolidoned 444 & o &
Ahgke] Aks) ol LAY shsAel singvh, = SO/KOHA Fwl & 2-pyrrolidone

4 Z%4]7] Nylon-4% new Nylon-42 & < 9lv}.

Tabhle 5. Molecular weight of some polymer samples

sample ‘ ninh. (dl./g.) Mw

KOH : 8 mole %
Temp. .50 Co 1.51
R :0.5
Time . 7 days

4. 4X 104

KOH : 8 mole %
Temp, : 30°C.

R :0.5
Time : 7 days

2.80 9.9x10%

KOH : 4 mole %
Temp, : 50°C,
R 0.5
Time : 7 days

1.97 6.3X10%

KOH : 4 mole %
Temp, : 30°C,
R :0.5
Time : 7 days

3.42 12.9x 104

3: IR spectrum % DSC picture
Fig. 8& SO,/KOHA &x} 2 S48 £34 9 IR spectrumo]}, Fig, 8ol A 3290cm™!
N-H stretching bando]= 1640cm™1e]] 4] >C=0 stretching band(amide I band) 7} yelhe
1535cm™!= amide ] bande]v}, 2950cm-1e]4] H-C-H asymmetric stretching bands} ek
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U 2865cm™1e] 4 H-C-H symmetric stretching bands} Jelydel. 3060cm™'% amide [
band$] overtone bande]® -CH, deformation band-} 1475, 1450°% 1420cm~ofl A 1FER
1210cm=1el) A .CH, twisting bandr} }epudvl,

Fig. 9% %29 DSC(Differential Scanning Calorimeter) pictureo]z}, Fig. 9ell 4 5
A9 peak & Z zlo] THA AT Aolw FEAY FA& E peakd] ok F3 gl Fo

4 2e % 49 zAHezd 263°C. ol ek,

100
i a4 = TS
o , L aRIERY
5[ Al WAL
g 40 [ I [\
g 2
o i}

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (Cm“>

Fig. 8. Infrared spectrum of poly-pyrrolidone,

Temperature (C)
ERARRARARS

300 - 200

Fig. 9. DSC picture of poly-pyrrolidone,

4. 98 nislE » e

1

L2

1D RS miFuE |
SO,/KOHA Zvjo o3 2-pyrrolidoned] gol & ol g & T+ ohd Hasle AR
7] o &l g v EE ¢HA JAA gk 2HG AAAE LA FRE AS

]
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g WU Fig. 109% o=z SO/KOHA &wd 4% A%a s7ae shest 2

ol 4 z=luh,

Initiation;
S 0
0
ne N //'\> ) LN
N +o8 V=N’ ] Y =HN—(CHp)s—C—N |
NN TN AV TN/
- o
VAN - 1 /\
SN0 S+ HN~—(CH)y—C—N
H N No T v \/
—_ s
Propagation:
0 0
0 {lle I
. /\-g/\
H,N—(CH,)y~C—N | +SN |
N/ N/
o\ 0
i f/'\/ { ) 0 oA
o .
—_:_{MC——N ] \“/ = C—N—(CHp))3—C—N |
N/ 0 N
o o 1
7\ — I [PAN
N0 ¢ N 4+ —C—N—(CHp)y—C—N )
_H_ o H o N\

Fig. 10. Mechanism of anmionic polymerization of 2-pyrrolidone in the absence of
an initiator20?, 24~28
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