Bk H3W ’ B 4 ol A Vol. §, No.3
1964 4 5 B GAOFENZI  TONGXUN May, 1964

DA BENES
IV. —JCHRERHRA SRR /el
BER THL

(h ERSEE E THZERT)

CRABERORA, — AR IA —E B BB S AL —I0 # B K 3 6~/ H oMt
o —ITLHRBBEINAAEFTMEM, ~AAFRRANBELN, I REAYWTFRRBEN,

K TREMRIE, 6-FHE OB ICRIE L —TU R R, 7 - AR OMHFET
—TCREEE T AT BT UMREEN . AN — T REE R RN 2 5E s SR kR 3
RPN, B B AEE ERRT— RGBS T UE &, TR — 2 ABES0RERTE,

(TFREYHTEBEME, —RABREE—TRBEEENTEROES T YT
— MRS THEROEEAW BB, ATIRAWBEEE, EMAE FEREMR,
RS FRAFEK, MIHHTHE— RO R BIFZHFRBRE,R B RBT AR
T R B A — T SR RO AR AR REH AR AW W 5T Ho  Coffman’ 1 Kopuax!®! &
DRI ENX~BREHS RN, HERAWSTFROSCHFR 53 (/8218
T, A AERRRHE R, B TR O R — PR, e R R b XA R R FE, Bt
m~ﬁ§1ﬁi’&ﬂﬁlﬂﬁzio

B B, —TCHREATE C B R R A v BT AR A, 3 — B IR LT HIRBA 2. A3
M MERBIEN —TCRBE - AECHAENET O ABRBERA R, KKK
B, Matthes!”) @REAT3E T AR, HEERATR, LB B RLTHo

FEREEF AT RBRNERAT, REWHFRITBRFRENIHL,

B E KR

1. CABRBREFRARTFETOHRS

E CABEK, c-ZE BRI AEER WA DBFEMRAFEK,

e ErhMEsmEE AL, T N 1:0.863:0.0185 YT NBERR(KY 3 32, R
#e), ~RECEHMEREE, KEMERBERGHH, SRS 14 MEE RN L,
(A EFEIEARD] 230°C BISRREME P b, HEF, HER ST RREFYRIT—
HAE  FHERR R g a4 S R

ik O AEE, FHIUHE Y, A USRS E N T RBENY GRid s
B AR AZED),  DAHEEE Soxhler 2SS Bl BB ER B, BLAWS
R TIREFEUABAGR MR ERY (hIEMIEES b hiie, BAMRER), MM NE

* AXWH 1962 47 11 ABER2EHD FREAME LR LEX.



172 5 & F @& # 6 %

THE 60—s0°C REHBHTRERE, MEFHANRAYFRARTREEE,
FRRERSMSTFROTE X CBEREHEY, UBEK A #8757, DK
0.03N RUPRAER EAHKEREE P ETHRE, HALURLEMNT NS TKOBEER
ez aaltn, ABMEEEETHERAYHRRENERE, AREMEHHEHI TR,
Pl ESCBREERFIT # 1, HARAGHATR, SR BEMZHE LU RER
B e R SN R EMERE Lo

®1 CABRBREERRTETRAHER

NI 2 | smmne
Res | K |MARK | AR | WM [BEE % | Y |mw | % y
%o| R | wt [ mme | B mw | % | mg | g | TR a0
% e | B Eit
E-100 | 3.3450 | 0.3350 | 0.0669 0.5] 81.5 | 62.0 1 2.1 34.7 [0.529{0.248| 2350 14.7
E-101 | 3.6580 | 0.3660 | 0.0731 1 {69.9(28.3] 2.2{67.8(0.699{0.199( 4240 15.8
E-102 | 3.1590 | 0.3160 | 0.0632 2 |53.8|14.3| 2.0 82.810.576{0.066] 5070 16.3
E-103 | 3.1120 | 0.3110 | 0.0622 3 {41.8[10.1] 2.4(86.5]0.565;0.059| 5280 16.2
E-104 | 3.1430 | 0.3140 | 0.0629 4 |39.4| 89| 2.6|87.8(0.583/0.074| 5290 16.6
E-105 | 3.2640 | 0.3260 | 0.0653 5 128.5| 8.8| 2.8|87.7]0.63310.062] 5160 17.0
E-107 | 3.2790 | 0.3280 | 0.0656 7 19,81 7.2 2.8 89.510.666{0.051| 4970 18.0
E~109 | 3.5310 | 0.3530 | 0.0706 9 112.0| 6.5] 3.2(90.1]0.696{0.059| 5020 17.9
E-111 | 3.1790 | 0.3180 | 0.0636 | 11 9.8 7.2 | 3.1/ 89.5(0.640710.081| 4970 18.0
E-113 | 3.3990 | 0.3400 | 0.0680 | 13 7.3| 6.5| 3.4 90.0|0.689{0.085| 5140 17.5
E-115 | 2.9490 | 0.2950 | 0.0590 15 6.7) 7.0 2.9 90.0{0.618(0.077{ 4900 18.4
F-120 | 3.6410 | 0.3640 | 0.0720 | 20 3.5| 6.8 3.4 89.8 (0.749(0.091} 4800 18.7
E-130 | 3.5660 | 0.3570 { 0.0714 | 30 4.2 | 7.0 3.2 89.8|0.728|0.053{ 4950 18.1
E-140 | 3.4510 | 0.3450 | 0.0690 | 40 4.4 | 6.5| 3.290.0|0.687]0.094| 5080 17.7

C-EPMBRECRNRE AREWESERMRY RKMEMHBS . LUAER
B, 62 B Ik Ak T R O P9 T ik = B e AT BT, 5 B2 Al Whatman 1 5 B4R{E15°C
N ABRFAE E—REF, T B @, BIFFA Fewster F Hall'Y Fradsomifh: (1)7T
M- BE-BRME SRR IR, (2) TEE-Z-BREESRE I, B¢ W /A Kennedy F1 Barker'™
HRBE -, &R R AT :

e 3.3 - BB ECR [BAa] 5 3
BIFFICD 0.57 - 0.65 0.94
BRI 0.29 0.42 0.84

ZHXM R ENIRAYHBRE MR E, REBEES 1Y 24,

FERER R AT W AR Y BoK iR N , R R BT - H B D&,
2. ENBHBREE - THRAETHERS

ABRFESFHR 1:1.5 T A BERE (%9 3 38, FRUE) SACR A M3 B, ksl T
BAR., TRREMH, FHEEBRIE I N HERNAERL, LS NEERE 250°, BANE
270°, BAME 300° RA 2 /N, BHIFE )G, BN KT ABE ASERUEF R B s
Ré . BliEEN/EWH, IHRAY, Fin LT, AREREEHRHES S

FH, FRATR 2



3 M BRERERL: CHRBEMRE V. 173

2 CABRBRELRRUTETRSRE MK
(E—BTELBHERE 2 )

wws | YEE | SEEE | FEY VRV | R20 [rerre
E-201 250 3 5.9 3.3 90.8 10,100
E-202 250 6 6.5 2.6 89.5 11,000
E-203 250 9 © 6.5 2.9 90.7 11,200
E-204 250 12 4.1 4.2 91.5 13,680
E-205 250 13 4.3 3.6 92.0 14,700
E-301 270 3 7.4 3.4 89.0 10,380
E-302 270 6 6.0 3.4 90.5 11,200
E-401 300 3 9.0 3.8 87.2 13,900
E-402 300 6 9.0 2.8 88.2 13,500
it Bl

— TR T PO R IR A AL AR A, R0 A B 3R S B AR K 5 PR 5
Kopuuax™ € P T2 5657 MR KL AT 4 -
OH
R—COOH + NH—(CH,)s—CO —> R——(‘:——N—(CH.)s—CO _

OH
—»R—C =N—(CH,)5-—COOH —> R—CO—NH—(CHj;);—COOH—>

OH @
et eeeeteeerenaenens )

VB SEAERT—HAE Bl 6~ T BT B (1R = CHy) BORALER 3% L2 P Mk
BH95, W EHE P EENS R LB T RARR MBI A0, A ST &6 G LB A7
BAERA G BROR YR T 6-ETF BB TRE, MR ME 1 7T DR B0 5 RtEss
5 IR R oh UL T RE 5 A2 , B — 25 25 1 BRI 5 A A I R B B B

FERT—AR 25, A4 SEER AT B T A BB 55 - B DB A F 1 S5 A K SEBR AT
[, 780 1:0.0863, REF FIETE, BAKELIAKCEBIAR, 8B AELLR
3oh, BRI RAWARR, RAWH TR, SR, B 2, AR SRR
1 ML, T DUR R Rl 51 | |

(1) RAWERE,ERNFAEN, BEPRILMTEPROES 10% L, HE
B SERE A AT,

(2) RAMAS TR ERNFIN TP BENRKEE NG, 2 E RS
Ko FLAFMHN ,AHE R B TRAH 5 T, T B, Ak 1 5B,

HERBEEATR, ERF 3T 4 /M ZHATRES— B EE, JEEHT
B, 1 T4,

(3) SEHCREK, 76 RITFREM 2 Bl o R ISR RO % o R ANSE B B, £E 4R
AN B ERE TRE, B 5 /N ELA T8, MR AREY, SES— ORI, 37 3 8
SRR, R , SEMON R R IR R 2 1,



174 m 4 F # W 6 B

100}

§ '%/5 §
I |E
o
£
e
|7
, 1
RPN P R SN 4 B A RPN SEPES VT SUPRE A B /1 B
b5 5 VAR 207 05 ra 7 75 7
oW Chab g i Chep)
H1 CABRBREXTREETHORS H2 CABRKETERREETHORS
I—PHTFR 2—BERY —REY I—PFHHFTR; 2—AMRIRK —FRE
£k, %; BB, %, S—ERERR AR R

#%,%; 66— HZLWBEE,%.
M TS P, T AR M3 R AR O A R R A R ST T RLJLRE A
(a) HRBAREIRAKT=ERAYS TROBAER, KRRERATHENH,
RAMERRILFRETHENS 107, SEREBEKR, BRETHBORLERZR
6~RAETENEE Y, TR JLTCRALART , 5 2% & P I A AE A 25 R B R — i B
RIER, XBAFRMTEE: —R—8 69 - BETBEMBNARBIK, KEEPBE
REELLBEATRAG; B—THBEERERS 6-FE T BB R 2 K 82 R p0skih (BBX
B |
/,NH—(CH,);—CO + CgHsCOO~ + HzOt @
* C¢HsCOOH + H.N—(CH,).—COOH—\ e
CyHsCOO~ + *NH;—(CH3)s—COOH (©))
18 X FhfE FIEE R RIHEATE] 2 /NN B BRI R SR PR TEAE S T o
(b) EPEEX B FEUAARMIE A, X—1 AERLR T T HHNER, B
AWSFRIERR 3—4 NSN B REE, LERBRIE, T8N Lo
INCTIEER FI2E B A SHCHIAE IR ) , B T AR RIR R TEAEHE AT , S — N K A FHR IR
DRI F:

------ £NH—(CH,)s—CO J-ENH—(CH,)s—CO3}—OH + CsHsCOOH ==
== s -ENH—(CHy)s—CO}OH + CeHs—CO-ENH—(CH,)s—CO}OH ®

ANBRERERL (4) FIRERBRIRPRAWHORENAIIEM, AR 1 K5
DA % 25 PR TR - TR ERE, REMERTRD, ERN 3 /NN REH
$El N 76 % , M B 7 /N LAB BRI RER KT F] 73 % , R EIRINT 3% TEHE RS
B, RN AWML, RERMIEMT , ERAERN 3—4 /NG, BEZE ST T
AR AR,



3M AR EREC: CABBRARS V. , 175

SEBR b, MR BLIE RSB AR T AR K, 2R I P EEASCRR B, /NN B A T
SEMCENSAE THE, SLUI N RS TR RO RE 5 h%, e MERELR DA T8k
FALR THe KT AR N, 3 R BRI L MR, LR TR BT 3—4 NN B FFRE
TR, BEIALE 3—4 /N R, 45 IR AR R AR AT A0,
(c) EPBN ROBMBASTERUMBRRK, AE L, HE0MER LREnn
BEREANE 20%, BAKLERLENET R PRI
C¢HsCOOH + H-FNH—(CH,);—CO¥0H —=
== C¢Hs;—CO-FNH—(CH,)s—COJ;0H + H,0 Gy
ERREY, 7—8 /NG , RA W4 RN A F- RSB R T35 P R E R EHE 4L, |
B B R (5) VEESEAT, BEACR RIATI M RrasnT R , TR EDBEAL IR T 3 B et
WAL B R 3 B L ERAR 18, 4 R B T 120, X R B b TR T, £ Be S
RE RS T8 b E— I BT RERR, NLo#E; MBKA, £F8% RS
TR AR R, FLEB D,
W 57 RIHEAT BB G 2 , 5 R AR 2 ST HE5E, 00 4% M LM ERERE, R
N R AW TR — SR R R, RUIRK (5) £Tirey [FN & 8 9 KK (4) R
K - B0 B S AT B T 30 1 |
M T ROER T LUE S R — TR B RS E RA WA TR —ARBE, e — K
| A TEEST—TT R, £ SRR TATAN, RV RAAREENR
ERRE B ER AW T RO TR EE— BT AR Lo

W = T R e — A LR GO PR R AR S5 2 R I —TE 30, RAWA TR AT LIRS
FEAE— B T R SR N2 FERLBUI T MAUIH R T , BRI TEAMA, H 7R L
TR SR VeB SRS ST (K 2) RU K ARBBENRAWIENERN
PRI , RIRAE 250°, 270° =% 300°, M 6 /R, S FBREATE, EEMIAI 15 /K
B (250°) S FEIEMBBIBL, X—LERAREE HTEE B 24, AEEEE 0
- BRI TR B IR E R AT REGEATEMR D) KT R E : H—BAERS
FROMRAR R, "N TUT RS, BIESEIRFBIRE, N T R MR —
EHT M, R RIENBERE, KAFBHRE, AT OBMRIR L2 KA
b H BESFRET —E KIS, S B3 it 74 T AMERKN, 78R
W DI EEE, BME R AT SR ATHIERER, R 20 R 5 , B T ME LA 325 S SRR
Flory™¥ g4 —h k3 A M 02 R M R 2 R 522 MY,

F R Kb 5 —0E, B S ER T L5 &R DB, MA—E A B aREsE, X
BRELE? BRERALRER, TRABRERAWA TROAEERNEIRACRANA
B iR RNE ~RETERAIE) KT, —TLRBAMAR LY A 2 Eg, (BN
#£4 BE , II—TE IR EE AR, B IR R SRR T SRR a0l 13, AT
WRIEIRRDES Y , S AH B IR HROFE B S, sk LA B, AR A B ATH '

W E
CDABBREZEPHBRMN -EEXECHAFE THRAKN, SBRERRAEPHEAFIIR -



76 . E 4 ¥ B W 6 %

BRRA | BRAA FRABLAS FRERLNMER, RKIOT ISR Bk R
A FRTIARERBE S BEMME, MEAFFOES, BRABRICLRNRE, £
| REIE/N EEMR A E RER B R, B 3—4 NS, BRERBERRERA ST
BRTRREARIEM, BIRRL 7—8 AN E; BA W2 Bk B TR DL k1 T T B AL 0 ik
BT, BIR BLASIREH , U0 sR A B A P B, %%%EF%’E%?E}%%EW&E ®”
BARRAR | B AL S 4 A B T R AT, 4
R P BT RSB SRR A SChT, RAY RERE BB TIE 250°,

270° 8% 300° Sk 6 /N S F- B AP R B EAE — E R T A FHE , Bphndk 15 /N (250°)%F
AR, EESMERHERITHR, THRRETRERKLEE, X775 8k,
KO TREBE, RN A5 TS, WS 5 MBGILET, HEHFIE

_‘EZF&%@O

& T X ®

[1] EWRCHBEREANR, 3eem 22, 225 (1956),

[2] REF#7R BH—fE®=H, Bull. Chem. Soc. Japan 18, 105 (1943).
[3] W. Kuynsnu, 3. PorosuH, 10, Pumamesckas, 3. Xaur, K. O6m. Xum, 17, 987 (1947). 3. Porosus,

3. Xant, K. Knynsanu, 0. PruMamesckas, JK. O6w. Xam. 17, 1316 (1947).
[4] A. C. lnuraaeuuft, K. E. Mepenenxun, E. A. Moac, XX. O6m. Xum, 24, 447 (1954).
{5] D. D. Coffman, J. Polymer Sci. 2, 306 (1947).
[6] B. B. Kopwak, Yen. Xam, 21, 153 (1953).
[7] A. Matthes, Makromol. Chem. 5, 197 (1951); 13, 90 (1954).
[8] EHRCIEANFTSL, hepm 22, 39 (1956),
[9] FEAW BERE KB, BR% AT EEE, 33l 22, 305 (1956),
[10] M. E. Fewster, D. A. Hall, Nature 169, 78 (1951).
[11] E. P. Kennedy, H. A. Parker, Anal. Chem. 23, 1033(1951).
[12] B. B. Kopwak, “Merodst Boicoxomonexyaaprod Opezanuseckod Xumuu®, Vzn. AH CCCP, Mocksa,

‘ 1953, Tom. I, cTp. 185.
{13] P. ]. Flory, ] Am. Chem. Soc. 63, 3083 (1941); Chem. Rev. 39, 137 (1946).

BRESLHHE

THEE: TMEPBRITRRKERE, RAFELRE, 84T T, HEENBnTE 5T R]ESEL, M
A RIX— R ?

BERE: FMEHRETREEE, BHEERE, ARMETEENHNERNALE, BELST
BRNETK, Bt RFIAHERARET, BERERASTFSHRIBHAS K42,
PR TR ST REERRE N, BX—RAREET SLBRRIEN,

BEBC: AR RRESNRCABRESTRETLEN, HEBNRALE, BAHNRIEEKEN
SRS RRETHRE THIM, XHEETERFITFRALEM, NMBHRT BGERREHE
BHERDRAR T RN, RTBEERGE PRI, X— KA LEN,RFABLEE
E—HERRET B RESEXDMRR,

CREE: RFMSBEESEIN TSN T, SiE B R MAATHR TRTH,



3 8 kR ERL: CHBEMRS 1V. 177

THE POLYMERIZATION OF CAPROLACTAM

IV. THE ROLE PLAYED BY THE MONOBASIC CARBOXYLIC ACID
DURING THE COURSE OF POLYMERIZATION

PI Hsien-Tune anD WANG Pao-Jen

(Institute of Chemistry, Academia Sinica)

AgsTRACT

In the polymerization of caprolactam in presence of 6-amino-caproic acid and
benzoic acid, experimental results indicated that the role played by the benzoic acid in-
cluded: the formation of polymer chains by “induction”, the acid-splitting reaction of
the macromolecular chains and the acylation teaction of the amino-group of the macro-
molecules. During the beginning stage of the reaction, benzoic acid exerted a catalytic
action on the monomer molecules causing them to unite to macromolecular chains and did
not add to the monomer. As the reaction was going on, when the number of macromole-
cules gradually increased, acid splitting - reaction became more and more pronounced; and,
after 3—4 hours’ reaction, it surpassed polycondensation and made the molecular weight
of the polymer decreased and the carboxyl-content increased.’ The acylation reaction was
clearly indicated after 7—8 hours’ reaction when the quantity of the polymer formed and
the molecular weight of the polymer have alteady reached constant values, while the
consumption of the benzoic acid was still going on. At the end of the reaction, when the
ultimate equilibrium has been established, there was still found free benzoic acid and free
carboxyl-groups; this indicated that acid-splitting, acylation and polycondensation are all
reversible reactions.

In the experiments on the polymerization of caprolactam in presense of water but in
absense of carboxylic acid, the polymers obtained was heated at 250°, 270° or at 300°
under ordinary pressure while a stream of nitrogen was passed through. The molecular
weight of the polymer did not increase after heated for 6 hours (and in case of 250°, for
15 hours). The reason for no further condensation might be that the reaction medium
became highly viscous which prevented the escape of water molecules and made the dif-
fusion and collision of the macromolecules difficult. At the sametime, the steric hinde-
rance of the macromolecular chain exerted on the functional groups became more and
raore pronounced when the chain reached certain definite length. These all made the
polycondensation stopped at a certain stage.





