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XA REB, WM, FEPR, RN

M ERTIZ AWM AR SHFRANATERPIFEEFFPHRED Y, SRR G HIE
R, HnEBK RN, R4 RSB, P90 TR B8 T UEN &R0 T 50 7RI Lk
WA TN, REMARESIEN, BREBERMORR Y 35% ). 43 DL L3, £ EREY M LT
B K (EOYRAMMB+ _ R E B H,PW0,(PW,, ) SR EM A FRE K EEA T REMB
KOO, RAEOM THF BEAH RFORATE, WRPFSTRRS B BLEAD 0% E.4
H—EWRT ARAPIR(POYY THF RA MM . PO L REMGRARE POKR LN 34C, &
FEOM LT, HEEE R THRIENETF; 3t B T PO & FESNESR, FRAENE S WY EBILE S
AHFTRAEENXTRAMERNER.

1 BEHERSHE

THF M54 W ICRI7), PO MISE/E 10 B Pw o8 20 B80T W S0Mt, T B0 44748, = BB &
BERE=EER T IMAFEEREN TR R, Mk, 888 39.5—40CHEH.

ROFEREEFRETHEIBEENZORTMACHRE THF, £XBEFRHE 0T, REK
WA CRREK.PO M PW,,, RIZVBE R . 51 BT Med M5, BN 0. Smolo/L BEAMAEHEL L,
R MARBARL TN THF, YBEN R oSTHEL MR, AR CREHFERB, BHFHKE R
ERERMFCRRTER REWE 10T AT TR 4h SIBED AT €M ERER S 6 BRE K.

2 AR

B 3L 1R HE £ Bruker ARX-400 NMR # B¢ L #5E, CDCl; M, A 3~ 4 = SAARMAE.
ERERERESEPHESPIEORE LD RS TR Moo B FRAF(HE S I AXEFSRYE
)

Maomy =2[72(F + LY4 + 58(1 + I + 1:)/31/[1, + I/2 + 1./2] = 2[72(1, + I,)/4
+58(I+ Iy + I:)/3Y/[1;/3 + I/2 + 1:/3]
BAAPRESTIERSETAAMEEE.

EROSTE M, o, R7ESE KNAUER SHES L, IR YER, B % 37C, LA ZBRRE
Bt M E R,

LREZEANSHOTER D TE M ps) £ Waters LC/GPC515 4381 - M8, 1-Styragel HT2 +
HT3 + HT4 BEREEE, A LM A ir s, THF A E5H, S % 1.0mL/min. B M BHEH TR M, g 2
ERMEMNTREZBH2 TR, S M, ZEANTXE M, = KM g, HPEREBR K 0J R 0R Iy &
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[91HITHE . AE 1 No. 10~ 12 WIBTT R, K 2% 0.48.
3 HR5itig

B%E 1 LAY PO BEH BRI I PW,, (5 THF M EE® 2% )5 X THF AHES,
0C &3t 3~5h, FEREA T, AT 60% LI L, LUK ¥ HPMoO,, (& THF B E £ 2%)H
SR, 25C RS RS 500h, A TRY 1.15% 105V 7 PO (RHBIKE PW, 5% THF FHE4S
MR, Yk R PR KE MEER, P TRER, @ A K =8, AL R R i
Fit, PP LT R(600~3000) KREZ B, H=RE 60% b L TR XM M, AW BHSH T
B SEmER, Tk BT ZR(PW,/THF EX LA 0.25~1.0), HW B L 35%.

Table 1 Polymerization of THF initiated by PW; in the presence of PO

Polymerization condition®

No. [PO] [01/[FW,;} Tine Conversion Murs Muua
(mol/L) {molar ratio) {h) (%) X107 X107
1 1.00 o 1 17.5 11.8 -
2 1.00 0 2 3t.3 19.0 -
3 1.00 0 4 60.5 26.5 -
4 1.00 0 5 69.8 50.0 ' -
3 1.00 15 4 65.8 10.8 -
6 1.00 30 1.5 26.8 4.29 -
7 1.00 30 3 57.0 6.16 -
8 1.00 30 4 58.0 6.66 -
9 1.00 30 5 64.9 6.99 -
1o® 1.00 30 6 58.7 5.78 2.75
1Y 1.00 30 7 60.3 5.87 2.85
12 1.14 30 4 57.7 4.73 2.16
13 1.14 30 5 60.8 5.03 -
14 0.57 10 4 51.7 7.36 -
15 0.57 10 5 53.1 8.27 -

a) bulk polymerization at 0~2C, [PW,;]=6.14 X 10 *mol/L;b) butylene glycol {BG) was used instead of water

AEREAN EORE THF BESRENTRGIER, Y EOWSEAS BAEARF LMK, HE
HARLCHEEEE, HRERT KIS, FEEME THF B4 E3100 RO SHkE LR MK 10 &
WL PO ARBEN A THF RO E S EO pE2# R MR AL, fk 2 TES, & No. 1 #4#R
Mehjg, BRERNEFREL, BiMPO, REGREAJUMERS , HALEH 1.6 EFIH85.2%, X
R FERBETOHBEAT, WAL TKIRRE.

EAETREFEMEARAAENESHTEF FTROZR_N HREETHEFERE(NETH
2 XA AR R BB R R AW, B R 14 PO 5 THF B S REM BRI THRE
W, R 3TUEERNFBNESHEGIREEEN.

HEH'H-NMR EA AR BERN S TR AVUEANEEHATRSDERTEHAGE. B
1 — RS HNMR i, il EBHEAEEE P REEY BRSSP RIE EE 1 M3,
ENTUBRXTREWHHANMTRE(RE 4.
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Table 2 Polymerization of THF with stepwise addition of PO

Polymerization condition”

No. [PO] [0}/ [PW,;] T Comversin (%) % M./M,
(mol/L) __(umolar rati) (h) *1o
1 0.57 30 6 41.6 4.07 1.50
2 0.57 30 10 41.7 4.14 1.49
3 0.57 30 48 41.5 4.21 1.50
4 No.3+0.57 - 6 B5.2 5.14 1.51
5 0.28 15 24 24.2 4.05 1.54
6 No.5+0.14 - 24 34.9 3.83 1.54

* bulk polymetization at 0~2T , [PW,,]=6.14 X 10" *mol/L

Table 3 Average hydroxyl end-group funetionality {#) of products

Polymerization condition”

No.  [PO] Tme  (ROVIPW,] CPISr Tem o Temw g
(mol/L) (h) {molar ratio}

1 1.00 6 60 38.0 1.50 1.52 1.97

2 1.00 7 60 38.3 1.49 1.52 1.96

39 0.57%2 4 30 47.0 1.70 1.7 1.99

rol 0.57%2 6 30 56.9 1.76 1.78 1.98

5 1.14 4 30 57.7 2.10 2.16 1.94

a) bulk polymerization at 0—~2C, [PW,,]=6.14 X 10 *mdl/L; b) BG was used instead of water;c)} PO was divided
into two parts, and the second part was added after 2 h when the first one was introduced; d) 7= M vpo)/ [ Mym /21 =
EMuvioy/ Mugaan 1% 2

a j f
CF3 COOCH(CH,)CH,0~ e i 1
1 L — —
CF;COOCH  CH;,CH,CH,0— OC’:(C'?’CH")
¢ d 1" -
CF3COCH,CH(CH O - —OCHCH,CH,CH»O

5 3 2
J

N
Ll i

Fig.1 The 'H-NMR spectrum of polyether

BE4PHRERNTUELRESDH POERNEENSEYE AT 50%, X— 558 EO
RREMFTBER" M. I POBRMEENSBITLUKXT 0%, AR FERSEN T POSY T
FTHMSIRIBMAER TNEEN, FEFAHNRE PO TR, HTT—POH & B E X%
RELHN ¥ FTRIEFASIRIBREEA POSSRX S, ROEHGT M HER, EHFH
BERFMET, A PO MR 24h Z S FBIR A, ¥ RAH%E PO ETETEA A MEMA Tk
#T,POBSTIHRUABMABR T M REHR.
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Table 4 Chain structure analysis of products by 'H-NMR

: Polymerization condition®” PO = POH" -~ POHF,') _ POHn - OHL() Hn(ﬁm)
No. PO in feed [H01/[PW,] Time Moietiesin - P - -0OH -0OH -0H o3
(mol%)  (molsr mstio)  (h) chains (mol% Xmol%) (mol%) (mol%) (ma%) <10

1 9.0 30 4 14.2 37 33 83 50 2.16
2 4.5%2 30 4 14.9 44 34 83 50 1.71
K1 4,5%x2 30 6 15.1 44 35 86 50 1.78
42 7.6 30 6 15.6 37 34 90 “ 2.75
5 7.6 30 7 12.3 36 36 90 47 2.85
6 7.6 60 6 15.6 49 35 84 50 1.52
7 7.6 60 7 15.4 49 36 85 50 1.52

a) bulk polyrmerization at 0~2C, [PW;;]=6.14 X 10 *mol/L;b) PO was divided into two parts, and the second part
was added after 2h when the first one was introduced; ¢) BG was used instead of water; d) content of hydroxyl end-groups
attached to PO moieties toward total PO moteties in chains; — POH/ —P— = (i + j")/(j + 57+ j)};e) content of primary
hydroxy! end-groups attached to PO moieties toward the total hydroxyl end-groups: - POH,/ — OH= L/ (21, + I, + L))
content of hydroxyl end-groupd attached to PO mnieties toward total hydroxyl end-groups: - POH/ —OH= (21, + L)/ (21,
+ I+ I.):g) content of primary hydroxyls toward total hydroxyl end-groups: -OH,/ - OH= (L, + 1)/ Q2L+ I, + 1)

W5, @it E 4 P HNMR B, BNFEI M TEL. B4 TAMRENS RAE RS TR
BANESYPNFBETRES—& aXM(UITOR S PHFED POEIANHEREHFHR
BERERNES CRUPORTI AR FATEXAEREMNABHEEERS AN ZHEE. )
TR 7 B BEO9 48 5, F) FR 4 RO B R B a2 ), A PORBR AN T EMAN RRBER
SHRBERERTE RS TR,
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TETRAHYDROFURAN POLYMERIZATIION INITIATED

WITH HETEROPOLYACID
V. PROPYLENE OXIDE AS PROMOTER

CHEN Yu, ZHANG Afang, ZHANG Guangli, ZHANG Hongzhi

{ Department of Polymer Science and Engineering, Chemistry Building , Peking Untversity, Beijing  100871)

Abstract  The polymerization of tetrahydrofuran ( THF) initiated by heteropolyacid-
H;PW,,04(PWy,) in low concentration could be effectively promoted by propylene oxide
(PO). The polymerization conversion reached 50% ~60% after a reaction time around 5 h.
Water or butylene glycol was used to control the molecular weight of the product in the range
of 1000~ 3000. The polymerization started upon addition of PO and stopped with complete
consumption of PO, but it would start again when a new portion of PO was added. The
average hydroxyl end-group functionality of polyether glycol is close to 2. The ratio of
primary and secondary hydroxyl end groups is close to one, and the percentage of the
hydroxy| group attached to PO moieties at the polymer chain-ends is higher than 50% of the
total hydroxyl end-groups. All the obtained results inferred that THF polymerization
promoted by PO proceeded quite similar to that promoted by ethylene oxide, i. e., PO was
necessary in the initiation of THF polymerization to start the propagation of chains, and with
the complete consumption of PO the propagating chains transformed into dormant species,
which can be re-initiated by the addition of a supplementary portion of PO.

Key words  Tetrahydrofuran, Propylene oxide, Heteropolyacid, Promoter, Cationic ring-
opening polymerization



