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ABSTRACT

The living chains were obtained in the bulk copolymerization of tetrahydrofuran (THF) with
propylene oxide (PO) (10—20 wt. %) initiated by adipoy! chloride (AC)-AgC10, ([AC], = 0.02—
0.09 mol-17) catalyst at — 10—0°C without chain termination and transfer reactions. The estimation
of reactivity ratios gave values of 0.8+0.2 and 0.08+0.03 for THF and PO, respectively. The func-
tionality of living chains with 109, PO in the feed is close to 2. Four different telechelic THF-PO co-
polymers with amine or hydroxyl end-groups [P(THF-co-PO)R, where R = —NHBu, —NHPh,
—NEt, or —OH were synthesized.

The living polymerization of tetrahydrofuran (THF) has been widely investigatedill. But
little is known about the living nature of THF copolymerization. It is an interesting subject
whether we can obtain the living chains in the THF-propylene oxide (PO) copolymerization in
spite of the side reactions such as cyclization and isomerization reactions. It is also important
for obtaining the copolyether with lower tendency towards crystallization in comparison with
that of homopolyether. Its incorporation into the block polyurethanes or block polyesters
as the soft segments may modify the low temperature properties of the products.

The polymerization of THF initiated by BF; at 207C is a living onel?], but as 109, PO
was added to the reaction system, all the reactive copolymer chains died in a period of 4 hrs(51,
However, we successfully obtained the dicationically living chains in the THF-PO copolymer-
ization by AC-AgCl10, catalyst at lower temperatures and synthesized four different telechelic
oligomers thereof.

EXFERIMENTAL

Materials. PO (A.R. grade) was dried over 3 A molecular sieves, and after refluxing over
calcium hydride for 5—6 hrs. was distilled twice under nitrogen atmosphere. Its purity was
verified by gas chromatography. Diethylamine (C.P. grade) was dried with sodium hydroxide
and twice distilled over calcium hydride under nitrogen. Other chemical reagents were puri-
fied as described in our previous papers2:3],

Copolymerization. The copolymerization was performed with the similar procedure of
the THF homopolymerizationl4). The adipoyl chloride (AC)-AgC1O, catalyst system with
3—10 mol %, of AgC10, in excess was added to the THF-PO monomer mixture. The concen-
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trations of living chains [P*] and reactive centers {[RC] were determined by the phenoxyl end
capping method(®l. The conversions for runs 11C, 12C and 15C were estimated according to
our previous work(4) and for other runs by extracting the product with CH,Cl, solvent!3,

The preparation of telechelic oligomers and dicationically living copolyether chains and
the determination of the equivalent of the end—groups (E,) were carried out as described pre-
viously(€-91,

The reactivity ratios were calculated by the intersection method from the copolymer com-
positions determined with tH-NMR spectra at about 109, copolymerization conversion.

The molecular weight of the copolyether (M ,) was evaluated from that by GPC calibrated
'with standard polystyrene (M,) using the Waters 150C/GPC with p-styragel columns
{10%8410%4-105 A) in CHCl; at 30C or with m-bondagel E125 and m-Porasil GPC 60 A
columns in DMF containing 3g NaNOQ, per liter at 45°C according to the equation: M,=
KM,. In the literature the constant K was calculated from the data of the unperturbed mean
square end-to-end distancel1?). With the aid of the typical hydroxyl end capped copoly-
ethers containing 109, PO (M,=2.4x 10%) and 209, PO (M,=1.3x 13)11] we determined
the K values: in CHCl, is 0.55 and in DMF is 0.82. With the aid of the phenoxyl end capped
‘copolyethers obtained in parallel copolymerization runs for preparing hydroxyl terminated
.copolyethers (M,=3.5x 10® and 4.0x 103), we determined the K values: in CHCl; is 0.505
and in DMF is 0.93.

The molecular weight distribution was characterized by GPC calibrated with standard
polystyrene without corrections for chromatogram broadening.

1H-NMR spectra were recorded on the Varian, FT-80A NMR spectrometer with CDCl,

as solvent.
RESULTS AND DISCUSSION

1. The living nature of the copolyether chains

Figure 1 shows the relationship between the concentration of reactive centers [RC] and
the reaction time. It is observed that [RC] remains almost constant in the bulk THF-PO
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Fig. 1 [RC] and reaction time relationship
& run 5C: PO 10%, {AC], 0.09 mol /1, 0°C; @ 7C: 20%, 0.093 mol /1, 0°C;
@ 12C: 209, 0.09 mol/1, -10°C; & 9C: 10%,0.045 mol/1,0°C; (O 2C:10%,
0.053 mol/1,0°C; (B 11C: 10%,0.0224 mol/1, -10°C.
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(10—20 wt %)) copolymerization initiated by AC-AgC10, catalyst ((AC],=0.02—0.09 mol/1)
at —10—07T. Obviously, the copolymerization proceeds without being interrupted by chain
termination reaction. '

In the absence of both chain transfer and termination reactions the molecular weight of
the product of copolymerization can be estimated by equation (1){21:

__density of system (g/ml) X conv. x 1000

MW P9 1y

Densities of THF-PO mixtures when PO=209%,: d9=0.8985 and d,;1°=0.9087; when
PO=10%: di=0.8994 and 4;1°=0.9141.

According to Eq. (1) the plot of MW vs. conversion is a straight line since [P*] is a con-
stant. As it was expected, we obtained the linear dependence in Fig. 2. Therefore the chain
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Fig. 2 Dependence of M, on the conversion
O 5C, ® 7C and @ 12C, for their reaction conditions see footnote of Fig. 1.
& 8C: PO 15%, [AC], 0.033 mol/1, 0°C.

transfer reaction can also be excluded. The good correspondence between the experimental
and theoretical lines assuming [AC],=[P*] indicates the initiator efficiency (I;) is equal to one.
That means, in the copolymerization every AC molecule gives cne living chain. ’

The value of M, /M, of the sample 4C obtained at the conversion of 16.4% is 1.4,

2. The functionality (f) of the living chains

As f=MW|E o> for samples of 109, PO the difunctionality of the chains can be verified
either by M .,;, calculated from the data of conversion according to Eq. (1) or by M, deter~
mined by GPC (Tab. 1). The explanation of the lower f values for that of 15—20%, PQ in
the feed needs further studies.

3. The reactivity ratios

The r, and r, values for THF (M,) and PO (M, copolymerization were determined by the
intersection method to be 0.8+0.2 and 0.08--0.03, respectively, which are close to r, =0.50
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Table 1 Functionality of the living chains in THF-PO copolymerization

I e B O D e
cale n

4C-3 10 0.09 -10 27.8 1.25 2.8 2.3

4Cc4 10 0.09 -10 35.0 1.75 3.5

4c-7 10 0.09 -10 49.5 2.5 5.0

5C-2 10 0.09 0 20.8 1.25 2.1 2.1

5C-6 10 0.09 0 50.6 2.85 5.1 5.1

7C-7 20 0.093 0 32.8 2.25 3.1 3.1

7C-10 20 0.093 0 35.1 | 2.35 3.4 3.4

8C4 15 0.092 0 28.9 2.1 2.8 3.1

11C-5 10 0.0224 -10 8.2 1.7 3.3

15C-1 10 0.092 -10 34.5 1.8 3.5 3.4

15C-2 10 0.092 -10 37.0 1.9 3.8 3.8

* calculated from eq. (1) assuming [P*] = [AC], ~
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Fig. 3 THF(M,)-PO(M,) copolymer composition curve
[AC], = 0.99 mol/1, 0°C.

and r,=0.05 for the copolymerization initiated by BF;« THF in the absence of diols(12), The
copolymer composition curve is given in Fig. 3.

4. Synthesis of the telechelic oligomers

The telechelic oligomers of polyethers are very important for the preparation of block
copolymers{18], We have already reported the synthesis of several telechelic homopoly-
THF with secondary amine end-groups{®l. In this work we describe the synthesis of telechelic
copolyethers, P (THF-co-PO)R, where R=NHBu, NHPh, NEt, or OH by the following reac-
tions: ’
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AC-AgClO, @ & .
e

HR

————=R~~R

THF + PO

Table 2 The functionality of the telechelic copolyethers P(THF-co-PO)R

Ro| Ak (el | Tme | Cow | paes [ T
cale n

NHBu 0.092 0.194 3.9 34.5 1.8 3.45 3.4
NHBu 0.092 0.194 4.0 37.0 2.2 3.85 3.85
NEt, 0.092 0.194 4.0 37.0 2.1 3.85 3.85
NHPh 0.038 0.082 9.6 44 .8 5.2 10.4 10.4
OH 0.038 0.082 45.5 2.45 4.6

Tab. 2 demonstrates that the functionalities of all the four different telechelic THF-PO

copolymers are close to 2 (f =MW [E,).
The present method for obtaining P(THF-co-PO)OH is different from the copolymeri-

zation initiated either by BF;—diol or SbCl;-diol or by H,S,0,-HCIiO, catalyst system with the
peculiarities i.e. the end-groups of the copolyether are predominantly primary hydroxyls

{around 70—80%) and the MW reached 4.6x 108, whereas the share of primary alcohols in
the copolyether by BF;—diol or SbCl,~diol is only about 26 % and the MW of the copolyether
by H,S,0,-HClO, is lower than 2000011],
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