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NUMEROUS papers have recently been published dealing with the copolymeriza- 
tion of tetrahydrofurane (THF) with three-membered cyclic esters [l-7]. Prod- 
ucts of copolymerization of THF with ethylene oxide [l] and propylene oxide 
(PO) [2, 31, which have relatively low molecular weights and contain hydroxyl 
groups at both ends of the macromolecule are raw material for production of 
polyurethane rubbers. 

Although studies of copolymerization of THF and PO [2-41 have been mainly 
devoted to the synthesis of polyesterdiols, considerable importance is attached 
to elucidating the role of glycols in the reaction, in order to control molecular 
weight in processes of initiation and chain rupture. This is also confirmed by 
snother paper [6] on copolymerization kinetics of THF and PO in the presence 
of 1,2-propylene-, 1,3-propylene- and 1,Lbulyteneglycols. 

This paper deals with a study of the effect of ethylene glycol (EG) on the 
copolymerizetion kinetics of THF and PO in 1,2dichloroethsne (DCE) using 
BF,.THF as catalyst. 

EXPERIMENTAL 

Raw mater&da. Tetmhydrofurane was stored over I$OH for 6 days and distilled in a 
column. A fraction of b.p. 66~5-66~ W&B dried with sodium for two days and redistilled in 
a column (80 theoretical plates); the fraction of b.p. 00’ was taken. The purity of THF was 
examined chromatographically; the moieture content (Fischer method) w&8 leas than 0.01 
wt.%. 

Propylene oxide was dried with calcium chloride and distilled. A fraction of b.p. 34-35’ 
wae dried with calcium hydride and fractionated in the column. The fraction of b.p. 34*6-35’, 
&B determined chromatographically, W&B free from impuritiea;*the moisture content by the 
Fischer method was lees than 0.01 wt.%. 

Commercial dichkn-oethane W&B dried with freshly calcined calcium chloride and distilled 
in a. column. A fmction of b-p. 84” waa again dried and redistilled; the moisture content 
(F&her) was not more than 0.01 wt.%. 

Boron jluoride tetrahydrofurande WEM obt&ed by saturation of purified THF with BF, 
vapour. The complex obtained was distilled and a fraction of b.p. 69-710/4 mm taken. 

* Vysokomol. soyed. All: No. 2, 443-462, 1969. 

602 



Effect of ethyleneglycol on copolymerization of  te t rahydrofurane 503 

Ethylene glycol was distil led in vacuo and a fraction of b.p. 83-85°/4 mm taken; the  
mois ture  content  (Fischer) was not  more than  0.01 wt. %. 

n-Butanol  was purified by  the Clark method [8]. The fraction of b.p. 117 ° had  a moisture 
content  according to Fischer  of 0.012 wt .%.  

The molecular weight (Mn) of copolymers was determined from the content  of terminal  
hydroxyl  groups [9] and  with a R a y  ebulliometer allowing for the  var ia t ion of the  constant  
of the device over a certain range of molecular weights. 

Measurement of the ra~e of polymerization. Copolymerization of  T H F  and PO was carried 
out  in excess DCE ([DCE] ~ 67 vol.%) at  10 °. The concentration of BFa" T H F  was 0.02 mole/1, 
except for cases which will be noted. 

To mainta in  isothermal conditions, the  process was carried out in a metal  reactor  
provided with a stirrer, thermostat ic  jacket ,  thermocouple to monitor  temperature ,  sampling 
device, hopper  for feeding raw materials  and a system for circulating dry  nitrogen. The co- 
polymerizat ion kinetics were invest igated b y  two methods: by  sampling followed by  chro- 
matographic separat ion of the  reaction mixture  and b y  sampling followed by  isolation 
of the  copolymer.  The la t te r  involved rinsing the  sample with distil led water  to el iminate 
BFs, separat ion of the  polymer from the washing water  and  drying to constant  weight in 
vacuo at  60 °. 

The reaction mixture  was chromatographical ly  analysed in a "Tsvet"  chromatograph 
with a column 1 m in length. A ka tharometer  was used as detector.  Hel ium was the carrier 
gas. The tempera ture  of the  thermosta t  was 60 ° , of  the  evaporator  75 ° . The headpiece 
of the  column consisted of solid (brick, kieselguhr) and l iquid (SKG mixture,  tr iethyleneglycol 
and tr icresylphosphate)  phases. Under  certain conditions the  t e rnary  phase consisting 
of PO, T H F  and DCE was separated with the  following retent ion times: PO- -2 .5  min, 
T H F - - 9  min and DCE- -  14 minutes. 

The device was cal ibrated using synthet ic  mixtures  prepared in ampoules with self- 
sealing rubber  stoppers,  thus avoiding loss of the  volati le component  during sampling. 
The sample volume introduced in the  chromatograph var ied from 2-12 × 10 -6 litres. The 
amount  of sample added had  no effect on the  rat io of  the  areas under the  peaks of PO (~qPo) 
and T H F  (~qTHF) to SDC~. An analysis of the  sample from the reactor  (the reaction was s topped 
with pyridine) makes i t  possible to  calculate residual concentrations of T H F  and PO in 
solution and thus observe the  kinetic consumption of monomers and the accumulation 

• kinetics of the  polymer.  
Kinet ics  curves of polymer accumulat ion plot ted  from chromatographic da ta  and the 

gravimetr ic  method coincide. 

EXPERIMENTAL RESULTS 

Effect of catalyst concentration on the rate of copolymerization. F i g u r e  1 s h o w s  

k i n e t i c  c u r v e s  o f  p o l y m e r  a c c u m u l a t i o n  a n d  t h e  c o n s u m p t i o n  o f  c o - m o n o m e r s  

a c c o r d i n g  t o  c a t a l y s t  c o n c e n t r a t i o n  a n d  i n d i c a t e s  t h a t  in  a l l  eases  t h e  r e a c t i o n  

w a s  c o m p l e t e  a f t e r  t h e  s a m e  c o n s u m p t i o n  t h e  s a m e  c o n s u m p t i o n  o f  P O ,  w h i c h  

c o r r e s p o n d s  t o  a 9 3 %  c o p o l y m e r  y i e l d  a n d  is  i n d e p e n d e n t  o f  c a t a l y s t  c o n c e n t r a -  

t i o n .  T h e  r e s i d u a l  c o n c e n t r a t i o n  o f  T H F  is 0.28 mole/1.  

F r o m  t h e  g r a d i e n t s  o f  t h e  i n i t i a l  p a r t s  o f  t h e  k i n e t i c  c u r v e s  o f  m o n o m e r  

c o n s u m p t i o n ,  t h e  i n i t i a l  r a t e s  o f  T H F  (Wo THe) a n d  P O  (w0 ~°) c o n s u m p t i o n  w e r e  

c a l c u l a t e d .  B y  s u m m a r i z i n g  w0 THF a n d  u~0 ° t h e  i n i t i a l  r a t e  o f  c o p o l y m e r i z a t i o n  

(w~).w~ w a s  f o u n d ,  wo THF a n d  w~0 ° b e i n g  l i n e a r l y  d e p e n d e n t  o n  c a t a l y s t  con-  

c e n t r a t i o n .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  v a l u e s  o f  w0 THF a n d  w~0 ° a r e  s imi l a r .  R e -  
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suits obtained are in agreement  wi th  d~ta  previously published on copolymeriza- 
t ion of T H F  and P 0  [5] and  confirm the  order of  the reaction according to the  
catalyst .  
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FIG. 1. Kinetics of copolymer accumulation (a) and monomer consumption (b, c) at 
different catalyst concentrations. THF/PO = 1: [BF,- THF] (molefl.): 1 -- 0.02, 2-- 0.03 

(a) and 0-05 (b, c), 3--0-05 (a) and 0.1 (b, c), 4--0.1. 

FIG. 2. Kinetics of monomer consumption with different intial ratios. Molar ratio 
ofPO : THF: 1--2.8, 2--2.0, 3--0.6, 4--0.4, 6--0.2. 

Effect of  initial composition on final copolymer yield. Figure 2 shows kinetic 
curves of T H F  and  PO consumption a t  constant  cata lys t  concentrat ion and  for 
different initial ratios of T H F  : PO. While PO is fully co-polymerized, T H F  is only  
used ful ly during copolymerization of initial mixtures  enriched with  PO. In  this  
case the copolymer yield is 100% (Table 1). As the PO content  decreases in the 
initial mix ture  the residual concentrat ion of  TI-YF ([THF]~)  increases and  the  
copolymer yield decreases. The max imum value of [ T H F ] ~ ,  which is 1.9-2.0 
mole/1, characterizes the equilibrium polymerizat ion of TI-IF [10]. 
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T A B L E  1. E F F E C T  OF I N I T I A L  COMPOSITION ON THE Y I E L D  AND COMPOSITION OF COPOLYMER , 

I N I T I A L  R A T E  AND TIME OF COMPLETION OF COPOLYMERIZATION 

Molar Molar 
fraction Time of Copolymel fraction 

of PO in [THF.  BFs], completion yield, of P 0  in [THF]res, w~, 
initial mole]l, of reaction, ~o the mole/1, mole/1..min 

mixture  min ~opolymer 

0.74 0.02 280 100 0"74 0 0.12 
0.67 0.02 240 100 0.67 0 0.129 
0.54 0-02 150 97 0.55 0.10 0.13 
0.50 0.02 158 94 0.54 0.23 0.11 
0.50 0.10 31 93 0-54 0.28 0.51 
0.38 0-02 180 90 0.41 0.45 0.150 
0-28 0.02 120 75 0.37 1-03 0-087 
0.20* 0-10 48 70 0.28 1.80 0.84 
0.17 0.02 180 52 0.35 2.10 0.064 
0.16 0.10 60 67 0.24 1.96 0.29 
0.12" 0.02 -- 55 0-24 2.00 0.045 
0.0 0.1 2 days 0 -- 4.1 -- 

* DCE concentration 50 vol.%. 

Dependence of rate of copolymerization on composition. Table 1 shows the 
initial rate of copolymerization of THF and PO for various initial compositions. 
I t  is well known [11] that  without adding ~-oxides homopolymerization of THF 
on boron fluoride etherates does not take place. For [PO] ~ [BF 3. THF] the value 
of w~ becomes equal to the rate of homopolymerization of THF, but  with small 
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FIG. 3. Dependence on monomer  concentrat ion of  the rate of  T H F  (1) and PO (2) 
consumption during copolymorization and of  the rate of T H F  (3) consumption during 

homopolymerization. 
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amounts of PO the initial rate increases. A further increase in the PO content 
in the initial monomer mixture leads to a maximum w~ and the rate of copolymer- 
ization then decreases to the rate of homopolymerization of PO. 

Figure 3 illustrates the dependence of the rate of THF and PO consumption 
on concentration during copolymerization, which shows that the rate of THF 
consumption in copelymerizat!on is higher than during homopolymerization; 
this proves a higher activity 6f THF than of PO. 

Rate constants of chain growth. From limited sections of kinetic curves for 
compositions enriched with THF or PO the rates of consumption of THF 
(--d[THF]/dt) and PO (--d[PO]/~t) were determined respectively. From the 
dependence of --d[TH-F]/dt on [THF]-[THF]p ([THF]p at 10 ° is 2.0 mole/1.) 
the rate constant of homopolymerization of THF was found to be 1.03 × 1 0  - 9  

l./mole.sec. The rate constant of homopolymerization of PO found from the 
dependence of log w P° on log [PO] was 1.3×10 -2 1./mole.sec at 10 °. 

Considering the equilibrium nature of the polymerization of THF the overall 
scheme of reactions taking place during copolymerization of THF and PO can 
be shown as 

--61 + o~ ~- --O(CH2)~CH~--O 1 (1) 

~O(CH2)40 

~O(CH2)~CH30 ~ ~..O(CH2)2CH3 + (7) 

Calculations for this scheme were made in an electronic computer (EC). 
They showed that reactions (6) and (7) do not take place in the system, i.e. the 
tetrahydrofurane end of the macromolecule can only be depolymerized in cases 
preceding a similar unit: the oxyI)ropylene end is not depolymerized in this 
c&se.  
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Reactions (1)-(5) fully describe copolymerization of T H F  and PO with the 
following rate constants (1./mole.sep): /¢11= 1 × 10 -2, /¢12----2 × 10 -1, b22--=1 × 10 -2, 
~¢2t~2 × 10 -2, kdep=2 × 10 -2. ~igure 4 shows agreement between the experiment- 
al kinetic curve of copolymerization (continuous line) and data obtained by  cal- 
culation (points). 

For other compositions the experimental results obtained are also satisfac- 
torily described by  the above constants. A comparison of the rate constants 
of polymerization of T H F  and depolymerization of polytetrahydrofurane ob- 
tained in this s tudy with literature data  [12, 13] shows satisfactory agreement. 
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FIG. 4. Kinetics of copolymer accumulation with a THF : PO ratio of 0.86. The con- 
tinuous line is the experimental curve; the points were obtained by calculation. 

FIG. 5. Curve of copolymer composition: M1 is the molar proportion of PO in the initial 
mixture, ml in the copolymer: 1--refractometrically; 2--chromatographically. 

The relative activities of monomers during copolymerization of T H F  and 
PO, which were obtained from the ratio of corresponding constants determined 
by  calculation using a computer, give the values rpo=0.05-0.065 and rTH F 
=0.5-0"55. These are in satisfactory agreement with values based on the de- 
pendence of the eopolymer composition on the initial mixture composition 
(Fig. 5). The relative monomer activities [14] are: rpo=0 .1~0 .1  and rTH F 
0.ST0.1.  

T H F  is more active during copolymerization with PO in the same way as 
during copolymerization with epichlorohydrin [6, 7] and ethylene oxide [1]. 

According to a previous s tudy [5], r po= l . 5  and rTH~0"6,  i.e. P 0  is more 
active than T H F  during copolymerization. This is because the authors investi- 
gated copolymerization of T H F  and PO with glycols which form complexes 
with BF promoting (as pointed out below) the consumption of PO, and enrich 
the copolymer with units of this monomer. 

Effect of EG on the rate of capolymerization. The effect of EG o n  the rate 
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of copolymerization, yield, composition and molecular weight of copolymers 
was studied at  10 ° with a THF : PO initial ratio of 5 : 1. The DCE concentra- 
tion was 50 wt.%, [BFs.THF]--0-11 mole/1. 

Figure 6a indicates tha t  with increase of EG concentration the final co- 
polymer yield decreases and the reaction rate increases. At the same time since 
PO is fully used in all cases, the residual concentration of THF increases in 
proportion to the increase of [EG]; consequently the copolymer is enriched 
with propylene oxide (Table 2). 
t 
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FIo. 6. Kinetics of polymer accumulation for different EG concentrations (a) and EG 
additions during the process (b); [EG], mole/1.: a-- 1 -- 0.06, 2-- 0" 12, 3 -- 0.23, 4 -- 0.34, 

5--0.53; 5--1--0, 2--0.124, 3--0.343. 
FIO. 7. Effect of EG concentration on final copolymer yield. 

Special experiments were carried out with addition of EG during the reac- 
tion at  an earlier stage of the process (Fig. 6b). Without adding EG the rate of 
copolymerization decreases as the reaction goes on; the final copolymer yield 
reaches 70 wt. %. On adding EG, the rate of copolymerization markedly increases 
with a degree of conversion of 13% (3-3 min). Subsequently, the nature of curves 
showing polymer accumulation is similar to kinetic curves obtained with the 
initial addition of EG (Fig. 6). 

Dependence of the yield and composition of copolymer on the amount of EG 
added. I t  has been pointed out tha t  the final eopolymer yield decreases on 
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increasing the EG concentration. On adding the same amount of ethylene gly- 
col (0.34 mole/1.) at  different stages of conversion the final copolymer yield 
decreases as the time of addition approaches the beginning of the reaction (see 
below). 

I t  can be seen that  with a reduction in copolymer yield the PO content 
increases. 

Time of adding EG, calculated from the 
beginning of the reaction, min 0 3.3 12 Without addingEG 

Copolymer yield, % 31 39 51 70 
Molar fraction of PO in the copolymer 0.48 0.42 0.31 0.24 

The addition of PO to the system which is "limited" according to yield, 
again causes polymerization Results of experiments with addition of PO, epi- 
chlorohydrin (ECH) and T H F  are shown in Table 3 (the limited system, after 
the addition was retained for 48 hr). 

Table 3 indicates that  addition of T H F  has no effect, whereas addition of 
PO and ECH increases the copolymer yield. 

Figure 7 illustrates the relationship between the final copolymer yield and 
concentration of EG added before the reaction. I t  should be noted that  extra- 
polation of this relation gives a yield value of zero when [EG] ~ 1.2 mole/g. 
When E G = P O - - I . 1  mole/1, no copolymer is formed, although the PO is fully 

used up. Low molecular weight glycols formed (Mn=200) with a yield of less 
than 20% unfortunately could not  be separated by  vacuum distillation. 

Molecular weight and nature of copolymer end groups. Figure 8 shows curve 

of molecular weight (M.) variation of T H F  and PO copolymers during the 
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Fro. 8. Variation of copolymer molecular weight during the reaction for different 
lEG], mole/L: 1--0.0, 2--0.23, 3--0.53. 

FIO. 9. Effect of EG concentration on final molecular weight of copolymers. 

reactions at different EG concentrations and constant T H F .  BF  3 concentration. 

Figure 8 indicates tha t  M n increases with polymerization, reaching a maximum 
at the end of the reaction: in proportion to the increase of [EG] the final 
molecular weight of the copolymers decreases. 
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F igure  9 shows the  va r i a t ion  o f  M~ of  t e rmina l  copo lymer  samples  accord ing  
to  the  concen t ra t ion  of  E G  in t roduced  into  the  po lymer i za t ion  sys tem.  The  d a t a  
p rove  t h a t  E G  effect ively res t r i c t s  cha in  growth .  

I t  is well k n o w n  t h a t  the  na tu re  of  t e rmina l  g roups  is of  considerable impor -  
t ance  in the  prac t ica l  use of  the  copolymer ,  pa r t i cu la r ly  f u r t he r  chemical  con- 
version.  

Fo r  u r e thane  f o r m a t i o n  the  copolymer  macromolecu les  should first of  all 
have  h y d r o x y l  g roups  a t  b o t h  ends,  which is ach ieved  b y  the  add i t ion  of  EG.  
However ,  as Tab le  2 indicates,  a 3-4-fold E G  excess is requi red  in re la t ion  to  
B F 3 . T H F .  for the  comple te  e l iminat ion  of  double  b o n d  fo rmat ion .  Dur ing  
po lymer iza t ion  w i t hou t  E G  a p p r o x i m a t e l y  40% of  all t e rmina l  g roups  are re- 
p resen ted  b y  double  bonds.  The  presence of  double  bonds  was also confirmed 
b y  I R  spectra .  

T A B L E  2. D E P E N D E N C E  OF THE I N I T I A L  RATE OF COPOLYMERIZATION (W~), FINAL YIELD 

(~c~), COMPOSITION AND M n  OF THE COPOLYMER ON E G  CONCENTRATION 

! , 
Time of Molar Molecular weight 

w~, completion proportion Bromine 
lEG], mole/1, x ~ '  of the of PO in [THF]res' number, 

mole/1. w t .  % mole/1. ! x min reaction, the ebullio- by OH g/100 g 
min* copolymer scopic groups 

I 
0.00 i 0.31 68.0 90 0.24 2.1 4110 -- 51.60 
0-12 0.55 57.0 25 0.29 3-1 -- 4000 1.35 
0.23 0.70 48.0 20 0.33 3-7 1840 1850 0.2 
0.34 0-75t 33"3 16 0.48 4.65 1290 1310 0.0 
0.53 0"75t 16.3 14 0.85 5-66 885 950 0.0 

* After the above time ~ does not increase on keeping the reaction mixture for 24 hr at a given temperature. 
t The reaction was accompanied by considerable liberation of heat. 

T A B L E  3. E F F E C T  OF PO, T H F  AND E C H  ADDITIVES ON COPOLYMER YIELD 

Molar ratio Additive Copolymer yield, % 
of THF : PO (mole/mole of 
in the initial EG, mole/1, the initial 

mixture mixture) before addition after addition 

5 0.344 THF (1) 33.3 33.0 
5 0.344 PO (0-5) 33.3 78.6 
5 0.231 PO (0-25) 45.6 86.1 
4 0-143 THF (0-8) 48-1 47.6 
4 0.143 ECH (0.3) 48.1 93.3 
2 0.15 ECH (0-08) 70.0 85-0 
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RESULTS 

As has been noted, with increase in the concentration of EG adeted the ini- 
tial rate of copolymerization increases. Considerable increase in reaction rate 
is also observed on adding EG during the process. The data  can be explained 

by the fact tha t  on adding EG, active centres (AC) of the type H+BFsOCH=CH=0H 
(I) are apparently formed in the system. I t  is well known tha t  BF s readily forms 
complexes with electron-donor compounds (ethers, water, alcohols) [15-17]. 
The BF  s distribution in a system contahnlng THF,  P 0  and EG can, therefore, 
be presented as equilibrium reactions: 

BF~ 0 + HOROH ~ HBF3OROH + 0 (8) 

BF3.O ~ + C~'~ --'~" BF30~ + O ~ (9) 

Reaction (9), as is well known [12], forms AC capable of polymerization both 

with P 0  and THF which are apparently zwitterions of the type B F a - - O ~ 0 ~ _  _ -  + / - -  
(II). 

TABLE 4. REACTION PRODUCTS OF PO AND n-BUTAlqOL IN DCE AT 10 °. CONCE~VrgATION, 
MOLE/L. [BFs"THF]=0"07; [PO]= 1"6, [n-BUTANOL]----0"8 

I . MR 
Yield, B.p., d I°, 

Substance v~ °C n~° g/cma calcu- 
lated found 

n-Butanol 11.7 117 1.3993 0.8098 -- -- 
CHsCHCHiOC~H0 

3.3 41/5 1.4180 0.8810 37.684 37.800 
H 

CH3CHCH=OCHCH'OC4 H9 29.5 60/4 1.4270 0.9180 53.191 53"153 

Propyleneglycol 8.5 126/5 1.4328 1.000 -- 
CHsCHCH=[OCHCH=]=OC4H0 38.5 -- 1 .4395 0 .947  6 8 . 6 0  69.03 

Ioi_ I f Ctts 
Losses 7.5 . . . . .  

In  proportion tm the increase in concentration of EG reaction (8) becomes 
increasingly significant and results in the formation of AC of type (I). T H F  does 
not polymerize [5] on AC of this type as with boron fluoride hydrates [11]. 

As with other ~-oxides, P 0  reacts with hydroxyl-containing compounds 
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even without catalysts [18]. This explains the fact that  with increase of [EG], 
the proportion of unpolymerized THF increases and the reaction products 
are enriched with PO units. 

I t  was of interest to examine the reaction products of PO and EG. Although 
the reaction products cannot be separated it was established that  when [EG]---- 
0.5 [PO], the EG is fully used. To identify products under similar conditions 
a study was made of the reaction between PO and n-butyl alcohol. Table 4 
indicates that  the alcohol is not wholly used up in the reaction, whilst the PO 
is fully used. In  addition, the low propylene glycol butyl ester content in the 
reaction products can be noted. 

According to the reaction mechanism of =-oxides and alcohols [19] the main 
reactions in the PO-ROH(HOROH) system can be represented as: 

I~l~D~ + ROH )= HO~"~DR + H + B~'3OP (10} 
/ 

ROt1 or 
RF3oR 4- Oq . H O ~ q  ~- B~3OR ~||) 

B~oR 

According to the basicity (nucleophilic nature) of the compounds containing 
hydroxyl groups the ratio between these reactions will vary. Thus for EG reac- 
tion (10), and for n-butanol reaction (11) is more marked. I t  should be noted 
that  products of reaction (10) can themselves interact with AC, the process 
consequently becoming more complicated. 

CONCLUSIONS 

(1) /k chromatographic study was made of the copolymerization kinetics 
of propylene oxide and tetrahydrofurane on BF3.THF in 1,2-dichloroethane 
at 10% 

(2) I t  was pointed out that  for initial compositions enriched with tetra- 
hydrofurane, as a consequence of the equilibrium nature of polymerization of 
tetrahydrofuranae, the copolymer yield decreases as the concentration of this 
monomer increases in the initial mixture. For compositions enriched with pro- 
pylene oxide the copolymer yield is 100%. 

(3) Rate constants of chain growth were determined for tetrahydrofurane 
and propylene oxide and relative monomer activities found: rz--~0.05+0.02 
(propylene oxide), r=--~0.5±0.05 (tetrahydrofurane). 

(4) During copolymerization of tetrahydrofurane and propylene oxide in the 
presence of significant additions of ethylene glycol the reaction rate increases 
and the copolymer formed is enriched with propylene oxide. 
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(5) T h e  a d d i t i o n  o f  e t h y l e n e  g l y c o l  n o t  o n l y  r e d u c e s  t h e  m o l e c u l a r  w e i g h t ,  

b u t  a l so  e n s u r e s  f o r m a t i o n  o f  h y d r o x y l  g r o u p s  a t  b o t h  e n d s  o f  t h e  m a c r o m o l e -  

cu les  o f  t h e  c o p o l y m e r  f o r m e d .  
Trar~lated by E. SEMEBE 
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