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The polymerization of e-caprolactone using 

tin(IV) carboxylates has been investigated and related to 

literature research. Polymers with broad MWD were obtained 

in quantitative yield. At 100% conversion polymer 

molecular weights ranged from 50,000 to almost 60,000. 

After an initial induction period, the polymerization shows 

zero order kinetics with respect to monomer and near first 

order kinetics with respect to catalyst. The mechanism of 

the polymerization is coordination-type, and is dependent 

on the presence of water or an alcoholic initiator. Added 

water decreases polymer molecular weight to approx. 30,000 

at 100% conversion. The polymer has a terminal hydroxyl 

group and a terminal carboxyl group. The hydroxyl end is 

the reactive end in propagation. The carboxyl end and free 

carboxylic acid produced by the hydrolysis of the catalyst 

are responsible for the induction period. 
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INTRODUCTION 

During the course of the past twenty years, a 

large amount of research has been done to elucidate the 

mechanisms of lactone polymerization. Typical of the work 

done are references 1-11. Lactones are now known to 

polymerize via anionic, cationic, and coordination 

mechanisms. Although the studies have collected much 

useful information, a clear picture of the mechanistic 

process has not emerged. This is particularly true in the 

case of the coordination mechanism. 

It has therefore been the intent of this research 

to tie together the many observations of past researchers 

in order to present a clear coordination mechanism for 

lactone polymerization. 

Because of its biocompatibility, poly(e-

caprolactone) is of importance in medicine for use in 

applications such as sutures. For this reason, the focus 

of this study has been the polymerization of e-

caprolactone. Tin (IV) carboxylates are well known as 

catalysts for the coordination polymerization of various 

monomers including lactones. Triphenyltin acetate was 

chosen as the primary catalyst for study due to its 

convenient melting point (123°C), the minimal steric bulk 
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of its ligands, and its commercial-availability. 

Several trends that were observed during the 

course of the study provided clues to the polymerization 

mechanism. Most of the observations made were consistent 

with previous reports. Table 1 presents an item by item 

description of twelve of the important observations made in 

earlier research and describes the conclusion drawn by the 

researcher in each instance. Although most of the items 

listed in Table 1 have been reported more than once, no one 

report mentions all twelve. All areas with the exception 

of the last two (the effects of temperature variation and 

the specific form of the catalyst involved) were 

investigated during this study. With regard to the two 

cases not studied, it is the author's intention to simply 

point out that these factors can influence the results 

obtained in other areas. 

The work done by Jamshidi, Eberhart, Hyon, and 

Ikada (3) clearly illustrates that lactone polymerization 

in the presence of a tin carboxylate catalyst is 

temperature dependent. The temperature of 130°C was chosen 

for this investigation after preliminary trials indicated 

it would produce a rate convenient for the study of e-

caprolactone polymerization. 



Table 1. Overview of Previous Studies of Organometallic-Catalyzed Lactone 
Polymerizations. All observations (except the last two) are 

included because they were made during this study. 

Observation Ref. Catalyst Monomer Comments 

Molecular Weight 

Growth with Time 

3 Stannous 

Octoate 

Lactide Typical RO polymerization 

regarding MW 

Molecular Weight 

Growth with Time 

11 Stannous 

Octoate 

Glycolide Typical RO polymerization 

regarding MW 

Increasing Con

version with Time 

3 Stannous 

Octoate 

Lactide Typical RO polymerization 

regarding conversion 

Zero Order 

Kinetics with 

Respect to Monomer 

1 SnCl2 • 

2H20 

Lactide Ion pairs preserved, mon

omer not involved in RDS 

Zero Order 

Kinetics with 

Respect to Monomer 
5 [Zn02Al2 

(0-n-C4Hg)t 

£ 

1 

:-Capro-

lactone 

Addition of "^-butyro-

lactone results in 

constant medium polarity 



Table 1. (Continued) 

Observation Ref. Catalyst Monomer Comments 

Zero Order 

Kinetics with 

Respect to Monomer 

6 SbCl5~R+ e-capro-

lactone 

Result of competing 

effects 

First Order 

Kinetics with 

Respect to 

Catalyst 

1 Sncl2 * 

2H20 

Lactide Total no. of propagating 

chains equals no. of ROH 

molecules; no. simultan. 

prop, chains equals 

no. of tin molecules 

5 Zn02Al2 

(0-n-C4H9>, 

E 

1 

:-capro-

lactone 

Second order until addn of 

ROH, which dissociates the 

metal cluster; result is 

first order kinetics 



Table 1. (Continued) 

Observation Ref. Catalyst Monomer Comments 

MW Independent of 

Catalyst Cone. 

4 Stannous 

Octoate 

e-capro-

lactone 

Number of polymer chains 

independent of cat. conc. 

Induction Period 1 SnCl2 -

2H20 

Lactide Related to consumption of 

hydroxyl groups 

Induction Period 

2 Zn(acac)2 Epichlor-

hydrin/ 

Maleic 

Anhydride 

No explanation is given, 

however speculation is 

made that effect could be 

due to impurities 

H2O Presence Leads 

to Lower MW and 

Longer Induction 

Periods 

1 SnCl2 * 

2H20 

e-capro-

lactone 

MW is decreased; rate of 

polym. is increased 

H2O Presence Leads 

to Lower MW and 

Longer Induction 

Periods 
4 Stannous 

Octoate 

e-capro-

lactone 

MW is decreased 



Table 1. (Continued) 

Observation Ref. Catalyst Monomer Comments 

Induction Period 

Increase w/ Addn. 

of Acetic Acid 

MW not effected 

8 Stannous 

Octoate 

e-capro-

lactone 

Molecular weight of the 

polymer decreases when 

carboxyl end groups are 

present. 

Broad Molecular 

Weight 

Distribution 

1 SnCl2 • 

2H20 

Lactide Observed narrow molecular 

weight distribution 

Broad Molecular 

Weight 

Distribution 
4 Stannous 

Octoate 

e-capro-

lactone 

Broad MWD, due to in

creasingly important 

attack of -OH end groups 

on polymeric ester groups 

with monomer depletion 

-OH and -COOH 

End Groups 

1 SnCl2 • 

2H20 

e-capro-

lactone 

Found -OH and -COOH end 

groups 



Table 1. (Continued) 

Observation Ref. Catalyst Monomer Comments 

-OH and -COOH 

End Groups 

4 Stannous 

Octoate 

e-capro-

lactone 

With alcohols, end group 

is 40-hydroxy ester 

7 CH3O~K+ e-capro-

lactone 

Propagation only with 

alcoholate anionJ will 

not proceed with 

carboxylate anion 

8 Trimethyl-

tin(OAc) 

e-capro-

lactone 

Found no insertion mech. 

resulting in Sn end group 

10 Al2-Zn-

U-oxo-

alkoxides 

e-capro-

lactone 

Hydrolysis following 

insertion to give -OH 

end group 

Temp. Effects 3 Stannous 

Octoate 

Lactide Pronounced effect (Not 

included in this study) 



Table 1. (Continued) 

Observation Ref. Catalyst Monomer Comments 

Numerous 5 Zn02Al2R4 e-capro- Many different forms have 

Possible Forms lactone been described in the 

of Tin (IV) 

Carboxylates 

and Other 

9 Stannous 

Octoate 

Lactide 
literature for organo

metallic compounds. 

The exact form of any 

of Tin (IV) 

Carboxylates 

and Other 

literature for organo

metallic compounds. 

The exact form of any 

Organometallic 12 Dibutyltin ROH + given compound is 

Catalysts diacetate RNCO dependent on factors 

such as solvent, temp., 

and so forth. The cmpd. 
13 [R'Sn(0)02CR]6 -

such as solvent, temp., 

and so forth. The cmpd. 

14 (p3SnOAc -

can of course also react 

with any impurities that 
% 

can of course also react 

with any impurities that 

15 n-butyloxo- - might be present in a 

tin benzoate polymerization, thereby 

16,17,18 Sn Cmpds -

changing the compound 

after the rxn begins. 
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RESULTS 

The polymerization of e-caprolactone was 

investigated by performing eight series of trials. Within 

each series the only variable was time. Between series the 

catalyst, the amount of catalyst, or additives 

(specifically water and acetic acid) were changed. Table 2 

illustrates the variations between series. 

Each trial had to be performed individually as a 

complete polymerization because the viscosities of the 

polymers at high conversion prevented the removal of 

Table 2. Overview of variations between series. All 
experiments involve e-caprolactone monomer and 
were performed at 130°C. 

Series Catalyst Mole % Cat. Additive Mole % Add. 

A tP3SnOAc 0 . 2 5  None -

B q>3SnOAc 0 . 5 0  None -

C <p3SnOAc 

o
 

o
 • None -

D q>3SnOAc 2 . 0 0  None -

E (P3SnOAc 0 . 5 0  H 2o 0 . 2 5  

F cpjSnOAc 0 . 5 0  H2O 0 . 5 0  

G cp3SnOAc 0 . 5 0  HOAc 0 . 2 5  

H  cp3SnOOCH 0 . 5 0  None 



aliquots for study. Even samples at lower conversions were 

difficult to remove since the effect of cooling tended to 

freeze the sample in the syringe. Additionally, the 

removal of aliquots jeopardized the maintenance of a 100% 

nitrogen atmosphere above the reaction mixture. 

Series A permitted the study of molecular weight 

and percent conversion with time. Triphenyltin acetate 

(0.25 mole percent) was used in the absence of added water 

or acetic acid. As can be seen in Figure 1, the percent 

conversion increases linearly with time following a short 

induction period. The linear increase continues until well 

over 90% conversion, indicating zero order kinetics with 

respect to monomer. The non-linear area of the curve above 

90% yield is attributed to the slowing of the reaction 

resulting from increased viscosity at high conversion. 

In order to verify that zero order kinetics with 

respect to monomer were actually being observed, Series 5, 

Series C, and Series D were performed. In each case the 

only variation from Series A was in the mole percent of 

triphenyltin acetate used. Figure 1 illustrates that 

regardless of the concentration of triphenyltin acetate 

used, the polymerization begins with a brief induction 

period which is followed by a linear increase in percent 

conversion with time. This observation verifies zero order 

kinetics with respect to monomer concentration. Also 

observed in Figure 1 is the dependency of the 



0  3 0  6 0  9 0  1 2 0  1 5 0  1 8 0  

T I M E (  M I N  )  

Figure 1. Plot of percent conversion versus time for 
the polymerization of e-caprolactone using 
various concentrations of ̂ SnOAc. 



polymerization rate on the concentration of triphenyltin 

acetate. Plotting the slope of the lines from Figure 1 

against the concentration of triphenyltin acetate 

illustrates that the polymerization kinetics are not first 

order with respect to catalyst (Figure 2A). If ln(slope) 

is plotted against lnt^SnOAc] as shown in Figure 2B, the 

result is a straight line with a slope of 1.3. The 

kinetics of the polymerization with respect to the catalyst 

are therefore near first order, though not truly first 

order. 

Molecular weight measurements done by size 

exclusion chromatography relative to polystyrene standards 

for the four series (A-D) are illustrated in Figure 3A. 

This plot clearly indicates that the molecular weight of 

the poly(e-caprolactone) is independent of the mole percent 

catalyst used to synthesize it. Also of interest with 

regard to the polymer molecular weight determinations is 

the observation that the polymers all showed very broad 

molecular weight distributions. Figure 3B shows a typical 

size exclusion chromatogram. Broad molecular weight 

distributions were observed throughout the eight series of 

polymerizations undertaken in this research. 

If the molecular weight of the polymer is 

independent of the concentration of the catalyst, then it 

follows that the polymer end groups cannot be derivatives 

of the catalyst. For this reason, the presence of a trace 
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C O  
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o 
~0 2 
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% 0 3 S n 0 A c 

Figure 2A. Plot of the slopes of the lines of Figure 
1 versus the concentration of the 
catalyst. 
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Figure 2B. Plot of lnt^SnOAc] versus In (slope). 
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Figure 3A. Plot of the molecular weights of the 
polymers made with various concentrations 
of (p3SnOAc versus the percent conversion 
of the polymer. 
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Figure 3B. Typical example of a size exclusion 

chromatogram. Series G, 100 min. 
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amount of water in the monomer was suspected. Series E was 

run for this reason with 0.50 mole percent triphenyltin 

acetate and 0.25 mole percent added water. Series F made 

use of the same amount of triphenyltin acetate but twice 

(0.50 mole percent) the water. Figure 4 illustrates the 

effect of increasing water concentration on molecular 

weight. As expected, the addition of 0.25 mole percent 

* water in Series E resulted in lower molecular weights with 

respect to percent conversion. Surprisingly, however, the 

addition of 0.50 mole percent water in Series F did not 

further decrease the molecular weight of the polymer. The 

effect of 0.50 mole percent added water is the same as the 

effect of 0.25 mole percent added water. 

Figure 5 shows the effect of added water on the 

rate of polymerization. With the addition of 0.25 mole 

percent water, the induction period increased. Following 

the induction period, however, the rate of polymerization 

became almost the same as in the trials with no added 

water. Consistent with the molecular weight observations 

shown in Figure 4, yet still surprising, was the 

observation that the effect of adding 0.50 mole percent 

water was equal to, not greater than, the effect of adding 

0.25 mole percent water with respect to the increase in 

length of the induction period. 

In order to further investigate the possibility 

of water acting as an initiator in the polymerization, a 
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Figure 4. Plot of the molecular weight versus 
percent conversion for polymers made 
in the presence of added water. 
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Figure 5. Plot of percent conversion 
versus time for polymers made in 
the presence of added water. 



series of polymerizations was performed in which 0.25 mole 

percent acetic acid was added to the reaction mixture. 

Acetic acid was added because the presence of carboxylic 

acids including acetic acid is to be expected if water is 

present in the reaction mixture. Figure 6 illustrates that 

added acetic acid causes the induction period to increase 

significantly in length. When the induction period is 

over, polymerization proceeds in a linear fashion just as 

in the case of no added acid. The slope of the line, 

however, is much lower than when no acid is added. 

Interestingly, the molecular weight of the polymer obtained 

in the presence of added acid is not affected by the acid, 

as illustrated in Figure 7. 

The final series of polymerizations of e-

caprolactone employed triphenyltin formate in place of 

triphenyltin acetate. No water or carboxylic acid was 

added. Figures 8 and 9 show that, as expected, the 

polymerizations proceeded in a manner analogous to those 

done using triphenyltin acetate. 
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Figure 6. Plot of percent conversion versus 
time for polymers made in the 
presence of added acetic acid. 
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Figure 7. Plot of molecular weight versus 
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Figure 8. Plot of percent conversion versus time 
for polymers made with q^SnOOCH catalyst. 
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CHAPTER 3 

DISCUSSION 

The data given in the previous chapter for the 

polymerization of e-caprolactone suggest the coordination-

type mechanism described below. A great deal of literature 

is available concerning the structure of triphenyltin 

acetate and similar compounds of tin and other metals, both 

in solution and in the solid state (5,9,12-18). Many 

different polymeric and oligomeric structures have been 

suggested for these compounds. Since it is difficult to 

determine the precise form in which a molecule of 

triphenyltin acetate may exist at any given time during the 

course of a polymerization, triphenyltin acetate will be 

treated as though it exists only as a discrete, 4-

coordinate monomeric unit in e-caprolactone solution, or as 

a discrete, 5-coordinate complex of triphenyltin acetate 

and e-caprolactone. 

When triphenyltin acetate is heated in the 

presence of e-caprolactone, the lactone dissolves the 

triphenyltin acetate. Since triphenyltin acetate is Lewis 

acidic, it probably complexes the e-caprolactone via the 

carbonyl oxygen of the lactone, as shown in Figure 10. 

This complexation results in an even greater partial 

positive charge on the carbonyl carbon of the lactone. A 
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Figure 10. Coordination of e-caprolactone and 

q>3SnOAc. 

3Sr>0flc 

* 

six-member ring forms when the ether oxygen of the lactone 

coordinates the carbonyl carbon of the acetate group on the 

tin (not shown in Figure 10). The combined effect of the 

two coordinations results in a weakening of the bond 

between the lactone's ether oxygen and carbonyl carbon. 

The bond is more easily broken during polymerization. 

Figure 3A shows that the molecular weight of the 

poly{e-caprolactone) is not dependent on the amount of 

catalyst used. This observation suggests that there must 

be another species present in the reaction medium, 

specifically water. Schindler, Hibionada, and Pitt have 

suggested that it is not possible to remove the final 

traces of water from the monomer before polymerization, 

although they do not speculate as to why this is true (4). 

Water, then, serves as an initiator. After the e-

caprolactone has coordinated to the triphenyltin acetate, 

water may attack the carbonyl carbon of the lactone, as 
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Figure 11A. Nucleophilic attack.of water on the 
carbonyl carbon of the coordinated 
lactone. 

Cl H Oh 
t1 C-OH 

* <kj 
.SrrOCCH, ^Sn-QCCH, 

* * a 0 

shown in Figure 11A. This step results in the opening of 

the lactone ring to form a molecule of 6-hydroxyhexanoic 

acid, still coordinated to the tin of the triphenyltin 

acetate via the carbonyl oxygen of the carboxyl group. The 

end groups of the polymer may therefore be a hydroxyl group 

at one end and a carboxyl group at the other end. 

Further evidence for this behavior of the water 

is presented in Figure 4. The molecular weight of the 

polymers made with water added to the monomer (Series E and 

F) is significantly lower than the molecular weight of 

polymers made with no water added to the monomer (Series A, 

B, C, and D). 

Contrary to previous reports in the literature (1 

and 4), however, water did not increase the rate of 

polymerization. The effect of water was to increase the 

length of the induction period. Additionally, the rate of 

the polymerization following the induction period was 

slightly reduced. 
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Instead of initiating polymerization, the water 

may complex and react with triphenyltin acetate in two 

ways. Figure HB illustrates how a molecule of water could 

attack the tin atom of triphenyltin acetate to form 

triphenyltin hydroxide and acetic acid. The same two 

Figure 11B. Hydrolysis of tpjSnOAc; attack on the 
tin atom. 

H /H 
i J i OH 
^Sn-^ , + HORc 

* one f 

products are formed if the water attacks the carbonyl 

carbon of the acetate group (Figure 11-). Water, then, 

Figure 11C. Hydrolysis of (p3SnOAc; attack on the 
carbonyl carbon of the acetate ligand. 

H 
n fO'H 
I * 
OCCH, 

$3^ 
OH 

HORc 

leads to the production of carboxylic acid in the reaction 

mixture. Additional water must therefore lead to 

additional acid. 

Figure 6 indicates that the induction period of 

the polymerization increases with the addition of acetic 



acid (Series G). Based upon the idea that water initiates 

the polymerization and in the process creates a carboxylic 

acid end group, one would expect the induction period to be 

lengthened with the addition of water, since more water 

means more 6-hydroxyhexanoic acid being formed. 

The induction period observed in the trials free 

of added acetic acid is probably due to the formation of 6-

hydroxyhexanoic acid from the polymerization initiation and 

from the formation of acetic acid from the side reactions. 

The end of the induction period occurs when enough monomer 

units have been added to the growing chain to move the 

carboxyl end group of the polymer a sufficient distance 

away from the reaction center as to prevent it from 

interfering with the polymerization. 

Acetic acid produced by the side reactions would 

not be bound to the polymer. It is not necessarily pushed 

farther and farther from the reaction site, and could 

continue to interfere with the propagation of the 

polymerization. This is consistent with the rate of 

polymerization in the presence of added water being 

slightly lower than the rate of polymerization without 

added water, and the rate being much lower in the presence 

of added acetic acid. 

As shown in Figures 2A and 2B, the rate of 

polymerization proceeds with near first order kinetics with 

respect to monomer. Since it has been shown above, 



however, that molecular weight is not dependent on catalyst 

concentration, one must conclude that the step following 

the initial ring opening with water is the decoordination 

of 6-hydroxyhexanoic acid from the triphenyltin acetate as 

suggested in Figure 12. Remembering that the 

Figure 12. Decoordination of 6-hydroxyhexanoic acid 
from ^SnOAc. 
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polymerization shows zero order kinetics with respect to e-

caprolactone (Figure 1), one must further conclude that 

this decoordination is the rate determining step since it 

does not involve free e-caprolactone. 

After the 6-hydroxyhexanoic acid is free of the 

triphenyltin acetate, a new molecule of e-caprolactone can 

coordinate the catalyst. The hydroxyl end of the 6-

hydroxyhexanoic acid can attack a new catalyst-coordinated 

monomer in the the same way that water attacked the initial 

monomer unit (Figure 13). Propagation occurs as this 

process is repeated. The rate of the polymerization is 

then dependent upon the availability of a new monomer-
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Figure 13. Polymerization propagation. 

nr. 

,,SrraCCHj , lrf3n-0CCH, 

* * 8 *4 S 

Hi 

catalyst complex. With increasing amounts of catalyst 

there are increasing amounts of complex, hence, near first 

order kinetics with respect to triphenyltin acetate. Since 

the length of time between decoordination and monomer 

addition varies, some chains may grow faster than others. 

This difference results in the broad molecular weight 

distribution illustrated in Figure 3B. 

The fact that the reaction is truly 1.3 order 

with respect to catalyst indicates that in some cases a 

second molecule of triphenyltin acetate is involved in the 

mechanism. Although this research has not attempted to 

explain the deviation from first order kinetics, one 

possible explanation will be presented. Ouhadi, Hamitou, 



Jerome, and Teyssie (5) polymerized e-caprolactone using 

bimetallic alkoxide catalysts. They found that in one 

mechanism the lactone coordinated to one metal via its 

carbony1 oxygen and to the second metal via its ether 

oxygen. Depending on the conditions, they observed either 

first or second order kinetics with respect to catalyst. 

It could therefore be that in some cases the monomer is 

simultaneously coordinated to two molecules of triphenyltin 

acetate. Such a dual coordination would become more and 

more common with the availability of greater amounts of 

catalyst, and could lead to the observed 1.3 order. 

The final portion of this research dealt with a 
# 

different initiator, triphenyltin formate. As shown in 

Figures 8 and 9, the polymerization of e-caprolactone using 

triphenyltin formate proceeded in much the same way as with 

triphenyltin acetate. The induction period in the case of 

the triphenyltin formate is much longer than in the case of 

the acetate. This could be due to water introduced during 

the synthesis of the catalyst, which if coordinated would 

be difficult to remove by standard drying techniques. It 

may also be that the reduced steric bulk of the formate 

permits a greater amount of coordination about the tin 

center thereby slowing the reaction. With this exception, 

however, the polymerization using triphenyltin formate was 

analogous to the polymerization using triphenyltin acetate. 
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CONCLUSION 

The polymerization of e-caprolactone catalyzed by 

tin(IV) carboxylates proceeds to 100% conversion. The 

polymerization ' mechanism most likely involves the 

nucleophilic attack by water on the carbonyl carbon of a 

monomer which is coordinated to a catalyst molecule. The 

attack of the water would result in the ring opening of the 

monomer to give 6-hydroxyhexanoic acid. The acid must then 

decoordinate the catalyst. This decoordination is proposed 

to be the rate determining step. Following the 

decoordination, the catalyst is free to coordinate a new 

monomer unit. Propagation occurs when the hydroxyl end of 

the carboxylic acid attacks a new catalyst-coordinated 

monomer. 

The polymerization shows zero order kinetics with 

respect to monomer and near first order kinetics with 

respect to catalyst. The molecular weight of the polymer 

is independent of the catalyst concentration but dependent 

on the concentration of water in the monomer. Molecular 

weight studies indicate that water is initially present in 

the monomer at a concentration of approximately 0.20 mole 

percent. Since the polymer molecular weight is dependent 

on water concentration, the polymer probably has a hydroxyl 



group at one end and a carboxyl group at the other end. 

The tin(IV) carboxylate is neither incorporated 

into the polymer chain (as would be the case in an 

insertion mechanism) nor destroyed during the course of 

polymerization. It is therefore a true catalyst. Water is 

the initiator of the polymerization. 

At the beginning of the polymerization a short 

induction period is observed. This induction period is due 

to the carboxyl end groups of the oligomeric chains 

interfering with the reactive site. The interference 

probably takes the form of the coordination of the nearby 

carboxyl to the tin, thereby blocking the reactive site. 

As the polymer grows, it becomes decreasingly likely that 

the carboxyl group will be able to interfere, and the 

induction period ends. 

In addition to the effect of decreasing polymer 

molecular weight, added water increases the induction 

period. The increase is due to the larger number of 

carboxyl end groups formed, resulting in a greater amount 

of interference. Following the induction period, the 

reaction rate is slightly less than in the absence of added 

water, due to the formation of free carboxylic acids 

produced by the hydrolysis of the catalyst. The addition 

of acetic acid verifies these effects of the water. The 

induction period is greatly increased, and the overall rate 

of the reaction is significantly reduced when acid is 

added. 
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EXPERIMENTAL 

Instrumentation 

Melting points were determined on a Laboratory 

Devices Mel-Temp melting point apparatus and are 

uncorrected. Infrared spectra were taken on a Perkin-Elmer 

983 spectrophotometer. Proton nuclear magnetic resonance 

spectra were obtained on a Briicker WM-250 spectrometer. 

Size exclusion chromatography measurements were performed 

using an Altex pump and a Waters Associates R-401 

differential refractometer. DuPont Zorbax PSM 1000-S, 

Zorbax PSM 300-S, Zorbax PSM 60-S, and IBM 10 ji-pore Type A 

columns were used. Elemental analysis was performed by 

Desert Analytics, Tucson, Arizona. 

Monomer 

e-Caprolactone (Aldrich and Fluka) was distilled 

under vacuum (b.p. 67°C/ 1 mm Hg), and dried and stored 

over 4A molecular sieves under nitrogen. Monomer dryness 

was confirmed by the absence of a hydroxyl peak at 3610 cm" 

1 in the infrared spectrum. To protect against the 

absorption of atmospheric moisture by the monomer sample, 

the infrared measurements were obtained using solutions 

cells filled with neat e-caprolactone. 



Tin(IV) Carboxylates 

Triphenyltin acetate 

This compound was commercially available from 

Morton Thiokol, Alfa Products. It was used as received. 

Triphenyltin formate 

Triphenyltin formate was prepared by the reaction 

of triphenyltin chloride (2.00 grams, 0.0052 moles) with a 

slight excess of sodium formate (0.4 grams, 0.0059 moles) 

in an ether/water mixture as described by Ford, Liengme, 

and Sams (14). The compound was obtained in 73% yield. 

Its melting point was 200-202°C (lit 201-202°C). 1H NMR 

(CDCI3): 6 8.3 (s), 7.5 (m), 1.5 (s). (The peak at 6 1.5 

is presumed to be water coordinated to the tin resulting 

from the synthesis of the compound in a phase transfer 

reaction.) IR: solid (KBr), 1579.0 cm"^. Analysis 

Calculated: C, 57.72; H, 4.05. Found: C, 56.86; H 3.97. 

Reagents and Solvents 

All chemicals used were reagent grade and 

commercially available. Except as noted above, all were 

used as received. 

Standard Procedure for Polymerization 

All glassware was carefully cleaned by soaking in 

a base-bath, followed by repeated rinsing with water and 

acetone. Polymerization tubes and syringes were baked 
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overnight in an oven at 130°C. 

Typical Polymerization Reaction 

Triphenyltin acetate (0.037 grams, 0.50 mole 

percent) was placed in a polymerization tube containing a 

clean magnetic stirring bar. A one ml Glenco syringe 

chosen for its accuracy was then used to transfer 2 

milliliters of e-caprolactone into the tube, and the tube's 

vacuum valve was closed using its teflon stopcock. The 

transfer was carried out as quickly as possible in order to 

minimize the exposure of the monomer to the air. The 

reaction mixture was degassed via two successive freeze-

thaw cycles and finally placed under nitrogen. 

The fully prepared polymerization tube was 

placed in a 130°C silicon oil bath and left to react for 

the desired length of time. At the end of the reaction, 

the tube was removed from the oil bath and quickly placed 

in a beaker of ice water to stop polymerization. The 

cooled polymer was dissolved in chloroform to facilitate 

its removal from the tube. The polymer was precipitated 

from the chloroform into petroleum ether, filtered in a 

sintered glass funnel, and dried under vacuum at room 

temperature. The percent conversion was determined by 

product weight. The molecular weight of the polymer was 

determined by size exclusion chromatography relative to 

polystyrene standards. 
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APPENDIX 

MEANINGS OF ABBREVIATIONS 

MWD Molecular weight distribution 

RO Ring-opening 

MW Molecular weight 

RDS Rate determining step 

Cat. Catalyst 

Rxn. reaction 

SEC Size exclusion chromatography 
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