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Figure 1 Molecular structures of cisand trans-8-oxabicyclo[ 4. 3. 0 ]-nonane
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Figure 2 Mechanism of THF polymerization by a strong acid
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Figure 3 DFT results of ¢is(c-I)-and trans(+1)-8-oxabicyclo[ 4. 3. 0J-nonane, their ring opening intermediates
(¢-i-I and #i-1) and products (cp-I and tp-1) Gibbs energy changes (AG) are calculated at 25°C and 1 atm.

Some hydrogen atoms are omitted for clarity
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Table 1 Summary of energy differences of cis-and trans-isomers of I and II, and their intermediates and

products in ring opening reactions

Iz 544 A L A AH (kcal/mol) AS(cal/mol/K) AG(kcal/mol)

cI—>+1 —0.02 —0. 06 +0.00
ci-1—=>ri-1 —0.99 —0.28 —0.90
epI>ipl —1.54 +0.91 —1.81
cII—>+II +2.82 —0.59 +3.00
ci-11—>ti-11 +2.31 —0.08 +2.34
ep IT—=tp 11 —0.46 +0. 69 —0.55
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Figure 4 Molecular structures of cisand trans-7,9-dioxabicyclo[ 4. 3. 0]-nonane
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Figure 5 AG of ring opening reactions of cis- and trans-7,9-dioxabicyclo[ 4. 3. 0 ]-nonane,

some hydrogen atoms are omitted for clarity
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A DFT Study on Ring Opening Polymerization Driven by
Ring Strain of Cyclic Ethers

LIU Jun-hua, LING Jun”

(MOE Key Laboratory of Macromolecular Synthesis and Functionalization s Department of Polymer Science &
Engineering, Zhejiang University , Hangzhou 310027, China)

Abstract : In the ring-opening polymerization chapter of the course Polymer Chemisty , students are told that ring strain
is a driving force and an important thermodynamic parameter to determine whether a cyclic monomer can be polymerized or
not. However, it is not always the truth. Some textbooks use two cis-and trans-isomers as examples, which are cis- and
trans-8-oxabicyclo[ 4. 3. 0-nonane (I) and cis- and trans-7,9-dioxabicyclo[ 4. 3. 0 ]-nonane (II), and consider ring-strain as
the only reason why trans-isomer is easier than the corresponding cis-one in both cases. In this work, we calculate the
changes of Gibbs free energy of two ring-opening reactions with density functional theory (DFT). The Gibbs energies of
cis-and trans-isomers I are very close to each other without difference in ring strain. Instead. the product of trans-isomer
after ring opening reaction is more stable than that of cis-isomer by 1. 81kcal/mol of AG. In contrary, the ring of trans-1I is
easier to be opened than that of cis-II because of higher ring strain by 3.00kcal/mol of AG. The above two different
mechanisms are to be explained in class. DFT calculation are to be introduced as well.
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