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Abstract: This study is related to the investigation of the direct incorporation of CO; to polymer using quaternary ammonium sait catalysts.
Quaternary ammonium salts showed good catalytic activity of COy fixation in the synthesis of poly[(1,3-dioxolane-2-ox0-4-yDmethyl methacrylate]
{poly(DOMA)] by the direct incorporation of CO; to poly(glycidyl methacrylate)[poly(GMA)]. Among the salts tested, the ones with higher alkyl
chain length and with more nucleophilic counter anion showed higher catalytic activity. The yield of carbon dioxide addition increased with the
reaction temperature. Kinetic study was carried out by measuring the variation of CO» pressure in a high pressure batch reactor. The reaction rate
was first order to the concentration of poly(GMA) and CO,, respectively. The rate constant was 0.69 L/mol - h and Henry’s constant of CO» in

DMSO at 80 C was 6.8%107 mol/L - KPa.
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Aldrich), tetrabutylammonium iodide (TBAI, Aldlich), tetra-
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Figure 1. FT-IR spectra(KBr) of poly(GMA) and poly(DOMA).
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Figure 2. 'H-NMR spectrum(DMSO-ds, TMS) of poly(DOMA).
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Table 1. Yield and Amount of CO; Addition in Poly(DOMA)
with Quaternary Ammonium Salts of Different Cations

Yield of CO, addition

Catalsyst My Amount™ | CO; unit %)

Aliquat336 | 163615 | 25,044 569 584
TBAC 169492 | 30,921 702 720
THAC | 175075 | 36504 829 8.0
TOAC | 175698 | 37127 843 8.4

Reaction Condition : 0.6 g of poly(GMA)M, = 138571}, 0.5 mmol of
catalyst, 30 mL of DMSO, T=80 C.
* Weight average molecule weight.
** The amount of added CO; to poly(GMA), calculated from the
difference of My between poly(DOMA) and poly(GMA).
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Figure 3. FT-IR Spectra(KBr) with quaternary ammonium salts
of different cation.
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Table 2. Yie]d_and Amount of CO» Addition in Poly(DOMA)
with Quaternary Ammonium Salts of Different Counter Anions

Yield of CO; addition

Amount CO7 unit (%)

Catalyst | M,

TBAC | 169492 | 30921 702 720
TBAB | 149,048 10477 238 244
TBAI | 141,580 3,009 68 143

Reaction Condition : 0.6 g of poly(GMA)[M,, = 138571}, 0.5 mmol of

catalyst, 30 mL of DMSO, T=80 C.

* Weight average molecule weight.

** The amount of added CO; to poly(GMA), calculated from the
difference of My between poly(DOMA) and poly(GMA).
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Figure 4. FT-IR spectra(KBr) of poly(DOMA) with quaternary
ammonium salts of different counter anions.
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Figure 5. FT-IR Spectra(KBr) of poly(DOMA) with different
reaction temperatures.

Table 3. Yield and Amount of CO; Addition in Poly(DOMA) at
Different Reaction Temperatures

Yield of CO, addition

Temp.(T) | My Amount™ | COz unit %)
70 T 183,876 29,752 676 62.3
80 C 188,817 34,693 788 726
90 T 191,084 36,960 840 715
120 C 193,949 39,825 905 834

Reaction Condition : 0.6 g of poly(GMA)M, =154,124], 0.5 mmol of

TBAC, 30 mL of DMSOQ.

* Weight average molecule weight.

*+* The amount of added CO; to poly(GMA), calculated from the
difference of M. between poly(DOMA) and poly(GMA).
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Figure 6. FT-IR Spectra(KBr) with different solvents.

Table 4. Yield and Amount of CO; Addition in Poly(DOMA)
with Different Solvents

Solvent My Amount™ | CO; unit Vield of 82)2 addition
DMF 175,749 26,991 613 586
DMSO | 174482 25,724 584 5.8
NMP 177,403 28645 651 62.2
DMAC | 183,886 35,128 798 76.2

Reaction Condition : 0.6 g of poly(GMA)[M,, = 148,758], 0.5 mmol of
TBAC, 30 mL of solvent, T=80 C.
* Weight average molecule weight.
** The amount of added CO: to poly(GMA), calculated from the
difference of My between poly(DOMA) and poly(GMA).
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Figure 7. Linear plot of In {P/[PGMA]} vs. time.
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Table 5. Slope and Intercept on the Plot of In{P/[Epoxide]} vs.
Time

Pu(kPa) Slope Intercept
446.1 -0.031 7.14
584.0 0.029 741
7219 0.099 763

Reaction Condition : 35.2 mmol of Epoxide, 0.5 mmol of TOAC, 100
ml of DMSO, T =80 C, rpm = 300.
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