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Table 1.1 Polymerization of  MMA-d8 with AIBN in toluene 

            and in  THE at 60°C for 24hr

Yield Initiator

 A

fragment

Solvent 
********** " "(g)""(rctmol)" x1-0..'' (mmol)  (mol/mol)  c

Polymer 0.504 0.0205 26.1 0.0236 1.22
 Toluenea

 Oligomer  0.0.82 0.0543 1.51 0.0268 0.49

Polymer  0.413  0.0224 21.7 0.0208 1.09

THFb
Oligomer 0.087 0.0503 1.73  0.0340 0.68

1.22

0.49

1.09

0.68

a Monomer  5 .74mmol, AIBN  0.0592mmol, toluene 5m1. 

b Monomer  5 .10=1, AIBN  0.0500mmol,  THE  1Cml. 

  Represents the  number of  1-cyano-l-methylethyl group per 

  molecule of polymer or oligomer.



Figure 1.1 1H NMR spectra of the  polymer(A) and  oligomer(B) 

             of MMA-d8 prepared in toluene with AIBN at 60°C 

  X: Signals due to residual protons in the monomer units.







Figure 1.2  111 NMR spectra of polymer(A)  and oligomer(B) of 

MMA-dg prepared in toluene with  BPO at 60°C. 

 X: Signals due to residual protons in the monomer units. 

 Y: Signals due to residual protons in the solvent.





Figure  1.3  1H NMR spectra of the  polymer(A) and  oligomer(B) 

              prepared in  THE with  BPO at 60°C for 24hr. 

X and Y: Signals due to the residual protons in the monomer 

          units and in the  nitrobenzene-d5' respectively.



Table  i.2 Polymerization of MMA-d8 with  BPO in toluene and 

           in  THE at 60°C for 24hr

Solvent

Yield

A

Mn

xio- .3..

Fragment
ti  

r  BPO

 (mmol)

 THF
 '(mmol)  (mol/mol)c

_

(g)  (mmol)

 Polymer
Toluenea

 Oligpmer

 Polymer
THFb

Oligomer

0.416 0.0139

0.033 0.062

0.414 0.0160

0.053 0.0602

 mer 0.416 0.0139 30.0

 pmer 0.033 0.06 0.534 0.0576  --  0.93

 mer 0.414 0.0160  25.9 rti 0 0.0154 0.96

nmpr 0.053 0.0602 0.88 0.0438 0.0140

0.0145

0.0576

rti 0

0.0438

0.0154

0.0140

.05

.93

.96

a   Monomer  5
.09mmol,  BPO  0.050mmol, toluene 5m1. 

b Monomer  5 .1mmol,  BPO  0.050mmol,  THF  10m1. 

  Represents the number of BPO or  THF fragments per molecule of 

  polymer or oligomer.



Figure  1.4  H NMR spectrum of poly (styrene-d8)prepared with 

             AIBN in toluene at 60°C.  [M]/[I]=65,  [M]=0.8mo1/1.



Figure 1.5  1H NMR spectrum of polystyrene prepared with AIBN 

             in toluene at  60°C.  (I)/[M]=1/100,  [M]=1.0mo1/1.



Table 1.3 Polymerization of styrene  and styrene-d8 

            with AIBN in toluene or in bulk at 60°C

Monomer 

 mmo1

Polym. 
 [I]/[M] 

time

Yield  kx10-3

 (g)  (mmol)  GP  C  VP0

""13 

CB3)SN 
 mol/mol

 4.0b 

10 

100 

 43.  4c

 24hr 

 5hr 

 2  4hr 

 3hr

1/68 0.187 0.0275 6.81 6.20 

1/68 0.209 0.0256 8.18 8.06 

1/100 4.50  0.454 9.91 9.76 

1/100 1.03 0.0254 40.41  --

1.34 

1.39 

1.45 

1.56

a.  [M]=1.0  mol/l. 

b. Polymerization of styrene-d8. 

c. In bulk.







Table 1.4 Termination reaction in the polymerization 

            of  MMA with AIBN at 60°C

Solvent k_a  tdkt
C

Termination (%)

 Di  sproportination Combination
lit.

Toluene 

 THE 

Bulk 

Bulk 

Bulk

1 

5 

5 

1 

1 •

77 

06 

75 

35 

50

64 

84 

85 

57 

60

36 

16 

15 

43 

40

This 

This 

  2) 

 11) 

 12)

work 

work

a. ktd and ktc: Rate constants  for disproportionation and 

 combination, respectively.
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Table 2.1 Cationic polymerization of styrene-d8 

                     in toluene for  24hr 

          Polymerization Yield 
Initiatorb 

                     an 
 temp.  (°C) (g)  (mmol) 

 TiC14 -78 0.148 0.0835 1770 

EtA1C12C-78 0.154 0.0772 2000 

BF3OEt2d              30 0.255 0.1029  2470

a. Represents the amount in  mmole of polymer 

   molecules. 

b. Determined by vapor pressure osmometry. 

c. Styrene-d8  4.02mmol, initiator  0.20mmol, 

   toluene 5m1. 

d. Styrene-d8  5.00mmol, initiator  0.20mmol, 

   toluene  5m1.



Figure  2.1  1H NMR spectrum of the polymer of styrene-d
8 

             prepared in toluene with TiC14 at -78°C 

    X and Y: Signals due to the residual protons in  the 

         monomer units and  nitrobenzene-d5' respectively.



        Table 2.2  1H  NNR analyses of the poly(styrene-d8)s 

                      Toluene fragments 

Initiator Methyl PhenylCHD2- 

          mmol  (mol/mol)a  mmol  (mol/mol)a mmol (mol/mol)a 

TiC14 0.0533 0.64 0.0535 0.64 0.0594 0.71 

EtA1C12 0.0545 0.71 0.0545 0.71 0.0608 0.79 

BF3OEt2 0.0866 0.84 0.0887 0.86 0.0908 0.88 

a. Represents the number of fragments per polymer molecule.





Table 2.3 Polymerization of styrene-d8 with  TiCl
4 

          in several aromatic solvents at  30°Ca 

                    Yield 
SolventRn 

                (g) (inmol) 

 Benzene 0.340 0.1444 2355 

 Toluene 0.304 0.1412 2148 

 p-Cymene 0.276 0.0901 3063 

a. Styrene-d8  4.0mmol,  TiCl4  0.20mmol, 

   solvent  5m1.

Figure  2.21H NMR spectra of  poly(styrene-d8)s prepared 

        with  TiC14 in  benzene(A) and  in  p-Cymene(B) at  30°C



Table 2.4  1E1 NMR analyses of the polymers in Table 2.3 

            Temp. Solvent fragment 
   Solvent 

            (°C) (mmol) (mol/mol)a 

 Benzene 30 0.0321 0.22 

 Toluene -78 0.0534 0.64 

 Toluene 30 0.0909 0.64 

 p-Cyuene 30 0.0204 0.23 

a. Represents the number of fragments per polymer 

    molecule.





Figure 2.3  1H NMR spectrum of  poly(styrene-d8) prepared in  1,2-dichloroethane with  TiC14  at 30°C. 

X and Y:Signals  due to the residual protons  in the  styrene•d8 and nitrobenzene-d5, respectively.





Figure 2.4 13C NMR spectra of  polystyrenes prepared with  TiC14 

            in  toluene(A) and in ethylene  dichloride(B), and 

 1-methyl-3-phenylindane(C). (Chloroform-d1, 55°C) 

       Asterisked peaks in (C) are due to 1,3-diphenylbutane.



 Table  2.5  13C chemical  shifts(ppm) of terminal groups in the polymers and of model compounds

  { 
Polymer(A)a 21  36.91 20.86 135.28 48.24 — —                                                                  --- 

              e 

             23.71  37.51 

 Polymer(B)b{ 21 {3
.6.90 ---—{49.71 

                                                      --- 

                                 23.71 37.50  50.65 

 Dimerc {1:.31{4
.4.65 ---49.65 134.91  137.39 

                       -- 

    20.52 46.49 i50.63 
Oligomerd 20.9 .136.8 

                         — 

                     — 

             23.837.5 

a. Prepared in toluene with TiC14 at -78°C. 

b. Prepared in ethylene dichloride with TiC14 at 30°C. 

c.  1-Methyl-3-phenylindane(containing 10% of  1,3-diphenylbutene). 

d. Literature data of L. Monnerie et  al.10).











Table  2.6 Estimation of rate constants for  propagation ,  solvent  transfer and monomer 

            transfer reactions in the polymerization of styrene-d
8 in toluene 

No. Initiator  [S]  [M]
o  [M]  f   [M]*a  ks[S]/km[M]* k/kk/kk/k                                 SMMPSP  

1  TiC14 8.49 0.725 0.487 0.598 1.78 0 .125 0.023 0.0029 

2 EtA1C12 8.34 0.712 0.469 0.582 2.45 0 .171 0.016 0.0027 

3 BF3OEt2 8.26  0.880 ,  0.477 0.658 5.25 0.418 0.0072 0.0030 
        * 

a.  [M]  =([M]c[M]f)/(1n[M]o-ln[M]f)

Table 2.7 Estimation of rate constants for propagation , solvent transfer and monomer 

transfer reactions in the polymerization of styrene-d8 in several aromatic solvents at 30°C 

 Solvent  [S]  [M]  
o  [M]  f  [M] a k [S]/km[M] k/kk/kk/k                                 S MMPSP  

 Benzene 9.79 0.870 0.210 0 .464 0.285 0.014 0.037 0.0005 

 Toluene 8.17 0.870 0.280 0 .520 1.80 0.115 0.018 0.0023 

 p-Cymene 5.55 0.870 0.334 0.560 0.299 0.030 0.028 0.0009 

a.  [M]  =  [M]  0-  [M]f)/ (ln [M] 0-ln [M] f)







 1) P. H. Plesch, J. Chem.  Soc., 1653, 1659,  1662(1953) 

 2) C. G. Overberger, G. F. Endres, A. Monaci, J.  Am. Chem.  Soc., 

   78, 1967(1956) 

 3) C. G. Overberger, G. F. Endres, J. Polym. sci., 16, 283(1955) 

 4)  ,tz*zt .1',71-11E, 01 44 m t , 13, 397(1956) 
 5) a. H. Hasegawa, T. Higashimura, Polymer  Prep.,  28(5),  686(1979) 

    b. T. Higashimura, M. Hiza, H. Hasegawa, Macromolecules, 12, 

      217,  1058(1979) 

 6) P. H. Plesch  ed., "The Chemistry of Cationic Polymerization", 

    Pergamon Press, New York(1963) p.241. 

 7) P. H. Plesch  ed., ibid. p. 294. 

 8) W. R. Longworth, P. H. Plesch, P. P. Rutherford, Proc. Chem. 

 Soc.,  68(1960) 

 9) D. H. Jenkinson, D. C. Pepper, Proc. Roy.  Soc., A263, 82 1961) 

10) B. Jasse, F. Laupretre, L. Monnerie, Makromol. Chem., 178, 

   1987(1977) 

11) E. Breitmaier,  G.  Haas, W. Voelter, "Atlas of Carbon-13 NMR 

 Data", Heydon&Son  Ltd.(1979) 

12) Y. Sakrada, T. Higashimura, S. Okamura, J. Polym. Sci., 33, 

 496(1958) 

13) G. V. Schluz, G. Harborth, Makromol.  Chem.,  1,104(1947) 

14) P. H. Plesch  ed., literature 6), p.285. 

15)  **4   max ,  -If  )1104  fib  it, 13, 431(1956)

















Table 3.1 Polymerization of MMA-d8 with BuLi 

              in toluene at -78°C for 5hra 

       Yield  -3                                      Mnx10 

          (g)  (mmol)b  VP0c NMRd 

Polymer 0.295 0.011 26.9 26.8 

Oligomer 0.271 0.249 1.09 1.63 

a.  MMA-d8  5.2mmol,  BuLi  0.50mmol, toluene  10m1. 

b. Calculated from the yield  and the  Mn(VP0). 

c. Vapor pressure osmometry. 

d. Estimated by assuming that each molecule has one 

   terminal methine proton.



Figure 3.1  1H NMR spectra of the polymer(A) and 

oligomer(B) of  MMA-d8 prepared in toluene with BuLi 

at -78°C. 

 X: Signals due to the residual protons in the 

    monomer  units.





Figure  3.2  Normal(A) and  spin-decoupled(B)  ,  (C)  311  NMR 

             spectra of the oligomer of  MMA-d8 prepared 

             with BuLi in toluene at -78°C 

 (Nitrobenzene-d5, 110°C, 100MHz)



Figure 3.3  13C NMR spectrum of the  oligomer of MMA-d
8 prepared in toluene with BuLi  at-78°C 

             (Chloroform-d1, 55°C, 25.05MHz)



 Table 3.2 Analysis of butyl group and terminal methine 

              proton in the polymer and oligomer of  MMA-d8 

              prepared in toluene with  BuLi at  -78°C 

 C4H9-(total)  C4H9C0- Terminal methine 

           mmol mol/mola  mmol  .mol/mola  mmol  mol/mola 

Polymer 0.0203 1.9  0.0107: 1.0 0.0110 1.0 

 Olicromer 0.424 1.7 0.182 0.7 0.167 0.7 

 .a._  _Represents  ±he____numbe_r_of_butyl group or  terminal_  methine 

   proton per molecule of polymer or oligomer.



Table  3.3 1H spin-lattice relaxation  times(sec) of the 

            protons in butyl group and the terminal  methine 

            proton measured in nitrobenzene-d5 at 110°C 

        CH3CH2CH2CH2-  CH3CH2CH2CH2CO- Terminal methine 

Polymer 3.9 1.8 5.1 

Oligomer 5.4 2.2 6.1



Table 3.4 Polymerization of  MMA-d8 in toluene with BuLi 

            at  -78°C for  10mina 

         Yield  Mn Nb  C4HQ(total) C4H9CO- Terminal methine 

          (g)  x10-3 (mmol)  (mol/mol)c(mol/mol)c  (mol/mol) 

Polymer 0.045 14.5 0.0031 2.0 1.0 1.0 

Oligomer 0.204 0.84 0.243 1.7 0.7 0.6 

a. MMA-d8 5.2mmol, BuLi  0.52mmol, toluene  5m1. 

b Number of molecule. 

c. Represents the number of butyl group or terminal methine 

   proton per molecule of polymer or  oligomer.





Figure 3.4 GPC chromatogram of the  heptane-soluble 

             fraction of MMA oligomer prepared with 

 BuLi in toluene at -78°C





Figure 3.5 FD mass spectra of the  MMA oligomers

Figure 3.6  EI mass spectrum of the tetramer of  MMA





Figure 3.7 Gas-phase chromatograms of the  depolymerization•products of (A) polymer 

             and (B) oligomer of  MMA prepared with BuLi in toluene at -78°C



Figure 3.8 Time dependences of the yields of polymer 

             and oligomer in the polymerization of MMA 

             with BuLi in toluene at -78°C 

       MMA  lOmmol, BuLi  1.Ommol, toluene  10m1 .



Figure 3 .9 Gas-phase chromatogram of the reaction 

  mixture in the polymerization of MMA with BuLi 

        in toluene at -78°C. 

  MMA  10=01, BuLi  1.0mmol, toluene  10m1.



Table  3.5 Amounts of lithium  methoxide and butane formed 

 in the polymerization of MMA with BuLi in toluene at  -78°Ca 

         Polymerization  CH3OLi Butane 
    No. 

      time(%)b  (%)b 

 1 10  min 51.6  9.8 

 2 2 hr 53.0 9.4 

 3 12 hr 51.0  8.7 

 4c  10  min  17.0 --- 

a. MMA  lOmmol, BuLi  1.0mmol, toluene  10m1. 

b. Percentage based on the BuLi used. 

c.  1,1  -Diphenylhexyllithium(0.5mmol) was used as initiator.





Figure 3.10 Mass spectra of  butane-l-d(BuD)(A),  butane(BuH) 

 (B), the butane from  MMA-CH3OD(C) and  MMA-d8- 

              CH3OH(D) systems in toluene at -78°C for  10min.



BuLi +  CH3OD BuD +  LiOCH3  (MMA-CH3OD system) 

BuLi +  CH3OH  ---H› BuH +  LiOCH3 (MMA-CH3OH system)

Figure 3.11 Mass spectrum of the butane fraction 

  from MMA-CH3OD system in toluene at -78°C for  l2hr.



                                       * 

Figure 3.12 Effect of BIPK on the polymerization 

              of MMA with in toluene at -78°C 

 MMA  5.0mmol, BuLi  0.50mmol, toluene 5m1. 

 BIPK(0.25mmol) was added  30min after the initiation. 

  *  BIPK=  Butyl  isopropenyl ketone



Table 3.6 Polymerization of  MMA-d8 with BuLi in toluene at -78°C 

   with addition of BIPKa in the course of  polymerizationb 

     BIPKa  Polymn. time Polymer Oligomer 
No 

   mmol hr Yield(%) M
1x10-3 Yield(%) Mnx10-3 

1 0 0.5 15.8 22.3 56.8 1.60 

2  0.25c  0.5+1.5c                        14.9 22.3 63.2 1.56 

a. Butyl  isopropenyl ketone. 

b. MMA-d8  5.0mmol, BuLi  0.50mmol, toluene 5m1. 

c. BIPK was added  30min after the initiation and the polymeriza-

   tion was continued for additional  1.5hr.



Figure  3.13  1H NMR spectra of  poly  (MMA-d8)s prepared with 

 BuLi in toluene at -78°C, with(A) and without(B) the 

  addition of butyl isopropenyl ketone. 

   X: Signals due to the residual protons  in  the  monomer units.



Table 3.7 NMR analyses of the polymers of  MMA-d8 in Table 3.6 

 Amount C4H9(total) C4H9CO- Terminal methine a-CH3 
No. 

 mmol  mol/mola mol/mola  mol/mola  mol/mola 

1 0.00389 2.1 1.0 1.1 0 

2 0.00350 2.7 1.6 1.0 0.5 

a. Represents the  number of butyl group,  a-methyl group or 

   terminal methine proton per molecule of the polymers.



Figure 3.14  1H NMR spectrum  of the oligomer of  MMA-d8 obtained from the 

             polymerization in toluene with BuLi at -78°C with the addition 

              of a small amount of butyl  isopropenyl ketone.





     Table  3.8 Polymerization of  MMA-d8 with BuLi in toluene  at  -78°C 

 -----Effect of the feed ratio of  initiator to monomer 

 [BuLi] Yield  Mn C49H-(total) C4H9CO- Terminal methine 

[MMA-d8] (g) (mmol)  x10-3  mol/molc  mol/molc  mol/molc 

     Polymer 0.119 0.0099 12.0 2.0 0.9 0.9 
  0.2a 

     Oligomer 0.421 0.421 1.00 1.9 0.7 0.7 

     Polymer 0.344 0.0134 25.8 2.0  1.0 1.1 
 0.05b 

     Oligomer 0.166 0.1092 1.52 1.7  0.8 0.7 

a. MMA-d84.83mmol, BuLi 0.97mmol, toluene 5m1. 

b. MMA-d8 4.65mmol, BuLi 0.24mmol, toluene 5m1. 

c. Represents the number of butyl group or terminal  methine proton per 

   molecule of polymer or oligomer.











Table 3.9 Lithium methoxide formed in the polymerization 

            of  MMA with BuLi in toluene at -78°C 

 Amount formed(%)b 

LiOCH3 51 .6 

 BIPKc units in the polymer and  oligomer  38 .5d 

 Oligomer cyclized at the chain end15 .0d 

a. MMA  5.2mmol, BuLi  0.50mmol, toluene 5m1. 

b. Percentage based on the BuLi used. 

c. Butyl  isoprOpenyl ketone. 

d. The data refer to  the polymerization of MMA-d
8.





Table  3.10 Frequencies of attacks of BuLi on the carbonyl 

             and vinyl double bonds of  MMA 

 [BuLi]  C=0 attack C=C attack                                                    C=0/C=C 

 [MMA-d8] (iumol) (%)a(mmol) (%)a 

 0.2 0.30 31 0.43 44 0.71 

 0.1 0.19 38 0.26 52 0.74 

 0.05 0.10 41 0.12 50 0.82 

 a. Percentage based on the BuLi used.





Table 3.11 Fate of the initiator in the polymerization 

             of  MMA. with BuLi in toluene at -78°C 

 Amount(%)a 

Butane and butene  9.8 

 ru-

         Oligomer 48.4 

Bu -CH2 -C-,%,./N,-\ 
       Polymer 2.0        COOCH

3 

    CH3
Oligomer 36.4          -C-

   C=0 Polymer 2.1 

Bu  

                                    Total  98.7 

a. Percentage based on the BuLi used.





 1)  0  1381 4-0, ;7- p. 125" 4114N91..  C1172) 
 2) a. A. Nishioka, H. Watanabe, I. Sono, J. Polym.  Sci., 48, 241 

      (1960) 

    b. F. A. Bovey, G. V. D. Tiers, J. Polym. Sci., 44, 173(1960) 

 3) a. T. G. Fox, B. S. Garret, W. E. Goode, J. F. Kincaid, 

        A. Spell, J. D. Stroupe, J. Am. Chem.  Soc., 80,  1768(1958) 

    b. R. G. J. Miller, B. Mills, P. A. Small, A. Turner-Jones, 

        D. G. M. Wood, Chem. &  Ind.,  1323(1958) 

 c. D.  Braun,  M. Herner, U. Johnson, W. Kern,  Makromol. Chem., 

      51,  15(1962) 

    d. W.  Foweils, C. Schuerch,  F. A. Bovey, F. P. Hood, 

       J. Am. Chem.  Soc., 89,  1396(1967) 

    e. Y. Joh, Y. Kotake, Macromolecules, 3, 337(1970) 

    f. J. P.  Pascault, J. Kawak, J. Gale, Q. T. Pham, Europ. 

       Polym. J., 10, 1107(1974) 

    g. H. Yuki, K. Hatada, K. Ohta, Y. Okamoto, J. Mocromol. Sci. 
 -Chem .  , A9, 983(1975) 

    h. N. Koide, K.  Iinuma, M. Takeda, J. Macromol. Sci. -Chem., 

      A9, 961(1975) 

 4) S. Bywater, Adv. Polym. Sci., 4, 66(1965) 

 5) B. J. Cottam, D. M. Wiles, S. Bywater, Can. J. Chem., 41, 

 1905(1963) 

 6) W. E. Goode, F. H. Owens,  M. L. Myers, J. Polym. Sci., 47, 

 75(1960) 

 7) D. M. Wiles, S. Bywater, Trans. Faraday Soc., 61, 231(1965) 

 8) D. M. Wiles, S. Bywater, Chem.&  Ind., 1209(1963); J. Phys. 

 Chem., 68,  1983(1964) 

 9) D. L. Glusker, I. Lysloff, E. Stiles, J. Polym.  Sci., 49, 

   297,  315(1961) 

10) N. Kawabata, T. Tsuruta,  Makromol. Chem., 86, 231(1965) 

11) J. W. Crawford, B.  P.,  405,699(1934) 

12) K. Hatada, Y. Terawaki, H. Okuda, Org. Magn. Res., 9, 518 

   (1977) 

13) J. L. Wood, V.  duVigneud, J. Am. Chem.  Soc., 67,  208(1945) 

14) K. Ziegler, H. G. Gallert, Ann., 567, 179(1950) 

15) R. Freeman, H. D. W. Hill, J. Chem. Phys., 53, 4103(1970) 

16) a. H. Matsuda, Atomic Masses Fundam. Constants, 5, 185(1976)



    b. T. Matsuo, H. Matsuda, I. Katakuse, Anal. Chem., 51, 69 

 (1979) 

17) K. Hatada, T. Kitayama, K. Fujikawa, K. Ohta, H. Yuli, 

    Polymer Bull., 1, 103(1978) 

18) K. Hatada, T. Kitayama, Y. Okamoto, K. Ohta, Y.  Umemura, 

    H. Yuki, Makromol. Chem., 179, 485(1978) 

19) K. Hatada, T. Kitayama, M. Nagakura, H. Yuki, Polymer 

 Bull., 2,  125(1980) 

 20)El3itcfqA ,A4-Y---3-.X.--erT-A-is  4/. r".21ffi-4-;k, 3 
 tiflhim (N57) 

21) K. Hatada, T. Kitayama, H. Yuki, Polymer  J., 12,  535(1980) 

22) K. Hatada, S. Okahata, T. Kitayama, H. Yuki, unpublished 

     data. 

23) C. C. Price, J. Polym.  Sci., 3,  772(1948) 

24) H. Vankerckhoven, M. Van Beylen, Europ. Polym. J., 14, 189 

   (1978) 
25) T.Kitayama, K. Hatada, H. Yuki, unpublished results .











      Table  4.1 Polymerization of MMA-d8 with  BuLi in  THE 
at -78°C for 24hra 

 Yield  Mn  C4H9(total)  C4H9C0 T
erminal  CH 

 g  mmolb  x10-3  mmol  mol/molC 
mmol mol/moles mmol mol/molc 

                                                                      -----------
--- 

   Polymer 0.352 0 .0099 35.5 0.043 4 .4 0.033.  3.4d 0 .010  1.0d 

  Oligomere 0.214 0 .208 1.03 0 .424 2.0 0.184 0 .9 0.194 0.9 

 oligomerf 0.210 0 .187 1.14  0.381 .  2.0 0.184 1 .0 0.194  1.0 

   a 
     MMA-d8  5.05mmol, BuLi  0 .5mmol,  THE 5m1. 

   b Calculated f
rom the yield and  Mn . 

 C Represents th
e number of butyl group or terminal methine 

proton per a polymer 
     or oligomer  molecule . 

   d The amo
unt of  C4H9C0 group was calculated as  foll

ows:  [C4H9(total))- [C4H9CO]= 1 

 mol/mol. 

   e The values f
or the  methanol-soluble fraction , which includes dibutyl isopropenyl 

 carbinol. 

     The corrected values for the coexistence of th
e  dibutyl  isopropenyl carbinol .





Figure 4.1 1H NMR spectra of the  polymer(A) and oligomer(B) 

            prepared with  BuLi in  THE at -78°C 

     X: Signals due to the residual protons in the monomer units .



Figure 4.2  'H NMR spectra of (A)  copolymer of  MMA and 

butyl isopropenyl ketone and (B)  poly  (butyl isopropenyl 

ketone) measured in  nitrobenzene-d- at  110°C.  5



Figure 4.3 A partially relaxed Fourier transformed NMR spectrum in  nitrobenzen
e-d5 

             at 110°C of the polymer prepared in  THE with BuLi at -78°C 

             Pulse sequence:  (180°-0.10sec-90°-10sec) , 4000 accumulations.



Table 4.2  11-1 spin-lattice relaxation  times  (sec) of the protons 

            in butyl groups measured in nitrobenzene-d5 at 110°C 

                 CH3CH2CH2CH- -CO-CH2CH2CH2CH3 -CO-CH2CH2CH2CH3 
 Polymer 

                 (085ppm)  (2.55ppm)  (2.40ppm)  (1.52ppm) 

 Poly  (MMA-d8)  a 1.6 0.21 1.1  0.57 

 Poly  (BIPKd)b  1.3 0.12 0.39 

 Poly  (BIPKd-co-MMA)c  1.7 0.14 — 

a. Prepared in  THE with BuLi  at -78°C. 

b. Prepared in  THE with BuLi at -78°C. 

c. Prepared in toluene with AIBN at 60°C. 

d. Butyl isopropenyl ketone.





Figure 4.4  EI mass spectrum of the heptane-soluble fraction of the oligomer prepared 

            in  THE with BuLi at -78°C





Figure  4.5  Polymerization of  MMA'  with- BuLi in  THF at -78°C 

            MMA  lOmmol, BuLi  1.0mmol,  THF  10m1.



Figure 4.6 Polymerization of  MMA with  1,1-diphenylhexyl-

            lithiumin  THE at -78°C 

MMA lOmmol,  1,1-diphenylhexyllithium  1.0mmol ,  THE  10m1.



Figure 4.7 Gas-phase  chromatograms of the polymerization 

             mixtures of  MAMA with  BuLi in  toluene  (A) and 

                in  THF  (B) -78°C for  10min.



Figure 4.8 Amount of butyl isopropenyl ketone in the 

   polymerization of MMA with BuLi in  THF at -78°C 

 MMA  lOmmol  ,  BuLi  1.  Ormol  ,  THF  inmi

Figure 4.9 A gas-phase chromatogram of the low boiling 

             fraction obtained from the polymerization of 

             MMA with  BuLi  in  THF at -78°C for  10min.



Figure 4.10 Mass spectra of the butane fractions from 

 MMA-CH3OD(A)  and MMA-d8-CH3OH(B) systems in  THE for  10min.



    Table 4.3 Polymerization Terminated with  CD3OD of MMA-d8 with  BuLi 

                            in  THE at -78°C for 24hra 

              Yield                                                     Carbonyl meth-
  Mn  C4H9(total) ylene protons Terminal CH 

           g  mmolb  x10-3  mmol  mol/molc  mmol  mol/molc  mmol  mol/molc  

Polymer 0.308 0.0086 35.7 0.037 4 .3 0.058 6.8 

Oligomerd 0.149 0.160 0.93 0 .353  2,2  0.244 1.52 0.098 0.61 

a   Monomer 4 .2mmol, BuLi  0.42mmol,  THE  10m1. 

b Calculated from th
e yield and Mn. 

 C Represents the numb er of butyl group or terminal methine proton per a polymer 

  or oligomer molecule. 

d The corrected values for th e coexistence of the dibutyl isopropenyl  carbinol .











Table 4.4  Amounts of molecules of polymer and oligomer 

            and butyl  isopropenyl ketone units in them 

 Amount(%)a 

                               in toluene in  THE 

Polymer and oligomer 52 39 

Butyl isopropenyl ketone units 
               38 43 

in the polymer and oligomer 

 a.. Percentage based on the BuLi used.





                                          Amount  (%)a 

 Butane  4.8 

    CH3  Polymer 2.0 

     COOCH3 Oligomer 39.3 

 Polymer 6.6 • 

   BuC0- 
          Oligomer  36.8 

      CH3 

 CH2=C  8.6 
 Bu-C-OH 

 Bu 

 Total   98.1 

a 
 Perdentage based on the BuLi used.



Figure 4.11 Terminal model for syndiotactic active species
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Table 5.1  Copolymerization of MMA-d8(M1) with several 

 methacrylates(M2) in toluene with AIBN at  60°C for 5hra 

  Methacrylate(M2) Polymer yield(%) m1/(m1+m2)c 

 Methylb 75.1  0.968 

Trityl 43.0 0.965 

 Diphenylmethyl 42.9 0.966 

 a-methylbenzyl 40.5 0.963 

Benzyl 42.8 0.961 

Furfuryl 41.8 0.961 

a. M1  8.6r‘,8.9mmo1,  DI1I0/[M2]0=97/3, AIBN  0.10mmol, 

   toluene  10m1. 

b. M14.9mmol,[M1]/[M2]=97/3, AIBN 0.07mmol, 

 toluene 5m1, polymerization  time 24hr. 

c. Contents of M1units in  polymers.





Figure 5.1  11.1 NMR spectra of the copolymer of  MMA-d8 

   and MMA derived from the copolymer of MMA-d8 and 

   trityl methacrylate. 

(A) Partially relaxed spectrum(pulse sequence:  180°- 

     0.6sec-90°-10sec.). 

(B) Normal spectrum. 

 (Nitrobenzene-d5' 110°C,  100scans, 100MHz)



Figure  5.2  1H NMR spectra of the copolymer  of  MMA-d8MMA derived 

   from the copolymer of  MMA-d8and diphenylmethyl methacrylate 

(A) partially relaxed spectrum(pulse  seguence:180°-0.6sec-90°-10sec). 

(B) Normal spectrum. 

 (Nitrobenzene-d5' 110°C,  100scans, 100MHz)
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Observed peaks 

Peaks due to the residual 

protons in the MMA-d8 units

Peaks due to the MMA units

Figure 5.3 Determination of the tacticity for 

             the MMA unit centered triad







Table 5.2 Triad  tacticities and coisotactic parameters for 

 the  copolymers of  MMA-d8(Mi) with several  methacrylates(M2) 

Methacrylate  Tacticity(%)a Coisotactic parameter 

  M2H  S a12 a21622  
Methyl 4.4 33.2 62.4 0.20 0.22 0.23 

Trityl 6.3 62.0 31.7 0.10 0.67 0.75 

Diphenylmethyl 5.2 36.0 58.8 0.19 0.27 0.24 

 a-methylbenzyl 4.7 34.2 61.1 0.19 0.24 0.24 

Benzyl 3.9 34.3 61.7 0.14 0.28 0.20 

Furfuryl 4.2 31.8 64.0 0.20 0.20 0.23 

a. Tacticities for  M2 centered triad. 

b. Calculated from the triad tacticities of homopolymers of 

   M2monomers.
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Figure 5.4 Partially deuterated  poly  (methyl methacrylate)











     Table 5.3 Coplymerization of  MMA-d8 (M1)with MMA or 

                partially deuterated  MMAs  (M2)  a 

               Isotactic  polymerb                                           Syndiotactic  polymers 

 M2 Yield  e  Tacticity  (  %  ) YieldTacticity (%) 
       [m2]  [m2]

(%) I H S  (%) I H S 

A  MMA 54 0.11 95 4 1 87 0.11 0 11 89 

B MMA-d2 49 0.11 94 4 2 82 0.12 0 12 88 

C  MMA-OCD3 49 0.10 93 5 2 78 0.11 0 11 89 

 D  MMA-a-CD3 24 0.11  --  -- 67 0.12  -- 

   PMMAd         48  -- 93 5 2 89  -- 1 11 88 

a.  [M2]/[Mi]=1/10 

b. Obtained with phenylmagnesium bromide in toluene at 0°C. 

c. Obtained with dipiperidinomagnesium in toluene at -78°C. 

d. Polymerization of undeuterated  MMA. 

e. Content of  M2 unit in the polymer.



  Table 5.4  111 Spin-Lattice Relaxation Times 

  of Nondeuterated and Partially Deuterated PMMAsa 

 Ti(msec) 
  Polymer Isotactic Polymer Syndiotactic Polymer 

           a-CH3  OCH3 CH2  a-CH3 OCH3 CH2 

 PMMA 324 766 221 180 510 103 

Copolymer A 410 847 355 200 552 185 

Copolymer B 475 891  -- 221 567  — 

Copolymer C 427  -- 357 216  -- 197 

Copolymer D  --  9.04  .418  -- 570 214 

a. Measured in toluene-d8 at 110°C.







Table 5.5 Monomeric Triads of Copolymers




















