This journal is © The Owner Societies 2001


Table S1

Comparison of observed and calculated frequencies (cm-1) for CH2DCH2TiCl3  

CH2D'CH2TiCl3
CH2D"CH2TiCl3

obs(gas)a


calcb
    Ac
calcb
    Ac







2963 m
2977
  16.8
2964
  14.8

2926 ms
2930
  16.6
2932
    8.1


2929
    3.3
2916
  20.4

2880 m
2881
  14.6
2881
  19.1

2193 w


2187d
    8.6

2169 w
2167d
  10.4



1438 m
1441
  12.0
1435
    9.4

1379 m
1363
    6.4
1363
    7.1


1299
    7.5
1292
    4.4

1276 m
1278
    6.1
1273
    8.3


1151
    0.7
1129
    6.3

1086 s


1088
    5.5

1075 sh
1070
    5.2




1008
    4.6
  990
    3.0


  840
    1.9
  874
    9.0


  767
    2.8
  758
    1.7

  525 vs
  524
  79.6
  521
  86.3

  503 vvs
  502
106.1
  504
  89.1

  479 vs
  471
  90.0
  478
104.6

  450 s
  451
  53.9
  446
  47.0


  386
  13.1
  387
  14.5


  187
    1.3
  191
    0.8


  181
    0.5
  181
    1.0


  126
    3.7
  127
    2.1


  122
    0.0
  125
    1.6


  114
    1.0
  113
    1.0


  109
    0.6
  109
    0.6

 
    92
    0.3
    92
    0.3


    57
    0.0
    53
    0.0

a,b,c Footnotes as in Table 2. d After multiplication by 1.011.

Table S2

Comparison of observed and calculated frequencies (cm-1) for C2D5TiCl3
obs (gas)a
assignment


calcb
Aunscc
P.E.D.d

2229 w
17(a"), asCD"2
2230e
    8.2
98S17


1(a'), asCD3
2211e
    4.9
41S1, 60S2


18(a"), asCD2
2192e
    1.7
98S18

2158 w





2112 w
2(a'), sCD2
2114e
    5.7
91S3

2075 m
3(a'), sCD3
2104e
  16.3
52S1, 38S2


4(a'), sCC/sCD3
1109
    1.4
65S4, 54S9


5(a'), 'asCD3
1052
    5.9
93S8

1058 wf
19(a"), "asCD3
1049
    7.0
97S20


6(a'), sCD2/sCD3
1017
    4.7
39S9, 45S11

  939 wf
7(a'), coupled
  942
    1.9
13S5, 17S10, 40S11, 19S13


20(a"), "CD3
  921
    0.1
40S21, 24S22

  867 wf
8(a'), CC/'CD3
  862
    4.5
30S4, 24S10

  664 vwf
9(a'), 'CD3/wCD2
  662
    9.2
53S10, 48S13


21(a"), "CD3/CD2
  621
   0.1
55S21, 59S22

  506 vvs
22(a"), asiCl3
  506
128.4
83S19


10(a'), asiCl3 
  501
121.8
87S6

  441 sf
11(a'), iC
  442
  71.2
67S5, 22S7, 14S13


12(a'), siCl3
  381
    8.0
14S5, 77S7


23(a"), CD2
  357
    4.0
10S19, 39S22, 103S23


13(a'), iCC
  175
    1.2
74S12, 38S16


24(a"), CD3/"iCl3
  158
    0.3
41S25, 53S26


14(a'), siCl3
  125
    3.5
77S15, 11S16


25(a"), "asiCl3
  114
    0.3
73S24, 14S26


15(a'), 'asiCl3
  113
     1.0
79S14,11S15


26(a"), coupled
  102
    0.3
15S22, 23S23, 25S24, 46S25, 19S26


16(a'), 'TiCl3
    88
    0.2
44S12, 15S14, 47S16


27(a"), TiCl3
    49
    0.0
22S26, 105S27

a,b,c,d,e,f Footnotes as in Tables 2 and 3.

Table S3

Symmetry coordinates and scale factors for EtTiCl and EtCl





EtTiCl3
EtCl


S
coordinatea
descriptionb
Sfc
constraint
Sfc









A'
  1  
r10 + r11
sCH"2
0.9508(6)

0.9551


  2
r9
CH'
0.9679(6)

0.9605


  3
r7 + r8
sCH2
0.9714(11)

0.9655


  4
r3
CC
1.0372(67)

1.0162(108)


  5
r2
iC
0.9829(72)

1.1361(68)


  6
2r4 - r5 - r6
asiCl3
1.0655(59)




  7
r4 + r5 + r6
siCl3
1.0982(72)




  8
210,11 - 9,10 - 9,11
'asCH3
0.9839(39)

0.9916(38)


  9
10,11 + 9,10 + 9,11
sCH3
0.9942(55)

0.9999(64)


10
29 - 10 - 11
'CH3
1.0263(127)
F10,13d
0.9975(133)


11
7,8
sCH2
0.9832(68)

1.0042(59)


12
1,3
iCC
1.0000
arbitrary
1.0907(62)


13
3,7 + 3,8 - 1,7 - 1,8
wCH2
0.9534(106)
F10,13d
1.0005(59)


14
25,6 - 4,5 - 4,6
'asiCl3
1.0860
MeTiCl3e



15
5,6 + 4,5 + 4,6
siCl3
1.0860
MeTiCl3e



16
24 - 5 - 6
'iCl3
1.0860
MeTiCl3e










A"
17
r10 - r11
asCH"2
0.9508(6)
= Sf1
0.9551


18
r7 - r8
asCH2
0.9714(11)
= Sf3
0.9564


19
r5 - r6
asiCl3
1.0655(59)
= Sf6



20
9,10 - 9,11
"asCH3
0.9839(39)
= Sf8
0.9916(38)


21
10 - 11
"CH3
0.9510(115)
F21,22
1.0120(101)


22
3,7 - 3,8 - 1,7 + 1,8
CH2
1.0263(119)
F21,22
0.9896(63)


23
3,7 - 3,8 + 1,7 - 1,8
CH2
0.9279(168)

1.0421(113)


24
4,5 - 4,6
"asiCl3
1.0860
MeTiCl3e



25
5 - 6
"iCl3
1.0860
MeTiCl3e



26
(HC(3)C(2)H/i)f
CH3
1.0000
arbitrary
0.9274(44)


27
(CliC(2)C(3)/H)f
iCl3
1.0000
arbitrary


a Before normalisation. Internal coordinates: i,j = HiCHj or CliTiClj; i = HiC(3)C(2) or CliTiC(2); i,j = HjC(2)Ti or HjC(2)C(3). Atom numbering as in Figure 1. b Convention:  = stretch,  = deformation,  = rock,  = twist, and w = wag. c  Scale factors. In parentheses, the standard error based on 1% uncertainties on all frequencies selected except for CH, where (2 or (5 cm-1 limits were used. For EtCl, the three CH factors were fitted exactly to experimental values of isCH. The other factors were obtained from the frequencies of the d0, d2, d3 and d5 species listed recently,10 whereby an improved fit was obtained. d Constraints applied to these two off-diagonal symmetry force constants (see text).               eTransferred from MeTiCl3 (ref. 9).   f  Summation over nine dihedral angles.

Table S4

G matrix for EtTiCl3 (d0) (amu-1)

Symmetry species A'

  1   1.049959

  2  -0.034717   1.075569

  3   0.000000   0.000000   1.050856

  4  -0.043980  -0.029331  -0.044986   0.166667

  5   0.000000   0.000000  -0.027012  -0.038093   0.104189

  6   0.000000   0.000000   0.000000   0.000000   0.000082   0.057560

  7   0.000000   0.000000   0.000000   0.000000  -0.009648   0.000063   0.033060

  8  -0.077273   0.109276   0.000000   0.002783   0.000000   0.000000   0.000000     

       2.154130

  9  -0.067466  -0.048237   0.000000   0.130732   0.000000   0.000000   0.000000   

       0.005844   1.145547

 10   0.064072  -0.092872   0.042551  -0.000285  -0.058958   0.000000   0.000000   

        0.309280   0.008444   0.988385

 11   0.000000   0.000000  -0.101667   0.078020   0.046847   0.000000   0.000000   

        0.000000   0.000000  -0.073797   1.795583

 12   0.035054  -0.050985   0.066381  -0.036121  -0.048446  -0.011978  -0.000042  

       -0.076995   0.001553   0.123024  -0.115126   0.120226

 13  -0.017214   0.025037   0.012735  -0.131991   0.141417  -0.006731  -0.000024  

        0.037810  -0.000762  -0.104401  -0.217209  -0.037387   1.618669

 14   0.000000   0.000000   0.000000   0.000000   0.000106   0.019942   0.000021  

        0.000000   0.000000   0.000000   0.000000  -0.008247  -0.004634   0.029279

 15   0.000000   0.000000   0.000000   0.000000   0.013249  -0.000016  -0.006129  

        0.000000   0.000000   0.000000   0.000000   0.000028   0.000016   0.000029  

        0.012559

 16   0.000000   0.000000   0.038399  -0.044151  -0.000005  -0.018254  -0.000061  

        0.000000   0.000000   0.018051  -0.066597   0.046574   0.049348  -0.010081  

        0.000052   0.046947

Symmetry species A"

 17   1.101180

 18   0.000000   1.100282

 19   0.000000   0.000000   0.057739

 20  -0.133886   0.000000   0.000000   2.152960

 21  -0.116630  -0.076439   0.000000  -0.284675   1.000459

 22  -0.054254  -0.028029  -0.009938   0.066675   0.077911   1.337410

 23  -0.054254  -0.137035   0.009938   0.066675   0.155029   0.059177   0.523736

 24   0.000000
  0.000000  -0.079953   0.000000    0.00000    0.006805    -0.006805

 25   0.000000   0.056751  -0.018430   0.000000  -0.040149  -0.008437  -0.078262  

        0.010174   0.047341

 26   0.007310  -0.031214  -0.013509  -0.035922   0.014257  -0.688169   0.728574  

        0.009249  -0.007852   4.750484

 27  -0.070025   0.017529   0.002994   0.086057   0.062565  -0.632759  -0.648401  

        0.002083   0.007313  -1.100658   1.776180

Table S5 

Scaled BPW91/I force field for EtTiCl3  

Symmetry species A'

  1   4.8415

  2   0.0585   4.7284

  3  -0.0049   0.0099   4.6943

  4   0.1356   0.1440   0.1079   4.3414

  5  -0.0189  -0.0176   0.0892   0.1373   1.8376

  6  -0.0013  -0.0009   0.0039  -0.0224   0.0017   2.3307

  7   0.0068   0.0069  -0.0180   0.0310   0.2015  -0.0038   2.7681

  8   0.0815  -0.1265   0.0031   0.0217  -0.0021  -0.0025  -0.0063   0.5703

  9   0.1265   0.1044  -0.0237  -0.5045   0.0144   0.0104  -0.0232  -0.0060   1.0364

 10  -0.0641   0.0711  -0.0409  -0.0045   0.0212  -0.0059   0.0220  -0.0199   0.0158 

        0.6709

 11  -0.0078  -0.0068   0.1325  -0.1023  -0.0426  -0.0109  -0.0244  -0.0040   0.0142 

        0.0206    0.6111

 12  -0.0104   0.0169  -0.1099   0.0562   0.1193  -0.0786   0.0294   0.0265  -0.0403 

       -0.0012   0.0783   0.3719

 13   0.0226  -0.0115  -0.0007   0.2721  -0.0444  -0.0263  -0.0509  -0.0044  -0.0287  

       -0.0485  -0.0143  -0.1285   0.3911

 14  -0.0114   0.0044   0.0142  -0.0006   0.0076   0.0625  -0.0048  -0.0060   0.0059

        0.0038  -0.0043   0.0444   0.0039   0.3492

 15   0.0120  -0.0038   0.0454   0.0337  -0.0666  -0.0029  -0.0610   0.0024  -0.020

        0.0171  -0.0127  -0.0329  -0.0092  -0.0053   1.0268

 16   0.0144  -0.0010  -0.0394   0.0340   0.0098  -0.0365   0.0010   0.0052  -0.0220  

      -0.0012    0.0089  -0.0286   0.0125  -0.0172  -0.0082   0.4821

Symmetry species A" 

 17   4.7768

 18  -0.0180   4.6468

 19  -0.0051   0.0081   2.3347

 20   0.1450   0.0053   0.0014   0.5648

 21   0.0978   0.0502  -0.0111   0.0008    0.6321

 22   0.0283  -0.0295  -0.0319  -0.0056    0.0921   0.4230

 23   0.0281   0.1855   0.0490  -0.0051    0.0488   0.1994   0.3811

 24  -0.0025  -0.0266  -0.0580   0.0043    0.0061  -0.0089   0.0106   0.3522

 25   0.0147  -0.0543  -0.0418  -0.0120    0.0146   0.0412   0.0102   0.0058   0.4395

 26   0.0067  -0.0007  -0.0044  -0.0074    0.0135  -0.0027  -0.0000   0.0011  -0.0054

        0.0074

 27   0.0049  -0.0016  -0.0017  -0.0036    0.0020   0.0001   0.0095  -0.0006   0.0053  

      -0.0018   0.0065

Table S6

Scaled BPW91/I force field for EtCl

Symmetry species A'

  1   4.9034

  2   0.0446   4.7872

  3  -0.0084   0.0123   4.9305

  4   0.1150   0.0849   0.1228   4.4837

  5   0.0154  -0.0126   0.1064   0.2743   3.2212

  6   0.0851  -0.1158   0.0053   0.0106  -0.0194   0.5617

  7   0.1126   0.0740  -0.0235  -0.4296  -0.0257   0.0067   1.0767

  8  -0.0649   0.1130  -0.0126  -0.0740   0.1156  -0.0002   0.0114   0.6433

  9  -0.0087  -0.0040   0.1443  -0.1341  -0.2335  -0.0031   0.0160   0.0270   0.7257

 10  -0.0530   0.0693  -0.0263   0.1001   0.2162   0.0013  -0.0101   0.1689   0.1412  

        1.2255

11   0.0223  -0.0043   0.0415   0.2478  -0.4762  -0.0050  -0.0323  -0.0494   0.0662  

       0.0150   0.6846

Symmetry species A" 

 12   4.8373

 13  -0.0248   4.8489

 14   0.1319   0.0005   0.5502

 15   0.1130   0.0442  -0.0048   0.6801

 16   0.0203   0.0707   0.0060   0.0967   0.6271

 17   0.0491   0.0901  -0.0124   0.0951  -0.0547   0.8263

 18  -0.0018  -0.0005  -0.0030  -0.0035   0.0028  -0.0063   0.0119

Table S7 


Calculated frequencies for the internal ethyl group vibrations of EtTiCl3(dmpe) 


and EtTiCl3(dhpe) (eclipsed) on the basis of BPW91/I calculationsa

EtTiCl3 (dmpe)

EtTiCl3 (dhpe)

b
Ac
b
Ac
descr.







3105
11.7
3105
  9.2
asCH2

3069
  1.9
3072
  1.3
asCH"2

3033
12.1
3033
12.1
sCH2

3003
23.7
3006
17.6
sCH"2

2713
13.7
2701
14.3
CH'

1510
  7.7
1512
  8.6
'asCH3

1433
  0.9
1437
  0.3
sCH2

1432
  7.9
1430
  5.0
"asCH3

1400
  5.8
1401
  7.1
sCH3

1174
  0.5
1170
  0.5
CH2

1071
  2.0
1081
  5.0
wCH2d

1015
  6.7
1017
  7.6
CC

  904
  7.1
  909
  0.2
CH3d

  898
  3.5
  899
  0.7
"CH3

  622
  9.0
  638
  9.4
CH2







a This work, BPW91/I b Unscaled frequency (cm-1). c  Infrared intensity (km mol-1). d Strongly coupled modes.

Table S8 

Valence force constants for the ethyl group from scaled BPW91/I calculations for EtCl, EtTiCl3, and EtTiCl3(dhpe)a 

constantb 
terminal atom(s)c 
EtCl

(stag.)
EtTiCl3
(stag.)
EtTiCl3(dhpe)
(ecl.)







f1
H
 4.890
 4.671
 4.941[H(7)], 4.918[H(8)]

f2
H'
 4.787
 4.728
 3.808[H(9)]

f3
H"
 4.870
 4.809
 4.738[H(10)], 4.733[H(11)] 







f '(1
H"H"
 0.033
 0.032
 0.017[H(10)H(11)]

f '(2
H'H"
 0.032
 0.041
 0.053[H(10)H(9)], 0.051[H(11)H(9)]

f '(3
HH
 0.041
 0.024
 0.025[H(7)H(8)]







f 'g1
HH"
 0.009
 0.007


f 'g2
HH'
 0.008
 0.007


f 't
HH"
-0.017
-0.011








f 'e1
HH"


 0.016[H(7)H(11)], [H(8)H(10)]

f 'e2
HH"


-0.007[H(7)H(10)], [H(8)H(11)]

f 'e3
HH'


 0.0005[H(7)H(9)], 0.001[H(8)H(9)]

a Units: aJ Å-2. b  f1, f2 and f3 are diagonal force constants, f 'i, f 'gi and f 't describe stretching interactions between two C-H bonds respectively alpha, gauche or trans(antiperiplanar) with respect to each other. f 'e1 and f 'e2 are associated respectively with CH bonds in the eclipsed structure on the same (1) or opposite sides (2) of the C-C-Ti plane. A single entry implies identity of two possible values after rounding to three decimal places. c The two H atoms in the methylene group [H(7),H(8)] and the two H" atoms in the methyl group [H(10),H(11)] of EtTiCl3(dhpe) are slightly non-equivalent. Unlabelled H atoms correspond to H(7) or H(8).

