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1. 

Abstract 

The first lanthanide-tertiary phosphine complex, Yb[N(SiMe3)2l2-

[Me2PCH2CH2PMe2l has been prepared and structurally characterized 

by X-ray methods. Of more importance, however, is the observation 

that a methyl group on each of the (Me3Si)2N ligands is very close 

to the ytterbium atom (the Yb-C(S) contact is ca. 3 A). This 

interaction is interpreted as being important in the hydrocarbon 

activation of the silylamide group in other metal (U, Th, Ti, Hf 

or Zr) complexes~ leadirtg to elimination of a y-hydrogen atom 

to form the metallacycle shown below (R=alkyl, hydride). 

R 

LnM/ + + RH 

\N(SiMe3) 2 
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The 4f-block metals have a rich coordination chemistry with 

nitrogen and oxygen ligands.la In contrast only one example of 

a tertiary phosphine complex of a lanthanide metal Cp3YbPPh3, has 

been claimed.lb-e Lanthanide ions are generally thought to be 

the examples of class Alf or hard lg Lewis acids. Thus, the most 

thermodynamically stable complexes are formed between nitrogen 

and oxygen donors and lanthanide acceptors rather than between 

phosphorus and sulfur donors. The isolation of phosphine complexes 

of the actinide metals (thorium or uranium) of the type MX4(dmpe)2, 

where dmpe is bis~l,2-dimethylphosphinoethane and X is halide, 

alkyl, or phenoxide 2a and U(Me 5c5 ) 2H(dmpe) 2b suggests that phosphine 

complexes of the lanthanide metals should be isolable. A synthetic 

route to such compounds would seem to require lanthanide complexes 

with empty coordination sites or ligands that are readily displaced 

by tertiary phosphines. 

We have described a preparation of the divalent Eu[N(SiMe3)2J2L2, 

where L=tetrahydrofuran or 1,2-dimethoxyethane, which utilizes 

sodium naphthalene as a reducing agent.3 This synthetic method 

is only applicable in relatively strong donor solvents, and was 

unsuccessful in the preparation of ytterbium(!!) derivatives. 

A much improved synthetic scheme, which allows preparation of 

europium(!!) and ytterbium(!!) silylamides in the weaker donor 

solvent diethyl ether, is shown below. 

Yb[N(SiMe3)2J2(0Et2)2 

(I) 

( I I ) 

.. 

~.· 
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The type of product isolated is metal-dependent. With 

ytterbium, crystallization from diethyl ether yields the bis­

(diethyl ether) complex (I)4, whereas for europium, similar 

crystallization conditions give the anionic complex (II).s The 

different types of complexes can be explained by noting that in 

a given coordination number, the iqnic radius of Eu(II) is ca. 

0.1 A greater than that of Yb(II).6 Since two diethyl molecules 

are less sterically demanding than a silylamide group, the latter 

is more readily accomodated about the coordination sphere of the 

larger Eu (II) ion. The preparation of pentane-soluble complexes 

of M[N(SiMe3)2J2, where M=Eu or Yb, with the relatively weak 

donor ligands [N(SiMe 3 ) 2 J- or 0Et 2 are suitable reagents for 

preparation of phosphine tomplexes of M[N(SiMe3)2J2 by way of 

displacement reactions. 

The coordinated diethyl ether in (I) is displaced by 1,2-

dimethylphosphinoethane (dmpe) giving purple, diamagnetic 

Yb[N(SiMe3 ) 2 J 2 (dmpe). 7 An ORTEP drawing is shown in Figure 1. 9 

As this is the first lanthanide phosphine complex to be 

structurally characterized, no bond length data are available 

for comparison. However, a value for the Yb-P bond length can 

be estimated from the value of 3.104 ± 0.006 A found in the 

eight coordinate U(OPh) 4 (dmpe) 2 • 2a The ionic radius of four 

coordinate Yb(II) is estimated to be ca. 0.1 A less than that 

of eight coordinate U(IV).6 Thus, the estimated Yb-P bond 

length of 3.0 A is close to the actual value of 3.012(4) A. 

Inspection of the bond distances and angles (Figure 2) 

in the N(SiMe3)2 ligands, which are related by two-fold mole­

cular symmetry, reveals distortions that result from an inter-

',\ ' 
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action between th~ C(5} methyl group and the ytterbium atom as 

shown in Figure II. The Yb-N-Si(l} bond angle of 108.5(6} 0 is 

less than the Yb-N-Si(2} angle of 121.0(7} 0
• The latter angle 

is normal since it lies in the range found for other metal 

silylamides (121.5 ± 4.5°).10 In addition the N-Si(l}-C(5} angle 

of 106.3(7} 0 is smaller than the other N-Si(l)-C(4,6) and 

N-Si(2)-C(7,8,9) angles which average to 115.4 ± 0.8° and 
' 

112.1 ± 1.5°, respectively. This is accompanied by an opening 

of the Si(l)-N-Si(2) angle to 130.5(8) 0 which is larger than is 

observed in metal-silylamides which average to 119.5 ± 3.6o.l0 

The Yb-C(5} interaction appears to lengthen the bond distances 

within the incipient metallacylic ring [YbNSi(l)C(5)] relative 

to the normal YbNSiC(Me) group, though these borid distances are 

not statistically significant. Thus~ the N-Si(l) distance of 

1.691(13)A is equal to that of the N-Si(2) distance of 1.667(13)A. 

Further, the Si(l)-C(5) distance of 1.896(20)A is not signi-

ficantly different from the other two Si(l)-C(Me) distances of 

1.861(20) and i.872(16)A. 

The Yb-C(5) separation is less than the sum of the van der 

Waals radius.of a methyl group (2.0 A) and the di~alent metallic 

radius of ytterbium (1.7 A),ll but longer than the Yb(III)­

C(methyl) distances of 2.57 A in [Cp 2 Yb(~-Me)] 2 • 12a Thus, the 

C(5) carbon atom, and two of the three hydrogen atoms bonded to 

it, are closer than expected to the metal atom. These three hydrogens 

were located and refined isotropically to reasonable tetrahedral 

postions about C(5) and no distortion due to presence of the ytterbium 

was observed. The Yb-H distances refined to 2.76(8), 2.85(6) and 

3.18(1) A, and the H-C(5)-H bond angles are 110, 105 and 113° as 
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shown in Figure II. 

Geometrically, the ytterbium-C(S) methyl interaction resembles 

the situation observed for compounds in which a methyl 

group bridges two metals, i.e. [Cp 2Y(~-Me)] 2 , 12a [Cp2 Yb(~-Me)] 2 ,12a 
[Cp 2 Yb(~-Me) 2A1Me 2 J,l 2b and [A1Me 3 ] 2 .l 2c In [Cp 2Y(~-Me)] 2 
and [AlMe3J2 the hydrogen atoms on the methyl groups were located 

and they point away from the metal atoms, ruling out a direct metal-

hydrogen interaction. The M-(~C)-M angles in these alkyls 

are 87° in [Cp2Yb(~-M~)]2, 88° .in [Cp2Y(~-Me)]2, 83 and 

78° in [Cp2Yb.( ~-Me) 2AlMe2J, and 76° in [AlMe3] 2• The 

Yb ••• C(S)Si(l) angle is 79.9(7) 0 in Yb[N(SiMe3)2J2 (dmpe). It 

is therefore appealing to the view Yb-methy1 group as semi-bridging 

the electropositive ytterbium atom. The postulate that the 

interaction is primarily due to a metal-carbon rather than a 

metal-hydrogen interaction is consistent with the expected 

charge distribution (on the basis of relative electronegativity 

values) shown below. 

I 
No- . 

/' o + Yb Si 0+< 

·· .. ·. co-/' 
/I' 

H H H 
o+ o+ o+ 

This is in contrast to the situation found in transition metals 

in which·M ••• HC interactions are observed.l3 

This model for the metal-carbon interaction in Yb[N(SiHe3)2J2-
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(dmpe) is important in defining the'role of the metal atom in 

[(Me 3Si) 2NJ 3~1Me (M=Th, U) compounds in activating the y-Hydrogen 

atoms on the silylamide ligands. 14 The M ••• CH 3 interaction 

should increase the acidity of the hydrogen atom on the methyl 

group, promoting alkane elimination through a four-center transition 

state, as previously described. Therefore, a H •••• CH3Si inter­

action may be important in metallacycle formation, and an 

oxidative addition process, which is doubtless endothermic for 

these tetravalent metals, is not required. 

The anionic europium complex, II, also undergoes reaction 

with dmpe, giving an orange, paramagnetic comple'x of empirical 

formula Eu[N(SiMe3 ) 2 J 2 (dmpe) 1 •5 •15 The europium complex, II, 

and the ytterbium complex, I, yield 2:1 complexes with tri-n­

butylphosphine of composition M[N(SiMe 3 ) 2 ] 2 (PBu 3n) 2, where M is 

E u 16 or Yb • 1 7 
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Figure Captions 

Figure I. An ORTEP diagram of Yb[N(SiMe3)2l2 (dmpe). Some bond 

lengths and bond angles are: Yb-N·= 2.331(13)A; 

Yb-P = 3.012(4)A; N-Yb-N = 123.6(6) 0
; P-Yb-P = 

68.4(2) 0
; N-Yb-P = 101.2(3) 0

• 

Figure II. A line drawing showing the Yb-C(5) interaction. The 

bond angles are in degrees and the bond lengths are 

in angstroms. 
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* Estimated standard deviations are in parenthesis, Hydrogen 

atoms H(l) through H(26) were estimated but are. not refined. 

in the least-squares procedure. 
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structures* 

ATOH 911 822 833 812 813 823 EEO 
VB 2.2E(3) 3.57(3) s. 29(3, 0 0 -.2«d!) 3. 71( 2 .. p lte2 (2) e. 3 c2, e. 2 c2, -.5(1) •1.3(2) -.3(2) 5. 5 (1, 
N lte5(6) 5.c:c7J 5. 5 (5) -.7(5) -1.1(5) .5(5) 5e3(3) 
S I UJ 3.3(1) 5e5C2l e. 2 c2, -.3(2) e2U l -.7(2) SeOUl 
S I C2 J ,.. 6 (2 ) lt.3(2) e. 9 cz, • 7 (1, -.1(2) .1 (2, 5. 3 (1, 
c (1) lte2(8) 10.1(14) 10.9(13) .1(8) -2.3(8) -.9(11t 8.4(7) 
c (2) 7.3(10) 9. 7 (13) 10eltC12) -.2(11) -3.7(10) 1e3(11) 9.1 (7, 
c (3, 15.8(22) 10.3(15) 12.0(15) •4eltU6J •8.0C1El -.5(13) 12.7(1() 
CCitJ 4e9(CJ) 13.0(17) 11.1(13) -. 5 (11) e4(9) -1.8(12) 9. 7 (8) 
c (5) 5.5(10) 6. 8 uo, 8.4(11) -.1 (8) 2.1(9) .4(8) 6·.9 (6, 
c (6) 8.5(11) 6.2(6) 7. 8 (8, -.7(9) .3(9) •1e!C7) 7.5(5) 
c (7) 10.1t(1E) !.3(9) 10.0(13) •1.2(9) 1.4(11) -1 •. 4 c e, 8.6(8) 
c (8, 5.1t(8) 7.6(10) 8. 2 (9) 1e5C7) .3(7) • 5(7) 7.1(5) 
CC9J e.suu 6.7(10) 11.2 (12, 2.3UH -2.1(9) 1e3(8) 8.1 (6, 

HC12J - .6 (8, 
H C 13J .4 !96 
H ( 1.1t J 1.8343 
HCU 12 .ooo 
H(2) 12.0 00 
H ( 3) 12.000 
HCitl 12 .o 00 
H ( S) 12 .o 00 
HCe) 12.0 00 
H ( 7) 12.0 00 
H(8) 12.0 00 
HC9) 12.0 00 
H ( 10) 12.0 00 
HC1U 12.0 00 
HC15) 12.0 00 
H ( 16) 12 .a oo 
H ( 17) 12.000 
H (18) 12.0 00 
H(19) 12.0 00 
HC20J 12.0 00 
HC2U 12.0 00 .. H(22) 12.000 
H ( 23) 12.0 00 
HC21t) 12 .ooo .,, 
H ( 25) 12.0 00 
H ( 26) 12.0 00 

* The anisotropic temperature factor has the form 

2 *2 + 2B hka +b+ + ••• )) • The isotropic exp(-0.25(B11h a 12 

temperature factor has the form exp(-B(sine )/>.. )2). 
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OBSERVED STRUCTURE FACTORS, !TANCARO DEVIATIONS, AND OIFFEf'ENCES fALL X 6.0) 
YB (( CCH 3) 3SI) 2N) 2 ffCH3)2PCH2CH2FCCH3l2) f'(Q,Q,Q) = 3956 

FOB ANt FCA ARE THE OBSE~VEC AND CALCULATED STRUCTURE FACTCRSe 
SG • ESTIMATED STANDARm DEVIATlON OF FCB. DEL = /FOB/ • /fCA/e 
• INDICATES 2ERO HEIG~TEC DATA. 

l FOB SG DEL L FOB SG DEL L F03 SG OEL L FCB SG DEL l FOB SG DEL 
H,l(s•12t 0 10 232 9 •3 17 208 a ·7 20 35 10 -1~ 3 11t8 e 2 

0 29 5 12 ,. 14 222 8 •7 19 135 6 •12 22 230 CJ 
_,. s 31e e 1ft •7 

~ 

,. 259 10 •13 16 3CJ 10 1 21 127 6 -1 H,K• -a, ,. 7 3!7 13 12 
Ht Ka•12t 2 18 194 8 •18 H,IC: -9, 7 0 528 20 ,.,. 9 3E7 14 •6 

2 20 s 8 •10 Ht1<=•1Dt e 1 31a. 12 5 2 102 ~ c 11 372 14 3 
It 6ft 7 2 0 277 10 •1E 3 216 q •It It 399 15 ItS 1! 

1.· 

22E 8 8 
H,IC••11t 1 It 280 10 •21 5 231 9 •19 6 93 e -e 1! 203 8 22 

1 21,. 8 •10 8 262 10 •17 7 119 8 •16 8 329 12 1ft 17 1!7 e 18 
3 22 E 8 •3 12 2 40 9 •3 9 143 6 •9 10 93 c e 19 98 9 13 J 

5 188 7 •11 16 211 9 •11 11 158 6 •6 12 326 12 e 21 13! 7 •5 
7 193 7 •6 Ht K••10t 8 13 200 8 -1 16 279 11 •E 23 1"4 e •2 
9 192 7 •It 2 240 10 •18 15 184 7 3 18 49 12 ~ 2! 123 c •9 ... .. 

11 1a2 7 •12 6 222 8 •! 17 189 7 •It 20 211 8 •3 27 125 e -o 
13 18! 8 •15 10 209 8 2 19 11& 7 1 2ft litE e -a H,K• •7, 3 

H, IC ••11, 3 H, K••1Dt 10 H,IC: .g, g H,Ks -e. e 1 330 12 16 
1 137 E •6 0 265 10 -2a 1 240 9 •11 2 lt03 15 38 3 r.8o 18 22 
3 13CJ e •20 It 219 8 •21 3 252 9 •18 It 38 19 12 c 312 12 8 .. 
5 187 7 •2 6 32 30 1! 5 160 6 •1 6 256 CJ 23 7 lt15 15 

_,. 
7 180 8 •9 a 187 7 -a 7 156 6 •12 10 256 10 ·5 q lt72 17 1 
9 162 e •It HtK• -9. 1 9 153 6 ·5 14 296 11 -1ft 11 21t9 9 ... 

11 17E 7 It 1 349 13 39 11 131t 6 7 18 204 8 -e 13 399 15 21 
13 122 e •12 3 307 12 lt1 1! 158 7 •2 22 122 c •1ft 1~ 196 7 13 .. 

H,IC:•11t 5 5 303 11 37 15 130 7 ·6 H,ICs -a. e 17 1!E E 10 
1 107 e -17 7 245 9 14 H,IC: •9, 11 0 471 18 3E 1C: 203 e 1 
3 171 7 •12 9 182 8 15 1 18! 7 •24 2 ItO ,.,. 184 21 139 E 1 
5 195 e •9 11 193 8 

_,. 3 154 6 •15 It 372 1ft 10 23 171 7 11 
7 245 9 •13 13 137 7 -6 5 164 7 •31 8 2 84 11 -1 25 173 7 -2 
9 230 9 •3 15 162 6 -2 7 147 6 -7 10 E4 10 e H,K• -7. 5 

11 194 8 •8 17 178 7 -It 9 122 5 •15 12 296 11 -7 1 203 e •2 
H,IC••11t 7 19 165 6 4 11 13E 6 •13 16 266 10 " ~ 192 7 •11 .. 

1 108 9 •10 21 150 6 •6 13 87 8 •18 18 38 9 10 c 286 11 6 .. 
3 120 e -a HtiC• -9. 3 H,K: -9, 13 20 196 8 e 1 241 9 1 
5 193 8 •11 1 34E 13 46 1 160 7 •2 Htl<• -a, 111 9 2E7 10 3 
7 205 8 -3 3 357 13 43 3 140 7 -6 2 257 10 .c 11 32E 12 9 .. 

H, K •·t o, 0 5 199 e 28 ! 152 8 •11 It 31t 41 -1a• 1:! 193 7 •2 
2 398 15 -13 7 222 g 15 H,l(: -8, 0 6 27lt 10 •28 1! 1Elt e -o 
e 30 t 1 z -7 9 188 8 3 D 271 10 1 .. 10 21t4 Cj •27 17 150 7 •3 

10 264 10 -2 11 157 8 17 It 37! 1ft .. 12 e3 6 7 19 73 8 •12 
14 28e 11 •11J 13 188 1 -6 e '+70 17 5 1lt 1E9 7 •11 21 103 c 3 .. 
18 2 2,. 8 -29 15 195 7 0 12 310 11 15 16 33 12 1 23 125 c a ~ 

H, I( •·1 Q, 2 17 173 7 7 16 156 8 5 18 146 e 1 25 91 12 •4 ~' 

0 32 .. 12 •It 19 207 8 •3 20 215 a •3 Htl<• -a, 12 H,l(s -7, 7 
2 70 30 6 21 132 E •1 2ft 17~ 7 •1 .. 0 1~4 7 

_,. 1 2S8 10 -15 
" 29e 12 -7 HtK• •9t 5 H,l< • -e, 2 4 22 8 g -2n 't 221 e -7 .. 
8 273 10 14 1 323 12 19 2 531J 20 41 8 255 10 •29 c 281 10 13 ~ 

10 61 e 10 3 25€ 10 13 " 85 6 3 12 177 7 •17 7 312 12 9 
12 240 9 •2 5 226 10 •6 e '+62 18 15 H,Ks -e. 14 9 259 10 27 
16 220 8 •18 7 151 8 •10 8 61 6 •4 2 23E CJ Q 11 331 12 21 

H,Ks•10t 4 9 1 .. 0 e •16 10 lt17 15 22 It 37 1E •1C 1:! 177 8 15 
2 277 10 •11 11 176 7 •6 12 17 11 It 6 232 CJ -1~ 1! 205 8 •3 .. 82 10 9 13 170 7 •8 lit 254 9 21 H,Ks -1. 1 17 153 e 3 
6 250 9 -17 15 183 7 •8 18 246 9 7 1 219 e 1E 19 102 c -7 .. 



19. 
STRUCTURE FACTCRS CO~llNUfO FCf 

YB ( ( CCH3)3SI)2N)2 ((CH3)2PC~2CH2F(CH3)2, 

L FOE SG CEL L FOB SG DEL L FOB SG OEL L FCB SG DEL L FCB SG OE:L 
21 13 E E 3 12 510 19 12 11t 243 9 5 21 1E9 7 ! 17 1C:8 7 5 
23 12<: E 1 14 7'3 8 ·3 18 15-! 6 •14 23 139 e •1 1C: 119 e •16 

H,K: -7, 9 16 395 1~ ·2 H,K• •6t 14 25 83 c:: -c: 21 12ft c:: 10 ... ... 
1 20E e 20 18 lt1 7 -1a 0 352 13 •26 27 77 5 3 H,K• -s, 15 
3 293 12 9 20 222 8 It ,. 30 e 11 -a 29 lt2 8 •3 1 21E 8 •1 
5 217 8 22 24 19lt 7 2 8 289 11 5 ~.1(. -s, 1 3 271 10 16 
7 292 11 5 28 174 7 2 10 53 7 9 1 356 13 •21 5 1E1 E •6 
9 331 12 10 H,K: -e, ,. 12 259 10 3 3 306 11 •11 7 182 7 1 

11 195 8 1 2 527 19 -s 16 209 8 •3 5 355 13 •21! c 158 E 3 .. 
.. 13 2se 10 -a c. 98 5 •10 Htl<• -e. 16 7 361 13 •12 11 128 E •3 

15 17E 7 2 6 620 23 6 2 136 6 •21 9 245 c; •11! 13 15C: E 7 
17 110 5 •3 8 98 4 1 6 18ft 1 a 11 308 12 13 1~ 142 7 7 
19 165 E 2 10 528 19 17 10 17ft 7 -o 13 179 7 2 17 130 E -7 
21 101 5 -a 12 157 6 1 H,IC: -s, 1 15 253 c; 20 H,K: -5, 17 

HtiC• -7, 11 1ft 3 E E 13 -e 1 E4lt 23 50 17 225 e 15 1 11E 5 1 
1 108 15 -o 16 33 9 •9 3 395 11t 8 19 223 8 1 3 99 5 -5 
3 7E 23 E 18 228 8 1 5 351 13 15 21 1!5 7 ·5 5 142 E 3 
5 191 8 •12 22 213 8 6 7 353 13 25 23 156 7 •It 7 100 c •8 ... 
7 169 9 •22 26 1EE 6 1 9 169 6 10 25 91 5 ... q 108 c 7 ... 
9 197 7 •15 28 38 10 -3 11 273 10 8 27 86 5 •2 11 9ft 5 •2 

11 188 7 •15 H,K• -e, 6 13 270 10 1 H,K: -s, q H,K: .... 0 
13 13f! 7 1 a 335 13 •55 15 34111 13 •9 1 358 13 •25 0 625 22 60 
15 11E 5 1 4 349 13 ·15 17 372 14 •15 3 409 15 •3E 4 584 21 ItO 
17 1DE 5 6 8 541 20 8 19 225 8 -3 5 266 10 -23 e 413 15 6 
19 57 10 -3 12 315 12 19 21 20 8 8 21 7 282 11 •9 12 350 13 -9 

H,l(: •7, 13 1ft 48 9 -5 23 103 5 1 9 281 11 15 1 E 39E 15 2 
1 19E 7 •9 16 155 6 •3 25 91t 5 •6 11 1~1t 7 7 20 392 15 10 
3 15C: e •9 18 27 32 6• 27 9:. 5 •2 13 27ft 11 1C: 24 207 8 3 
5 2 2 c: 9 

_, 20 156 E -s 29 93 5 •2 15 275 10 1C! 28 133 5 -15 
7 20 E 8 -o 24 1EO 6 3 Htl<• -s, 3 17 233 c; 2 H9 l(s .... 2 
9 207 8 •3 H, 1<: -e. 8 1 559 20 10 19 242 9 -s 2 E97 25 41 

11 210 8 9 2 435 1E -so 3 723 26 34 21 172 7 -e 4 114 7 1 
13 130 E •1ft 4 75 c: _,. c 396 1ft •9 23 133 e -e e e 1lt 22 •11 - ... 
15 132 E 1 . 6 52lt 19 -15 1 518 19 •2 25 115 c: •1 8 151 E 4 -H,IC: -7, 15 8 37 13 8 9 373 1ft 15 HtK• •5, 11 10 54q 20 •18 

1 113 c: •6 10 513 19 22 11 30 2 11 •15 1 249 c: •1E 12 101 .. •1 "' 
3 181 7 3 12 128 5 -1 13 41 <J 15 •3 3 206 8 2 14 483 18 •15 
5 12 e e •3 1ft 322 12 25 15 356 13 ·1·3 5 170 E 24 1E E5 7 3 
7 155 7 -It 18 254 1C •11 17 29q 11 •23 7 156 E 2E 1e ttee 17 -1 
9 191 7 5 20 50 23 6 19 317 12 14 9 145 e 41! 20 113 c: •2 "' 

11 11! 5 •13 22 21E 8 -5 21 209 8 •2 11 1 E2 ·e 21t 22 293 11 18 
H,t<• - e, 0 H,t<• -e, 10 23 150 6 1 13 1 E6 c; 1q 2€ 174 7 -<J 

2 ~t4e 16 11 0 29~ 11 •10 25 143 6 •1 15 1q7 10 c 30 122 c •9 .. 
e 21e 10 6 2 91 c: -3 27 90 5 3 17 207 8 e H,K• .... ,. ... 

10 309 12 12 It 2 85 11 3 29 96 5 3 19 131 c: 1 o ao7 2~ 38 
\'?'] 

..; 

14 397 1~ •6 6 113 e -7 Htl<= -s, 5 21 117 5 .c: 2 77 E •11 ... 
18 260 10 7 8 281 10 31 1 3~5 1ft 12 23 77 c; •1 " 690 25 -4 
22 111 c -a 10 37 9 6 3 377 1ft •11 H,l<a -~. 1:! e c:a ,. a "' 26 1 lt4 E •3 12 2 85 11 13 c 4ft 7 16 1 1 331 12 22 ~ ~ItS 20 •15 ... 

H,IC:r -e, 2 16 223 e -8 7 255 9 •1 3 271 10 c: 10 1ft0 c: -8 ~ .. 
0 79~ 29 47 18 55 e •2 9 226 9 ·7 5 2lt 0 9 22 12 3E5 13 •12 
2 160 E 4 20 1 E3 E -8 11 294 11 31t 7 166 c; e 1~ 110 c: -2 .. 
It E94 25 21 H, 1(: -e, 12 13 11lt 5 6 9 147 10 '1 if 456 17 21 " 
6 49 c -2 2 25'! 10 -12 15 200 7 10 11 190 e 4 18 34 8 9 ... 
8 sr.e 20 22 6 198 8 1 17 216 8 12 13 191 7 -c 20 339 13 13 

10 94 c: 3 10 2 34 q 5 19 187 7 9 15 193 1 2 22 eo e 7 
"' 



20. 
TRUCTURE FACTCRS CO~TlNUEO FC~ 
YB ( ( ( CH 3) 3 SI) 2 N) 2 ((C~3l2PCH2C~2FCCH3)~) 

L FOB SG OEL L FOe SG DEl l FOC3 SG DEL L FCB SG DEl l FCB SG DEL 
24 191 8 -a 6 351 13 24 11 390 14 -7 H9 Ka -3. 1~ 1E 2~9 11 •29 
2E 5C: s 1 10 2EO 10 -8 13 377 14 -5 1 180 7 e 1'! 107 c 1 ., 
28 130 s 2 14 242 9 •5 15 312 12 8 3 202 8 •:! 20 2~8 10 •34 

H.K• -,.. 6 18 206 8 1 17 334 12 24 5 317 12 30 2ft 2EE 10 22 
2 617 22 •3 H.K• .,.. 16 19 187 7 22 7 285 11 12 2E 73 12 -a 
It 63 4 -z 0 28~ 11 16 21 163 6 17 9 273 11 1~ ze 187 7 ,. 
E 474 17 •17 2 5~ 14 26 23 111 s 14 11 200 e 1:! 32 101 c •1 .. 
8 60 It 6 4 248 10 11 2~ 144 7 

_,. 
13 159 8 -a H,Ka -2, 4 

10 23 e 10 •13 8 187 7 1 27 119 6 -1 15 139 8 -5 2 sea 20 •24 
12 4C: c •1 12 149 6 -2 29 131 6 -5 17 99 5 '1 It 1!3 e .g ., ... 
14 430 1E 28 16 1E7 7 6 31 10 2 s 7 19 141 e c e 5~6 21 1 ., 

16 81 4 s H•K• ·'-· 18 H9 Ka -3, 7 21 126 7 E 8 ItS 17 14 
18 382 14 29 2 204 8 8 1 42S 16 •12 23 131 E " 10 E74 24 -5 
20 21! 20 14 It 3E 12 24 3 31!1 14 •8 H,Ka •3, 1! 12 21t3 q 2 
22 20 e 8 4 6 161 8 •12 5 442 16 1 1 175 c; 6 16 !04 18 •14 
26 117 5 •10 10 137 6 •11 1 369 14 •17 3 210 9 28 1 e 1 o~ 4 3 

H,Ka .,. .. ~ H,K .. -3, 1 9 374 14 •13 5 225 11 3 1e 28'- 11 •28 
0 540 20 •35 1 588 21 70 11 252 9 •13 7 205 12 -2 20 78 " -a 
2 76 4 •3 3 418 1~ 18 13 417 15 •17 9 192 11 -2 22 21~ 8 13 
It 561 20 •23 5 918 33 28 15 20 5 8 -5 11 196 7 -e 2E 230 ~ 2 
6 133 5 •9 7 462 17 -3 17 273 10 19 13 150 e •1 30 171 7 7 
a lt51 1E •43 9 655 24 6 19 119 5 8 15 139 e -1 H,K• -2. 6 

1Q 12! c 12 11 3 54 13 -20 21 146 6 12 17 116 5 c 0 700 25 •2 . ., 
12 384 14 •19 13 303 11 •3 2:! 109 9 •1 19 124 7 e 2 19~ 8 11 
14 78 4 5 15 223 8 •8 25 134 5 •4 H9 Ka -3, 17 " 620 22 9 
1E 421 1E 15 17 17ft 6 15 27 115 5 -7 1 190 7 2 e 14~ E 15 
18 33 10 •14 19 21t7 9 -1r. 29 12~ 6 2 3 158 E : e E7~ 24 34 
20 30 2 11 4 21 199 8 4 ... ,I(. -3, 9 5 150 e 2 10 103 .. 0 
24 18 E 7 -9 23 2 53 9 10 1 25E 10 -9 7 142 e 12 12 E!6 25 -5 
28 120 5 •4 25 1 ~I! 7 5 3 297 11 •5 q 129 e -e 111 ItO 1 9 

H,Ka -4. 10 27 14E 6 -2 ~ 386 14 •13 11 144 e a 1E 422 15 •10 
2 lt33 1E •11 2CJ 92 c _,. 

7 369 14 •10 13 107 5 -2 11! lt1 e •It ., 
4 12 e c •4 31 92 5 2 9 38 6 14 •8 15 11t8 e e 20 2~! ~ 19 ., 
6 360 13 -3 t-ltK• -3, 3 11 384 14 •18 lof 9 1(a -3, 19 22 28 12 1 

10 26ft 1G 11 1 519 19 1 13 239 9 •9 1 12,. E •2 24 241 9 13 
12 8ft c -2 3 458 17 26 1! 233 9 9 3 109 e -1e 28 21ft 8 5 ... 
14 315 12 38 5 617 22 -28 17 20 6 8 0 5 109 e -q H. I(. -2, 8 
16 ftC: 7 •10 7 63E 23 -9 19 13~ 6 20 7 108 e -e 2 4!E 17 •28 
18 2~S 11 1lt 9 562 20 •17 21 167 7 a 14,1(. -2, a ,. 11t9 e _,. 
20 78 11 -2 11 c. ee 18 -20 2:! 112 5 -6 2 7e6 2e 62 e 41tE 1E •3 
22 1~ft 1 0 13 3Qq 11 •17 2~ 13 5 6 2 61371 50 1E e 1oq 5 10 . 
24 2~ 19 16 15 305 11 •1ft 27 127 5 -3 1 a 905 32 •21 10 4e7 18 •10 
26 130 E -1 17 214 8 ... HtK= -3, 11 14 465 17 •12 12 95 4 •3 

H,K• -4 .. 12 19 233 CJ 1 1 275 10 20 18 236 c •1E 1~ 3!9 13 •38 
"' a 34! 13 6 21 1E3 6 0 3 315 12 19 22 348 13 -e 1E 95 4 3 

2 7ft e 3 23 1~7 6 3 s 30 8 12 15 26 276 10 17 18 225 e •13 
It 34C3 13 20 25 131 7 -3 7 lt13 15 1 30 1 ~6 e 2 20 69 5 1 
8 261 10 37 27 170 7 -s 9 334 13 8 H,Ka -2, 2 22 1E~ 7 1 

10 31 12 -a 29 1Qq 5 -3 11 259 10 6 a 86 12 •21 2ft 35 25 •1 
12 217 8 18 31 ee 6 -13 1~ 18J 7 17 2 2~4 11 -7 2€ 1E7 6 -7 
16 24E 9 3 H, K= •3, 5 15 156 6 33 It 651 23 4 30 1:!7 e -1 
20 201 8 e 1 403 1! -23 17 146 s 21 6 153 q 5 H.l<: -z. 10 
22 3~ 11 18 3 484 17 -14 19 167 7 10 8 855 31 -: 0 331 13 •8 
24 139 7 9 5 480 17 4 21 12!3 5 3 10 135 7 5 2 110 c -7 ., 

H,K• - 4t 24 7 373 14 •14 23 16!) 6 10 12 S68 20 •2! 4 l435 1E 17 
2 38E 1ft 33 9 465 17 •13 "'C c:. 127 6 5 14 78 ,. -s e 100 " 8 



21. 

STRUCTURE FACTCRS CO~TINUEO FCf 
YB ( ( C CH 3) 3 SI) 2 N) 2 ((C~3)2PCH2CH2F(CH3)2J 

L FOB SG DEL L Fee SG DEl L FOC3 SG OEL L FCB SG OEL l 1='08 SG OEL 
8 650 23 16 21 20ft 8 •26 29 82 1 •3 19 77 8 •2 2~ 96 s •9 

10 78 10 •4 23 168 6 7 H.K= -1. 9 21 118 e •9 32 10~ r: 1 J 

12 440 16 •15 25 190 7 11 1 343 13 •36 H•K• •1• 17 H.K• o. 6 
14 2~ 14 -1 27 128 6 12 3 239 9 •34 1 195 . @ •14 2 718 26•117 
16 23&t 9 1Z 29 137 e 4 r: 350 13 -16 3 193 e -e 4 23E 10 •5 J 

18 36 13 •10 31 100 6 2 7 196 1 •14 5 199 8 
_,. e 758 27 •87 

20 20 It 8 2 33 7E 5 •10 9 239 9 20 1 189 7 " ! 99 7 •1 
24 184 7 •3 H•tc:= •1t 3 11 376 1'+ •30 9 202 8 8 10 624 23 •59 
26 57 6 8 1 587 21 ·39 13 152 6 •9 11 165 7 5 12 186 7 •12 .. 28 14E E 7 3 181 8 ·53 15 234 9 •19 13 158 6 -a 14 365 13 •38 

H. I<• -2. 12 5 450 1E -o 17 23 '+ g •18 15 144 E 3 11J ft73 17 •28 
2 353 13 -5 7 206 9 -7 19 1213 6 4 17 103 E •It 22 lt19 15 23 
6 498 18 •4 9 33! 12 -a 21 172 1 1 H,K: -1. 19 2E 195 e -9 
8 42 11 -3 11 367 13 -9 23 99 9 •13 1 112 6 -3 30 81 e •7 

10 446 16 17 13 30e 12 •17 25 75 5 •1 3 131 7 -1~ H,tc:a o. 8 
14 220 8 36 15 308 11 •13 27 94 6 •3 5 93 ~ •3 a 531 1~ •37 
18 170 8 2 17 311 12 •37 29 '+1 10 •1 7 106 e 1 2 180 7 •8 
20 43 8 13 19 154 6 •21 H.K • -1. 11 9 99 7 ... 4 ltQ5 15 -38 
22 20 s 8 1 21 254 ~ -17 1 1t32 16 •12 H•K• o. 0 . E 1ft1 r: •1 J 

2lt 3ft 12 •6 23 1ft7 6 6 3 !44 20 •17 lt117 0 ft2 -ee a 328 12 •45 
26 162 6 7 25 94 5 . 16 5 297 11 •4 8 344 13 -9 10 83 5 •6 

H.K• -2. 1ft 27 126 9 -2 7 337 12 •5 12 471 17 •41 12 237 9 •21 
a 161 E •2 29 71 e 4 9 333 12 ... 16 615 22 •6Q 1ft E8 s 4 
2 8e 8 3 31 67 5 -6 11 256 10 •6 20 419 1S •19 1E 2Sit 10 •15 
4 2 5 E 10 •6 HtK• -1. 5 13 333 12 -6 24 181 1 1 18 115 5 •4 
6 7C: 5 3 1 563 20 ·57 15 209 8 12 23 177 7 -2 20 2ft7 0 19 , 
8 328 12 21 3 633 23 •28 17 221 8 15 32 156 e " 24 156 7 •2 

10 ftE 11 4 5 384 14 2 1.9 197 8 5 H,t(a o. 2 28 56 E •4 
12 2 5 e 10 0 7 487 18 •1'1 21 14~ 8 -8 2 891 32 -99 H,K: a. 10 
16 15! E •8 9 572 21 1E 23 137 6 •4 It 299 11 •27 2 7!2 27 •27 
20 13 c; E •12 11 43ft 1E -2 25 120 6 1 6 111 e -1 It 111 c •12 J 

H,l(a - 2t 16 13 3 8CJ 11t •2 27 93 5 3 8 119 10 •25 e 395 11t •35 
2 271 12 2 15 371 14 •30 H •I(= -1. 13 10 432 1E -3e e E3 18 •23 
6 273 11 1 17 299 11 •18 1 242 10 •21 12 U!9 7 •11t 10 292 11 •19 

10 272 10 -3 19 338 12 -1! 3 20 2 e •12 14 536 1C: •56 12 85 4 5 
12 55 9 16 21 261 10 -! 5 150 6 •21 16 42 9 c 111 429 16 •13 J 

14 21ft e ,. 23 252 9 9 7 2a 6 8 -4 1! 429 1E -1~ 18 316 12 25 
16 30 1ft 11 25 212 9 16 9 144 6 -a 20 105 4 5 22 210 9 •8 
18 142 E -e 27 128 6 3 11 191 8 25 22 215 e -1: 

J 24 lt9 14 2 
H,l(a -2. 18 29 118 c 7 1~ 182 '7 14 24 E5 5 •2 2E 9E E •11 , 

0 210 e -1~ 31 100 5 1 15 183 8 6 26 e5 8 1 H,l(a a, 12 
4 192 8 -3 HeK2 -1. 7 17 150 9 •3 2!3 45 11 •12 0 75E 27 a 
6 50 9 9 1 473 17 ·53 19 13'+ 6 ·8 30 107 5 -o 2 88 s 62 
8 190 7 6 3 528 19 -5'+ 21 120 5 •10 H9 1(a o. .. It 48'+ 18 -17 

• . ..:, 12 177 7 3 5 254 10 8 23 76 11 •9 a 829 30 -93 e 2oe 8 -17 
H,l(a •1t 1 7 48E 18 -6 25 99 5 •2 2 260 10 •7 12 350 1~ 12 

1 780 28 1Jt 9 475 17 18 H,K: -1. 15 4 134 2E -8~ 1E 37~ 14 31 
3 eoc: 29 13 11 30! 11 •1 1 191 9 -1 6 6:!E 23 -27 1e ~te 14 18 
5 lt5ft 1E •9 13 320 12 •13 3 157 6 7 8 441 1E •30 20 232 9 •6 
1 lt11t 15 •2 15 272 10 -23 c 181 '7 2 1a E2 e •21 2~ 127 ~ -5 J 

9 4 59 17 •1'7 17 206 e •20 7 153 '7 0 12 3!0 1'+ •'+2 H,l<2 o. 1'+ 
11 49 a 18 -24 19 271 11I -10 9 14q 8 3 14 68 ,. 2 2 26 2 10 -a 
13 430 1E •26 21 175 1 14 11 173 q -3 16 344 13 -3 .. 4 110 5 6 
15 3 5e 13 •16 23 19q 8 20 13 135 6 •6 18 117 r: e e 111t e 11 , 
17 32 ~ 12 •13 25 134 7 •1 15 126 6 •8 20 402 15 -2~ e 28 30 17• 
19 311 12 •18 27 101 r: -o 17 155 6 •9 24 242 ~ 1~ 10 1ftE E 11 , 



22. 

>TRUCTURE FACTCRS CO~TINUE~ FCf 
Yl3 ( ( CCH3)3SI)2N)2 ((C~3)2PCH2CH2F(CH3)~t 

L FOB SG OEL L FCS SG OEL l FO~ SG o:: L L FCB SG OEL L FC9 SG OEL 
12 82 1:! -2 Hwl<= 1. 5 11 260 10 •25 18 237 ~ •17 1~ 22!: e 33 
14 22! 8 2 1 571 21 -19 13 ~33 12 •15 22 345 13 2 20 E2 e •8 
18 20! 8 -3 3 603 22 -35 1! 212 8 5 26 276 10 ~ 22 162 e 7 
20 52 7 15 5 35E 13 -ss 17 222 8 17 30 1E1 e _,. 24 3E 15 -a 
22 11! E •3 7 452 1E -56 19 19t.J 8 10 H,te: 2w 2 2E 172 e 1 

H,l(: a, 16 9 539 19 -63 21 151 6 •0 a qq 10 41 30 137 e 6 
0 !lt1 13 1 11 lt19 1! -so 2! 13'! 6 •4 2 32Ct 12 214 H,K• 2. 10 
2 79 1! 8 13 3E1 13 ..... 25 119 5 1 4 661 2" 47 a 3Ct e 13 •23 
.. 317 12 •2 15 JECt 13 -20 27 92 5 -s 6 151 c; ,. 2 109 c •8 .. 
8 263 11 0 17 289 11 •11 H,Kt 1. 13 8 822 29 •28 .. lt34 1E -3 .., 

12 223 8 •7 19 333 12 -9 1 247 9 -9 10 129 1 2 E 95 .. 2 
16 20 e 8 8 21 263 10 -9 3 19q 8 8 12 549 20 -se !! E29 23 -9 
20 19! 7 10 23 2EO 10 5 5 157 7 6 1ft 80 4 •2 10 57 19 •23 

H9 1(s c. 18 25 211 8 0 7 206 8 13 16 291 11 -e 12 lt32 1E •37 
2 211 9 •1 27 127 7 -10 9 11t7 6 -6 18 102 4 ... 1ft 45 6 11 
6 21! 8 -6 29 117 5 1 11 201 8 12 20 260 10 ,. 1E 233 9 11 

10 182 7 -7 31 103 5 8 13 183 7 12 22 36 e 1 18 53 E 6 
12 61t e 9 HwKt 1. 7 15 182 10 1 24 261 10 2E 20 207 8 11 
11t 127 E •11 1 491t 18 •1 17 155 6 6 26 63 1~ •11 zr. 18E 7 -a 

HtK• a, 20 3 515 1~ -17 19 13! 6 2 28 181 7 -1 2E 57 9 11 
0 161 7 1 5 24E 10 -23 21 122 5 2 32 105 c 4 2! 1Ct5 e 4 .; 

H,Ks 1, 1 7 lt71 17 •31 23 17 9 •2 H,tC: 2, 4 H,tC: 2. 12 
1 869 32 102 9 It 65 17 •46 25 9.:. 5 -3 2 591 21 1C 2 354 13 •29 
3 790 28 1 11 297 11 •32 HtK= 1. 15 It 15 4 10 •E 6 Ct91 18 •10 
5 lt41 1E •18 13 JOE 11 -35 1 206 8 18 6 562 20 •32 e 39 21 •It 
7 ItO 3 1! •26 15 2ee 10 5 3 161 6 14 8 49 15 1~ 10 lt30 1E •11 
9 lt52 1E •34 17 203 8 ... !i 18 ~ 7 23 10 632 23 -55 1ft 216 e 3 

11 lt80 17 -141 19 27'+ 10 e 7 158 8 1 12 239 9 •1 1e 111 8 1 
13 lt20 1! •55 21 170 e 9 9 148 7 ... 1ft lt79 17 •2ft 20 lt8 1 16 
15 31t5 1:! •ItO 23 192 7 6 11 17, 9 -2 16 105 .. 1 22 207 8 7 
17 321 12 •18 25 135 6 -12 13 139 6 ... 18 283 11 '1 2ft tt3 9 2 .. 
19 !10 11 .c: 27 102 c -7 15 134 6 .. 20 ez e •2 2E 161 6 3 .. .; 

21 200 e •9 29 81 5 -6 17 15'3 6 5 22 213 e -e H,K: 2, 14 
23 165 e 6 31 6E 6 1 19 71 6 -6 26 233 ~ -1 a 111 8 lt3 
25 190 7 15 HtK= 1t 9 21 123 5 5 30 1E7 E c 2 101 E 15 .. 
27 129 7 -e 1 359 13 8 H ,K • 1, 17 H,Kt 2, E 14 2E1 10 ItO 
29 13 e E 1 3 243 9 0 1 201 9 1 0 7 30 2e ze E 75 7 -1 
31 10 e c: -a 5 347 13 -15 3 20J 9 5 2 194 1 ~ 8 :!23 12 35 .. 
33 82 8 •3 1 1 9! 8 -15 5 20 It 8 •10 r. 5e6 21 -2" 1C !0 1E 6 

H,l(: 1, 3 9 237 9 -26 7 194 7 -3 6 134 8 '1 12 25! 10 6 ... 
1 58E 21 33 11 370 1le -31 9 20 .. 8 •2 ~ 641 23 -se 1E 157 e 4 
3 167 7 27 13 152 E -9 11 168 7 •7 10 96 4 -e 20 11tlt E 6 
5 410 1! •21 15 22e c: -9 13 158 6 •1 12 645 23 -67 H,K: 2, 16 
7 194 9 5 17 23Je c; 9 15 13q 10 •2 16 lt07 15 -23 2 27E 11 3 
9 320 12 •28 19 12! c 23 17 109 6 9 20 253 -: -e e 27Cl 11 •6 .. 

11 351t 13 •lt2 21 175 7 12 "',I(. 1. 19 24 241 c; •1C 10 271 10 •17 
13 30 5 11 •34 23 102 10 •6 1 117 6 14 28 217 8 E 11! 21E 8 1 
15 295 11 •25 25 es 5 •6 3 14!1 6 5 HtK• 2. e 1e 140 e •9 
17 30 5 11 •E 27 95 5 0 5 g1 6 -9 2 455 17 •4 H,K: 2. 18 
19 150 E 2 29 47 7 -5 7 112 6 2 .. 143 s •1C 0 21E 9 •1 
21 2 4 c: c: _,. Ht 1(: 1t 11 9 96 7 •14 6 428 1E -e 4 190 7 -7 
23 14e E 5 1 45E 17 2 H ,K s 2, 0 8 100 " 0 8 191 e ·5 
25 93 7 •2 3 549 20 -1'+ 2 e57 31 27 10 471 17 -21 12 180 7 2 
27 130 7 -1 5 302 11 •5 E139S 51 29 12 92 c •4 H,K: 3, 1 .; 

29 63 E •11t 7 342 13 -12 10 c:o 3 32 •62 11t 347 13 -9 1 EltO 2:! 52 
31 68 c -8 9 32! 12 -18 14 464 17 - ,.,. 16 94 4 -1 3 .. 54 17 lt3 ~ 



23. 
STRUCTURE FACTCRS CO~TINUfO FCJ 

YB (( CCH3)3SI)2N)2 CCC~3)2PCH2C~2~CCH3)~) 

L FOe SG OEL L FOB SG CEL L F03 SG DEL L FCB SG DEL L FOB SG OEL 
5 994 3€ 112 15 207 e •6 11 194 e 5 26 57 6 0 H,Ks 4t 16 
7 476 17 1ft 17 2E4 10 ·7 1~ 142 6 •12 28 128 E 4 0 297 11 3 
9 657 2ft 13 19 12! 5 10 15 133 6 -2 H1 1<• "· E It 251 10 3 

11 355 1~ •32 21 150 6 5 17 111 5 1 z 702 25 4E e 177 7 -6 
13 300 11 •13 23 105 10 •9 19 122 6 -6 4 61 " •It 12 147 E •11 
15 22@ 9 -9 25 132 E 3 H,l<• 3, 17 6 4C:2 18 23 14 39 33 33 
17 17E 7 •12 27 124 5 5 1 1!17 8 •8 8 52 c: •1 1 E 176 7 1 J 

19 2ftft 9 ·23 29 127 6 ft 3 165 7 5 10 239 ~ -o M,Ks 4. 18 
21 195 7 •22 HtK= 3, 9 c: 1C. 5 8 •15 14 427 16 -3C! 2 210 9 3 J .. 23 25E 10 7 1 268 10 _,. 7 132 7 -o 16 77 5 -o E 1ED 7 1 
25 155 8 11 3 298 11 •14 9 126 7 •12 18 381 15 -e 10 133 7 •6 
27 1lt0 E •5 5 38&t 11.t 9 11 137 6 •9 22 207 8 2 H,K• 5, 1 
29 91 5 5 7 363 13 e 13 110 8 -3 26 126 e 1 1 671 24 105 
31 85 e ·2 9 36~ 14 -9 15 153 6 ft HtK• "· e ~ 432 17 56 .. 

H,Ka 3, 3 11 371 11.t I H,l<: 3, 19 0 628 23 32 ~ 375 14 •3 
1 !84 21 57 13 235 9 •6 1 120 6 •8 2 95 ,. 17 1 3E6 14 •28 
3 ft95 18 43 . 15 231 9 7 3 118 6 •6 ft 603 22 32 9 182 1 •23 
5 639 23 48 17 208 8 21 5 103 6 •3 & 135 E -e 11 281 11 •17 
7 635 23 23 19 135 e· 7 7 109 6 4 8 lt5lt 17 21 13.27 8 11 8 
9 5lt3 20 •1 21 1€7 7 5 H,l(s ,., 0 10 125 c 10 1! 357 13 8 J 

11 lt67 17 2 23 108 5 -1 0 E22 22 ftE 12 389 11t 11t 17 382 1ft -o 
13 29E 11 •2 25 134 6 1 4 E22 22 1ft 1lt 72 c: •2 19 230 9 23 J 

15 297 11 •4 27 13E e 19 8 435 16 •36 1& lt21 1E 1C: 21 209 8 13 
17 20 7 8 12 H,Ka J, 11 12 361 1lt •25 20 306 11 1E 23 107 8 3 
19 232 9 •17 1 271 11 •27 16 ItO 5 15 5 24 1~2 7 12 25 99 5 -8 
21 163 E 4 3 318 12 -o 20 390 15 •18 28 124 6 7 27 9E c -o J 

23 151! E 13 5 306 11 -7 24 212 8 -e H,Ka 4, 111 29 99 6 1 
25 13E E 3 7 40ft 15 -19 28 13E 6 4 2 ftEO 18 It HtK= 5, 3 
27 170 E 11 9 315 12 -11 ~,I( a 4, 2 4 132 c: c 1 E12 22 86 J 

29 108 8 2 11 251 9 -16 2 763 27 115 6 363 14 -e 3 802 29 106 
31 70 5 -s 13 175 7 •1 .. 12'5 8 11 10 261 10 -e 5 430 16 43 

H,K• 3, 5 15 153 e 5 6 €5& 2ft 64 12 81 5 -e 1 55C: 21 36 
1 It& 9 17 32 17 1 lt1 10 •E 8 154 6 8 14 3C7 12 27 c: 3!7 15 9 
3 520 19 9 19 1 E3 7 -3 10 557 20 32 16 64 6 1 11 309 12 27 
5 48C! 18 9 21 125 5 •12 12 102 It 3 18 297 11 E 13 42~ 16 3 
7 372 14 •5 23 1 E1 1 2 14 lt79 18 10 20 72 c: .c 1~ 3€5 13 12 .. J 

9 452 16 •18 25 130 6 10 16 &4 & 3 22 197 8 ... 17 3 08 11 -a 
11 383 114 •36 H,Ks 3, 13 18 477 17 -s 26 136 E c: 1C: :!11.t 12 18 
13 370 14 •26 1 181 7 10 20 118 5 2 H,t<a 4t 12 21 210 8 15 
15 291! 11 •27 3 197 7 12 22 293 11 10 0 361 13 114 23 151 e 11 
11 32 e 12 •16 5 305 11 1E 26 176 1 8 2 70 14 •1 2! 145 e •2 
19 181 7 •15 7 282 11 34 30 12 5 6 1 ,. 350 13 It 27 89 c 5 .. 
21 161t E •13 9 268 10 26 fot,l(. 4, ft 8 255 c: ! 29 q1 5 •6 
23 10 e 7 -o 11 195 7 16 o e&7 31 63 12 214 8 20 H,K• s .... 5 

~~, 25 148 8 0 13 16: 8 24 2 96 6 7 1ft 29 44 -a• 1 442 1E 43 
27 121 c: •1 15 138 E -3 ~ 73,. 26 53 16 245 c; s 3 424 16 34 J 

29 131 E 5 17 102 s ft 6 103 ft 5 20 200 8 -e 5 41!6 18 24 
31 99 c: 2 19 13~ 6 3 8 51t2 20 27 24 143 6 It 1 2E e 10 7 ~ 

Htl<• 3, 7 21 12E E •1 10 13~ 6 •8 H,K: ,., 14 q 237 ~ 2 
1 475 17 10 23 139 E 12 12 355 13 1 2 40E 15 71 11 29~ 12 •3 
3 40 5 15 -o H,K: 3, 15 14 10! 5 •4 4 70 13 15 13 119 5 •10 
5 445 1E 7 1 182 1 1! 1& 453 17 •2 6 3ltE 13 34 1~ 203 8 •10 
7 356 13 •15 3 204 8 9 18 26 13 0 13 256 10 11 1? 222 9 10 
9 357 13 4 5 21q 11 15 20 327 12 -7 1ft 2~0 q 7 1q 187 7 14 

11 241 ~ •17 1 203 10 4 22 6J 6 8 1& 33 12 1ft 21 172 e 1ft 
13 40E 15 -2o 9 187 9 •1 24 183 1 5 1~ 207 e s 23 138 8 3 



24. 
STRUCTURE FACTCRS CO~TINUEO FOI 

YB ( ( CCH3)3Sl)2N)2 CCC~3)2PCH2CHZF(CH3)2) 

L FOB SG DEL L FCB SG OEL L F03 SG OEL L FCB SG OEL l FOB SG OEL 
25 92 5 1 21 119 6 2 4 381 1'+ 24 17 156 6 •! 17 111 c: •11 J 

27 85 5 •4 H,K: 5t 15 6 '+2 8 -3 1~ 96 6 -e 1~ 168 e •1 
29 49 7 •4 1 223 e 14 8 572 21 4 21 11t3 e c: 21 108 c •3 J J 

Ht I( • 5t 7 3 278 10 15 12 :!21 12 11 23 11t9 E e H,Ks 7, 11 
1 &tO Cl 1! 29 5 16E 7 8 16 158 6 45 25 132 E 6 1 117 9 8 
3 34Z 13 Zit 1 177 7 •3 20 15~ 1 1 27 130 e 1 3 1!1 12 10 
5 393 15 Zit 9 155 6 •9 214 167 1 -o H,t<: 7, ~ c 203 11 14 "' .. .. 
7 382 14 e 11 129 e 8 H9 1(w 6t 8 1 31t0 13 14 7 184 7 16 
9 250 9 14 13 15E 6 •3 2 lt93 18 37 3 511 19 3~ 9 200 8 4 

11 31 e 12 2 15 11t0 7 13 4 86 5 7 5 338 13 32 11 197 7 7 -.;, 

13 181 7 1 17 1Z4 e •8 E ~64 21 12 1 451 17 2ft 13 1 :!E e •9 
15 24E 9 0 HtK• 5, 17 8 35 18 1 9 ft~3 18 22 1! 112 e •13 
17 219 8 15 1 125 6 3 10 ~38 20 35 11 263 10 1~ 17 101 7 •5 
19 223 9 14 3 CJ~ 6 -a 12 12') 6 -a 13 417 1E 3E 1C: 51 8 •14 
Z1 182 8 3 5 140 6 ·7 1'- 33 0 12 46 15 205 8 20 He I<• 7, 13 
23 160 e 2 7 104 e -3 16 28 37 11• 11 11t1 7 8 1 214 8 -7 
25 91 c: 6 9 104 6 -5 18 262 10 12 19 212 8 3 3 174 7 4 .. 
Z1 9ft 5 -o 11 100 E -7 20 54 18 8 21 11t7 e 4 c: 242 9 4 .. 

H9 1(s 5, 9 H,t<s 6, 0 22 229 8 8 23 172 7 5 7 216 8 17 
1 412 15 39 2 ~tEE 17 51 H,t<: 6, 10 25 175 7 0 9 208 8 6 
3 455 18 15 6 290 11 1Z 0 331 12 '+7 H,Ka 7, 5 11 213 8 10 
s Z8 e 11 10 10 323 12 8 2 1113 5 8 1 214 8 33 13 1!2 E •11 
7 295 11 4 14 411 1E -a 4 31Q 11 29 3 202 9 2E 1! 140 6 3 
9 282 11 1 18 270 10 25 6 124 6 3 5 320 12 20 H,l<:a 7, 15 

11 18 e 7 22 22 112 12 7 8 295 11 30 1 257 10 1 1 122 e •5 
13 271 10 16 26 14«1 7 -9 12 293 11 14 9 281 11 7 3 185 1 -3 
15 21 e 11 25 H9 t<s e, 2 1E 227 8 

_,. 
11 336 12 Zit 5 136 1 7 

17 243 9 29 0 807 2CJ 95 18 55 12 -2 13 204 8 34 1 1E5 7 1 
19 24E 9 -2 2 172 E 16 20 162 7 •It 15 171 7 31 q 196 8 11 
21 180 7 9 ,. 7ft8 21 85 Htl< • 6, 12 11 151 e 13 11 120 e -9 
Z3 137 e 1 6 55 14 5 2 28 2 11 23 19 87 5 5 H,l<:a e, 0 
Z5 125 5 7 8 585 22 46 4 60 19 16 Z1 108 c: •4 0 269 10 -s .. 

Htl<• 5, 11 10 94 10 3 6 20 5 8 8 23 126 e E 4 38E 14 43 
1 283 11 20 12 533 20 24 10 23~ 9 -1 25 100 c: 1 ':! ft91 18 63 .. 
3 223 e 21 14 8~ 5 9 14 23~ 9 •5 H,l(a 7, 7 12 314 12 lt3 
5 177 7 3 16 401 15 11 18 16'1. 7 3 1 285 11 30 1E 159 10 •11 
7 157 E •11 18 3~ 11 •15 H,l(: 6, 14 3 242 10 2E 20 220 8 3 
9 13E e •18 20 22E 9 25 0 :!73 1ft -o 5 304 11 21 24 185 7 3 

11 160 7 2 24 197 7 2 4 32 3 12 8 1 3 28 12 17 H,t<s e, 2 
13 167 7 12 28 175 7 -6 8 28' 11 0 9 2E9 10 1! 2 ~49 20 13 
15 19! 8 8 H,K: e, It 10 49 12 5 11 338 13 3~ 4 e7 5 6 
17 20 5 8 2 2 575 21 69 12 260 10 2 13 1 ea 8 31 e tt9e 18 53 
19 130 e '+ ,. 113 5 6 16 204 8 •3 15 210 8 22 e E2 7 •3 
21 119 8 •6 6 674 24 38 H,l(: e, 16 17 1~0 7 •1 10 lt30 16 50 
23 87 E 2 8 96 8 -1 2 146 6 -c. 19 111 c: -c 12 70 e -2 t .. 

H9 1(a 5, 13 10 552 20 21 6 192 1 •3 21 145 6 2 1C. 263 10 16 
1 351 13 55 12 1E2 7 0 10 174 1 •9 23 128 e 1 18 252 C3 •8 
3 281 11 36 14 3 77 14 Z2 H ,I(: 1, 1 Htl<= 1, q 20 45 9 •4 
5 2 4 7 10 19 16 50 7 9 1 223 8 .g 1 22E e 32 22 ZltO 9 1 
1 169 e 13 18 229 9 36 3 153 6 1 3 331 12 4E H,l<• 8, 4 
9 14~ 10 -2 22 212 s 5 c: 367 1'+ 38 5 234 c; 20 a s~t7 20 29 .. 

11 183 e •12 26 170 7 -7 7 379 1'+ 57 1 319 12 3~ 2 1014 c 3 .. 
13 19E 8 14 28 3E 20 -s 9 3~ 5 15 ~5 9 349 13 2e 4 1407 15 29 
15 193 7 1 .... 1(: e, 6 11 396 15 30 11 206 e 22 E 107 c 9 J 

17 20 3 8 15 0 368 14 56 13 230 9 10 13 2E6 10 9 e 3~te 13 50 
19 12 4 6 •2 2 34 9 16 15 214 8 15 15 178 1 •4 10 96 5 9 



25. 

STRUCTURE FACTCRS CO~TINU£0 FCf 
VB ( ( CCH3)3SI )2N)2 CCC~3)2PCH2CH2FCCH3lZt 

l. FOB SG DEL L FOB SG OEL L F0'3 SG OEL L FCB SG DEL l FOB SG OEL 
12 31t1 13 31t 1 360 13 39 2 ItO 2 15 29 11 190 1 -~ 
14 2C: 31 2• 3 35E 13 36 E 305 11 •15 H,K: 11t 1 
16 28<! 11 -s 5 20~ e 16 10 265 10 •13 1 111 e -3 
18 lt1 8 1 7 242 9 21t 144 295 11 7 3 133 8 •44 
20 217 9 •6 9 191t 9 13 18 227 9 •3 5 193 7 -e 
244 153 8 It 11 158 7 •10 H9 Ka 10, 2 7 200 e •13 

H,l(: e, 6 13 195 7 _,. 0 J26 12 15 H,t<: 12t Q 

2 lt2! 16 Sit 15 200 e -7 ,. 29! 11 •12 0 297 11 -1~ 
• ,. lt2 1lt 16 17 179 7 ·3 8 27lt 10 •21 ,. 25 8 10 •144 

6 271 10 Elt 19 213 e 5 12 250 9 •15 H,t<• 12. 2 
8 52 1 10 21 129 E •13 1E 222 8 -7 2 206 e •23 

10 272 10 lt1 H9 t<a g, 5 H,t<:~r 10, .. ,. 66 7 .. 
11t 30f 11 11 1 333 13 29 2 27~ 10 •6 
18 21 e e 3 3 259 10 21 " 73 6 •0 
22 133 E 1 5 233 f! 28 6 255 10 •11 

H,l(a a, 8 7 152 10 22 10 21t7 9 •9 
0 so 3 19 3E 9 11t! 8 2D 11t 22! 9 •10 
2 56 13 33 11 17<! 1 6 18 20~ 8 6 
It 393 15 12 13 17CJ 7 -1 H ,K: 10t 6 
6 63 9 21 .15 185 7 •12 0 286 11 0 .~·': 

8 30 2 11 21 17 208 -3 7 
~-. ·. ·. ' 

8 It 291 11 
10 71 10 11t 19 140 e ·2 8 269 10 It 

•f· 

·'''· 12 30! ·7 11 5 21 135 9 11 12 242 9 ·~ 

16 270 10 
_,. H,t<w 9, 7 1E 213 8 -3 

~.. .. ··-~ 

20 197 e -6 1 319 12 3 H 9 1(a 10. 8 
H9 1(a 8, 10 3 223 9 •6 2 21t' 9 •15 ;; 

2 27,. 11 5 5 21tlt 10 9 E 219 8 •16 ' ,. 5~ 1E 11t 7 11ft 5 ... 10 213 8 •18 
6 294 11 7 9 150 e 6 H ,K • 10, 10 ' 

10 25E 9 2 11 161e 6 7 0 279 10 2 
12 61 7 It 13 201 8 •12 2 37 16 15 
1ft 173 7 •13 15 182 7 -3 ,. 229 9 -3 
18 142 E •13 17 193 8 -3 E 33 13 20 

H,l(: e, 12 19 112 e -6 8 191 7 •11 
0 19C3 8 -s H,K: 9, 9 H ,1(: 11. 1 
2 29 17 22 .1 251t 9 -7 1 21' 8 It 
It ZitS 9 3 3 263 10 •It 3 225 8 •8 
8 270 10 6 5 161t 7 •10 c 192 7 -o . 

12 18! 1 1 7 161t E -5 7 196 8 •11 
H,K• e, 11t 9 161e 6 5 9 192 7 •12 

.. 2 21te 9 -9 11 1 lt44 E •10 11 187 7 -7 ,. 31t 15 •12 13 153 6 ·5 13 190 7 -CJ 
6 2 3 c: 9 •11 15 127 e •18 H,l(: 11, 3 

r..) H9 1(a 9, 1 H,K• 9t 11 1 1Jq 6 •13 
1 3 lt7 13 57 1 19e 8 3 3 138 6 -6 
3 30! 11 53 3 159 6 •! c 18~ 1 •19 J 

5 300 11 .... 5 177 7 -3 7 177 7 •19 
7 255 9 32 7 11t7 e •2 9 171 7 •5 
9 18 E 9 18 CJ 123 6 -11 11 17~ 7 •13 

11 19! e 9 11 11t0 7 2 1:! 12 E 6 •6 
13 13! 1 •5 13 93 9 -· H ,K • 11t 5 
15 160 E 3 H,t<: g, 13 1 124 6 11 
17 181 7 5 1 162 7 -z 3 169 7 •13 
19 171 1 8 3 11t0 8 -9 5 20J 8 3 
21 15! e -1 5 1~0 e •CJ 7 250 9 •6 

H9 1(a 9, 3 H,l(: 10t I CJ 231 CJ •5 
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the University of California, the Lawrence Berkeley 
Laboratory or the Department or'Energy. 

Reference to a company or product name does· 
not imply approval or recommendation of. the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



-~ _·;:'~~.' 

•;:-' .. 

TECHNICAL INFORMATION DEPARTMENT 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF. CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

/ 

'-

.. -· 
~ \.. 

;-~ ~-· 

~ 'r ·•: , 

\.. 

/ 

1,_. 

/ 

) 




