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Structure of Tris(bis(trimethylsilyl)amido)neodymium(III),
NAIN(ST(CHa) ), 15"

By Richard A. Andersen*, David H. Templeton* and Allan Zalkin*

Neodymium tris[di(trimethy]si]y]damide] is the only knowh mohomeric,
three coordinate derivative of this lanthanide e]ement.2 The structures
of the europium (III)3 and ytterbium (III)4 derivatives have been
examined by X-ray crystallographic techniques and they, along with the
scandium (III) analogue,3 have been shown to have MN3 skeletons whiqh
are not planar. In contrast all other crystallographically known tris-
silylamides of the type M[N(SiMe3)2]3 are p]anar.4 We describe the .

- crystal structure of Nd[N(Si_Me3)2]3 and show that it is also non-planar.



EXPERIMENTAL

The Nd[N(SiMe,),]
2

3 Was prepared as previously described,2 m.p.

157-161° (]it. 161-164°). The crystal used in the X-ray analysis
was taken from a batch crystallized from pentane (0°C).
Magnetic susceptibility measurements were obtained with a PAR
model 155 vibrating sample magnetometer émp]oying a homogeneous
magnetic field produced by a Varian Associates 12-inch electromagnet
capable of a maximum fie1dlstrength of 12.5 kG. The magnetometer
was calibrated with HgCo(CNS)4.5 A variable temperature liquid
helium system produced sample temperaturés in the range 4-100°K.
~ The temperature was measured with a calibrated GaAs diode.
A hexagona] needle shaped crystal, 0.09 mm across and 0.3 mm long,
was sealed inside a quartz capillary in an argon filled dry box. It
was examined with a Picker FACS-I automatic diffractometer equipped
with a graphite monochromator and a Mo x-ray tube (X(Ka]) 0.7093‘3).
w scans of several low-angle reflections showed peaks with half-widths
of 0.16° and 0.21° for an hOO and 001 type reflections respectively.
The space group was identified as P31c. The setting ang]es of 12
manually centered reflections (19° < 26 < 25°) were used to determine
by Teast squares -the cell parameters a = 16.476(13) &, ¢ = 8.485(7) A,
and V = 1995 K3. -For Z = 2 and évmoleéular weight of 625.4 the calculated
density is 1.04 g em™S, '

Intensity data were collected using the 6-26 scan technique with

a scan speed of 2°/min on 28. Each peak was scanned from 0.75° before
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the Ka] peak to 0.75° after the Kaz peak, ahd backgrounds were counted
for 10 s at each end of the scan range, offset by 0.5°. The needle
direction of the crystal was approximately parallel to the phi axis

of the diffractometer. The temperature during data collection was

21 = 1°C. Three standard reflections, (300, 060 and 002), were measured
after every 200th scan; no significant variation was observed in the
intensities of the first two reflections, and a 5 pecent decay in
intensity was observed for the 002 reflection. A linear decay correction
of about 4% was applied uniformly to the data. The absorption co-

efficient is estimated to be 15 cm'].

Because of the diffraction geo-
metry and the small crystal dimensions the absorption is small and no
correction was deemed necessary; A total of 3404 scans, not including .
standards, resulted in 917 unique reflections, 535 of which wére
greater than 2o.

The positions of the Nd, N, and Si atoms were deduced from a
three dimensional Patterson: function. The carbon atoms were obtained
~ from a subsequent least squares and Fourier calculation. A series of
least-squares refinehents in which the function _ZW(IFOI—IFCI)Z/ZWFO2
~was minimized converged to the final structure. The expressions that
were used in processing the data and estimating the weights are given.
in the supplementary material; the “ignorance factor", p, was set to
0.06. Scattering factors from Doyle and Turner6 were used, and dispersion

7

corrections’ were applied. Hydrogen atoms could not be located, and were

not included. Becausé of the large residuals exhibited by séyera] of
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the low angle intensities, all 35 data whose (sine)/kris less than
0.127, were deleted. The discrepancy index for 522 data are

R

H

z||Fy|-1F [ 1/2]F,| = 0.076

R 1/2

: 2 2
= Dow(IF |- IF _%/aulF, 1%

0.091

R for all 882 data is 0.13. The error in an observation of unit
weight is 2.0. In the last cycle no parameter changed more than

0.0010.

RESULTS AND DISCUSSION

Atomic parameters; distances and angles are listed in Tables
I-II1. The molecular structure of this Nd complex (Fig. 1) is similar
to that found in the A1,8 Fe,9 Sc,3 and Eu’ compounds. The Nd atom
. is on a crystallographic 3—f01d.axis and is bonded to three'nitrogen
atoms. In the Sc and Eu isoniorphs4 the metal atoms are djsdrdered,jn
the z direction, and were treated as two half atoms ~0.6.R above and: -
- below the p1éne at z = 1/4. ‘This‘strUQture,isVsimi]ér"with Nd 0.34 R
above aﬁd'below z = 1/4. 0ri§iha]1y’the-Nd]étomkgas freated;as an’
anisotropic atom at z = 1/4 whiéh resulted in thermal parameters B]]
and 833 being 3.5 and 16.0 ﬁz»respeCtive]yq  when the Nd atom was
treated isotropically as two ha]f:étoms disordered acrosébthé plane
at z = 1/4 the subsequent least-squares refinement resulted in the

R factor going from 0.084 for the ordered to 0.076 fok the disordered

description.
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A large channel that runs up the z axis, at the origin of
the unit cell, is characteristic of the structures of these hexagonal
M[N(SiMe3)'2]3 complexes. Hursthouse and Rodesﬂer‘9 have shown that
in the case of the iron complex the channel is large enough to
accommodate a benzene ring with the plane of the ring perpendicular to
the z axis; they could not fihd any ordered solvent in the channel.

A search of the final electron density and difference maps for the

Nd structure showed one peak at 0,0,1/4 of about 3 e/ﬂ3, and three
peaksAbétween 0.4 and 1.0 e/ﬂ3 just off the axis. The pattern of these
peaks Hid not resemble any reasonable molecule that might have_been
used in the synthesis. It must be presumed that fhe channel, if
occupied, contéins solvent molecules that are so irregularly 1oca£ed

as to be virtually invisible to the X-ray diffraction'technique. The
large R factor, and the large error of a reflection of unit weight

may be a result of this unresolved strucfure.

The variable temperature (4.2 - 89.6°K) magnetic susceptibility
follows Cﬁrie-Weiss béhavior, X = %2%-, Cy = 1.33 and 6 = 12°K. The
magnetic moment, ﬁeff’ is 3.27 B.M. |

Supplementary Material Available: Data processing}formulas and
the listing of structufe factor amplitudes (5 pages). Ordering

information is given on any current masthead.
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Table I.. Positional and Thermal Parameters2 with Eétimated Deviationsgqfor Nd[N(Si(CH3)3)2]3

AN x y : By 22 Bis By B3 By
Na& 2/3 1/3. | .2903(3)  3.49(7) |

N s08(1) 254 74 a3()  47(6)  2.47) 235 0 .3(5)

s 4sa33)  .286(3)  .1131(5)  4.5(2)  5.4(2)  4.0(2)  2.8(2)  -.6(2) -.1(2)

ey o) .383(1) .202(2)  8() - 9() 8 6() 1) 1)
C2) L3801 87(1) -.005(2)  6(1)  s() 71 2(1) -4 (1)

¢(3) .546(1)  .367(1)  -.033(2)  7(1)  8(1) 4(1) A1) M s
3The anisotropic temperatufe factor has the form exp(-O.ZS(Bnhza*2 + 2B]2hka*b* +...)).

gﬂere and in the fo]low1ng tables the numbers in parenthesis are the estimated standard

deviations in the least significant digit.

E-Symmetry conditions of the special poSitions for N3 x = Zy,'B]] 2812, and B]3 = 0.

—L—
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Table II. Interatomic Distances (R)

Nd -

N

Si

Si
Si

3N
2Si
c()
c(2)
c(3)

2.29(2)
1.70(1)
1.88(2)

1.86(2)
1.89(2)

Correctedi

'2.29
1.1
1.91
1.90
1.91

qadjusted for thermal motion assuming the "riding" model. v



Table III.  Selected Angles (deg.)

N -Nd-N - 117.8(1)

Nd - N -si 0 123.2(5)
N - N -si2 0 110.1(4)
si - N -sid 126.4(9)
N - si-c(1) 112.4(6)
N -Si-c(2)  114.0(7)
N -Si-c(3)  108.0(7)
c(1) - si - c(2)  108.9(9)
) -si - c3)  107.2(8)

c(2) - si - C(3) 105.9(8)

2atom at position x, x-y, 1/2 - z.
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FIGURE CAPTION
Fig. 1. ORTEP view of Nd(N(S1’Me3)2)3 down the c axis.
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SUPPLEMENTARY MATERIALS FOR THE PAPER

Structure of Tris(bis(trimethylsily)amido)neodymium(III),
Nd[N(SI(CH3)3)2]3

by Richard A. Andersen*, David H. Templeton* and Allan Za]kin*
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'DATA PROCESSING FORMULAE
I=0C- (t/2t,)(B,+3,)
o(B) = Max[(tc/étb)(B1+Bz)i, (to/2t,) |B,=B, ]
o(I) = [0 + 02(5)]i |

F = (D-A/Lp)I

o(F) = (0-ALp)olI)

Ff = IP/n p

o(Fi) = [202(F2)/h]é When'S(Fi) > LO(Fi), o(Fi) is replaced by S(Fi).

$(72) = [2]P-R /(1) E
o<r2> = [A(P) + GF) + g%t
(ﬁ)*

O(F) = - [F2 - o(Fz)]i when a(!'z)._F2 or [a(F2]é when o(F2) > F2
Lp = [cos 20, +»cosz2e]/[sin29 (1 + cos20 )]

wtg = 1/A(F)
C = counts recorded during a scan By = monochromater angle
I = individual raw intensity, 8 = crystal diffraction angle
background removed. _
- 8§ = scatter
t, = scan count time
' ‘ a = average
ty = background count time _
C ' q = additional uncertainty that
B1 = individual background count affects the weak intensities
o(B) = estimated standard dev- p = estimate of non-statistical
jation of the total back- errors
ground count
. wtg = weighting factors in least
F = structure factor ‘ squares

D = decay correction; an empir-
ically applied correction
obtained from the fluctuations
of the standard reflections.

A = absorption correction

Lp = Lorentz and polarization
corrections
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OBSERVED STRUCTURE FACTORSs STANDARDO DEVIATIGNS, AND DIFFERENCES (ALL X 6¢8)
F(0»0+0) = 3276

FOB AND FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS.
SG = ESTIMATED STANDARD DEVIATION OF FOBe DEL s /FOB/ - /FCA/.
® INOICATES 2ERO WEIGHTEC DATA.

L FOB SG DEL L FOB S6 CEL L FOB SG DEL L FOB SG DEL L FOB S6 DEL

HeK® 0y & 6 127 10 =32 8 2555 6% 2 388 12 27  HeK= 5, 3
2 406 0 131* 8 193 11 3 HoKs 4y =1 4 431 14 =19 0 39 11 19
208 7 22 HeKs 3, =i 1 591 19 64 6 33 8, 21%* 1 693 15 19
6 9% 12 -37 1 860 i 38* 266824 22 8 0 63 -52* 2 136 6& =16
8 114 12 -9 2 461 15 -4k 3 373 12 10  HeKs 5, =2 3 252 8 =12

HeKs 1, & 3 557°17 41 & 78 9 42 1 678 21 9 & 367 11 2
11048 © 12* & 256 8 -18 5 17 36 -14* 2 168 8 54 5 157 8 <3
2102 9-147% 5 40 20 24* 6 51 26 -18* 3 139 6 -9 6 72 53 2%
333614 45 6 8D 11 =37 7 133 21 =25 4 117 8 12 7 26 &3 14°
w 62 8 =34 7 116 21 -12 8 42 48 8* 5 54 24 30* 8 56 35 -1°
5 43 13 36* 8 65 15 ~19  HeKs 4y 0 6 41 42 31% HeKa 5, &
6105 8 47 9 2656 19* 0 31313 26 7 48 72 -16% 0 289 9 =58
7172 10 2 HeKs 3, & 1851 26 46 8 &1 47 10°® 1176 7 =18
8 38 31 32* 0 482 & 186% 2 32 42 0% HeKs 5, =1 2 5112 3%
9 69 206 -5 1 4ok O 35* 3179 6 =11 1 394 13 46 3 233 9 <13

HeK= 1, 1 2 899 27 14l & 169 6 =8 2 459 14 35 & 101 9 =22
0 914 0 3u6* 3 18 7 -7 5 65 10 -33 3 209 7 15 5200 8 1
223115 93 4299 9 -4 6 9% 8 -31 & 3 36 -20* 6 383 22 1
4226 9 27 5 5315 37 7 2767 7T7* S5 rs8i9 3 7 51 39 26°
B 85 28 -42% 6 58 12 23 8 76 ib =11 6 33 43 <-8% HeK= S, 5
8 103 22 -19 7 144 13 2 HoKs 4y 1 T 0 63 -36% 0 382 12 &%

HeKe 2, =1 8 139 12 =18 G 560 17 -21 8 34 57 8% 2 213 & &5
2 986 30 146  HeKs 3, 1 1 21 53 =42* HeKs 5, 0 k& 194 11 =27
8 352 11 20 0 331 J-100* 2 508 16 24 0 28 47 -99* 6 51 63 7°¢
6 67 20 63* 114223 12 3 85 .7 0 152916 11  HeKz 6¢ =3
8 63 30 41* 2298 11 67 & 95 7 19 2 403 12 20 2 264 19 -6

HeKs 2, G 337712 18 5 281 10 -5 3 4516 29 & 223 9 &
0 373 0-266* & 69 8 -18 6 48 23 -9% 4 38 16 2°* 6 65 28 -12°
1297 G -8* S 166 7 6 7 2569 =-9% 5 38 39 -11* 8 58 51 -11°
2 75 47 -37* 6232 8 22 8 3951 -21% 6 123 8 22  HeKs 69 =2
350816 1L 7 113 22 -29 HoKs 4y 2 7 39 49 =-1% 1 341 11.. 26
4 92 5-16 8 5S4 64 6% 0 277 9 @ 8 35 45 27* 2 481 15 1&

5138 6 -1 HeK= 34 2 163820 =2 HeKs 5, & 3 95 7 &
6 481 8 60 0 118 20 -91 2 13 33 -15% § 366 12 =38 4 192 7 -is
7 9319 -8 1 166 12 -46 3284 9 3 1 362 11 =35 5237 ¢ -b
8 48 20 32* 2259 9 7 4246 8 10 2 w613 1 € 76 1k =2
9 6226 -24* 3 281 9 & 5195 9 2 3 49 15 -21* 7 70 29 -3

HeK® 2, 1 & &1 16 19* 6 99 11 38 4 237 8 =2 '8 43 48 33
O @9 0 219* 5205 9 2 7 661 =-6* 5 59315 1  HeKs 6y =L
1155 © 58* 6 26 «5 -14* 8 43 51 =29* 6 96 19 -8 1 389.12 <35

2 51 74 -75% 7 26 73 12% HeKs 4, 3 7 1859 ~7* 2262 8 69 .
320€ 8 -22 8 0.62 -29% { 283 9 =33 8 7920 &9 3 221 7 =17
w215 7 2 HeKs 3, 3 1 558 17 36  HeKs 5, 2 & 26 36 10%
5284 10 . 0 612 19 53 2521 16 -8 052916 63 5 8512 1

6 47 35 4u* 2 8GL 24 B1L 3 452 1% -3 1 2#3 8 2 6283 8 23
7 77T 44 L* & 14511 1 - & 33 48 -8* 261519 36 7 2447 0%
8115 9 -43 6 53 39 45% 5 86 11 =14 3 46 23 13* 8 40 62 =2%
9 116 15 =24 8 59 48 29% 6 53 55 48% 4 116 8 -18  HeKz 6, O .

HeKe 2, 2 HoKS 4y =2 7 76 19 =5 5 194 8 =2 0 817 25 86

0 534 0 159% 2 562 16 -68 8 4651 33* 6 87 22 37 1 25 35 -12%

©.2 0 69 -26* & 296 18 -4  HeKm 4y 4 7 81 11 12 2184 6 2
8

& 445 14 7 6 3C5 11 -19 U 600 18 72 55 67 19* 3 37 150}23‘*
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SG DEL
6 =2
38 16*
52 Q7%
38 13+
Sg ~-12*
6y 1
8 =45
14 20
33 -63*
11 -1
8 <7
45 -8*%
67 5u*
45 =9+
62 ye
6y 2
8 =41
12 -8
€ ~-28
11 =4
9%
19 2
32 2L*
19 26
78 3L+
s 3
14 55
38 ~bi®
9 33
8 5
8 {
i7 17
66 -25%
14 2t
6s &4
6 =36
8 =7
8 ~23
22 11*%
8 -7
16 1.
27 =i=
58 =25%
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13 -33*
11 2
8 =28
g -9
57 18*
69 Lo
&9 a8+
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16 17
28 13
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Te =3
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28 =7*%
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12 3
9 i
16 =12
21 =9
19 =4
23 =22*%
7e =1
9 34
6 =31
7 14
14 13
8 13
64 12°%
42 19*
57 -38*
7 &
3¢ ~41*
12 7
6 =2«
8 =22
11 -1
35 i8¢+
66 &
19 26*%
13 -8
7o 4
11 37
8 16
13 41
7 12
9 =11
i 1&
34 2L*
65 ~-16%
7+ ¢
5 =42
8 5.
8 =4u
8 7
27 33+
11 14
1iv

51 "

L FOB
He K=
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473
33
86
54
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36
HeKs
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9 <2
56 6>
32 2
50 9%
52 1s
T 5
8 =24
8 2
8 -8
8 7
73 -10*
45 =21°*
57 -12*%
7+ 6
37 2"
9 -7
i1 -15
12 3
28 [ R
50 -3+
37 U R
Te 7
9 =1
13 13
58 ~61%
8y =4
17 19
12 -12
88 24%
64 -=21%

8 ‘3"'
14 13
7 =37
9 0
9 5
17 =16
68 36+
be =6%
17 4
8y =2
6 =9
6 =25
i1 ]

f0B
97
" 3
51
32
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HoKs

&

309
200
268
112
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531
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133
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9
g
8
9
7
71
54

54

8y
i6
43

8
42
20
57
31
59

8y
16
12

11

17
L2
S5&
3
57
8y
ol
8
13
12
6k
45

DEL
5
10+
45+
-17%
35*
-1
13+
19
5
6
-5

41e

-f®
G
-33
-26
3+
-8
6
2
24"
-9
i
29
-8
-30
-14
-6
30+

20°%

235
2
7
—9.
12
8’
S0+
04
37
35+
3
-27
-9
7
34®
S1°*
-3‘
.31‘
‘11‘
4
-l’.
6
~13
3

-21%

8*

L FOB
6 &5
‘HeKs
144
52
121
52
ié¢
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SNOWMEWN NS G NNOOOM S
-
-
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HoKs
1 215
2 235
3 143
4 208
S 51
6 56
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SG DEL
57 [ R
8¢ S5

. 2%
9 16
58 5i%
11 ~-44
26 Lbk*
58 =4*
8s 6
9 -12
18 0
37 <41+
10 -8
20 45*
52 =34%
8y 7T
8§ -5

16 =19
i6é 19
51 «5*%
8, 8
12 21
12 17
90 -l
180 8
10 =29
1 -9
17
w .
56 -33°
21 12°*
‘90 =3
12 12
15 35
13 12
16 =12
14 -5
63 =14*
16 69
9¢ =2
12 9
35 «65°*
8§ -9
14*
51°

8e

23+
-1
8 =1
8 =19
8 -19
8 -11
61 1
25 41®
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STRUCTURE FACTORS CONTINUED FOF

PAGE 3
L FOB SG DEL L FCB SG DEL L FO8 SG6 DEL L FOB SG DEL L FOB8 SG DEL
7 693 21 Gi* HeKs 3, 7 2 374 12 25 6 37 28 9* 1 96 9 -7
HeKa 9y ¢ 6 111 9 -1y 3 91 12 28 7 5 50 15% 2 23 48 ~4i*
6 164 7 21 1220 9 9 b 114 22 =9 HoK= 119 =3 3 168 10 15
1 3132 7% 2 19 18 27 5 124 8 6 1 354 11 =2 4 52 S2 9e
2 362 16 2« 3 42 W9 9* 6 60 31 33* 2 130 9 -1i HoKs 11, 5
3 171 7 7 HeKs 9, 8 HeK= 18, 2 3 9 21 35% @ 154 & 11
%4 155 8 -9 b 99 v -3 0 1061 10 -6 4 50 66 =2* 1 76 26 18
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