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“Disorder” of Ta(NMe2)5 Molecule in the Solid State

• Molecular Structure of Ta(NMe2)5

• A Symmetry Imposed Disorder Reported in the Crystal Structure• A Symmetry-Imposed Disorder Reported in the Crystal Structure

• Space Group Symmetry and Site Symmetry

R fl ti C diti d P d S t• Reflection Conditions and Pseudo Symmetry

• Crystal Structure of Ta(NMe2)5 without Symmetry-Imposed Disorder 

• Summary



Ta(NMe2)5 – Simple Molecule, Problem Structure
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[1] K. Hagen, C. J. Holwill, D. A. Rice and J. D. Runnacles, Inorg.Chem., 1992, 31, 4733.



Ta(NMe2)5 – Reported Crystal Data

J. Chem. Soc., Dalton Trans. 1999, 3867.

S l t d C di tSelected Coordinates
Ta1 0.500000 0.671450 0.250000

N1 0.500000 0.422700 0.250000

N2 0.587300 0.721200 0.140500

N3 0.390800 0.755200 0.169500



Ta(NMe2)5 – Symmetry-Imposed Disorder?

J. Chem. Soc., Dalton Trans. 1999, 3867.



Hermann-Mauguin notationHermann-Mauguin notation

Selected Coordinates
Ta1 0.500000 0.671450 0.250000

N1 0.500000 0.422700 0.250000

N2 0.587300 0.721200 0.140500

N3 0.390800 0.755200 0.169500
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Symmetry-Imposed Disorder in Space Group Cmcm?

Space Group Cmcm

Multiplicity Wyckoff
letter Site symmetry

Coordinates

(0, 0, 0)+    (1/2, 1/2, 0)+

16 h 1 x, y, z …

4 c m2m 0, y, 1/4 0, -y, 3/4

Selected CoordinatesSelected Coordinates
Ta1 0.500000 0.671450 0.250000

N1 0.500000 0.422700 0.250000

N2 0 587300 0 721200 0 140500N2 0.587300 0.721200 0.140500

N3 0.390800 0.755200 0.169500

Point Group Symmetry   C2v
Bilbao Crystallographic Server http://www.cryst.ehu.es



Ta(NMe2)5 – Molecular Structure in Space Group Cmcm

Select only a subset of atoms with C2 point group symmetry.

Ta–N(1) 1.965(5) 

Ta–N(2) 2 023(9)

Selected Distances [Å]  

Ta N(2) 2.023(9)

Ta–N(3) 2.038(8)

J. Chem. Soc., Dalton Trans. 1999, 3867.



Site Symmetry & Molecular Point Group Symmetry

Space Group Pbcn

Multiplicity Wyckoff
letter

Site
symmetry Coordinates

Number HM symbol

letter symmetry

8 d 1 x, y, z …

4 c .2. 0, y, 1/4 0, -y, 3/4
Subgroups of Cmcm

… …

60 Pbcn

62 Pnma

Point Group Symmetry          C2

Ta(NMe2)5 ??

63 Cmcm Space Group Cmcm

Multiplicity Wyckoff
letter Site symmetry

Coordinates

(0, 0, 0)+    (1/2, 1/2, 0)+

16 h 1 x, y, z …

4 c m2m 0, y, 1/4 0, -y, 3/4

Point Group Symmetry          C2v

Bilbao Crystallographic Server http://www.cryst.ehu.es
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Diffraction Data at 100 K – A Primitive or C-centered Cell?

APEX2



Space Group Determined with Bruker APEX2 Program



Manual Selection of a P Lattice



Ambiguity in Space Group Selection



Bravais Lattice and Space Group Selection – XPREP
U i XPREPUsing XPREP



Structure of Ta(NMe2)5 at 100 K – Space Group Cmcm

N1

Ta1 N2

N3

C2v2v

Symmetry-Imposed Disorder Or …



Manual Selection of Space Group

What to do
?Next?



Space Group Selection – Change Tolerance



Space Group Selection - Continue



Structure of Ta(NMe2)5 at 100 K – Space Group Pbcn

N1

Ta1 N2

N3



Structure of Ta(NMe2)5 at 100 K – Space Group Pbcn

N1

Ta1 N2

N3

C22

No Symmetry-Imposed Disorder



Structure of Ta(NMe2)5 at 100 K – Space Group Cmcm

N1

Ta1 N2

N3

C2v2v



Reflection Conditions and Pseudo Symmetry
T 1 t 4

Space group Pbcn

Mult. Letter Site WP Reflection 

Space Group Cmcm

Mult. Letter Site WP Reflection 

Ta1 at 4c

simulates

Mult. Letter Sym. Representative conditions

General:

8 d 1 (x y z)

0kl: k=2n
h0l: l=2n
hk0: h+k=2n

Mult. Letter Sym. Representative conditions

General:

16 h 1 ( )

hkl: h+k=2n
0kl: k=2n
h0l: h,l=2n8 d 1 (x,y,z) h00: h=2n

0k0: k=2n
00l: l=2n

16 h 1 (x,y,z) hk0: h+k=2n
h00: h=2n
0k0: k=2n
00l: l=2n

Special: as above, plus

t

Special: as above, plus

8 g ..m (x,y,1/4) no extra 
conditions

8 f m.. (0,y,z) no extra 
conditions

8 e 2.. (x,0,0) hkl: l=2n

4 c .2. (0,y,1/4) hkl: h+k=2n

4 b -1 (0,1/2,0) hkl: h+k,l=2n

4 a 1 (0 0 0) hkl: h+k l=2n

8 d -1 (1/4,1/4,0) hkl: k,l=2n

4 c m2m (0,y,1/4) no extra 
conditions

4 b 2/m.. (0,1/2,0) hkl: l=2n
4 a -1 (0,0,0) hkl: h+k,l=2n 4 a 2/m.. (0,0,0) hkl: l=2n

Ta accounts for 37% of the electrons in Ta(NMe2)5



Intensity Plot for a C-centered Lattice

CenteredReflection 
conditionsconditions

hkl: h+k=2n
0kl: k=2n
h0l: h,l=2n,
hk0: h+k=2n
h00: h=2n
0k0: k=2n
00l: l=2n

……

Layer h k l at l = 1Layer h, k, l at l = 1



Intensity Plot for a Primitive Lattice

Reflection 
conditions

Primitive
conditions

0kl: k=2n
h0l: l=2n
hk0: h+k=2nhk0: h+k 2n
h00: h=2n
0k0: k=2n
00l: l=2n

Special: as above, 
plus

0 y 1/4 hkl: h+k=2n

Layer h k l at l = 1

0, y, 1/4 hkl: h+k=2n

0, ½, 0 hkl: h+k,l=2n

0, 0, 0 hkl: h+k,l=2n

Layer h, k, l at l = 1

Weak intensities for hkl: h+k = 2n+1
because of Ta atom lies on a special position.



Ta(NMe2)5 – Summary of Crystal Data

Crystal system Orthorhombic
Space group P b c n C m c m
Unit cell dimensions a = 13 7892(12) Å; b = 7 8111(7) Å; c = 14 4961(13) Åa  13.7892(12) Å;   b  7.8111(7) Å;     c  14.4961(13) Å
Volume 1561.4(2) Å3
Z 4
Index ranges -17<=h<=17 -8<=k<=9 -17<=l<=18Index ranges -17<=h<=17, -8<=k<=9, -17<=l<=18
Reflections collected 10148 5255
Independent reflections 1680 [R(int) = 0.0201] 908 [R(int) = 0.0185]
Completeness to θ = 26 85° 100 0 % 100 0 %Completeness to θ = 26.85 100.0 % 100.0 %
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 1680 / 0 / 79 908 / 0 / 77
Goodness of fit on F2 1 075 1 187Goodness-of-fit on F2 1.075 1.187
Final R indices [I>2σ(I)] R1 = 0.0146, wR2 = 0.0375 R1 = 0.0124, wR2 = 0.0316
R indices (all data) R1 = 0.0227, wR2 = 0.0435 R1 = 0.0127, wR2 = 0.0318
L diff k d h l 0 908 d 1 244 Å 3 0 878 d 1 212 Å 3Largest diff. peak and hole 0.908 and -1.244 e.Å-3 0.878 and -1.212 e.Å-3



Ta(NMe2)5 – Summary of Crystal Data

Selected Distances (Å) and Angles (deg).
Space Group Pbcn Cmcm*
Ta1–N1 1.981(4) 1.981(4) 
Ta1–N2 2.025(2) 2.019(5)
Ta1–N3 2.029(2) 2.032(5)

N1
Ta1 N3 2.029(2) 2.032(5)

N1–Ta1–N2 101.35(7) 101.37(14)

Ta1 N2

N3
N1–Ta1–N3 108.82(7) 108.93(15)

N2–Ta1–N3 87.25(9) 86.9(2)

N2–Ta1–N2 157.31(13) 157.3(3)

N3

N2 Ta1 N2 157.31(13) 157.3(3)

N3–Ta1–N3 142.36(13) 142.1(3)
C2

* Assuming a C centered lattice has resulted a disordered structure* Assuming a C-centered lattice has resulted a disordered structure.


