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“Disorder” of Ta(NMe,): Molecule in the Solid State

e Molecular Structure of Ta(NMe,)

o A Symmetry-Imposed Disorder Reported in the Crystal Structure

o Space Group Symmetry and Site Symmetry

» Reflection Conditions and Pseudo Symmetry

« Crystal Structure of Ta(NMe,): without Symmetry-Imposed Disorder

e Summary



Ta(NMe,): — Simple Molecule, Problem Structure

N(l)Mez

Ta-N(2) 2.040(6)
/Ta NiyMe, MezN////,,“ = Ta—N(3) 2040(6)
MezN

MezN/ \N(g)M e, Electron Diff. - Selected Distances [A]

Mez N //////
“,,

\ \\\\\\\\ N(Z) M €,

Da, Cyy C,y, Electron diffraction [1]

Ta-N(1) 2.0016
Ta-N(2) 2.0406
Ta-N(3) 2.0636
DFT - Selected Distances [A]

DFT Geometry Optimization - C,

[1] K. Hagen, C. J. Holwill, D. A. Rice and J. D. Runnacles, Inorg.Chem., 1992, 31, 4733.



Ta(NMe,): — Reported Crystal Data

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

2

Formula CioH3NsTa
M 401.34
Crystal system Orthorhombic

Space group Cmcm (no. 63) Selected Coordinates

m’f_—’_\ 13.845(3)

bIA 7.900(2)

" 14 544(3) Tal 0.500000 0.671450 0.250000
;:z N1 0.500000 0.422700 0.250000
e N2 0.587300 0.721200 0.140500
U/AS 1590.8(6)

Z 4 N3 0.390800 0.755200 0.169500
(Mo-Ka)em™ 69.0

Reflections measured 5601

Unique reflections 985

Rint 0.132, 0.024
Reflections with I =z 2a(f) 979

R [F?=z20(F?)] 0.027
wR(F?), all data 0.066

“ Before and after the absorption correction.




Ta(NMe,): — Symmetry-Imposed Disorder?

Crystal and molecular structures

The diffraction pattern of [Ta(NMe,)s] 2 suggested unequiv-
ocally a C-centred orthorhombic lattice. and the structure was
successfully solved in space group Cmcm. The molecule lies
across a special position m2m (c¢), but only the Ta and N(1)
atoms lie on the twofold axis. All other atoms are disordered
over two positions, symmetrically related vie mirror planes

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



CONTINUED No. 63 Cmcem
Hermann-Mauguin notation

Generators selected  (1); #(1,0,0); £(0,1,0); #(0,0,1): t(L,L0); (2); (3): (5)

Positions
Multiplicity., Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,0)+ (3,7.0)+ General:
6 o1 (1) %.y.2 (2) £.9.24 4 3 wyz+s  Selected Coordinates
R AR 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
8 g ..m XV .3 TV X7, 3 no extra conditions
8 f m.. 0,v,2 0.7.2+13 0,v,7+1 0.7.7 no extra conditions
8 e 2., x. 0.0 r.0.1 7,00 v.0, 1 Wkl = [ =2n
8 d 1 110 331 130 hkl : k0 =2n
4 ¢ m2m 0,v 1 0.7, 3 no extra conditions
4 b 2/m.. 0,10 011 hkl = I =2n
4 a 2/m.. 0.0,0 0.0, hkl - 1 =2n

ITA p301



Symmetry-Imposed Disorder in Space Group Cmcm?

Space Group Cmcm
Coordinates
Multiplicity V\:kaOff Site symmetry
etter (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 Coordinates

Tal 0.500000 0.671450 0.250000
N1 0.500000 0.4227/00 0.250000
N2 0.587300 0.721200 0.140500
N3 0.390800 0.755200 0.169500

Point Group Symmetry C,,
Bilbao Crystallographic Server http:/lwww.cryst.ehu.es



Ta(NMe,): — Molecular Structure in Space Group Cmcm

Select only a subset of atoms with C, point group symmetry.

Selected Distances [A]

Ta-N(1) 1.965(5)
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
. Wyckoff Site :
Multiplicity | 0 ST Coordinates
8 d 1 X, Y, Z
Subgroups of Cmcm Y
Number HM symbol 4 C 2. 0,»,1/4 | 0,-y, 3/4

Point Group Symmetry C,

60 Pbcn Ta(NMe,); ??
62 Prnma
63 Cmcm Space Group Cmcm
Coordinates
Multiplicity LT Site symmetry
letter (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 Cyy,

Bilbao Crystallographic Server http:/lwww.cryst.ehu.es



CONTINUED

Generators selected

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

5 d |
4 ¢ 2
4 b 1
4 a 1

(1); #{1,0,0); #(0,1,0); £{0,0,1): (2): (3): (5)

Coordinates

(3) &% 2+:
(7) x,¥,2+ 32

k=
1| =
e

=
(B
=]

e e
i

o
=

o] —
1] =
o] =

2

=
o

ra| =
[
[

2
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No. 60

(4) x+ 3,5+ 1,
(8) T4 1,v+1,

L B |

Pbcn

Reflection conditions

General:

Okl : k=2n
hol = [ =2n
hkO: h+ k= 2n
A0 : h=2n
0kO : k= 2n
00/ : [ =2n

Special: as above, plus
hil © h+k=2n
hil = h+k = 2n

hkl - h+k,0=2n

ITA p295



Diffraction Data at 100 K — A Primitive or C-centered Cell?

FSetup Y Lathee Exceplions Y Space Group Defermination Y Statistice Y Onit Cell Contents % SetUpFles Y Celllnformation Yy Diagnostics

F & B C | F Oby Rew All
M [tatal] 0.0 5547.0 55E5.0 5E02.0 5548.0 8357.0 7420.0 7434.0 111380
N [int> 3zigma) 0.0 2346.0 3297.0 1471.0 2910.0 3857.0 4302.0 4306.0 E455.0
Mean intensity 0.0 548.2 547.0 125 546.9 368.3 5E2.3 5E5.9 561.1
Mean int/sigma n.o 16.1 16.4 30 1581 11.8 16.7 16.7 167

1

0.9+

0.8

0.7

Intensities

06—

0.5+

Lattice

Select Lattice Type I P LI




Space Group Determined with Bruker APEX2 Program

Syztematic abzence exceptions

C- r-- o 21

M 2a1 281 35

M 1>3s 3 9 !

<lz 22 22 16307

<ldes ne ng 293
<
—E-walue ztatisticz

1
=
I I

Mon-centrosymmetric: 0.736 Centrosymmetric: 0.968
|dentical indices and Friedel oppozites combined before calculating B (sym)

Space Group | MHo. I Type IAHES I CsD I Filzym) I M[eq] I Syst, fbs, I CFOR |

O Space Groups

D Amaz #40 non-cenb 21
- Cmc2(1] #36 rorecen2 102
L(2) (R BE3 centra 2 100

{~ Choose a different space group:

14.03

FHepeat

MHexst




Manual Selection of a P Lattice

F Setup Y Lathce Exceplions Y Space Group Determination Y Statisics Y Unit Cell Contents Y SetUp Fles Y Cell Information " Diagnostics

P A B C | F Dby Rev Al
I [tk 0.0 5547.0 5565.0 5602.0 5545.0 5357.0 7430.0 7434.0 11138.0
M [int> 3zigrna) 0.0 2546.0 3297.0 1471.0 2910.0 3857.0 4302.0 4306.0 E455.0
Fean intenszity 0.0 548.2 247.0 125 045.9 368.3 5623 5E5.9 561.1
Mean int/sigma 0.0 161 16.4 30 15.1 1.8 16.7 16.7 16.7

e g gy

L

UE - - B - - - - - - - - - - - - - - - - - <= <o e e et eneemeeoeeeoeeemoeesoaeeseeeeneeeas

0.7 - [ - - - -- - -~~~ o- o= mmmeemnnoeee oo B

06— - D - - ---- - - -- - - --- - <~ - - < - eemememceenmceencceec N - e

Intensities

0.5+

Select Lattice Type I F j Jze Lattice Type: _




Ambiguity in Space Group Selection

£ Setup Y Lathee Bxcephions Y Space Group Determination % Stafistics "y Unit CelContente Y SebUp Fles Y Celllnformation Y Diagnostics %

F A E C | F Obee

Rev All

M [tatal] 0o 5547.0 55E5.0 5602.0 5548.0 8357.0

F430.0 F434.0 11138.0

I [ikt> 2zigma) 0o 294E.0 3297.0 1471.0 29100 3857.0

4202.0 4206.0 £455.0

Mean intensity 0o 5482 547.0 125 545.5 3683

562.3 5E5.9 5611

Mean int/sigma o 16.1 16.4 an 18.1 11.8

16.7 167 1687

1 o F ooy = - - - -~ - - --------------------me-m-eem--ee-se-meseme-ee-em-memsse-seseme-me-es-smeme-osms----

N - L

0.8 k-

& Mo Acceptable Spacegroup Found

0.7 4F-

Intensities

0.6 oF-

05 f-

:iSpacegruup Error ﬂ """"""""""""""""

Select Lattice Tupe | F

Uze Lattice Type: _ K [ |




Bravais Lattice and Space Group Selection — XPREP
Using XPREP

exceptions:

M (total) =
o)
Me

mb. on hex.

centrosyim and 736 non-centrosyi]

Identical indices and Friedel opposites

combined hefore calculating Risyim)

roup MNo. Tynpe Rizym) MNied) CFOM
non-cen 102
100

21




Structure of Ta(NMe,): at 100 K — Space Group Cmcm

Symmetry-Imposed Disorder

Or ...



Manual Selection of Space Group

All
11140

1034 : i ; 39¢ =]

5

Rirew.

centrosyin and 736 noh-centrosyim]

Identical indices and Friedel opposites combined before calculating B i{sym)
Option 3 22 Group No. Type Axes C30 Eisvm) Niedq) Svst. bbs. CFOM

What to do
Next?

t option [?]: |




Space Group Selection — Change Tolerance

Maximwwn DEVIATION in degrees in higher symwetry cell =
THEREZ in d ] 0 terminating ; =k [ O.
Fiint) maxitnun for « ((RRat: ; [ 0.1z ]
imuam Ri{int) ‘ =1 group determination [ O
i NTUTMEE
irnuzn
irnuzn
T to main menu or

option [E]: &

Enter new minimaun I, gma gap: 0. ll




Space Group Selection - Continue

Ofobv.), Rirev. rhomb. on hex.

L option [C]:

|E*E-1] = 1.154 [expected .S centrosym and V36 non-centrr

Identical indices and Friedel itez combined hefore o

Option Space Group No. Type Axes CED Risym) Nieq) 3Jyst. bhs. CFON

4. 13

[L] F #
[E] Promos # non
[C] Prm # non
#
#
#

16 rchiral
[ =

[0, -
(V]

[D] Prm non-cen
[E] Prraean

[F] PFhecn

(]
S Y R W R

centro

[T I
—

centro

T |:|I:|t.i|:ln [F]: I




Structure of Ta(NMe,): at 100 K — Space Group Pbcn




Structure of Ta(NMe,): at 100 K — Space Group Pbcn

No Symmetry-Imposed Disorder



Structure of Ta(NMe,): at 100 K — Space Group Cmcm




Reflection Conditions and Pseudo Symmetry

Tal at 4c
Space group Pbcn , = Space Group Cmcm
simulates
Site WP Reflection Site WP Reflection
e Sym. Representative | conditions alilis A Es Sym. Representative conditions
General: General:
Okl: k=2n hkl: h+k=2n
hOl: [=2n Okl: k=2n
hk0: h+k=2n hOl: h,I=2n
8 d 1 (x.y.2) h0O: h=2n 16 h 1 (%52) hkO: h+k=2n
0kO: k=2n h00: h=2n
00l: I=2n 0kO: k=2n
/ 00I: I=2n
/ Special: as above, plus
8 - 1/4 no extra
y ~M (x,y,1/4) conditions
v no extra
8/ f kg 0y.2) conditions
Special: as above, plus //8 e 2.. (x,0,0) hkl: I=2n
# 8 d -1 (1/4,1/4,0) hKI: k,I=2n
4 c 2 (0,y,1/4) hkl: h+k=2n S—
= ¢ m2m (0.y.1/4) conditions
4 b -1 (0,1/2,0) hkl: h+k,I=2n
4 b 2/m.. (0,1/2,0) hkl: I=2n
4 a = (0.0.0) LS a 2/m.. (0,0,0) hkl: I=2n

Ta accounts for 37% of the electrons in Ta(NMe,):




Intensity Plot for a C-centered Lattice

Reflection Centered

conditions

hkl: h+k=2n
Okl: k=2n
hOol: h,1=2n
hkO: h+k=2n
h00: h=2n
0k0: k=2n
00l: I=2n
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Intensity Plot for a Primitive Lattice

Reflection
conditions

Okl: k=2n
hol: 1=2n
hkO: h+k=2n
h00: h=2n
0k0: k=2n
00l: I=2n

Special: as above,

plus
0,vy, 1/4 | hkl: h+k=2n
0,%,0 hkl: h+k,I=2n
0,0,0 hkl: h+k,1=2n

Primitive

® & o & ° o & &
e 8 0 8 -8 @& & e 8 e
.
@ *-0:.9: 900 o -9 0
® 0+0 -0 -0:-9 o /o o
@ -0 0 & ° & & o
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Layer h, k,latl=1

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



Ta(NMe,): — Summary of Crystal Data

Crystal system Orthorhombic

Space group _ Cmcm

Unit cell dimensions a=13.7892(12) A; b=7.8111(7) A; c¢=14.4961(13) A
Volume 1561.4(2) A3

Z 4

Index ranges -17<=h<=17, -8<=k<=9, -17<=I<=18
Reflections collected 5255
Independent reflections 908 [R(int) = 0.0185]
Completeness to 0 = 26.85° 100.0 %
Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 908/0/77
Goodness-of-fit on F? 1.187

Final R indices [I>20(1)] R1=0.0124, wR2 = 0.0316

R indices (all data) R1=0.0127, wR2 = 0.0318

Largest diff. peak and hole 0.878 and -1.212 e. A2




Ta(NMe,): — Summary of Crystal Data

Selected Distances (A) and Angles (deg).

Space Group Pbcn Cmcm*
Tal-N1 1.981(4) 1.981(4)
Tal-N2 2.025(2) 2.019(5)
Tal-N3 2.029(2) 2.032(5)
N1-Tal-N2 101.35(7) 101.37(14)
N1-Tal-N3 108.82(7) 108.93(15)
N2-Tal-N3 87.25(9) 86.9(2)
N2-Tal-N2 157.31(13) 157.3(3)
N3-Tal-N3 142.36(13) 142.1(3)

N1

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



