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Additional Experimental 

Analyses by X-ray Photoelectron Spectroscopy (XPS).  XPS analyses of solids of 1b, 

Ta(NMe2)5 and a mixture of W(NMe2)6 and W2(NMe2)6 were carried out on an upgraded Perkin 

Elmer Phi 5000 Series ESCA/SAM system using a standard Mg Kα excitation.  Base pressure in 

the XPS chamber was 10-9 torr.  The composition was determined according to the XPS 

multiplex spectrum.  Solid of each sample was ground into powders in a glovebox, and then put 

on a Scotch tape.  The tape was then placed into the XPS chamber for analysis.  The XPS 

spectra of 1b, Ta(NMe2)5 and W(NMe2)6 [containing a small amount of W2(NMe2)6]S1 are given 

in Figures S1-S3.  The Ta and W 4f5/2 and 4f7/2 peaks were not resolved in the spectra.  

However, the 4f5/2-4f7/2 peaks for 1b, Ta(NMe2)5 and W(NMe2)6 are at 30.7, 29.6 and 38.7 eV, 

respectively.S2  Although these spectra for the volatile samples are not high resolution, they 

show that the chemical shifts of the 4f5/2-4f7/2 peaks in 1b and Ta(NMe2)5 are close to each other 

(and are close to those of other Ta samples)S3 but are ca. 8.0 eV less than that of the tungsten 

sample.  The XPS spectra suggest that 1b contains Ta but not W.  These results are consistent 

with other analyses of 1b. 

XPS analyses of the residue after sublimation of Ta(NMe2)5 (1b) and 

Ta(NMe2)4(MeNCH2NMe2) (2b) were carried out on a Perkin Elmer PHI 5500 Multi-Technique 

System using a standard Al Kα excitation source.  Base pressure in the XPS chamber was 10-9 

torr.  The Ta 4f5/2-4f7/2 peaks at >27.3 eV are closed to those of Ta(V) species, suggesting that 

there are unlikely Ta(0) species in the residue.  

 

Additional References 

(S1) W(NMe2)6 prepared from WCl6 is usually contaminated with W2(NMe2)6.8b 
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(S2) The chemical shifts in XPS spectra are not calibrated.  Thus the relative values are 

significant. 

(S3) Wagner, C. D.; Riggs, W. M.; Davis, L. E.; Moulder, J. F. Handbook of X-ray Photoelectron 

Spectroscopy. Perkin-Elmer Corporation: Minnesota, 1979. 
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Figure S1.  XPS spectrum of Ta(NMe2)4(η2-MeNCH2NMe2) (2b). 

 

     

Figure S2.  XPS spectrum of Ta(NMe2)5 (1b). 
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Figure S3.  XPS spectrum of a mixture of W(NMe2)6 [containing a small amount of 

W2(NMe2)6]. 

 

 

Figure S4.  IR spectrum of Ta(NMe2)4(η2-MeNCH2NMe2) (2b, KBr pellet). 
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Figure S5.  XPS spectrum of the residue after the sublimation of 1b and 2b.
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Table S1.  Calculated total energies, energies with zero-point energy corrections, and free energies of the 

structures in the text. 

 

 E (Hartree) E (with ZPE) (Hartree) Free energies (Hartree) 

CH2=NCH3 -133.9393776 -133.8707726 -133.8954956 

1b -730.7837507 -730.3707027 -730.4232487 

2b -864.7504827 -864.2624877 -864.3191237 

2b-TS -864.6909138 -864.2056048 -864.2600868 

3b -864.7256077 -864.2399667 -864.2956337 

3b-TS -864.7228574 -864.2387544 -864.2955704 
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The Calculated Geometries with Cartesian coordinates  
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Table S2.  Crystal data and structure refinement for 2a. 

 

Empirical formula  C12 H35 N6 Nb 

Formula weight  356.35 

Temperature  173(2) K 

Wavelength  0.71073 Å 

Crystal system  Cubic 

Space group  Im-3m 

Unit cell dimensions a = 9.8520(11) Å α = 90° 

 b = 9.8520(11) Å β = 90° 

 c = 9.8520(11) Å γ = 90° 

Volume 956.25(18) Å3 

Z 2 

Density (calculated) 1.241 Mg/m3 

Absorption coefficient 0.629 mm-1 

F(000) 382 

Crystal size 0.25 × 0.23 × 0.20 mm3 

Theta range for data collection 2.92 to 28.41° 

Index ranges -12 # h # 13, -13 # k #13, -13 # l # 12 

Reflections collected 2686 

Independent reflections 143 [R(int) = 0.0678] 

Completeness to theta = 28.41° 96.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.8845 and 0.8586 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 143 / 0 / 11 

Goodness-of-fit on F2 1.192 

Final R indices [I > 2sigma(I)] R1 = 0.0465, wR2 = 0.1123 

R indices (all data) R1 = 0.0465, wR2 = 0.1123 

Largest diff. peak and hole 0.432 and -0.540 e.Å-3
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Table S3.  Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2 × 

103) for 2a.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

______________________________________________________________________________  

 x y z U(eq) 

______________________________________________________________________________ 

Nb(1) 0 0 0 52(1) 

N 2142(6) 0 0 80(2) 

C 3030(11) 1133(18) 0 152(8) 

______________________________________________________________________________ 
 
 
 
Table S4.  Bond lengths (Å) and angles (°) for 2a. 

_____________________________________________________  

Nb(1)-N#1  2.110(6) 

Nb(1)-N#2  2.110(6) 

Nb(1)-N#3  2.110(6) 

Nb(1)-N#4  2.110(6) 

Nb(1)-N#5  2.110(6) 

Nb(1)-N  2.110(6) 

N-C  1.418(14) 

N-C#6  1.418(14) 

N-C#7  1.418(14) 

N-C#8  1.418(14) 

C-C#7  1.58(3) 

C-C#6  1.58(3) 

 

N#1-Nb(1)-N#2 180.0 

N#1-Nb(1)-N#3 90.0 

N#2-Nb(1)-N#3 90.0 

N#1-Nb(1)-N#4 90.0 

N#2-Nb(1)-N#4 90.0 

N#3-Nb(1)-N#4 90.0 

N#1-Nb(1)-N#5 90.0 

N#2-Nb(1)-N#5 90.0 

N#3-Nb(1)-N#5 90.0 

N#4-Nb(1)-N#5 180.0 

N#1-Nb(1)-N 90.0 

N#2-Nb(1)-N 90.0 

N#3-Nb(1)-N 180.0 

N#4-Nb(1)-N 90.0 

 

N#5-Nb(1)-N 90.0 

C-N-C#6 67.6(7) 

C-N-C#7 67.6(7) 

C#6-N-C#7 103.8(14) 

C-N-C#8 103.8(14) 

C#6-N-C#8 67.6(7) 

C#7-N-C#8 67.6(7) 
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C-N-Nb(1) 128.1(7) 

C#6-N-Nb(1) 128.1(7) 

C#7-N-Nb(1) 128.1(7) 

C#8-N-Nb(1) 128.1(7) 

N-C-C#7 56.2(4) 

N-C-C#6 56.2(4) 

C#7-C-C#6 90.002(2) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 -y,-z,-x    #2 y,z,x    #3 -x,-y,-z    #4 z,x,y       

#5 -z,-x,-y    #6 x,z,y    #7 x,z,-y    #8 x,-y,z       
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Table S5.  Anisotropic displacement parameters (Å2 × 103) for 2a.  The anisotropic 

displacement factor exponent takes the form: -2π2 [ h2a*2U11 + ... + 2hka*b*U12] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Nb(1) 52(1)  52(1) 52(1)  0 0  0 

N 48(3)  95(3) 95(3)  0 0  0 

C 58(4)  137(13) 260(20)  0 0  -30(6) 

______________________________________________________________________________  
 
 
 
Table S6.  Hydrogen coordinates (× 104) and isotropic displacement parameters (Å2 × 103) for 
2a. 
______________________________________________________________________________  
 x  y  z  U(eq) 
______________________________________________________________________________  
H(0) 2902 2120 0 182 
_____________________________________________________________________________   
  

 

 

Figure S6.  ORTEP of 2a showing 30% probability thermal ellipsoids. 
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Figure S7.  Packing diagram of 2a along the a axis. 
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Table S7.  Crystal data and structure refinement for 2b. 
 
 
Empirical formula       C12 H35 N6 Ta 
Formula weight  444.39 
Temperature  173(2) K 
Wavelength  0.71073 Å 
Crystal system  Cubic 
Space group  Im-3m 
Unit cell dimensions a = 9.835(3) Å α = 90° 
 b = 9.835(3) Å β = 90° 
 c = 9.835(3) Å γ = 90° 
Volume 951.2(5) Å3 
Z 2 
Density (calculated) 1.555 g/cm3 
Absorption coefficient 5.778 mm-1 
F(000) 446 
Crystal size 0.19 × 0.12 × 0.10 mm3 
Theta range for data collection 2.93 to 26.27° 
Index ranges -12 ≤ h ≤ 12, -12 ≤ k ≤ 12, -12 ≤ l ≤ 12 
Reflections collected 4518 
Independent reflections 123 [R(int) = 0.0497] 
Completeness to theta = 26.27° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.5958 and 0.4065 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 123 / 0 / 12 
Goodness-of-fit on F2 1.147 
Final R indices [I>2sigma(I)] R1 = 0.0143, wR2 = 0.0370 
R indices (all data) R1 = 0.0143, wR2 = 0.0370 
Largest diff. peak and hole 0.219 and -0.274 e.Å-3 
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Table S8.  Atomic coordinates (× 104) and equivalent isotropic displacement parameters (Å2 × 
103) for 2b.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 

 x y z U(eq) 

Ta 0 0 0 50(1) 
N 0 2110(6) 0 81(2) 
C(1) 0 3040(11) 1146(13) 164(7) 
 
 
Table S9.  Bond lengths (Å) and angles (°) for 2b 
_____________________________________________________  
Ta-N#1  2.075(6) 
Ta-N#2  2.075(6) 
Ta-N#3  2.075(6) 
Ta-N#4  2.075(6) 
Ta-N#5  2.075(6) 

Ta-N  2.075(6) 
N-C(1)#6  1.451(11) 
N-C(1)  1.451(11) 
N-C(1)#7  1.451(11) 
N-C(1)#8  1.451(11) 

 
N#1-Ta-N#2 180.0 
N#1-Ta-N#3 90.0 
N#2-Ta-N#3 90.0 
N#1-Ta-N#4 90.0 
N#2-Ta-N#4 90.0 
N#3-Ta-N#4 90.0 
N#1-Ta-N#5 90.0 
N#2-Ta-N#5 90.0 
N#3-Ta-N#5 90.0 
N#4-Ta-N#5 180.0 
N#1-Ta-N 90.0 
N#2-Ta-N 90.0 
N#3-Ta-N 180.0 

N#4-Ta-N 90.0 
N#5-Ta-N 90.0 
C(1)#6-N-C(1) 66.6(6) 
C(1)#6-N-C(1)#7 101.9(11) 
C(1)-N-C(1)#7 66.6(6) 
C(1)#6-N-C(1)#8 66.6(6) 
C(1)-N-C(1)#8 101.9(11) 
C(1)#7-N-C(1)#8 66.6(6) 
C(1)#6-N-Ta 129.1(6) 
C(1)-N-Ta 129.1(6) 
C(1)#7-N-Ta 129.1(6) 
C(1)#8-N-Ta 129.1(6)

_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -y,-z,-x    #2 y,z,x    #3 -x,-y,-z    #4 z,x,y       
#5 -z,-x,-y    #6 z,y,-x    #7 -z,y,-x    #8 x,y,-z   
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Table S10.  Anisotropic displacement parameters (Å2 × 103) for 2b.  The anisotropic 
displacement factor exponent takes the form: -2π2[h2a*2U11 + ... + 2hka*b*U12] 

 

 U11 U22 U33 U23 U13 U12 

Ta 50(1)  50(1) 50(1)  0 0  0 
N 95(3)  52(3) 95(3)  0 0  0 
C(1) 262(19)  69(5) 160(12)  -36(6) 0  0 

 
 
 
Table S11.  Hydrogen coordinates (× 104) and isotropic displacement parameters (Å2 × 103) for 
2b. 
 

 x  y  z  U(eq) 

H(1A) 492 3849 909 246 
H(1B) 428 2612 1912 246 
H(1C) -920 3274 1375 246 

 
 

 
 

Figure S8.  ORTEP of 2b showing 5% probability thermal ellipsoids. 


