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A p p e n d i x  C  

X-RAY DIFFRACTION REPORTS FROM THE BECKMAN INSTITUTE 

X-ray structures for compounds 1-Ir(tma)2, 1b-Ir(tma)2, 1-Ir(py)2, 1-Ir(dmap)2, and 1-

Ir(NH3)2 are listed below, along with full reports and analysis, including experimental 

setup, selected bond lengths, and other relevant parameters.  These reports were produced 

by Michael W. Day at the Beckman Institute.  The reports for 1-Ir(tma)2, 1b-Ir(tma)2, 1-

Ir(py)2, which were originally PDF files, have been reformatted for the Microsoft Word 

program, while the reports for 1-Ir(dmap)2, and 1-Ir(NH3)2, which were produced in 

Word format, have largely just been edited in small ways, and therefore appear somewhat 

different from the former three reports.  The nomenclature in all cases has been altered to 

match that of the thesis. 
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 CALIFORNIA INSTITUTE OF TECHNOLOGY  

BECKMAN INSTITUTE  

X-RAY CRYSTALLOGRAPHY LABORATORY  

Date 18 December 2007 

Crystal Structure Analysis of:  

1-Ir(tma)2 
(shown below)  

For Investigator: Joshua Palmer ext. 6332  

Advisor: H. B. Gray ext. 6500  

Account Number: HBG.BP-1-BP.AMOCO  

By Michael W. Day 116 Beckman ext. 2734  

e-mail: mikeday@caltech.edu  

Contents  

Table 1. Crystal data  

Figures Minimum overlap  

Table 2. Atomic Coordinates  

Table 3. Selected bond distances and angles  

Table 4. Full bond distances and angles  

Table 5. Anisotropic displacement parameters  

Table 6. Observed and calculated structure factors (available upon request) 

 
    1-Ir(tma)2  

 

Note: The crystallographic data have been deposited in the Cambridge Database (CCDC) 

and have been placed on hold pending further instructions from me. The deposition 

number is 671270. Ideally the CCDC would like the publication to contain a footnote of 

the type: “Crystallographic data have been deposited at the CCDC, 12 Union Road, 
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Cambridge CB2 1EZ, UK, and copies can be obtained on request, free of charge, by 

quoting the publication citation and the deposition number 671270”.
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Table C-1-1. Crystal data and structure refinement for 1-Ir(tma)2 (CCDC 671270) 
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Table C-1-1 (cont.) 

Structure Solution and Refinement 

 

Special Refinement Details 

Crystals were mounted on a glass fiber using Paratone oil then placed on the 

diffractometer under a nitrogen stream at 100K.  

The crystals contain dichloromethane as a solvent of crystallization. It was refined with 

partial occupancy in the asymmetric unit with a final refined value of Occ = 0.185.  

Refinement of F
2
 against ALL reflections. The weighted R-factor (wR) and goodness of 

fit (S) are based on F
2
, conventional R-factors (R) are based on F, with F set to zero for 

negative F
2
. The threshold expression of F

2
 > 2σ(F

2
) is used only for calculating R-

factors(gt), etc., and is not relevant to the choice of reflections for refinement. R-factors 

based on F
2 

are statistically about twice as large as those based on F, and R-factors based 

on ALL data will be even larger.  
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All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using 

the full covariance matrix. The cell esds are taken into account individually in the 

estimation of esds in distances, angles, and torsion angles; correlations between esds in 

cell parameters are only used when they are defined by crystal symmetry. An 

approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. 

planes. 
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Table C-1-2. Atomic coordinates (x 10
4
) and equivalent isotropic displacement 

parameters (Å
2 

x 10
3
) for 1-Ir(tma)2 (CCDC 671270). U(eq) is defined as the trace of the 

orthogonalized Uij tensor.
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Table C-1-3. Selected bond lengths [Å] and angles [°] for 1-Ir(tma)2 (CCDC 671270) 
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Table C-1-4. Bond lengths [Å] and angles [°] for 1-Ir(tma)2 (CCDC 671270) 
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Table C-1-5. Anisotropic displacement parameters (Å
2 

x 10
4
) for 1-Ir(tma)2 (CCDC 

671270). The anisotropic displacement factor exponent takes the form: -2π
2
 [ h

2
 a*

2
U

11
 + 

… + 2 h k a* b* U
12

 ]. 
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 CALIFORNIA INSTITUTE OF TECHNOLOGY  

BECKMAN INSTITUTE  

X-RAY CRYSTALLOGRAPHY LABORATORY  

Date 24 January 2008 

Crystal Structure Analysis of:  

1b-Ir(tma)2 
(shown below)  

For Investigator: Joshua Palmer ext. 6332  

Advisor: H. B. Gray ext. 6500  

Account Number: HGB.BP-1-BP.AMOCO  

By Michael W. Day 116 Beckman ext. 2734  

e-mail: mikeday@caltech.edu  

Contents  

Table 1. Crystal data  

Figures Minimum overlap  

Table 2. Atomic Coordinates  

Table 3. Selected bond distances and angles  

Table 4. Full bond distances and angles  

Table 5. Anisotropic displacement parameters  

Table 6. Observed and calculated structure factors (available upon request)  

 
            1b-Ir(tma)2 

  

Note: The crystallographic data have been deposited in the Cambridge Database (CCDC) 

and have been placed on hold pending further instructions from me. The deposition 

number is 675602. Ideally the CCDC would like the publication to contain a footnote of 

the type: “Crystallographic data have been deposited at the CCDC, 12 Union Road, 

Cambridge CB2 1EZ, UK, and copies can be obtained on request, free of charge, by 

quoting the publication citation and the deposition number 657602”. 
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Table C-2-1. Crystal data and structure refinement for 1b-Ir(tma)2 (CCDC 675602) 
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Table C-2-1 (cont.) 

Structure Solution and Refinement 

 

Special Refinement Details 

Crystals were mounted on a glass fiber using Paratone oil then placed on the 

diffractometer under a nitrogen stream at 100K.  

The crystals contain dichloromethane as a solvent of crystallization—three in the 

asymmetric unit. One of those three is disordered with the chlorine atoms occupying two 

orientations while sharing a common carbon atom. The disorder was modeled without 

restraint, except that the total chlorine population was restrained so that the orientations’ 

occupancy summed to one.  
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Refinement of F
2
 against ALL reflections. The weighted R-factor (wR) and goodness of 

fit (S) are based on F
2
, conventional R-factors (R) are based on F, with F set to zero for 

negative F
2
. The threshold expression of F

2
 > 2σ(F

2
) is used only for calculating R-

factors(gt), etc., and is not relevant to the choice of reflections for refinement. R-factors 

based on F
2
 are statistically about twice as large as those based on F, and R-factors based 

on ALL data will be even larger.  

All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using 

the full covariance matrix. The cell esds are taken into account individually in the 

estimation of esds in distances, angles, and torsion angles; correlations between esds in 

cell parameters are only used when they are defined by crystal symmetry. An 

approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. 

planes. 
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Table 2. Atomic coordinates (x 10
4
) and equivalent isotropic displacement parameters 

(Å
2 

x 10
3
) for 1b-Ir(tma)2 (CCDC 675602). U(eq) is defined as the trace of the 

orthogonalized Uij tensor. 
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Table C-2-3. Selected bond lengths [Å] and angles [°] for 1b-Ir(tma)2 (CCDC 675602) 
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Table C-2-4. Bond lengths [Å] and angles [°] for 1b-Ir(tma)2 (CCDC 675602) 
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Table C-2-5. Anisotropic displacement parameters (Å
2 

x 10
4
) for 1b-Ir(tma)2 (CCDC 

675602). The anisotropic displacement factor exponent takes the form: -2π
2
 [ h

2
 a*

2
U 

11 
+ 

… + 2 h k a* b* U
12

 ]. 
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 CALIFORNIA INSTITUTE OF TECHNOLOGY  

BECKMAN INSTITUTE  

X-RAY CRYSTALLOGRAPHY LABORATORY  

Date 24 January 2008 

Crystal Structure Analysis of:  

1-Ir(py)2  

(shown below)  

For Investigator: Joshua Palmer ext. 6332  

Advisor: H. B. Gray ext. 6500  

Account Number: HGB.BP-1-BP.AMOCO  

By Michael W. Day 116 Beckman ext. 2734  

e-mail: mikeday@caltech.edu  

Contents  

Table 1. Crystal data  

Figures Minimum overlap  

Table 2. Atomic Coordinates  

Table 3. Selected bond distances and angles  

Table 4. Full bond distances and angles  

Table 5. Anisotropic displacement parameters  

Table 6. Hydrogen bond distances and angles  

Table 7. Observed and calculated structure factors (available upon request)  

 
       1-Ir(py)2  

 

Note: The crystallographic data have been deposited in the Cambridge Database (CCDC) 

and have been placed on hold pending further instructions from me. The deposition 

number is 657603. Ideally the CCDC would like the publication to contain a footnote of 

the type: “Crystallographic data have been deposited at the CCDC, 12 Union Road, 

Cambridge CB2 1EZ, UK, and copies can be obtained on request, free of charge, by 

quoting the publication citation and the deposition number 657603”. 
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Table C-3-1. Crystal data and structure refinement for 1-Ir(py)2 (CCDC 657603) 
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Table C-3-1 cont. 

Structure Solution and Refinement 

 

Special Refinement Details 

Crystals were mounted on a glass fiber using Paratone oil then placed on the 

diffractometer under a nitrogen stream at 100K.  

The crystals contain methanol as a solvent of crystallization—three in the asymmetric 

unit. One of those three is disordered between two positions. The disorder was modeled 

with restraint on the C-O bond distances and on the anisotropic displacement parameters 

(ADP). In the solvent only C-O distances were restrained to have similar distances, the 

ADPs were restrained to mimic isotropic behavior, and for the disordered site the 

population was restrained so the occupancies summed to one.  

Refinement of F
2
 against ALL reflections. The weighted R-factor (wR) and goodness of 

fit (S) are based on F
2
, conventional R-factors (R) are based on F, with F set to zero for 
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negative F
2
. The threshold expression of F

2
 > 2σ(F

2
) is used only for calculating R-

factors(gt), etc., and is not relevant to the choice of reflections for refinement. R-factors 

based on F
2
 are statistically about twice as large as those based on F, and R-factors based 

on ALL data will be even larger.  

All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using 

the full covariance matrix. The cell esds are taken into account individually in the 

estimation of esds in distances, angles, and torsion angles; correlations between esds in 

cell parameters are only used when they are defined by crystal symmetry. An 

approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. 

planes. 
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Table C-3-2. Atomic coordinates (x 10
4
) and equivalent isotropic displacement 

parameters (Å
2 

x 10
3
) for 1-Ir(py)2 (CCDC 657603). U(eq) is defined as the trace of the 

orthogonalized Uij tensor. 
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Table C-3-3. Selected bond lengths [Å] and angles [°] for 1-Ir(py)2 (CCDC 657603) 
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Table C-3-4. Bond lengths [Å] and angles [°] for 1-Ir(tma)2 (CCDC 671270) 

  



158 
 

 

  



159 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



160 
 

 

Table C-3-5. Anisotropic displacement parameters (Å
2 

x 10
4
) for 1-Ir(py)2 (CCDC 

657603). The anisotropic displacement factor exponent takes the form: -2π
2
 [ h

2
 a*

2
U

11
 + 

... + 2 h k a* b* U
12 

]. 
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Table C-3-6. Hydrogen bonds for 1-Ir(py)2 (CCDC 657603) [Å and °] 

 


