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Appendix A – DFT/AIM Data


All DFT data was generated in the manner described in Chapter 3.

Table A.1. Selected M-L bond lengths, of the crystal structures and DFT calculations, of TCA/Cu and Cy2-tn with Ni(II), Zn(II), and Cu(II) complexes.

	
	CRYSTAL STRUCTURES
	DFT (X3LY-6-31+G(d,p))
	Δ(obs-calc)

	
	bond lengths (Å)
	bond lengths (Å) 
	

	Cy2-tn/Ni
	
	
	

	M-N
	2.056
	2.076
	-0.020

	M-N
	2.064
	2.081
	-0.017

	M-O
	2.054
	2.100
	-0.046

	M-O
	2.075
	2.103
	-0.028

	M-Ax1 (H2O)
	2.072
	2.173
	-0.101

	M-Ax2 (H2O)
	2.187
	2.206
	-0.019

	Cy2-tn/Zn
	
	
	

	M-N
	2.073
	2.137
	-0.064

	M-N
	2.111
	2.137
	-0.026

	M-O
	2.075
	2.173
	-0.098

	M-O
	2.127
	2.173
	-0.046

	M-Ax1 (Cl)
	2.254
	2.232
	0.022

	TCA/Cu
	
	
	

	M-N
	1.986
	2.003
	-0.017

	M-N
	1.986
	2.003
	-0.017

	M-O
	1.947
	1.979
	-0.032

	M-O
	1.947
	1.979
	-0.032

	Cy2-tn/Cu
	
	
	

	M-N
	1.978
	2.025
	-0.047

	M-N
	1.998
	2.031
	-0.033

	M-O
	1.992
	2.017
	-0.025

	M-O
	1.996
	2.023
	-0.027

	M-Ax1 (H2O)
	2.262
	2.406
	-0.144


Table A.2. QTAIM analysis data for  TCA/Cu, and Cy2-tn with Cu(II), Ni(II), and Zn(II) complexes. 

	Bond
	Complex
	Ρ (au)
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2ρ (au)
	V 
	G 
	H 
	|V|/G
	G/ρ
	ε = |λ1|/|λ2|-1

	
	Cy2-tn/Ni
	
	
	
	
	
	
	
	

	M-N
	Ni1-N9
	0.0791
	0.2702
	-0.1183
	0.0929
	-0.0254
	1.2732
	1.1753
	0.0445

	M-N
	Ni1-N10
	0.0784
	0.2685
	-0.1172
	0.0922
	-0.0250
	1.2716
	1.1761
	0.0401

	M-O
	Ni1-O2
	0.0592
	0.2669
	-0.0932
	0.0800
	-0.0133
	1.1657
	1.3515
	0.0732

	M-O
	Ni1-O4
	0.0583
	0.2648
	-0.0919
	0.0790
	-0.0129
	1.1626
	1.3564
	0.0684

	M-Ax1
	Ni1-O5  (H2O)
	0.0424
	0.1871
	-0.0632
	0.0550
	-0.0082
	1.1493
	1.2961
	0.1915

	M-Ax2
	Ni1-O6  (H2O)
	0.0458
	0.2063
	-0.0695
	0.0605
	-0.0089
	1.1477
	1.3229
	0.1586

	For Comparison:
	
	
	
	
	
	
	
	

	N-C
	N9-C21
	0.2451
	-0.6238
	-0.3681
	0.1061
	-0.2620
	3.4703
	0.4327
	0.0304

	
	N10-C20
	0.2437
	-0.6145
	-0.3641
	0.1053
	-0.2589
	3.4595
	0.4319
	0.0289

	NC-CO
	C21-C14
	0.2568
	-0.6201
	-0.2671
	0.0560
	-0.2110
	4.7672
	0.2182
	0.0467

	
	C20-C11
	0.2580
	-0.6285
	-0.2693
	0.0561
	-0.2132
	4.8018
	0.2174
	0.0429

	C-O
	C14-O2
	0.2199
	-0.3297
	-0.4811
	0.1993
	-0.2818
	2.4135
	0.9065
	0.0059

	
	C11-O4
	0.2202
	-0.3213
	-0.4877
	0.2037
	-0.2840
	2.3944
	0.9249
	0.0211

	
	Cy2-tn/Zn
	
	
	
	
	
	
	
	

	M-N
	Zn2-N5
	0.0705
	0.2107
	-0.1010
	0.0769
	-0.0242
	1.3147
	1.0900
	0.0184

	M-N
	Zn2-N6
	0.0705
	0.2107
	-0.1011
	0.0769
	-0.0242
	1.3147
	1.0901
	0.0184

	M-O
	Zn2-O4
	0.0539
	0.2166
	-0.0753
	0.0647
	-0.0106
	1.1634
	1.2002
	0.0397

	M-O
	Zn2-O3
	0.0539
	0.2166
	-0.0753
	0.0647
	-0.0106
	1.1634
	1.2001
	0.0397

	M-Ax1
	Zn2-Cl
	0.0804
	0.1777
	-0.1156
	0.0800
	-0.0356
	1.4450
	0.9956
	0.0000

	For Comparison:
	
	
	
	
	
	
	
	

	N-C
	N5-C11
	0.2490
	-0.6488
	-0.3847
	0.1112
	-0.2734
	3.4585
	0.4467
	0.0263

	
	N6-C7
	0.2490
	-0.6488
	-0.3846
	0.1112
	-0.2734
	3.4584
	0.4467
	0.0263

	NC-CO
	C11-C12
	0.2532
	-0.6022
	-0.2608
	0.0551
	-0.2057
	4.7304
	0.2178
	0.0491

	
	C7-C15
	0.2532
	-0.6022
	-0.2608
	0.0551
	-0.2057
	4.7304
	0.2178
	0.0491

	C-O
	C12-O4
	0.2331
	-0.3813
	-0.5289
	0.2168
	-0.3121
	2.4397
	0.9299
	0.0113

	
	C15-O3
	0.2331
	-0.3813
	-0.5289
	0.2168
	-0.3121
	2.4397
	0.9298
	0.0113

	
	TCA/Cu
	
	
	
	
	
	
	
	

	M-N
	Cu1-N5
	0.0969
	0.2549
	-0.1500
	0.1068
	-0.0431
	1.4036
	1.1030
	0.0049

	M-N
	Cu1-N31
	0.0968
	0.2548
	-0.1499
	0.1068
	-0.0431
	1.4036
	1.1029
	0.0049

	M-O
	Cu1-O12
	0.0800
	0.3558
	-0.1376
	0.1133
	-0.0243
	1.2148
	1.4161
	1.0049

	M-O
	Cu1-O32
	0.0800
	0.3559
	-0.1376
	0.1133
	-0.0243
	1.2148
	1.4161
	2.0049

	For Comparison:
	
	
	
	
	
	
	
	

	N-C
	N5-C6
	0.2363
	-0.5753
	-0.3602
	0.1082
	-0.2520
	3.3298
	0.4577
	0.0323

	
	N31-C34
	0.2363
	-0.5751
	-0.3600
	0.1081
	-0.2519
	3.3298
	0.4576
	0.0322

	NC-CO
	C6-C11
	0.2565
	-0.6208
	-0.2665
	0.0556
	-0.2109
	4.7895
	0.2170
	0.0439

	
	C33-C34
	0.2564
	-0.6208
	-0.2665
	0.0556
	-0.2108
	4.7894
	0.2170
	0.0439

	C-O
	C11-O12
	0.2129
	-0.2813
	-0.4679
	0.1988
	-0.2691
	2.3538
	0.9336
	0.0276

	
	C33-O32
	0.2130
	-0.2813
	-0.4680
	0.1989
	-0.2692
	2.3536
	0.9338
	0.0276

	Bond
	Complex
	Ρ (au)
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2ρ (au)
	V 
	G 
	H 
	|V|/G
	G/ρ
	ε = |λ1|/|λ2|-1

	
	Cy2-tn/Cu
	
	
	
	
	
	
	
	

	M-N
	Cu1-N12
	0.0914
	0.2412
	-0.1390
	0.0997
	-0.0394
	1.3950
	1.0903
	0.0181

	M-N
	Cu1-N10
	0.0903
	0.2380
	-0.1369
	0.0982
	-0.0387
	1.3939
	1.0877
	0.0149

	M-O
	Cu1-O4
	0.0730
	0.3041
	-0.1203
	0.0982
	-0.0221
	1.2255
	1.3448
	0.0178

	M-O
	Cu1-O2
	0.0754
	0.3099
	-0.1244
	0.1009
	-0.0235
	1.2324
	1.3384
	0.0828

	M-Ax1
	Cu1-O7  (H2O)
	0.0301
	0.1338
	-0.0346
	0.0340
	-0.0006
	1.0166
	1.1306
	0.1175

	For Comparison:
	
	
	
	
	
	
	
	

	N-C
	N12-C38
	0.2399
	-0.5965
	-0.3685
	0.1097
	-0.2588
	3.3596
	0.4572
	0.0290

	
	N10-C27
	0.2398
	-0.5971
	-0.3691
	0.1099
	-0.2592
	3.3580
	0.4584
	0.0272

	NC-CO
	C38-C52
	0.2591
	-0.6338
	-0.2712
	0.0564
	-0.2148
	4.8107
	0.2176
	0.0445

	
	C27-C13
	0.2582
	-0.6264
	-0.2695
	0.0565
	-0.2131
	4.7736
	0.2187
	0.0486

	C-O
	C52-O4
	0.2173
	-0.3012
	-0.4814
	0.2030
	-0.2783
	2.3708
	0.9344
	0.0253

	
	C13-O2
	0.2186
	-0.3118
	-0.4822
	0.2021
	-0.2801
	2.3857
	0.9247
	0.0096


1 au of q = 6.7483 eÅ-3, and 1 au of  2ρ  = 24.099 eÅ-5. The units for V, G, and H are kcal/mol.
Table A.3. Charge on the metal atom (q(A) and the electron transfer from the ligand to the metal (ΔQ).

	Complex
	q(A)
	ΔQ

	TCA/Cu              (M-L)
	1.0439
	0.9561

	Cy2-tn/Ni             (M-L)
	1.2027
	0.7973

	Cy2-tn/Zn             (M-L)
	1.1597
	0.8403

	Cy2-tn/Cu             (M-L)
	1.0605
	0.9395
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Figure A.1. QTAIM molecular graph of Cy2-tn.
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Figure A.2. QTAIM molecular graph of Cy2-tn/Ni(II) complex.
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Figure A.3. QTAIM molecular graph of TCA/Cu(II) complex.
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Figure A.4. QTAIM molecular graph of Cy2-tn/Cu(II) complex.
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