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Computational Details

For the cationic ruthenium complex 4 all computations were performed using the DFT

functional methods M06-L, BP86 and B3LYP as implemented in the Gaussian09 program.™

The all-electron double-¢ basis set (6-31+G**)? was applied for all main-group elements (C,

H, N, P and Cl), together with the effective core potential double-{ basis set (Stuttgart RSC

1997 ECP) for the transition metal (Ru).®! For the optimization of the diaminoacetylene (1)

the Magller—Plesset perturbation method (MP2) has been used in combination with the

correlation-consistent polarized triple-¢ basis set (cc-pVTZ).”!
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Table 1. Selected bond lengths and angles in diaminoacetylene 1.

MP2

Basis set cc-pvVTZ
Bond length [A] c1-Cc2 1.221
2 C1-N1 1.351
% C2-N2 1.352
8 Bond angles [°] C1-C2-N2 177.4
C2-C1-N1 177.8
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Structure of 1 (atom, x-, y-, z-positions in A):

MP2/cc-pVTZ

-1.953700  -0.215000  -0.172700
1.953200  -0.212300 0.171700
-0.607400  -0.168400 -0.064500
0.607000  -0.164000 0.061500
-2.564200 1.009300  -0.698700
-4.018100 0.754700  -1.060400
-4.784300 0.224200 0.146200
-4.095500  -1.019300 0.697300
-2.639800  -0.724300 1.018700
2.640300 -0.725400  -1.017500
4.095100 -1.021700  -0.693200
4.784900 0.222000  -0.144000
4.017500 0.756800 1.059900
2.564600 1.012700 0.695000
-1.986900 1.314700  -1.569200
-2.500400 1.815200 0.048200
-4.054900 0.023000  -1.869700
-4.465300 1.679400  -1.427600
-4.811200 0.994400 0.922300
-5.818000 0.004000  -0.121600
-4.598400  -1.374000 1.597900
-4.135500  -1.820200  -0.043400
-2.578100 0.012300 1.834100
-2.115000  -1.621900 1.339700
2.581000 0.009300  -1.834800
2.114700  -1.623000  -1.337200
4.598900  -1.379400  -1.592100
4.132700  -1.820900 0.049500
5.817800 0.000900 0.126100
4.814300 0.990300  -0.922100
4.465500 1.681700 1.425500
4.051700 0.027100 1.871200
1.986300 1.321700 1.563600
2.503500 1.816600  -0.054400
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Table 2. Comparison of theoretical with experimental results of complex 4.

X-ray"” DFT
Functional MO6-L BP86 B3LYP

Spin state singlet triplet | singlet triplet | singlet triplet

Basis set 6-31+G* (MGE)"", Stuttgart RSC 1997 ECP (Ru)
Bond length [A] Cl-C2 1.399(2) / 1.404(2) 1.388 1.322 | 1405 1.337 | 1405 1.327
C1-N1 1.301(2) / 1.298(2) 1.316 1338 | 1.328 1.353 | 1.318 1.342
C2-N2 1.303(2) / 1.303(2) 1.312 1.332 | 1.322 1342 | 1.313 1.334
Ru-C1 1.9188(15) / 1.9265(16) | 1.910 2.025 | 1.923 2.036 | 1.914 2.032
Ru-C2 1.9215(15)/ 1.9174(16) | 1.910 2.018 | 1.936 2.043 | 1.929 2.043
2 Ru-Cl 2.3840(4) / 2.3856(4) 2408 2.382 | 2.388 2371 | 2412 2.385
% Ru-P1 2.3836(4) / 2.3839(4) 2418 2.432 | 2429 2445 | 2.455 2476
8 Ru-P2 2.3890(4) / 2.3959(4) 2423 2419 | 2433 2439 | 2.459 2478
Bond angles [°] C1-C2-N2 146.27(15) / 148.11(15) | 148.4 1515 | 148.8 151.1 | 146.3 1495
C2-C1-N1 147.23(15) / 146.56(16) 148.4 151.0 | 148.1 151.2 | 147.5 149.7
P1-Ru-P2 175.422(13) / 174.475(14) 1706 173.1 | 169.7 173.9 | 169.4 172.7

P1-Ru-ClI 87.995(12) / 86.253(14) 86.5 88.6 84.8 87.0 84.7 86.6

P2-Ru-Cl 87.429(12) / 89.294(14) 86.4 887 | 850 868 | 848 86.1

@ AEs.t [kcal/mol] -22.6 -27.4 -22.1

e AELuvorono [€V] 152 - | 138 - | 308 -

E AEsomo-somo-1 [€V] 1.74 1.79 1.68

21 14]Cl / [4](BPhy)
T MGE = main group elements
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(MO06-L)

Structure of the cation 4 (S = 0) (atom, x-, y-, z-positions in A):
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Structure of the cation 4 (S = 1) (atom, x-, y-, z-positions in A):
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.894400
.860000
912300
987100
326800
340400
724800
.197100
.582300
155200
.388100
473700
066200
329700
207600
.762000
.419600

462900
806300
765700
116900
512900
569800
492600

093000

189100

.055700
672500
146700
890700
264600
877200

868100
667700
741200
589100
349400
256200

BP86
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triplet
.002300 -0.228000
.003300 -1.388200
.317700 -0.690700
.220200 2.579500
.429200 -0.472000
.432600 -0.123500
.068600 0.062500
.043400 1.250100
.274400 -0.101400
.209800 -0.851800
.932000 -2.365800
.038500 -2.912200
.096800 -2.154900
142700 3.343900
154900 4.501400
003700 5.387100
122700 4.531900
104400 3.382300
010700 -2.183800
277300 -3.290300
707700 -4.599900
868200 -4.822600
603700 -3.727500
181900 -2.414100
363800 0.610000
214500 0.413900
902700 1.227800
740300 2.259100
887800 2.466600
205800 1.647500
201400 -0.098600
344300 -0.791000
932000 -0.453700
387600 0.575700
247500 1.268000
.654500 0.927800
.279500 -1.704400
.703800 -2.922300
.331400 -4.144200
.533500 -4.166900
.111100 -2.960100
.491500 -1.732500
.259600 1.175300
.222200 1.080400
.805200 2.079300
.423100 3.193100
.458400 3.298000
.882500 2.296300
.041700 0.251500
.287900 1.112300
.762200 1.474600
.990200 0.969300
.740700 0.102900
.271600 -0.255600
.769600 -0.139300
.566800 0.956700
.260400 -0.666100
.077400 -0.431800
.084200 -2.560300
.638200 -2.890200
.780600 -3.985400
.078100 -2.816200
.247300 -2.461100
.961100 -2.374300
891400 3.733000
338600 2.647400
001900 5.091700
177700 4.083300
017300 5.891800
767500 6.183700
142700 4.111000
951500 5.144300
253700 2.696100
929800 3.782500
385800 -3.124100
135600 -5.447200
201700 -5.844300
514200 -3.891200
770700 -1.573200
584600 -0.401500
795800 1.048200
283300 2.888500
546900 3.259000
346400 1.807900
773000 -1.598500
814600 -1.001500
844800 0.833000
812100 2.063100
.752100 1.454300
.780900 -2.908500
.882300 -5.079600
.021700 -5.120600
.052300 -2.969500
.957300 -0.799900
.754300 0.212100
.785700 1.983500
.881500 3.968400
.946700 4.154800
.931400 2.384600
.318600 1.488300
.167200 2.139900
.357400 1.243900
.694100 -0.299200
.862600 -0.933300

NaO N R

.464100
.531800
. 645100
991900
.488300
661300
.549400
.945100
.002700
.965800
953900
518200
572000
.257000
.265600
.015100
.260400
.243800
070000
.557800
.288500
.472800
.957600
.687200
691000
.083800
997900
535000
.153500
.235500

124500
576500
807700
594200
149900
924100
197200
629100

337100
.392000
.822300
.528400
.374800
786200
583200
985900
585700

216500
364600
190600
461000
922600
109600
834300

383600
919500
.672200
.979000
.351000
.620400
484600
153100
523300
834500
.369800
.085500
.186900
.308300

032400

015400

334600
163700
095300
312200
171400

.681000
.681600
543500
065900
.455500
073100
.247600
.783500

837800
975100
153200
555100
763900
593600
218900

.687100
.617800
.382000
860800
262000
674300
608300
.109800

305800
845600
095000
916600
467600
210200

k-4
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.008200
.020300
.337800
.315700
.469500
.453900
.053600
.062800
.418200
.436800
.183500
.157100
.126100
.467900
.508300
.210500
.108600
.062800
.030700
.264300
.697700
.897100
.668000
.240800
.423900
.252200
.982800
.892800
065800
.337800
.180600
.219600
.758400
.269200
.232400
.687900
.329200
.732400
366000
599200
.200900
.572800
.300200
.282700
.877500
.488800
505400
.918500
.038300
.296100
.730300

907100

646000
.216900
577600
695600
.448600
.384200
.223200

955100

.908100
.147900
.176700
.889500
.510100
.769700
.516600
501000
.265800
991300
.083300
.831800
057100
.942600
.345600
.098500
.232000
606400
.856700
567500
.852100
.467300
777000
500700
607700
558300
.687500
.841100
.870300
.787700
.897700
090900
.163600
.058200
.823700
.873000
.955500
986900

958000

.366100
.143800
.241000
556400
800000

.489000
.837400
.289800
.854600
.663100
.627400
502000
.339400
.757000
.357100
.892000
.359100
.785600
.308500
.610200
.843700
.339300
060300
.870500
.653000
.872600
.313900
.539200
.319400
.847200
.077200
.202300
120900
906900
.776700
.023300
.814900
.851200
.104700
.320600
.291900
.720200
.441100
.537500
.913900
199000
.103200
.717800
.016200
.080100
.868500
.585000
515300
.169500
.637100
.742300
.403500
.952300
.839400
190500
.983300
063100
.449300
.293300
290900
017900
.954400
.695200
060900
.728200
.751300
691400
.334300
.200500
037100
959100
.786500
.005200
.306500
.114800
.486800
.485800
.108200
.279900
.152500
.139100
.994100
.829400
.162100
.634400
461100
912300
517700
.701300
950900
.105800
.989800
.280100
.449300
192300
.072700
695300
406800
.476700
.149000
095600
.270300
.466400
504000

.059300
.477000
.511900
.053600
.145000
.307900
.463300
.848900
.373200
.350700
.791100
.858400
.884000
.260200
.345100
640700
.352900
.270200
.048500

929800

.239800

689400

.818500
506300
.250200
.410500
.025300
.034600
.701700
.312800
.647400
.137000
.905300
.188700
.703900
.934500
.488200
537900
779000

990500
951400

.706200
.054500
.513700
.194200
.434800
.983600
.298600
.037900
.133500
.866200
.502200
406000
.677100
560000
.342400
.043500
.277400
.145100
.457700
.869300
616700
.851400
.212200
.543500
.310200
.524800
971000
.074700
.383600
.022400
.257800
.984400
.645500
.585300

905600

.708100
.155200
.844800
.249400
559900
.329200
.518900
.830400
.859700
496100
.782000
697700
338900
.377100
.577300

955900

.104000
908900
.453400
.752200
962000
940700
.734300
.408900
.709000
064800
.112500
.174100




