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1 Effect of Geometry on CI

Previously we showed that small changes in molecular structure changed the calculated
TDDFT absorption spectrum.*’ To investigate this further, we have explored the calcu-
lated PM6scClI transitions (Figure S1) and the Boltzmann weighted sum (Figure S2) of the
breathing mode of a complex which has been shown to be one of the dominant modes in the
deactivation of the initial photoexcited state.
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Figure S1: Comparison of calculated PM6scCI transitions at +/— the number of
steps indicated along the breathing mode of Ru(BPy), as calculated at the PBEO0/6-
31G(d,p)[C,N,H|SDD[Ru]—PCM(MeCN) level of theory. The experimental maxima are

shown in red for reference.
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Figure S2: Comparison of PM6scCI calculated UV /Vis spectrum of the DFT opti-
mized geometry minimum (red) and the Boltzmann weighted sum (dashed black line)
at 10 steps along the breathing mode of Ru(BPy); as calculated at the PBEO0/6-
31G(d,p)[C,N,H|SDD[Ru]—PCM(MeCN) level of theory.
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2 CI Active Space

An active space of 5 molecular orbitals with 2 doubly occupied orbitals was used for param-
eterization of the CI model and for subsequent calculations. In MOPAC, this active space is
specified using the keyword c.i.=(5,2). This is a somewhat small active space, and while
it is consistent with the semiempirical philosophy to use a smaller active space, there is a
legitimate question as to whether a larger active space would have a significant impact on the
results. To assess the effect of larger active spaces on the results, calculations of the UV /Vis
spectra were made using a number of different active spaces for two compounds, ru(BPy),
and Ru(TPy);. The same set of CI parameters was used for all calculations as described
in the section on MOPAC headers below. The results of these calculations are depicted in
figures S3 and S4 below. It is clearly seen that the results from the many different active
spaces are quite similar. Larger active spaces tend to add some higher energy states, but
the energies seen up to 3.5 eV are quite similar. This is an indication that the size of the
active space does not strongly affect the results and that the (5,2) active space used for
parameterization and calculation is adequate for the intended purpose.
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Figure S3: Plot of CI energies for the indicated active spaces for Ru(BPy),.
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Figure S4: Plot of CI energies for the indicated active spaces for Ru(TPy)s.

3 Basis Set

The PM6 basis set parameters for Ru are presented in a format suitable for use in MOPAC
below (called rRu.basis in headers).

Uss Ru -44.90152100
UPP Ru -41.42440900
UDD Ru -37.93451400
A Ru 1.45919500
Zp Ru 5.53720100
ZD Ru 2.09316400
BETAS Ru -12.85950800
BETAP Ru -8.47551800
BETAD Ru -3.83079700
GSS Ru 4.41364279
GPP Ru 22.49044761
GSP Ru 5.356995682
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GP2 Ru 19.59995666
HSP Ru 0.00805809
ZSN Ru 0.98444900
ZPN Ru 4.58661300
ZDN Ru 0.76533200
FOSD Ru 5.91740400
G2SD Ru 5.85973800
ALPB_.H Ru 2.89201896
XFAC_H Ru 7.14609528
ALPB_C Ru 2.78870566
XFAC_C Ru 1.09168381
ALPB_N Ru 3.10082239
XFAC_N Ru 2.32425209
ALPB_RU Ru 0.57205600
XFAC_RU Ru 0.09780500

4 MOPAC headers

The MOPAC keywords used for PM6 structural optimization using basis set rRu where the
molecular charge replaces XX:

pm6 opt bfgs gnorm=1.0 scfcrt=1e-8 charge=XX external=rRu.basis

The MOPAC keywords used for PM6scCI using basis set rRu where the molecular charge
replaces XX:

pm6 1scf charge=XX c.i.=(5,2) cisd meci external=rRu.basis jscale +
fss=1.0097 £sp=1.0182 £sd=1.0009 £fpp=1.0082 £pd=1.0090 £dd=0.9844

Note that the input keywords jscale, fss, fsp, fsd, fpp, fpd, and fdd are en-
abled by our modifications to the MOPAC source code and will not work with the default
version of MOPAC.

5 Optimized Structures

Cartesian coordinates of optimized geometries at the PM6/rRu level of theory for 13 Ru-
containing light harvesting dyes are presented below.

[Ru(DQPz))*"
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.436983
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. 769625
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.651046
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.063516

2.055088
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.149559
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.002462
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.185647
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.389883
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0.
.642026
.947407
.190432
.597724
.977009
.213893
.214043
. 749618
. 750441
.040319
.040445
.000135
.817398
.817300
.816377
.817632
.951623
.951032
.104615
.104862
.322273
.321644
.853839
.8563103
.852432
.8563165
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126621
771837
647562

450444

.636459
.021394
. 749993
.063198
.677680
.560067
.633894
.9562481
. 710420
.124171
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.595504
.235671
.507701
.429049
.135009
.968698
.429771
.411485
.203016
.513901
.961132
.352538
.349238
.674304
.670486
.497512
.501104
.001757
.293324
.296733
.291350
.295801
.000624
.001745
.002543
.001404
.000582
.003196
.253923
.254877
.253413
.251883

.001409
.040836
.060519
.035408
.007056
.059618
.049819
.0256447
.026402
.014022



11 C 3.0567571  -1.5589561 0.090131
12 C 4.750065 0.166530 0.039743
13 H 4.006643 2.182162 -0.016107
14 C 4.409794 -1.188501 0.078017
15 H 2.731424 -2.608606 0.120116
16 H 5.206002 -1.936382 0.098358
17 C -2.379285 0.788202 0.037975
18 C -3.705507 1.248113 0.033001
19 C -3.123442  -1.457234 0.105269
20 C -4.755739 0.325839 0.064451
21 H -3.944707 2.314856 0.004531
22 C -4.462269 -1.039993 0.101158
23 H -2.834393 -2.517571 0.133807
24 H -5.283805 -1.759730 0.125808
25 N 2.052654 -0.639351 0.064718
26 N -2.087788 -0.572475 0.074623
27 Ru -0.023830 -0.953103 0.078721
28 C 0.051262 5.198033 -0.106268
29 0 -0.863627 6.002425 -0.129926
30 0 1.342020 5.732824  -0.125316
31 H 1.322493 6.716961  -0.156443
32 C -6.233139 0.817663 0.059395
33 0 -7.097807 -0.074984 0.090599
34 0 -6.390427 2.049707 0.024381
35 C 6.244437 0.604157 0.025252
36 0 7.076078  -0.319495 0.051847
37 0 6.447076 1.829825  -0.011807
38 N -0.017398 -0.964946 2.130919
39 N -0.029462 -1.0725663 -1.970402
40 N -0.059622 -3.015887 0.135974
41 C -0.028493 -1.152954  -3.138294
42 C -0.008926  -0.989533 3.301321
43 C -0.078462 -4.185600 0.172500
44 S -0.027361 -1.244606 -4.774113
45 S -0.104120 -5.825405 0.222746
46 S 0.002927 -1.001903 4.939509

6 Additional Structures

Cartesian coordinates of optimized geometries at the PM6/rRu level of theory for 7 addi-
tional light-harvesting dyes. Structures in this section were used in the fitting and/or testing
of the basis set for Ru, but were not used to evaluate the performance of the CI model for
UV/Vis spectra.
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. 782053
.041714
.303279
.135192
.561326

3.506134

.457741
.374431
.081835
.964408

S36

NOWNRWOOR NN -
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.268688
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.410225
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.408004
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.761402
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.0156823
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.287690
.0563554
.864110
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.941604
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.081129
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.211084
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.095424
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.463958
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.108833
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.041307
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.889527
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.681052
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.034288
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.392382
.799973
.266767
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.411837
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.945194
.442364
.843518
.015030
.141504
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.373768
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.153346
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.429908
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.063876
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.814477
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.008042
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.348970
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.771365
.439454
.227830
.390568
.247653
.404950
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.262448
. 766988
.068311
.902628
.665992
.209040
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.584723
. 740007
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.183349
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.056087
.228470
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. 741280
.314935
.137140
.711883
.8256655
.974590
.145123
.137763
.020460
.267640
.348961
.670582
.800979
.588062
.060844
.776075
.484033
.262677
.300082
.683374
.8385681
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.873157
.302770
.477889
.276044
.020070
.896201
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.116389
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.069496
.466233
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.900931
.652745
.092395
.119769
.041382
.253979
.815359
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.009666
.801916
.876139
.519638
.358207
.538380
.214378
.943994
.447114
.250117
.311682
.692850
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.677117
.182371
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. 757742
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.428931
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.494044
.460154
.354213
.404077
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.274479
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.656797
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.353138
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.396433
.503734
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.272585
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.120096
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.415641
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.580529
.222752
.645505
.841485
.337156
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