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Table S1: Explanation of computational methods and DFT functional

Method

Method

Explanation

DFT

Density functional method. This is very useful for
transition metal complexes. This is not very powerful to

evaluate dispersion interaction with usual functional.

SCS-MP2

Spin-component scaled Moller-Plesset perturbation theory

proposed by Grimme (J. Chem. Phys.118, 9095
(2003)). This method presents a similar result to high
quality CCSD(T) method in many cases.

MP2

The second order Mosller-Plesset perturbation theory.
This 1s the most simple method to incorporate the
electron correlation effect. This is useful to evaluate

dynamical correlation.

MP4

The forth order Msller-Plesset perturbation theory. This
is much better than MP2. This is also useful to evaluate
dynamical correlation. The quality is corresponding to

the single-double configuration interaction method which

is based on variational principle.

B3PW91

One kind of DFT Hybrid functional, which is similar well
known B3LYP. In our experience, this tends to provide
better results than B3LYP in transition metal complexes.
Reference is presented in the manual of Gaussian 09.

LC-BLYP

Long-range corrected BLYP functional. The
Hartree-Fock exchange term is introduced in a dependent
way on the distance. This is useful for calculating
charge-transfer system. Reference is presented in the

manual of Gaussian 09.

MO06

Hybrid functional proposed by Truhlar group.
Parameters used in this functional were well optimized to
incorporate even non-covalent interaction. Reference is

presented in the manual of Gaussian 09.
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MO6L

Pure functional proposed by Truhlar group. Parameters
used in this functional were well optimized to incorporate
even non-covalent interaction. This is believed to be

useful for metallic system. Reference is presented in the

manual of Gaussian 09.

MO06-2X

Hybrid functional proposed by Truhlar group.
Parameters used in this functional were well optimized to
incorporate even non-covalent interaction. In particular,
this is useful to incorporate dispersion interaction.

Reference is presented in the manual of Gaussian 09.

MO6-HF

Hybrid functional proposed by Truhlar group.

Parameters used in this functional were well optimized to
Incorporate even non-covalent interaction. Hartree-Fock
exchange 1s 100%. Reference is presented in the manual of

Gaussian 09.

S3




Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013

Table S2. Optimized geometrical parameters of [Au(im(CH3Py),)2(CuLy),]*" (L=MeCN(1) and MeOH(2)) *
B3PW91 LC-BLYP MO06L MO6 M06-2X MO06-HF SCS-MP2  expl.

1
Au-Cu 4.742 4.672 4.641 4.628 4.713 4.787 4.631 4591
Au-C 2.027 2.022 2.043 2.057 2.045 2.006 2.032 2.012
Cu-N1(MeCN) 2.048 2.025 2.001 2.039 2.124 2.152 2.067 1.991
Cu-N2 (Py) 2.096 2.058 2.094 2.082 2.152 2.168 2.074 2.051

2
Au-Cu 3.176 3.164 2.866 2.960 2.976 2.820 2.767 2.7192
Au-C1 2.038 2.029 2.053 2.068 2.052 2.052 2.043 2.017
Au-C2 2.034 2.026 2.056 2.064 2.059 2.010 2.036 2.009
Au-N1 1.974 1.940 1.976 1.960 2.064 2.124 2.021 1.965
Au-N2 1.972 1.941 1.966 1.963 2.065 2.126 2.019 1.956
Cu-O0 2.328 2.263 2.290 2.352 2.216 2.159 2.190 2.120

2Bond distances are in A. We found that MeOH molecule near the MeOH coordinating with the Cu center, in the X-ray structure. The
presence of the hydrogen bonded MeOH improved the optimized Cu-O distance.
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Table S3. TD-DFT-calculated transition energies from Sy to Ty state (N=1-10) in 1 at the Sy structure

complex eV character
1 3.25  21.9 % (Cu d)s00=> (PY *)205, 22.0 % (CU d) 205> (PY )07
3.25 21.8 % (Cu d)s02=> (Py 7*)207,22.0 % (Cu d)203=> (Py 7*)205
3.39  17.8 % (Cu d)a02> (PY 7%)208,19.5 % (CuU d)205> (PY 7*)206
339 19.3% (Cu d)a2> (PY T*)206, 17.9 % (Cu d)a0s> (PY )08
345  22.1 % (Cu d)a0=>(Py 7*)207, 22.5 % (Cu d)201> (PY ) 205
3.45  22.3% (Cu d)x0> (PY )20, 22.3 % (CU d)201> (PY )07
352  20.1 % (Cu d)200> (PY 7*)20s, 18.5 % (CU d)201=> (PY *) 208
3.52  18.5 % (Cu d)a0=> (Py 7*)208, 20.1 % (Cu d)201> (PY ) 206
3.66 5.4 % (Cu d)198=2> (Py 1*)205, 5.3 % (Cu d) 199> (PY %) 207, 37.5 % (Cu d)203—>(carben ©* + Au p).os
3.67 5.5% (Cu d)1g82>(Py m*)207, 5.5 % (Cu d) 199> (PY 1*)205, 37.1 % (Cu d),0o—>(carben n* + Au p).os
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Table S4. TD-DFT-calculated transition energies from Sy to Ty state (N=1-10) in 2 at the Sg structure

complex eV character
2 2.79  31.3 % (Au d —Cu d);772> (Au—Cu metal bond);7g, 15.3 %( Au d — Cu d)1772 (Au p — Cu d)179

3.08  24.7 % (Cu d)176~> (Au—Cu metal bond),g, 18.3 %(Cu d)176~> (Au p — Cu d)17

3.13  34.3 % (Cu d)175=> (Au—Cu metal bond),7g, 11.1 %(Cu d)1752>(Au p — Cu d)179

313 33.5% (Cu d)174~> (Au—Cu metal bond),zg, 11.4 %(Cu d)174~> (Au p — Cu d)17

3.26 5.4 %(Cu d)176> (Py *)150, 12.3 %(Au d —Cu d)177-> (Au—Cu metal bond);7g, 21.9 %(Au d —Cu d);77->(Au p —
Cu d)i79

3.36  30.3 % (Au d —Cu d)173~> (Au—Cu metal bond)zs, 10.5 % (Au d —Cu d)173~> (Au p — Cu d)17¢

3.39  14.5 % (Cu d);76> (Au—Cu metal bond);7g, 8.9 % (Cu d)176=> (Au p — Cu d)179, 15.4 % (Au d —Cu d)1772>(Py
) 180

3.48 9.1 % (Cu d)174>(Py m*)180, 5.7 % (Cu d)175~> (Au—Cu metal bond),g, 16.6 % (Cu d)175~> (Au p — Cu d)17g

3.48 5.2 % (Cu d)174~>(Au—Cu metal bond),g, 14.8 % (Cu d);174=> (Au p — Cu d)y70, 10.5 % (Cu d)175=> (PY 7*)180

3.62

5.8 % (Cu d)1752 (Py ™) 182, 4.5 % (Cu d)176=2 (Py 7*)151, 6.3 % (Au d —Cu d)1772 (Py %) 152
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Table S5. Optimized geometrical parameters of [Au(im(CH,Py),)2(CuLy),]*" (L=MeCN(1) and MeOH(2)) ®in the S state and T, state

State T1 So
1 PyLl b PyLZ Ple PyRZ

N1-C2 1.379 1.379 1.348 1.348 1.347

N1-C6 1.370 1.370 1.347 1.348 1.347

C2-C3 1.384 1.384 1.394 1.394 1.394

C3-C4 1.398 1.398 1.391 1.391 1.391

C4-C5 1.403 1.403 1.392 1.392 1.392

C5-C6 1.375 1.375 1.388 1.388 1.388

Cu-N1 of Py 1.954 1.954 2.076 2.076 2.074

Cu-N2 of MeCN 2.072 2.072 2.067 2.067 2.067

State T, So

2 PyLl PyLZ Ple PyRZ PyLl, Ple PyLl,Psz
N1-C2 1.352 1.352 1.352 1.352 1.351 1.351
N1-C6 1.347 1.347 1.347 1.347 1.348 1.348
C2-C3 1.392 1.392 1.392 1.392 1.392 1.392
C3-C4 1.394 1.394 1.394 1.394 1.394 1.394
C4-C5 1.390 1.390 1.390 1.390 1.391 1.390
C5-C6 1.390 1.390 1.390 1.390 1.390 1.390
Cu-N1 (Py) 2.104 2.072 2.104 2.072 2.021 2.019
Cu-O 2.129 2.131 2.189

2Bond distances are in A "See Scheme 1 for Py“, Py*! etc.
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Table S6. Binding energies® of MeCN with the Cu center of [CuPy,(MeCN)]" (in

kcal/mol)

BE
MP2 -35.2
MP3 -26.2
MP4(DQ) -32.4
MP4(SDQ) -38.1
MP4(SDTQ) -44.7
SCS-MP2 -31.8
CCSsD -30.0
CCSD(T) -32.6
B3PW91 -31.4
LC-BLYP -35.9
MO6L -34.9
MO06 -32.5
M06-2X -28.3
MO06-HF -25.9

4BS-11 was employed. The compound is shown in Scheme 2
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Table S7. Cartesian coordinates for the of [Au(im(CH2Py)2)2(CuLy)2]*" (L=MeCN(1)

and MeOH(2)) in the Sy state calculated by SCS-MP2 method

Structure 1

Au 0.00000000 0.00000000 0.00000000
C 1.71360600 1.09288700 0.00000000
N 2.39713200 1.55757600 1.07444500
C 3.48605600 2.31127100 0.67891300
N 2.39713200 1.55757600  -1.07444500
C 3.48605600 2.31127100 -0.67891300
C 2.04782400 1.24747900 2.45817800
H 4.14731600 2.79407400 1.38321500
C 2.04782400 1.24747900  -2.45817800
H 4.14731600 2.79407400  -1.38321500
H 0.96158600 1.31298100 2.56643900
H 2.48619200 2.02653100 3.09112800
H 0.96158600 1.31298100 -2.56643900
H 2.48619200 2.02653100 -3.09112800
C 2.51497000 -0.12414700 2.90383800
C 3.74576600  -0.64282100 2.50545600
H 438743400 -0.07264200 1.84074300
N 1.69616000 -0.79251700 3.73953400
C 2.09420400  -1.99938700 4.18564800
C 3.30037800 -2.58637600 3.82925000
C 414797100  -1.89010200 2.97272700
H 5.10765100  -2.30608500 2.68014400
H 3.56652700 -3.56196800 4.22263700
H 1.40757500  -2.50062700 4.86014700
C 2.51497000 -0.12414700 -2.90383800
C 3.74576600  -0.64282100 -2.50545600
H 438743400 -0.07264200 -1.84074300
N 1.69616000 -0.79251700  -3.73953400
C 2.09420400  -1.99938700 -4.18564800
C 3.30037800  -2.58637600  -3.82925000
C 414797100  -1.89010200 -2.97272700
H 5.10765100 -2.30608500  -2.68014400
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O
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3.56652700

1.40757500
-1.71360600
-2.39713200
-3.48605600
-2.39713200
-3.48605600
-2.04782400
-4.14731600
-2.04782400
-4.14731600
-0.96158600
-2.48619200
-0.96158600
-2.48619200
-2.51497000
-3.74576600
-4.38743400
-1.69616000
-2.09420400
-3.30037800
-4.14797100
-5.10765100
-3.56652700
-1.40757500
-2.51497000
-3.74576600
-4.38743400
-1.69616000
-2.09420400
-3.30037800
-4.14797100
-5.10765100
-3.56652700
-1.40757500

0.00000000

-3.56196800
-2.50062700
-1.09288700
-1.55757600
-2.31127100
-1.55757600
-2.31127100
-1.24747900
-2.79407400
-1.24747900
-2.79407400
-1.31298100
-2.02653100
-1.31298100
-2.02653100
0.12414700
0.64282100
0.07264200
0.79251700
1.99938700
2.58637600
1.89010200
2.30608500
3.56196800
2.50062700
0.12414700
0.64282100
0.07264200
0.79251700
1.99938700
2.58637600
1.89010200
2.30608500
3.56196800
2.50062700
0.00000000
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-4.22263700
-4.86014700
0.00000000
1.07444500
0.67891300
-1.07444500
-0.67891300
2.45817800
1.38321500
-2.45817800
-1.38321500
2.56643900
3.09112800
-2.56643900
-3.09112800
2.90383800
2.50545600
1.84074300
3.73953400
4.18564800
3.82925000
2.97272700
2.68014400
4.22263700
4.86014700
-2.90383800
-2.50545600
-1.84074300
-3.73953400
-4.18564800
-3.82925000
-2.97272700
-2.68014400
-4.22263700
-4.86014700
4.63139300
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Structure 2
Au

OITOO0OZ202z20

0.00000000
-0.70371000
-1.11834300
-1.63455700
-0.86640300
-1.92826300
-2.50774200

0.70371000

1.11834300

1.63455700

0.86640300

1.92826300

2.50774200
-0.70371000
-1.11834300
-1.63455700
-0.86640300
-1.92826300
-2.50774200

0.70371000

1.11834300

1.63455700

0.86640300

1.92826300

2.50774200

0.00000000
2.04260000
2.86939400
4.19221200
2.86939400
4.19221200
2.44306400
5.01322100
2.44306400

0.00000000
-1.43183500
-2.04866800
-2.81703400
-2.91187100
-3.81823600
-2.31426300

1.43183500

2.04866800

2.81703400

2.91187100

3.81823600

2.31426300
-1.43183500
-2.04866800
-2.81703400
-2.91187100
-3.81823600
-2.31426300

1.43183500

2.04866800

2.81703400

2.91187100

3.81823600

2.31426300

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.11576300
0.00556600
-0.11576300
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-4.63139300
5.94595500
6.83592600
7.95606500
8.73024600
7.62539900
8.38406600

5.94595500
6.83592600
7.95606500
8.73024600
7.62539900
8.38406600
-5.94595500
-6.83592600
-7.95606500
-8.73024600
-7.62539900
-8.38406600

-5.94595500

-6.83592600

-7.95606500
-8.73024600
-7.62539900
-8.38406600

0.00000000
0.00000000
1.07477800
0.67780000
-1.07477800
-0.67780000
2.47273700
1.37898900
-2.47273700
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5.01322100 -0.00556600  -1.37898900

1.42307900  -0.27192500 2.54081200
3.09209500  -0.52522600 3.07503200
1.42307900 0.27192500 -2.54081200
3.09209500 0.52522600  -3.07503200
2.50153400 1.54582100 2.95556800
3.61482700 2.01865700 3.64473200
4.42567100 1.34094600 3.89543600
1.45352900 2.34454100 2.65644500
1.52742000 3.64243400 3.01260400
2.61395900 4.19100900 3.68304200
3.67681800 3.35957200 4.01932900
4.53636300 3.74324700 4.56096700
2.61294600 5.24428200 3.94433500
0.66984900 4.25679200 2.75466500

2.50153400 -1.54582100 -2.95556800
3.61482700 -2.01865700  -3.64473200
442567100 -1.34094600 -3.89543600
1.45352900 -2.34454100 -2.65644500
1.52742000 -3.64243400 -3.01260400
2.61395900 -4.19100900 -3.68304200
3.67681800 -3.35957200 -4.01932900
453636300 -3.74324700 -4.56096700
2.61294600  -5.24428200 -3.94433500
0.66984900  -4.25679200 -2.75466500

-2.03560000 0.00000000 0.00000000
-2.86018100  -0.42620000 0.98686500
-4.18322500  -0.26910600 0.62311500

-2.86018100 0.42620000  -0.98686500
-4.18322500 0.26910600 -0.62311500
-2.41341200  -0.94560700 2.27885100
-5.00331500  -0.54013900 1.27165900

I T T OITOOZ0ZO0IITITO0OO0O0ZITOOIITITTITOOOZITTOOIITITITT

-2.41341200 0.94560700  -2.27885100
-5.00331500 0.54013900 -1.27165900
-1.35469600  -1.19769500 2.16845000
-2.95893700  -1.87036300 2.48402800
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-1.35469600
-2.95893700
-2.61056400
-3.51950100
-4.09142100
-1.86444000
-2.03160600
-2.92389100
-3.68234100
-4.38444300
-3.00804800
-1.41422000
-2.61056400
-3.51950100
-4.09142100
-1.86444000
-2.03160600
-2.92389100
-3.68234100
-4.38444300
-3.00804800
-1.41422000
-0.39530900
-0.39530900
-1.14875100
-0.52745600
-2.34311600
-2.12660500
-3.03797100
-2.78793300
-1.14875100
-0.52745600
-2.34311600
-2.12660500
-3.03797100
-2.78793300

1.19769500
1.87036300
0.03600600
-0.23692600
-1.16008000
1.16222200
2.03761600
1.83789100
0.67337500
0.47312600
2.58066000
2.93060200
-0.03600600
0.23692600
1.16008000
-1.16222200
-2.03761600
-1.83789100
-0.67337500
-0.47312600
-2.58066000
-2.93060200
1.72105200
-1.72105200
3.41482400
3.92237900
4.19812300
5.09963600
3.56560200
4.47528000
-3.41482400
-3.92237900
-4.19812300
-5.09963600
-3.56560200
-4.47528000
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-2.16845000
-2.48402800
3.40919100
4.42684200
4.40934900
3.39749800
4.40925600
5.45604100
5.47023300
6.27419100
6.24272500
4.38083900
-3.40919100
-4.42684200
-4.40934900
-3.39749800
-4.40925600
-5.45604100
-5.47023300
-6.27419100
-6.24272500
-4.38083900
2.13038800
-2.13038800
0.96551300
0.42313000
1.16806700
1.74953900
1.72070700
0.20811800
-0.96551300
-0.42313000
-1.16806700
-1.74953900
-1.72070700
-0.20811800
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Table S8. Cartesian coordinates for the of [Au(im(CH2Py),)2(CuLy)2]*" (L=MeCN(1)

and MeOH(2)) in the T; state calculated by SCS-MP2 method

Structure 1

Au -0.06522939  -0.00011057  -0.00007393

C -0.01997080 1.74015448 -1.04839841
N -1.06997201 247775305  -1.48253005
C -0.63886654 3.57169690  -2.20961413

N 1.07750019 2.39244462  -1.50739494
C 0.71766003 3.51716438  -2.22614377
C -2.46390749 2.15865010 -1.18187791

H -1.32089431 427560361  -2.66318564
C 2.45054093 1.97974857  -1.23640583
H 1.44353132 416739602  -2.69127965
H -2.61468523 1.08532557  -1.32829846

H -3.08567626 2.68064326  -1.91680634
H 2.45829061 0.87710156  -1.21997935
H 3.06122226 2.28056630  -2.09593818
C -2.87607568 2.53335243 0.22751325
C -2.48223033 3.73914094 0.80526036
H -1.84989330 4.42656375 0.25146712
N -3.67412869 1.65973603 0.87234626
C -4.08397982 1.97596932 2.11565294
C -3.72701726 3.15098037 2.76251852
C -2.91099890 4.05626884 2.09016616
H -2.62052468 4.99464586 2.55344662
H -4.08964822 3.35004531 3.76565528
H -4.72974948 1.24852384 2.59689657
C 3.00694578 2.51675000 0.06104271
C 2.52622974 3.66771380 0.65962670
H 1.70440126 4.20321795 0.19447189
N 4.04421238 1.80047751 0.61958784
C 4.61669912 2.30010362 1.75989294
C 4.17530619 3.44154006 2.38703982
C 3.09568426 4.15273751 1.84091119
H 2.72761654 5.06069285 2.30570858
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4.68063672
5.45937123
-0.02000198
-1.07001883
-0.63894353
1.07745737
0.71758130
-2.46395580
-1.32098730
2.45050084
1.44344212
-2.61473455
-3.08571803
2.45828146
3.06117683
-2.87613466
-2.48225056
-1.84984950
-3.67426564
-4.08417203
-3.72718135
-2.91106952
-2.62056497
-4.08986431
-4.73001035
3.00688644
2.52625076
1.70451667
4.04402198
4.61640191
4.17508283
3.09563894
2.72765020
4.68032474
5.45892889
-4.56522981

3.78398889
1.74041298
-1.74037291
-2.47792973
-3.57187774
-2.39271504
-3.51734820
-2.15877124
-4.27579979
-1.98000539
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(A) So state (B) T, state

Figure S1. The Optimized structures of solvent free form in the S, state (A) and T, state
(B)

The Au-Cu distance (3.063 A) is moderately longer than that (2.767 A)
of the MeOH adduct. This is interesting, because one can expect that weak
coordination of gas molecule leads to a short Au-Cu distance and no
coordination leads to a shorter Au-Cu distance. This is reasonably explained
based on bond angle and electron distribution. If the Cu center takes a
three-coordinate structure like the MeOH adduct, the Py-Cu-Py angle is 126°.
But, in the solvent free form, the Cu center takes a two-coordinate structure,
in which an ideal Py-Cu-Py angle is about 180. Actually, the Py-Cu-Py angle
increases to 160 in the solvent free form. As a result, the Au-Cu distance
increases in the solvent free form; remember that the Py lone pair extends
inside. Another reason is the Au-Cu electrostatic interaction. In the solvent
free form, the Cu is two-coordinate but in the MeOH adduct, the Cu center
received electron density from MeOH through c-donation interaction. Hence,
the Cu atomic population is more positively charged than in the MeOH
adduct. Such positive charge induces the electrostatic repulsion with the
positively charged Au center.

We also optimized the geometry at the T1 state, the electronic state of
which is essentially the same as those of 2 and 3. We employed here the
DFT(B3PW91)/BS-II but did not the SCS-MP2 to optimize the Au-Cu
distance due to the lack of computational time. Nevertheless, the emission
spectrum was evaluated at 2.54 eV with the DFT(B3PW91)/BS-11, which is
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not very different from the experimental value (2.16 eV). The assignment is
the same as those of 2 and 3.
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Complex 1

LUMO+3

LUMO+4

LUMO+5 LUMO+6
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Complex 2

HOMO-2

HOMO-5 HOMO-4 HOMO-3
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HOMO-1

HOMO LUMO LUMO+1

Figure S2. The frontier orbitals of 1 and 2 in the S, state
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(A)Complex 1

HOMO-12 HOMO-11 HOMO-10
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LUMO+1 LUMO+2
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LUMO+5 LUMO+6

LUMO+7 LUMO+8

(B) Complex 2

HOMO-10 HOMO-8 HOMO-7
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LUMO+1

Figure S3. The frontier orbitals of 1 and 2 in the S, state at the T; structure
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Figure S4. The frontier orbitals of 1 in the T, state

Occupied o and B spin orbitals of 2 in the T, state

o orbitals B orbitals
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Figure S5. The frontier orbitals of 2 in the T, state
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