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2aa
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

43

Mn 1.4645116 0
C 1.7816619 0.
C 3.1502517 -0
C 1.9986404 1.
0 2.3604200 3.
0 4.251949¢6 -0.
0 1.9860597 0
C -1.3688135 -0.
C -1.0731050 1.
C -2.4254157 2
C -3.2774363 1
C -2.7416292 0.
C -0.6964351 -1.
C 0.6639318 -1.
C 1.4083399 -2.
0 0.6707753 -3.
C -0.6513101 -3.
C -1.3727373 -2
H -0.3769659 2.
H -2.7928098 3
H -4.3469456 1
H -3.3841721 -0.
0 2.5769801 -2.
C -1.1727391 -4.
H -2.4446006 -2
N -0.5455730 0.
C 0.8586201 1
C 1.9732273 2
C 1.8089943 2
C 0.5359603 3
C -0.5765511 2
C -0.4219365 1
H 2.9715633 1
H 2.6864145 3
H 0.4115198 4
H -1.5768983 2
H -1.2907383 0
C 1.0036831 0
C 0.9714273 -0.
H 0.8955204 -2.
H -1.0093753 -5.
H -2.2559519 -4.
H -0.6283127 -5

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.2343712

4425193

.3752202

9297007
0246807
6744970

.5565279

1875101
9759850

.2929513
.3187041

0711722
4521885
4851738
7154182
7894906
7241982

.5906643

7177069

.2910274
.5296005

7119417
9477696
9896275

.5726096

7755408

.2727425
.0182441
.9990900
.2632459
.5332325
.5470344
.8130324
.5651591
.0380631
.7310968
.9686119
.2255046

9282526
0110916
8521617
9078343

.2198957

wave number

NwRFHRrRRPRPRPRPODONMNMNMNRERFRPRPPRPPODORF WOOOONO

cm** (=1)

[oNeoNoNoNo]

.00
.00
.00
.00
.00

.5909323
.3507023
.3332030
.2215559
.0388304
.1185508
.4908732
.3527343
.4993644
.6800968
.2262739
.5626743
.6603519
.3612258
.6139593
.2061021
.4956329
.2321973
.0793093
.3962989
.3888023
.9907119
.3720105
.1068736
.4751610
.8231995
.6141879
0776447
.0649810
.6022414
.1481913
.1628167
.6613145
.4186222
.3765206
.5679957
.8108704
.6318907
.1151016
.2178750
.4222750
.3298297
.0505213

-2427.867667755

-2427.429781153

-2427.4405898830 (Toluene Correction)
0.2962891

622.29

-0.06324694

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

[oNeNeNe]
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O J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI OB R OB OB R U O T GRS  OR O R O T TR T R O OB TR T R O R O U T T O U R O R T O OB UV G )

32
37

75

330
398
401
414

493

521
532

544

581

.00
12.
28.
.31
.53
60.
69.
.55

81.

91.

99.
1009.
1109.
123.
137.
148.
153.
159.
163.
192.
219.
249.
257.
294.
302.
322.
.22
.32
.54
.56
428.
455.
457.
467.
479.
486.
.29
500.
.26
.31
537.
.56
561.
.56
590.

83
85

15
85

69
73
05
88
87
49
69
69
79
65
44
46
28
36
61
76
79
17

96
65
06
19
14
43

80

42

68

09

= o
CULWORNOBWOBRNRFROORNRPHEHHEHOFROOOHOOOOROOOO

W= P =
S RCHEENGENS

B wE o

.00000
.33682
.53951
.18001
.95531
.05712
.11556
.07607
.39008
. 64917
.97666
.12991
.10005
.49253
.14153
.92865
.84421
.34880
.66553
.04417
.63073
.36492
.89803
.37808
.27708
.76010
.32318
.09474
.07874
.49803
.22830
.76864
.03126
.31735
.45341
.00283
.20698
.90031
.87505
.17382
.03599
.83322
.89963
.53684
.38142

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2aa’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

43

Mn 1.5147523 1
C 1.7127939 2
c 3.2493306 1
C 1.9281023 3
0 2.1937308 4
0 4.3733880 1
0 1.8492529 2
c -1.3079859 1
C -1.1705494 3
C -2.5571983 3
c -3.3444393 2
C -2.7119508 1
C -0.5340596 0
C 0.8392402 0
C 1.6869353 -0
0 1.0171909 -2
C -0.3230854 -2
C -1.1327676 -1.
H -0.5218856 4.
H -3.0024165 4
H -4.4391991 2
H -3.3026868 0.
0 2.8988123 -1.
C -0.7602480 -3
H -2.2161667 -1.
N -0.5509876 2.
H 1.5437899 2.
C 1.3490132 1.
C 1.1035637 0.
C 0.7228759 -0.
H -0.4580107 -4
H -1.8604484 -3
H -0.2712121 -3.
C -0.0173112 -3
C -0.8258252 -2
C -0.4617625 -0.
C 1.5263381 -1.
C 1.1589866 -3.
H -0.3036529 -4
H -1.7490587 -2
H -1.0910542 -0.
H 2.4456298 -1.
H 1.8002357 -3.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

SV (P)

)
J mol™t)

(au) PBE(0/def2-TZVPP

.8031815
.1387468
.2886291
.5153518
.6255178
.0453489
.3558813
.1705764
.2587826
.4451580
.4413384
.2979551
.0226442
.0971972
.9837612
.0733219
.1275936

1103397
0264367

.3659229
.5486993

4929847
0795146

.3773999

1829428
1614445
6770580
8945099
6840225
6759224

.2776405
.3925945

4569603

.3078536
.2191517

9130270
7809469
0817693

.3333910
.3869893

0579195
6090748
9292733

wave number

|
NwRHRrRRPRPOODORFRDNMNMNNRERREO

cm** (-1)

O O O oo

.00
.00
.00
.00
.00

.1393490
.9018085
.0008400
.2748048
.5219659
.1588772
.0367268
.7982681
.2561876
.1964264
.3921436
.8908193
.2788665
.0533379
.5445888
.1814486
.3677577
.9381859
.7056722
.6039621
.4604218
.3514589
4755477
.0697511
.1088455
.2266401
.7278962
.9927118
.6983683
.0148629
.4886854
.2075539
.0667827
. 7473764
.1181057
.7582148
.6370200
.0096625
.0337641
.6976299
.0525480
.0558656
.7162254

-2427.867511092

-2427.429306722

-2427.4398029146 (Toluene Correction)
0.2965857

627.02

-0.06502154

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

[oNeNeNe]
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O J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI OB R OB OB R U O GRS OR O R O T TR T R O OB O R T R O R O U T T O U R O R R O OB UV G )

24

44
50

72
77

124

138

188
212

294
308

408

525

564

.00
.31
26.
.61
.58
66.
.98
.43

83.

95.
100.
106.
.35
127.

79

00

41
16
70
25

92

.50
150.
158.
166.
180.
.29
.55
247.
260.
.50
.25
326.
337.
398.
403.
.53
428.
457.
460.
468.
479.
484.
493.
506.
.23
535.
541.
559.
.37
583.
593.

94
78
59
24

14
96

79
65
14
18

45
68
91
88
50
74
18
36

01
18
77

10
14

=

=N
P RPRPRP WOWDH WD -JWPhOODODONWONIODWOODONPF O OOOOOOODOOOOOOOL OO

.00000
.19772
77570
.64194
.51026
.33144
. 69452
.43971
.66789
.95452
.38104
.32277
.25320
.85768
.05127
.32827
.28351
.35274
.66707
.27493
.37909
.72321
.15337
.08395
.36217
.69630
.35710
.36635
.34038
.62109
.50586
.58035
.98099
.53489
.90853
.08867
.58799
.83062
.38684
.26780
.57910
.82363
.56700
77315
.93748

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

S5



2ba

SCF Energy (au)BP86/SV (P)

SCF Energy (au)PBEQO/def2-TZVPP
SCF Energy (au)PBEQO/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.3218603 0
C 1.7788652 0.
c 3.0068573 -0
C 1.5913757 1.
0 1.8059907 2.
0 4.1007668 -0.
0 2.0820196 1.
C -1.3180498 -0.
C -1.4278286 1
C -2.7843206 1.
C -3.4261769 0.
C -2.6879074 -0
C -0.4446517 -1
C 0.9072958 -1.
C 1.7860999 -2
C 1.3438020 -3.
C 0.0029626 -3.
c -0.8868254 -2.
H -0.8883399 2
H -3.3179336 2.
H -4.4929401 0.
H -3.1679721 -1.
H 2.8433831 -2.
H 2.0545812 -4.
H -0.3442870 -4
H -1.9343081 -2.
N -0.7068340 0
C 0.4186177 0
C 1.4639894 1
C 1.2035674 2
C -0.1001745 2
C -1.1459588 1
c -0.8936096 0.
H 2.4862082 1
H 2.0294261 2
H -0.3004026 3
H -2.1704367 1
H -1.7103084 0
C 0.6611091 -0.
C 0.6813710 -1.
H 0.5791166 -2

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.2161020

6991612

.2730204

8997864
9928522
6058230
0031429
4492854

.5987142

7644718
7711469

.3376577
.5624103

4767290

.5181232

6150948
6950653
6697164

.3555919

6588013
8621691
1282940
4844404
4155643

.5537096

7352412

.5308017
.7604854
.4883082
.2810818
.3746674
.6622080

8615517

.4183505
.8347075
.0034950
.7271619
.2966645

1065099
1757627

.2589761

wave number

WWWHFEFNRPFOONWNNENNRPRPOORF, WOOOONO

cm** (-1)

DO OO O oo

.00
.00
.00
.00
.00
.00
.14

.6121444
.2861199
.2487755
.0160227
.3644069
.0151684
.3682155
.7886866
. 6433287
.9428058
.7027561
.1237114
.1751019
.7297269
.0955425
.8558307
.2795373
.9404323
.0531607
.5861152
.9652861
.7185786
.7833064
.1237603
.8769362
.2784777
.0490580
.6526220
.2758567
.4019640
.9216796
.3088994
.1851924
.8726273
.8783822
.8047658
.7118877
.7081434
.5221846
.8449443
.7729843

-2277.516190056
-2277.070640511
-2277.0778650907 (Toluene Correction)

0.2897773

615.66

-0.06110662

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.20009

O OO O oo

00000

selection rules
IR RAMAN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI R R VRGO OB U RO RV O U OBV RR VR BB OB OBV RV AR OB URR VR UV ER OB UR OB U R OB OB U U )

29.
39.
57.
69.
74.
86.
.54

99.
1009.
.25
.38
.55
162.
.28
188.
.35
242.
262.
282.
319.
358.
400.
410.
.57
437.
454,
456.
472.
480.
486.
492.
502.
.50
.55
539.
551.
557.
609.
614.
.39
625.
643.
653.

90

113
117
130
165

222

420

508
524

623

04
82
15
46
18
23

10
57

17

98

82
80
79
03
43
88
80

44
64
28
05
46
64
13
05

45
07
04
09
47

85
05
95

[

[
<~ OO POONORFRPORDRPRPONORFF U OO OO0 OOOoOOOoOOo

w
o W

= N =
PN dE R O0o

~J
N O

.15401
.05836
.31155
.07269
.09666
.28775
.26084
.43721
.13096
.10437
.59846
.29161
.81464
.13092
.29120
.64998
.12591
.48548
.96336
.25280
.93112
.01385
.69648
.80509
.27242
.81944
.42207
.20216
.23593
.87109
.61083
. 64352
.02943
.11294
.10604
.77890
.74908
.17504
.83987
.80591
.54609
.93463
. 74795

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ba’
SCF Energy (au) BP86/

SCF Energy (au)PBEQO/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.2258585 1
C 1.3726238 2
C 2.9819188 1
C 1.4143764 3
0 1.5584791 4
0 4.1193272 1
0 1.4762395 2
C -1.4586829 0
C -1.6429054 2
C -3.0388337 2
C -3.6627762 1
C -2.8677031 0
C -0.5234072 -0
C 0.8585732 0
C 1.7918361 -0
c 1.3783681 -2
C 0.0097808 -2
C -0.9371225 -1
H -1.1144621 3
H -3.6178365 3
H -4.7602400 1
H -3.3329288 -0
H 2.8730423 -0
H 2.1337988 -2
H -0.3163077 -3
H -2.0076893 -1.
N -0.8676015 1.
H 1.0761801 2
C 0.9964970 1.
C 0.8866792 0
C 0.6452584 -0.
C 0.1610902 -3
C 1.4167314 -3.
C 1.6585020 -1.
c -0.6176938 -1
C -0.8537739 -2
H -0.0258660 -4.
H 2.2185010 -3.
H 2.6422624 -1.
H -1.4095959 -0.
H -1.8404977 -2.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

SV (P)

)
J mol™!)
(au)

.7959458
.2084123
.4607606
.5362389
.6599386
.2134699
.4873278
.7709355
.8509145
.8435896
. 7421360
.7049515
.2504435
.0090274
.9298249
.0989935
.3548680
.4300543
.6948098
.6883408
.6941301
.1690477
.7571295
.8169591
.2707270

6308725
8541483

.5805694

8046790

.5828388

8197349

.5448254

1382082
7912392

.2392218
.5906422

6064105
8805090
4735862
4891813
9006858

wave number

NWUNRPRPRPOODOMNMNMNNMNERPRPRPRPOOOOWOOOOoORr o

cm** (-1)

~ O O OO oo

.00
.00
.00
.00
.00
.00
.53

.2361359
.9870298
.1062994
.2348193
.5184893
.0247307
.1120387
.9713587
.1047515
.0183476
.5941326
.0873249
.4522467
.2153396
.7020787
.3648978
.5709695
.1171572
.5748638
.4221460
.6854248
.5661469
.5689616
.7274855
.0901531
.2885396
.3737200
.6558619
.8925299
.5683411
.8227326
.4166148
.9305350
. 6274982
.3130126
.6051716
.6487203
.7827013
.2495178
.4676116
.9879057

-2277.513915506
-2277.068149867
-2277.0753739100 (Toluene Correction)

0.2897742
615.97
PBEO/def2-TZVPP

-0.06339944

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.21377

O OO O oo

00000

selection rules
IR RAMAN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI R O RGO O OB ORIV RR VR BB OB OB U RV RO URR VR UV ER OB VR OB U RO OB U U )

27.
45.
51.
.59
.37
.29
.39
.32
.55
113.
118.
133.
171.
174.
190.
218.
233.
.26
284.
325.
358.
399.
.23
418.
435.
457.
461.
469.
483.
488.
493.
502.
.26
.28
.56
556.
567.
.23
614.
623.
626.
.59
649.

64
74
87
95
97
105

264

405

504
528
537

612

642

79
99
80

04
41
64
70
78
88
04
98

82
68
71
66

07
09
07
68
82
44
14
44
03

97
16

71
17
79

69

=

[

=N
WNINOOWNOIPPPRPRPRPWONDBEBRENNOORFRPROORPRPNOOOOOOOOOOOoOOo

N N =
w o U1 Ul

NN
o O

.28921
.13612
.05357
.06234
.68844
.50886
.82393
.37309
.26004
17732
.31008
.12211
.18610
.43021
. 74865
.51180
.36411
.52714
.40484
.47841
.00023
.03863
.09467
.17454
.43305
. 70795
.61109
.73183
.46993
.26797
.16853
.50546
.34088
.34652
.68174
.32393
.05453
.52465
.81800
.97027
.25932
.75191
.46792

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2bb

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
47

1.6180000
1.6037650
3.3429124
2.0168363
2.2898686
4.4599601
1.6041205
-1.2314929
-1.0754915
-2.4658745
-3.2650505
-2.6424082
-0.4700380
0.9489658
1.7198929
1.1128659
-0.2897640
-1.0772339
-0.4188630
-2.9019077
-4.3648766
-3.2468539
2.8210083
1.7424419
.7662818
-2.1750040
-0.4669697
1.9148815
1.6162769
1.3516612
1.1006053
3.0138820
1.4025969
1.5066926
0.1106493
-0.5779918
-0.3415613
-1.2980410
-2.1297592
-1.6539717
0.4903588
0.0102220
-1.6719762
-3.1552568
-2.2846628
1.5114632
0.6614034

TIoD DT ZD OO0 oD OOz oDnoDn D DD D000 00000000Q0n
|
(@)

(au)
(kJ mol-l)

N ORFRP OWNORF O

[

-1

-2
-3
-3
-2

2

-2

-4
-2

1

(au) PBEQ0/def2-TZVPP

.5959888
.0178592
.1140385
.3041750
.4104105
.2173966
.2900572
.1224433
.9328046
.0706299
.0631172
-0.
.2378566
-1.
.1869073
.3042942
.3964114
.3642047
.7004377

2.

1.
-0.
.1434225
-4.
.2702563
.4390751
0.
.3242364
.4110700
.7098415
.7696478
.3998505
.8166996
.3409297
.1518490
.8559542
.5661932
.4808569
.3353950
.8572538
.2538503
.7740441
.8915143
.5653103
.4989506
.4793423
.4140937

0364777

1392561

9514510
1315375
8421105

1107013

8778050

ORrRrRFRP Wb DdWNRPRPODOWSDPWLUDNWNERENSENDERERDNDNDWERE

.9890749
. 7432338
.0743823
.5309996
.2738312
.1300973
.8745535
.4276854
.3034667
.2336300
.7984665
.3952798
.0025114
.9070916
.4518553
.0519685
.1319232
.6093205
.8690315
.7386382
.7692289
.8369312
.4119037
.4656753
.6055253
.6791968
.8856129
.3107508
.1848834
.3370742
.3104107
.4583892
.5617656
.1390848
.8526820
.1311994
.1515026
.5823375
.7937381
.5829244
.9450346
.1565301
.5350248
.1266224
.9479393
.6037506
.7744408

-2505.237954427

-2504.790885075

-2504.7995679455 (Toluene Correction)
0.3320389

708.87

-0.06626996

S10



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R U ORI R OB OO RO OB OB OBV RV BB ORR VR OBV RV AU R UR VR VRV RO R OB OB U RNV ER OO

wave number

cm** (=1)

O O O oo

(@)

16.
26.
40.

44

60.
69.

72
84

90.
96.
97.
108.

112

134.
147.
158.
184.
192.
210.
233.
247.

261

284.

304

335.
352.
358.
403.
404.

418

437.
443.
456.
456.
470.
474 .
485.

492
503

534.

551

555.
586.

.00
.00
.00
.00
.00
.00
.78
17
51
83
.50
04
03
.21
.34
90
39
44
60
.21
87
43
85
11
44
96
43
96
.35
47
.39
44
01
09
84
89
.21
11
49
37
91
12
64
86
.24
.55
83
.35
83
75

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.63109
.06385
.94380
.11857
.14099
.64516
.21975
.85703
.45753
.52749
.34389
.34176
.17659
.23145
.21442
.82215
.08209
.56099
.38537
.77207
.65430
.63882
.30126
.09530
.64005
.56220
.82510
.98049
.00135
.35779
.17855
.26946
.54007
.63186
.18641
.60864
.67313
.37910
.47263
.17480
.57216
.93128
.85141
.75587

= =N

N
BN INDNDENDEWR WO OWWONOUTOOOOREPEPENOOOOOOOOOH OOODODOOOOOoOOooo

N

00000

selection rules

IR

RAMAN

S11



2bb’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
47

1.2071453
1.5188067
2.9535568
1.3109007
1.3966017
4.0859643
1.7333257
-1.3840104
-1.6943190
-3.0701762
-3.6164244
-2.7682459
-0.4006485
0.9456160
1.9236663
1.5843701
0.2501914
-0.7378730
-1.2264610
-3.6935940
-4.6949615
-3.1737855
2.9806457
2.3709950
.0168191
-1.7801840
-0.8674528
0.7237230
7759412
.7649805
.6374431
.5424555
.4464628
.2152662
.3120342
.1420535
.3329019
.1749361
-0.0310494
0.1273187
-0.0029913
-0.1608425
-0.2979793
-0.0414565
0.2423172
0.0128639
-0.2728045

oNeoNoNoNoN HoNelNe]

TIoDITD DD OO0z o@nOOOaDzZonon D DD D000 00000000Q0
| |
(@) (@)

(au)
(kJ mol-l)

OO F WWENRE~WEDNDDN

[ |
N R OO

-1

(au) PBEQ0/def2-TZVPP

.0845764
.4327129
.8067143
.8417076
.9769109
.6046888
.6615735
.0164804
.1234148
.1092395
.9914272
.9435312
.0225468
.2488490
.7190291
.9224081
.1840534
.2338403
.9816417
.9614037
.9379273
.0566284
.5440618
.6637524
.1263013
.4411310
.1174004
.9428306
.1447418
.9334115
.5091082
.0611915
.7112175
.9533645
.0094032
.1399345
.94543006
.5062572
.2097279
.0236341
.4390717
.6207548
. 6493881
.3366498
.0138216
.2944664
.6372664

WD WNWNRFEFRFRPWWWNNMNNMNNDMNNNRERERPNRPORRE WERE

.5175484
.2632450
.2210547
.0832671
.8238098
.0311148
.3833466
.5067439
.5175162
.7689236
.4235040
.7903655
.8330711
.4458893
. 7573426
.4016184
.7654303
.4845280
.0106712
.4575101
.6444659
.2988505
.4946808
.6227759
.2706177
77777907
.8745210
.3284374
.5880217
.2159492
.4762539
.1361967
.8951661
.0840899
.2835204
.7650974
.5003728
.5373558
.0112969
.6295330
.2974052
.6784601
.6239929
.6845058
.2085190
.6037226
.0904863

-2505.236933617

-2504.790820918

-2504.8004063460 (Toluene Correction)
0.3315667

706.66

-0.06608119

S12



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R R ORI R O OO RV OB R OBV RR VR BB VR OB VRV AR OB OB URU RO R ORR OB OBV RSO

wave number

cm** (-1)

O O O oo

(@)

14

27.
41.
51.
56.

68

70.

83

85.
96.
101.
107.

111

128.

135

157.
186.
188.
206.
220.
235.
265.
281.
293.
322.
354.
358.
396.
403.
418.
436.
445,
454,
458.
469.

473
487

491.
504.
529.
547.
557.
585.

.00
.00
.00
.00
.00
.00
.69
.31
98
43
94
54
.27
82
.57
91
63
41
13
.31
18
.51
84
62
13
37
77
13
42
00
67
49
65
97
54
91
13
08
18
14
13
31
.59
.20
46
47
10
18
27
62

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.77150
.44876
.18749
.34307
.21434
.08029
.37237
.45542
.05551
.91697
.69206
.21988
.45072
.30546
.55150
.37011
.40895
.71237
.18813
.05808
.27731
.37823
.69843
.87185
.05060
.95365
.38279
.99179
.64607
.00075
.11457
.26241
.20183
.00641
.36604
.75263
.60098
.16042
. 65311
.40863
.02646
.22080
.47483
.21677

[

[

N
O NDANOWW PO NENONWOOOF UWWNOORFRRPFPOOOOOODOODODOOOOOODODOOOOOOOoOo

00000

selection rules

IR

RAMAN
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2bc

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

Chemical Potential

Dispersion Correction

xyz coordinates
47

1.2025069
1.9568143
2.7626127
1.4816754
1.6872442
3.7740952
2.4567165
-1.2674439
-1.3912158
-2.6659539
-3.2584096
-2.5540902
-0.4365673
0.8303787
1.6666344
1.2610305
0.0017371
-0.8426867
-0.8890702
-3.1751348
-4.2600129
-2.9958712
2.6605532
1.9364916
.3169334
-1.8256840
-0.7037795
0.1497651
0.2718754
0.1891642
-0.0993771
1.4730397
-1.0183065
-0.0792297
-1.1565103
-1.9654677
-0.8234627
2.2961270
.3263403
.7477958
.1602417
.2790566
.1575487
.4552353
.9808817
.0445918
.3872873

TITDTITDTITDQDN@DI@DOQOD D ZDO@DOOOQO@DOOOOOQzZzZEE DD oDoDoDID OO0 0000000000a0n
|
OO R R ONRRERE o

oORrRroOoONEFEFEFPFNORFRPRPOOREFEO

(kJ mol-l)

(au) PBEQ0/def2-TZVPP

.1620360
. 6239857
.4707803
.8042180
.8755222
.8988125
.9146208
.3023652
.7610984
.0309656
.0819363
.0861767
.4859299
.5029309
.6177159
.6855246
. 6623661
.5634264
.4838705
.9700773
.2541116
.8431618
.6671882
.5450173
.4982914
.5481467
.6342783
7721964
.0683968
.1366730
.1746493
.8028500
.2671813
.8227280
.1132381
.2801394
.7970045
.1998921
.6449803
.2449558
.7121905
.6176752
.1588161
.1520586
.7083946
.8137098
.1367419

DD WNWWROWWWNNNWNNENWOOOON R

.0932740
.6631145
.4843492
.3880616
.0350056
.0895477
.6736798
.6745928
.5612277
.0698859
.9213569
.2217314
.9195833
.2647405
.4886735
.3088101
.9393346
. 7452354
.8994692
.8036640
.3483852
.8858832
.0133031
.4598796
.5831522
.2443786
.8461413
.1486257
.9320319
.2631221
.1043557
.9612945
.0382063
.8535928
.3163661
.4548417
.3086006
.3286030
.2404805
.2238571
.9595975
.8155415
.1149762
.0381253
.9460352
.0082216
.4999742

-2281.120982087

-2280.691348894

-2280.6975966102 (Toluene Correction)
0.3575200

791.47

-0.06509301

S14



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R U ORI O R OB OO RO OB RO RV RR VR BB VR OBV RV AU R UR VR VRV RO R OB OB U RSO

wave number

cm** (=1)

O O O oo

(@)

34.
38.
56.
66.

77
83

91.

98.
107.
112.
116.
125.
144.
170.
188.
213.

230
242
245

264.

284

348.
358.
381.
4009.
417.
425.
436.
454,

457
473

483.
493.
495.
497.

505

535.
548.
557.
563.
615.

624

627.

.00
.00
.00
.00
.00
.00
.31
94
46
12
63
.27
.57
64
95
88
19
96
21
42
19
62
81
.38
.25
.53
09
.24
77
13
93
55
09
66
05
69
.31
.52
72
07
13
07
.51
73
84
11
44
81
.34
92

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.24853
.01906
.04270
.16270
.03245
.13836
.79291
.35616
.67833
.25597
.26611
.11094
.31890
.49941
.12557
.02686
.39124
.08836
.38666
.60861
.25243
.01913
.37378
17632
.42387
.56836
.99506
.41850
.68267
.16624
.49122
.84621
.74094
.51086
.75850
.09040
.43664
.50850
.33325
.46236
.53427
.89888
.08364
.19440

[y

=N

[
OB DNORFRPROONUURREFPWNRFRFWOOUUO ONNOONRPEFPOORPNDNOODODOOOOOODODODOOOOOoOoOo

N

00000

selection rules

IR

RAMAN
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2bc’

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
47

1.0348289
1.3546343
2.7685807
1.1942521
1.3200183
3.8951655
1.5757112
-1.5965905
-1.8317482
-3.2127062
-3.8017169
-2.9882074
-0.6444245
0.7165889
1.6659530
1.2861615
-0.0641999
-1.0246722
-1.3310466
-3.8068641
-4.8858393
-3.4267504
2.7350754
.0539780
-0.3635825
-2.0788268
-1.0386625
0.5636553
0.6035118
0.5517948
0.3951208
1.7673471
-0.5722618
-0.0375554
-0.7282709
-0.1700283
-1.5610590
2.2469902
1.6047150
2.4376173
-1.4020842
-1.2286084
0.6309114
2.5998664
1.2262434
0.4947536
1.0722309

EEEEOEEEOEEEOEOOOOOEZEEEEEEEEOOOOOOOOOOOOOOOOOE
N

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

[ |
H OOOONWWONRERE DMdWEDNDDN

-2

.0037251
.3648770
.6679846
.7522247
.8827259
.4302241
.6034661
.9998528
.1290658
.1468550
.0327022
.9577381
.0631017
.1839616
.7997902
.9957063
.2359852
.2672621
.9832302
.0207289
.0035153
.0739880
.6397247
. 7462203
.1712938
.4523673
.0959762
.8721143
.0483260
.8292798
. 6125177
.2751013
.8124266
.1334973
.302899¢6
.2584620
.3609318
.7321242
.7634174
.1564950
.4135281
.8281054
.9683156
.2014382
.3119724
.0544028
.5254750

N WNEFEF NP OONNMNNMNRPRRPRPRERPPPOOR, WOOOONO

. 7072396
.4445458
.4096337
.2578736
.0095936
.2189937
.5623050
.6467973
.6865140
.9091137
.5320069
.8992821
.9870364
.6335863
.9866181
. 6221302
.9407155
.6284229
.2046771
.6004812
.7292105
.3855938
.7674973
.8771043
.4410703
.8937919
.0422653
.1221330
.4099698
.0716342
.3884540
. 6862411
.5852298
.5047080
.9361699
.4657544
.3471509
.5336279
.0409011
.8086280
.8158544
.0881917
.2143939
.2815466
.1461211
.4193741
.1388293

-2281.119860015

-2280.690435817

-2280.6964385324 (Toluene Correction)
0.3576711

793.30

-0.06716635

S16



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IR VR R U TR CT R U ORI O OB OO RV OB OB OBV RR VR BB VRO RV ER VAR O R UR VRV RV OB ORR OB URR VRSO U R

wave number

cm** (-1)

O O O oo

(@)

41
45

52.
63.
76.
87.
94.
96.
104.
111.

117

125.

155

176.
189.

217

228.
239.
252.
267.
285.
357.
358.
379.
413.
421.
425.
436.

457

460.

472

485.
489.
494 .

498

508.
529.

554

558.

580

615.
623.
627.

.00
.00
.00
.00
.00
.00
.72
.59
.25
15
64
29
06
90
08
24
89
.23
86
.34
64
40
.68
82
91
70
89
93
82
68
42
80
06
08
27
.23
02
.28
41
47
19
.54
60
06
.23
08
.21
69
84
13

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.36389
.07488
.06575
.11210
.04811
.28325
.59299
.57956
.16813
.55311
.16725
.10103
.20698
.95071
.31596
.72962
.38679
.35028
.04320
.27808
.60585
.07364
.81800
.20955
.58201
.47893
.16931
.18950
.59759
.43469
.13592
.42811
.28717
.52597
.12418
.71289
.78867
.45843
. 74309
.78602
.14682
.75293
.32930
.83024

=

[

N
B IO O DNONOOONUUONERERPRERPERENNMNNMEERPRPOOOORPROONOOOOOODOODOOOOOOOOOoOOoOo

N

00000

selection rules

IR

RAMAN
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2bd

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
49

1.3925957
1.8013007
3.0913075
1.6475177
1.8535412
4.1949478
2.0741051
-1.2733784
-1.3729850
-2.7435242
-3.3985417
-2.6578172
-0.3957473
0.9719780
1.8536763
1.4022611
0.0462868
-0.8488814
-0.8228403
-3.2774785
-4.4767091
-3.1472115
2.9227283
2.1173776
-0.3082608
.9088144
-0.6495121
0.5362402
1.5876226
1.3426892
0.0190698
-1.0380191
-0.7817999
2.6225990
2.1984547
-0.2266218
-2.0784857
-1.6206983
0.7777766
0.8486570
0.8017729
-1.5867253
0.8740447
-1.5795323
-2.2440036
-2.0562801
1.4160308
0.4790910
1.6201958

TIoDIoD DD IoDOQOQDnOOOEDDZoDoDoooooaQazonDn DD DT ZOOOO000000000000000000n
|
—

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

.2876905
.3501230
.7763907
.3305527
.3906773
.1118628
.7505419
.9329752
.0364967
.1929112
.2359856
.8284409
.9991732
.9081982
.9048410
.9601422
.0446748
.0647430
.7657238
.052749¢6
.3212295
.5898039
.8677717
.7245731
.8711275
.1333749
.0106224
.0227771
.6627500
.4197705
.5921664
.9549214
.1962930
.5547868
.8871607
.3434817
.0466807
.2895092
.8031245
.7866419
.8648223
.5044316
.9812261
.1316451
.0052468
.5261755
.7142408
.5301722
.2383414

SO W wWwNDREPEREREEESDdNODNMNOWLOONERERERNMMPRPORRER WR

.7876510
.4179483
.5034861
.0040488
.5573821
.3195940
.4776491
.9018538
.6250640
.8591491
. 6539271
.1737159
.3944334
.9989035
.4696009
.2816231
.6538200
.2109765
.0107653
.4261788
.8676273
.7984506
.1999172
.6315816
.2912563
.5079584
.1251006
.5621652
.2691490
.4145819
.9213900
.2052885
.0610430
.908429¢6
.9215151
.0577128
.5477473
.5372084
.4136716
.3766648
.5341916
.5419388
.7608789
.4551821
.7904017
.8054631
.1163019
.6385994
.1318513

-2411.386418687

-2410.929730749

-2410.9384397830 (Toluene Correction)
0.3601077

781.98

-0.06936495

S18



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

OISR IRV R TR CT R U ORI O OB OO RO OB RO RV RV R B OB UR OB VRV AR OB UR VRNV RV RO R ORR OB URN VRSO

wave number

cm** (=1)

OO OO oo

NeJ

27.
46.
59.
65.

73

7.

85

86.
93.

101

105.
110.

113

1109.
145.
176.
189.
211.

222

238.
247.

261
271

287.
340.
358.
380.
416.
416.
430.
444,
454,
456.
463.

477

488.
490.
493.
503.
515.
530.
541.

.00
.00
.00
.00
.00
.00
77
.49
15
55
63
68
.58
07
.22
06
48
.53
80
21
.50
50
24
05
53
64
.89
63
84
.30
.68
07
00
73
91
00
77
09
10
05
73
11
.34
73
92
72
77
82
05
11

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.32390
.47829
.84414
.42645
.00369
.40984
.27310
.07304
.87030
.62738
.56900
.07347
.14299
77764
.28888
.86627
.95151
.15749
.39487
.15863
.47711
.17760
.48849
.39248
.76820
13771
.93114
.91607
.35874
.15977
.74031
.89579
.38440
.54465
.22540
.77583
.19032
.79858
.76320
.07364
. 62555
.69978
.15597
.60241

[

=

=

= i

[

w
O WUuOoOUNDNWOHEFEF WUOULOWOOR R, IR ORPRUONUONODONDNOOHR OO OORPRPOOODODODOOOOOoOoOo

S

00000

selection rules

IR

RAMAN
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2bd’

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
49

1.2663945
1.4115506
3.0235475
1.4377476
1.5718707
4.1629481
1.5137044
-1.4098168
-1.6060832
-3.0028394
-3.6212881
-2.8195531
-0.4678684
0.9129646
1.8511667
1.4456810
0.0782650
-0.8747426
-1.0820154
-3.5867634
-4.7193202
-3.2796616
2.9317907
2.2063352
-0.2418906
.9446100
-0.8239537
1.1464438
1.0506260
0.9395331
0.6900209
0.1781382
1.4415419
1.6820764
-0.5672552
-0.8214450
-0.0659869
2.2525575
2.6699657
-1.3600945
-1.8144344
-1.3609442
0.9772797
-1.6005157
-2.1894685
-1.3624895
1.3071293
1.8802211
0.5935398

TIoDIoD DD IoDOOQDnIDT@DDZ2OooooooQaEpzononoDn DD DD 00000000000000n
|
—

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

QO OO NWWREFEWNDUOBDNDWDN

.7708307
.1773508
.4470980
.5142685
. 6406263
.2064819
.4534435
.6986085
.7981651
.7713887
. 6491378
.6122698
.6812651
.9617008
.0264272
-1.
.4282234
.5094966
.6583592
.6172874
.5851346
.7219630
.2123774
.8663679
.3522338
.7226850
.8016353
.5642565
.7722205
.5400747
.1433434
. 6299613
.1922956
.8477882
.2881822
. 6326957
.9654548
.9136067
.5470040
.4573031
.9063088
.3745029
.9540055
.8869288
.1344632
.4706853
.9967255
.7528585
.9566532

1538910

NWWNRPRPRPODOMNMWNMNNMNRERPERPRPRPPOORFF WOOOONO

. 7416893
.4898686
.6081276
.2781122
.0035219
.5236885
.6166834
.4244989
.3895549
.4556699
.0354332
.5180890
.8996707
.6764839
.1633669
.8107245
.0020761
.5486916
.0550827
.0613717
.1094389
.9712661
.0422032
.1738634
.5107730
.7103168
.8578603
.1452500
.4007081
.1284499
.3608377
.9369723
.4386935
.1527721
.8552967
.1363533
.2155184
.2664274
.7712270
.0274221
.5204744
.7290627
.0061756
.7054739
.0195169
.8908988
.9402114
.6321530
.2810229

-2411.383229723

-2410.926493690

-2410.9348447962 (Toluene Correction)
0.3602809

784.73

-0.07187072

S20



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IR VR R TR T R ORI O O OB RO RV OB R OBV R VR BB VRO RV ER VAR O R UR VRO RV OB ORE OB OBV RSO

wave number

cm** (=1)

O O O oo

(@)

22.
36.
48.

58

66.
74.

78

84.

92

94.
97.
104.
1009.
117.

128

149.
184.

194

214.
216.
232.
250.

263

279.
286.

338

359.
389.
414.
416.
428.

441
453

458.
467.
475.
488.
491.
494 .

503

515.
532.
537.

.00
.00
.00
.00
.00
.00
.44
17
74
62
.52
92
69
.56
94
.36
03
12
13
18
19
.57
49
48
.26
95
70
49
02
.54
47
00
.56
12
80
66
05
09
.38
.54
02
96
17
63
82
74
.51
44
86
10

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.42500
.05493
.87475
.05701
.12493
.69761
.34991
.56269
.59614
.30066
.15738
.58291
.18552
.28495
.83929
.09589
.73147
.05036
.53220
.25485
.13080
.84431
.07986
.20893
.73793
.78289
.90249
.14220
.97136
.31078
.78230
.10769
.97791
.48186
.92772
.93729
.36120
.04201
.89705
.14941
.69264
.65428
.08297
.36060

N
P OO UUOWRODMOFFEFREPENOUODODORRFPRPEPODDUUOOTDNOODOHRHRORPR OOOOHRHFOOOOOOOoOOoOo

=

=

[

N =
o WO

00000

selection rules

IR

RAMAN
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2be
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.2454519 -0.
C 1.6903274 0
C 2.9289665 -0.
C 1.5333880 1
0 1.7617757 2
0 4.0223501 -1.
0 1.9851445 0.
C -1.4146805 -0.
C -1.4917666 1
C -2.8522728 1.
C -3.5136263 0.
C -2.7895105 -0.
C -0.5548900 -1.
C 0.8047510 -1.
C 1.6701394 -2.
C 1.2087281 -3.
c -0.1393528 -4.
C -1.0169583 -3.
H -0.9371454 1.
H -3.3738921 2
H -4.5843606 0
H -3.2847640 -1.
H 2.7327403 -2.
H 1.9100487 -4.
H -0.5016334 -4.
H -2.0703379 -3.
N -0.7844127 0.
C 0.3793082 0
C 1.4345356 1
C 1.2055671 1
C -0.1023718 2
C -1.1681430 1
c -0.9317977 0
H 2.4585896 0
H 2.0563759 2
0 -0.4334359 2
H -2.1811248 1
H -1.7678363 0
C 0.6035550 -0.
C 0.6165874 -1
H 0.5125044 -2.
c 0.5904440 3
H 0.0933132 4
H 1.3640469 2.
H 1.0856745 4

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P

)
J mol™t)

(au) PBEQ0/def2-TZVPP

1636177

.3277975

6687297

.5091092
.5966867

0121397
6352659
8122930

.2371547

4111914
4212793
6922078
9308340
8522571
9000083
9945510
0664895
0354668
9909849

.3091286
.5185292

4804512
8730782
7995708
9231798
0946166
1642747

.3930496
.0980323
.9129660
.0528749
.3593666
.5456915
.9989824
.4375977
.8199435
.4757238
.0040392

4910616

.5478216

6303703

.5378490
.0802171

8545614

.2764476

wave number
cm** (=1)
0.00
0.00
0.00

WD WNWNRFRFOWWWNNNMNNNERNDNOODOON

.2461568
.9190853
.9011828
.6006049
.2410407
.6782891
.0029599
.3802386
.2347438
.5105874
.2581960
.6912325
.7806847
.3571412
.7373162
.4897093
.8914818
.5381285
.6548643
.1452779
.5017612
.2767930
.4426186
.7689854
.4828214
.8588525
.6516163
.0429389
.6697050
.7871178
.3032530
.6828095
.5743106
.2773754
.2458196
.3773085
.099159¢6
.1041006
.9271151
.2322546
.1533227
.0467717
.8759145
.4703382
.37277552

-2391.960168240

-2391.515765535

-2391.5241006317 (Toluene Correction)
0.3213065

689.58

-0.06471746

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -

S22



O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O R VI U O R O T O R VB B B D T B B B B B L U I R U U VR V)

14
27

98

111

124

152

208

242

262
275

401

417

447

477

521

541
551

.00
.00
.00
.73
.54
33.
49.
63.
68.
84.
87.
94.
.26
107.
.22
113.
.37
142.

83
40
10
82
84
60
72

68

72

73

.38
188.
.51
232.
.91
251.
.32
.23
286.
357.
371.
.58
410.
.33
431.
.02
456.
461.
475.
.54
488.
493.
503.
.30
530.
.23
.30
557.
610.

93

84

98

09

60

46

70

89

52

81

05

10

60

81

71

16
92

S

=

N On
ORFRP OO INWNDPDEWOWNRF,F OWUJORPREPEPMOOMOOOON DR DA JOODODOODOOHOOORFr OOOoOOOoOo

N

.00000
.00000
.00000
.48528
.12557
.31325
.41729
.05113
.12965
.50868
.96268
.65057
.23069
.58782
.26776
.43342
.81217
.98195
.16835
.98886
.11258
.10901
.62047
.82755
.48982
.01602
.47693
.93075
.59569
.57177
.87504
.84680
.36836
. 62630
.15156
. 74505
77999
.19568
.35668
.70623
.30819
.32399
.79117
.10764
72379
. 63201
.31754

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES



2be’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.2018114 2
C 1.1966094 2
C 2.9759053 2
C 1.3417653 4
0 1.4525414 5
0 4.1263842 1
0 1.2027896 2
C -1.4774602 1
C -1.6775184 3
C -3.0735233 3
C -3.6891506 2
C -2.8858991 0
C -0.5349590 0
C 0.8469663 0
C 1.7813724 -0
c 1.3738901 -1
C 0.0079458 -1
c -0.9429351 -1.
H -1.1555815 4.
H -3.6592854 4.
H -4.7864733 1.
H -3.3436826 0.
H 2.8596110 -0
H 2.1313858 -2
H -0.3134988 -2.
H -2.0125979 -1
N -0.8945810 2
H 1.2437389 3
C 1.1369187 2.
C 1.0657742 1.
C 0.9027471 -0
C 0.5774429 -2.
C 1.7520298 -2
C 1.9080735 -1.
C -0.2675862 -0.
C -0.4362164 -1.
0 0.5206688 -4
H 2.5333940 -3
H 2.8282443 -0.
H -1.0597815 0.
H -1.3607870 -2
c -0.6259038 -4.
H -0.7672266 -4
H -1.5520862 -4.
H -0.4512763 -5.

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3230176
.66744006
.0685991
.0885188
.2294814
.8728426
.9051979
.1365428
.2640542
.1863285
.0223060
.9971163
.1369759
.4745153
.4410436
.6595390
.9916137

0919669
1579091
0254717
9171727
0755080

.2102367
.3568796

9462274

.3508374
.2786934
.2338625

4156359
1735248

.2214474

9415021

.5162861

1843100
6588157
9999745

.2637539
.2634943

8669552
0716795

.2966877

7517284

.2549073

6194973
8346902

wave number
cm** (=1)
0.00
0.00
0.00

NWWNRPROODOMNMNMNNMNNRPEPERPPOOORF WOOOONO

.7548611
.5251254
. 7475998
.3717193
.1461870
. 7439207
.6646116
.2069601
.23174006
.1953522
.6893591
.1939489
.7179660
.6144229
.1429074
.7139420
.7849735
.2907844
.1438556
.2104464
.6805989
.5820225
.1153004
.1110001
.2324524
.3596834
.7214380
.1008219
.3866901
.1394614
.4706394
.2325676
.5678323
.1866765
.1352765
.5139696
.5571430
.3587178
.6735143
.3632990
.0307668
.2312324
.2209286
. 6224653
.3925732

-2391.957322776

-2391.512741707

-2391.5210557956 (Toluene Correction)
0.3212850

689.45

-0.06706478

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY YYD YYDy

13

44

61
68

97

117
122

237

278

358

417

441

487

492

517
531

.00
.00
.00
.39
19.
.37
48.
.20
.25
81.
87.
95.
.57
102.
110.
.52
.30
150.
161.
190.
216.
225.
.39
253.
264.
.53
285.
.53
375.
396.
411.
.35
431.
.25
457.
467.
473.
.20
489.
.50
502.
.38
.20
538.
556.
566.
614.

98

89

88
08
70

60
71

40
61
00
68
75

95
92

83
40
79
11
69
69
45
68
99
67
74
96

53
64

w

=

=

N
NN JORER DO WONREWJWRUOUOONODOOO PR ORPRUITODODOODODORHRROOOOOOOOoOOOoOo

S

.00000
.00000
.00000
.19688
.14787
.00775
.01718
.59746
.68447
.18327
.58370
.24980
.86361
.63889
.22605
.87571
.55115
.39288
.44765
.15297
.37135
.27679
.07127
.92664
.43227
.50877
.30984
.62385
.36449
.19120
.55916
.54155
.33705
.09284
.41522
.67182
.88691
.32081
.98088
.77534
.65991
.53708
.42967
.43532
.89561
.71462
.84106

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES



2bf
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.3698504 0
C 1.8030365 0.
c 3.0564347 -0
C 1.6658100 1.
0 1.8958418 2.
0 4.1506892 -0.
0 2.0890447 0.
C -1.3001451 -0.
C -1.3619793 1.
C -2.7232705 1.
C -3.3934818 0.
C -2.6767037 -0
C -0.4461613 -1
C 0.9172178 -1.
C 1.7783799 -2
C 1.3081757 -3.
C -0.0437438 -3.
c -0.9163816 -2.
H -0.8006641 2
H -3.2386840 2.
H -4.4654821 0.
H -3.1790790 -1.
H 2.8433144 -2
H 2.0055263 -4.
H -0.4129731 -4
H -1.9726005 -2.
N -0.6620770 0
C 0.4232149 0
C 1.4166841 1
C 1.1096203 2
C -0.2022105 2
C -1.2107086 1
C -0.8952720 0.
H 2.4446425 1
H 1.8755802 2
F -0.5016656 3
H -2.2287345 1
H -1.6753528 0.
C 0.7167115 -0.
C 0.7573191 -1.
H 0.6802769 -2

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.2105297

6855900

.2930315

8905940
9812785
6357557
9837826
4349008
6277135
8043899
8079514

.3132861
.5590405

4817969

.5325499

6313270
7037738
6685955

.3863890

7090901
9065288
1058875

.5053590

4394494

.5643381

7281497

.5465688
.7503603
.5477296
.3325225
.3320446
.5617863

7751300

.5412858
.9494154
.0885787
.5845994

1596039
1111110
1846136

.2704970

wave number

WWWHFENRPFOONWNNENNRPOORF, WOOOONO

cm** (-1)

[ NeoNeoNoNolNollo]

.00
.00
.00
.00
.00
.00
.26

.6366223
.3195994
.2993493
.0127788
.3345833
.0829671
.4077538
.7536845
.6309972
.9005427
.6314084
.0565742
.1509347
.7399506
.1201434
.8607364
.2492435
.8960569
.0640316
.5432493
.8686038
.6299977
.8343217
.1405788
.8304449
.2068953
.0391254
.6191902
.2432736
.3616439
.8574375
.2621677
.1468047
.8500957
.8565640
.9302302
.6811698
. 6721317
.4981636
.8280762
.7650598

-2376.686035034
-2376.263171392
-2376.2704120363 (Toluene Correction)

0.2818722

591.01

-0.06135801

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.30305

O OO O oo

00000

selection rules
IR RAMAN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

UV U VRGO ORIV RR VR BB OB OBV RV RO BB VR UV ER OB UR OB U R OO R U RN )

22

98

111
112

214

378

477

493

503

625
630

.55
36.
54.
68.
69.
85.
89.
.28
108.
.52
.93
121.
139.
158.
189.
.26
239.
259.
264.
284.
357.
.20
391.
4009.
415.
419.
435.
451.
456.
461.
.37
486.
.26
502.
.59
526.
538.
550.
556.
609.
622.
.26
.58

75
19
66
04
76
39

74

44
59
76
00

50
39
27
68
70

70
93
89
65
47
76
40
08

93

04

90
69
87
89
50
64

[

w = N

w =N
U OWHRFR JWOVWORFRRPFRPRUONUORPRNOODFRPORPROWOWOHORE WNOOODOOORrR OOOOoOOo

.21713
.03404
.12635
.12992
.03680
.19921
.32021
.65821
.22748
.15179
.28324
.12117
.64905
.46708
.22604
.85074
.51428
47716
.68135
.09891
.02508
.05821
.00793
.75986
.48373
.81778
.80079
.06276
.32529
.55757
.21520
.06431
.14778
.11529
.08353
.61188
.57228
.09999
.66527
.01311
.01751
.49474
.65305

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2bf’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.2369841 1
C 1.3710057 2
c 2.9973830 1
C 1.4070378 3
0 1.5385251 4
0 4.1374258 1
0 1.4653967 2
C -1.4385143 0
C -1.6425046 2
C -3.0389787 2
c -3.6527406 1
C -2.8474098 0
C -0.4931389 -0
C 0.8870150 0
C 1.8292920 -0
C 1.4267886 -2
C 0.0601603 -2
C -0.8958064 -1
H -1.1218721 3
H -3.6263729 3
H -4.7502280 1
H -3.3044980 -0
H 2.9092528 -0
H 2.1890698 -2
H -0.2575013 -3
H -1.9647731 -1.
N -0.8574199 1.
H 1.1178314 2
C 1.0251692 1.
C 0.9074673 0.
C 0.6359327 -0.
c 0.0850213 -3.
C 1.3372732 -3.
C 1.6054862 -1.
c -0.6198875 -1.
C -0.8990480 -2
F -0.1785803 -4.
H 2.0861359 -3.
H 2.5847550 -1
H -1.3812274 -0.
H -1.8699069 -2.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.8112428
.2239260
.4946875
.5547432
.6804844
.2590269
.5035421
.7493141
.8281922
. 7999555
.6883888
. 6622517
.2595865
.0197608
.9052704
.0811428
.3574599
.4457124
.6804176
.6366933
. 6239560
.2195121
.7158254
.7877433
.2783312

6620028
8421104

.5991783

8237949
6019790
7934439
4861763
1407576
7987903
1771431

.5194103

7781744
9282089

.5154101

4052900
8282538

wave number

NWUNRPRPRPOODOMNMNMNNMNERPRPRPRPOOOOWOOOORr o

cm** (-1)

[ NeoNeoNeNolNollo]

.00
.00
.00
.00
.00
.00
.39

.2458945
.9979497
.1231146
.2208095
.5020000
.0458268
.1234923
.9600496
.1147058
.0423265
.5621785
.0618302
.4480186
.2230263
.7195257
.3776020
.5696724
.1080509
.5784063
.4506317
.6421708
.5341995
.5984144
.7481177
.0851389
.2701512
.3700461
.6467347
.8842664
.5617475
.8185723
.3995169
.8718695
.5754792
.3554369
.6455898
.6779051
.6949677
.1615720
.5485932
.0633400

-2376.684012464
-2376.261119915
-2376.2683674155 (Toluene Correction)

0.2819030

591.74

-0.06372121

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.27467

O OO O oo

00000

selection rules
IR RAMAN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI R R VRGO UGV ORIV ER VR BB OB URNU RV RO URR VR UV ER OB URR OB U R OO R U U

21.

44

63

111
112

255
271

434

55

.50
50.
.50

70.

86.

93.

96.
103.
.32
.85
127.
148.
165.
189.
218.
231.
.37
.20
284.
358.
382.
389.
4009.
411.
420.
.52
448.
457.
468.
476.
488.
490.
499.
505.
529.
535.
557.
565.
613.
622.
625.
629.

19

81
26
80
25
98

43
93
79
15
42
41

92
46
81
11
08
80
64

98
87
81
20
08
83
72
68
19
60
17
67
82
84
83
85

N

N =
WN D WDPrPLORFRPEPEPNOUOR I RFPNOJONORPFPFNOONRPOOOOOOOOOOoOOoOo

.51847
.11890
.06929
.12389
.39479
.60158
.51872
.54080
.46765
.04869
.20982
.18839
.14170
.17073
.17288
.44821
.55714
.15210
.74803
.21224
.27539
.61717
.98426
.41539
.83525
.59546
.52181
.51490
.61266
. 63922
.44933
.56393
.81398
.43406
.63655
.69735
.82454
.54145
.11213
45.
.82057
.93175
.56307

67900

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2bg
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

44

Mn 1.3766062 -0.
C 1.8229581 0.
C 3.0622173 -0
C 1.6638503 1.
0 1.8874604 2.
0 4.1554677 -0.
0 2.1184501 0.
C -1.2766004 -0.
c -1.3620294 1
C -2.7193760 1
C -3.3748007 0
C -2.6482706 -0
C -0.4139833 -1.
C 0.9421134 -1.
C 1.8120399 -2.
C 1.3560960 -3.
C 0.0112576 -3.
c -0.8691605 -2.
H -0.8122469 2.
H -3.2432126 2.
H -4.4429880 0.
H -3.1391444 -1
H 2.8717417 -2.
H 2.0593057 -4.
H -0.3465864 -4.
H -1.9196367 -2.
N -0.6527397 0
C 0.4549691 0
C 1.4807382 1
C 1.2051413 2
C -0.1007871 2
C -1.1299957 1
c -0.8568091 0
H 2.5032306 1
H 2.0116705 2
C -0.3766414 2
H -2.1527451 1.
H -1.6623480 -0.
C 0.7144502 -0
C 0.7396745 -1.
H 0.6447374 -2
F 0.3742405 4.
F -1.6778780 3
F -0.0904370 2

Svibrational spectrum
# mode symmetry

#

Sw N

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

0299156
4356415

.5265104

6585459
7516652
8631109
7296068
6795420

.3794322
.5530719
.5573279
.5605927

8012923
7237824
7718873
8700920
9433639
9102356
1383073
4549779
6539621

.3524911

7431955
6767524
8032959
9708702

.3016419
.5132800
.2754454
.0684467
.1280631
.3826546
.5831906
.2358872
.6551033
.9532026

4310007
0018611

.3458806

4246914

.5096058

0809757

.3258943
.2616444

wave number

WD WNWNRFFOWWWNNNNNERERNWOOOON

cm** (=1)

[eoNeNoNe]

.00
.00
.00
.00

.0645268
.7480525
.7094753
.4552845
.1141967
.4807096
.8343661
.2218831
.0940160
.3844939
.1295807
.5468182
.6080498
.1748488
.5409442
.2912667
.7031411
.3632339
.5159744
.03246406
.3839604
.1310133
.2367681
.5601350
.2922161
.6924543
.4946763
.1782245
.7931028
.9116446
.4365857
.8324164
.7158327
.3878685
.3782887
.6723436
.2369787
.2452578
.0471444
.3831151
.3253393
.7000792
. 7536733
.8066550

-2614.328819566

-2613.948640333

-2613.9559675194 (Toluene Correction)
0.2944290

612.46

-0.06476787

IR intensity selection rules
km/mol IR RAMAN

0.00000 - -
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYDy YYD YYD YR

20
35

95

152
178

240

280

382

403

.00
.00
12.
.39
.27
37.
49.
62.
69.
83.
85.
92.
.29
106.
1009.
113.
122.

17

43
21
82
00
96
66
84

47
91
97
89

.58
.29
187.
204.
223.
.54
260.
.59
291.
320.
358.
.50
397.
.54
417.
429.
446.
456.
456.
473.
485.
491.
496.
501.
515.
535.
548.
556.
561.

68
44
75

93

71
94
15

47

84
45
92
06
24
87
82
78
06
48
47
60
45
91
76

w

[

N
O WU OO UONWORPMMPEFPOODODWOWWRE ©OOOOODOONNPF OOODOOORrRROOODOOOOoOOoOoOo

.00000
.00000
.41522
.15130
.10531
.03820
.09937
.21459
.07337
.19366
.32995
.36282
.95302
.10456
.10488
.26757
.94308
.00454
.11843
.07863
.65822
.27808
L77371
.55345
.60115
.57093
.44566
.90390
.39938
.23041
.39425
.02122
. 95527
.61272
.37970
.85877
.19751
.00936
.65688
.61189
.88190
.01132
.33736
.41518
.03587
.27135

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2bg’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

44

Mn 1.2573837 2
C 1.3531009 2
c 3.0245241 1
C 1.4107084 3
0 1.5310693 5
0 4.1686241 1
0 1.4228473 2
C -1.4121583 1
C -1.6333439 3
c -3.0302405 3
C -3.6349183 1
C -2.8208450 0
C -0.4584825 0
C 0.9207441 0
C 1.8703617 -0
C 1.4759048 -1
C 0.1110156 -2
c -0.8522662 -1.
H -1.1195922 4.
H -3.6251749 3.
H -4.7323954 1.
H -3.2707823 0.
H 2.9487511 -0
H 2.2430310 -2.
H -0.2003424 -2.
H -1.9199092 -1
N -0.8401231 2.
H 1.1982519 3.
C 1.0905043 2
C 0.9622207 1.
C 0.6868258 -0
c 0.0939562 -3.
C 1.3701303 -2.
C 1.6628496 -1
C -0.5884926 -0.
c -0.8805765 -2.
C -0.2506350 -4
H 2.1393655 -3.
H 2.6599586 -1.
H -1.3505437 0.
H -1.8735156 -2
F 0.8329323 -5
F -1.1879230 -4.
F -0.7528007 -5.

Svibrational spectrum
# mode symmetry

#

Sw N

SV (P)

)
J mol™t)

(au) PBEQ/def2-TZVPP

.1963969
.5665551
.9082488
.9540834
.0887235
.6910536
.8195984
.0754608
.1754795
.1192127
.9818055
.9593536
.0722705
.3822284
.5376373
.7400836
.0476951

1404826
0480721
9540940
8944362
0580324

.3250674

4437773
9907485

.3831785

1925027
0457681

.2587945

0325429

.3602690

0796722
7079213

.3646825

7447573
0905795

.5380390

4781489
0783748
0288712

.3768497
.2770393

7182721
0803084

wave number

NWUWNRPRPRPODODOMNMNMNNMNERPRPPRPOOORFF WOOOONO

cm** (-1)

[eoNeNoNe]

.00
.00
.00
.00

.4486841
.2135486
.3486739
.0305177
.2159537
.2840612
.3467836
.0929445
.0628049
.1047146
.6689859
.1620807
5772752
.3919805
.8828441
.4966351
.6480375
.1924812
.3696454
.2963112
.7229211
.6033314
.7901990
.8624149
.1256045
.3217010
.54054006
.4312254
.6825979
.3807726
.6397991
.1473174
.6823147
.4238984
.1270631
.3769088
.3353709
.5177800
.0571861
.3095423
.7570294
.6769699
.2986776
.1934013

-2614.327168892

-2613.947026262

-2613.9542738044 (Toluene Correction)
0.2946089

615.65

-0.06779443

IR intensity selection rules
km/mol IR RAMAN

0.00000 - -
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY YYD YYDy YYD

24

94

118

193
210
217

358

430

457

497

.00
.00
14.

98

.73
43.
47.
49.
61.
67.
82.
89.
.33

98.
103.
1009.
.51
126.
159.
184.
.52
.22
.04
235.
264.
282.
298.
316.
.59
384.
399.
402.
417.

41
63
76
87
06
71
55

47
09
36

63
54
02

08
01
63
91
84

74
82
85
48

.27
438.
.39
465.
470.
485.
489.
.56
502.
521.
528.
556.
558.
566.

67

98
47
67
03

00
01
15
28
45
31

N
NN SEDSMPEPEDEFRPONEFEFENNWOORFRRENOOORPR OOOODODODOOOODOODODOOOOOoOOoo oo

=

=

[

.00000
.00000
.63488
.22465
.03090
.31629
.06600
.26106
.16659
.48376
.21796
.63058
.91191
.30264
.12101
.23764
.43690
.91062
.14154
.22917
.93389
.33259
. 62107
.57022
.22548
.34890
.44646
.90104
.73648
.67506
.35245
.87632
.50205
.11925
.48654
.18742
.76870
.06921
.53234
.15803
.68884
.96104
.73262
.44075
.58503
.08477

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2bh

SCF Energy (au) BP86/SV (P) -2505.243220756

SCF Energy (au) PBE0/def2-TZVPP -2504.795978988

SCF Energy (au) PBE0/def2-TZVPP -2504.8052396137 (Toluene Correction)
Zero Point Energy (au) 0.3311844

Chemical Potential (kJ mol™?!) 706.41

Dispersion Correction (au) PBE0/def2-TZVPP -0.06732812

xyz coordinates

47

Mn 1.3037687 -0.3393686 1.5642927
C 1.7730387 0.1344454 3.2388633
c 2.9894863 -0.8119268 1.1812376
C 1.5546961 1.3527175 0.9477769
0 1.7573715 2.4484425 0.6023689
0 4.0837222 -1.1330871 0.9345719
0 2.0847189 0.4335773 4.3194731
c -1.3138688 -1.0269365 2.7797729
C -1.4579333 1.0217737 1.639419¢6
C -2.8103401 1.1770946 1.9618594
C -3.4317669 0.1781784 2.7313711
C -2.6784524 -0.9257404 3.1383201
C -0.4265261 -2.1349737 3.1495659
C 0.9175908 -2.0393267 2.6841830
C 1.8101083 -3.0749629 3.0315404
C 1.3873740 -4.1777526 3.7946080
c 0.0540064 -4.2683357 4.2389227
C -0.8483498 -3.2481047 3.9178066
H -0.9341412 1.7839641 1.0418882
H -3.3566609 2.0677959 1.6155462
H -4.4945293 0.2610368 3.0119807
H -3.1425832 -1.7205382 3.7401988
H 2.8618655 -3.0326314 2.7023972
H 2.1077454 -4.9742865 4.0480141
H -0.2779135 -5.1315735 4.8383119
H -1.8898483 -3.3223666 4.2718269
N -0.7224954 -0.0414370 2.0314249
C 0.3817212 0.2025585 -1.6825569
C 1.4305623 0.9225264 -2.3113210
C 1.1772920 1.7120587 -3.4373745
C -0.1314288 1.8162960 -3.9587425
C -1.1811545 1.1092983 -3.3339399
c -0.9323909 0.3121893 -2.2126835
H 2.4533471 0.8470271 -1.9109724
H 1.9984106 2.2594003 -3.9235976
C -0.4621050 2.6479676 -5.1560877
H -2.1956412 1.1981318 -3.7536394
H -1.7525776 -0.2447689 -1.7327883
C 0.6246510 -0.6587717 -0.5500646
C 0.6522165 -1.7324185 0.1221244
H 0.5521967 -2.8167169 0.1840923
0 0.6347577 3.2637250 -5.6739877
0 -1.5811101 2.7704014 -5.6290021
C 0.3952956 4.0772873 -6.8291640
H 1.3816802 4.4905983 -7.1168170
H -0.3167022 4.8971929 -6.5931624
H -0.0291043 3.4703400 -7.6578580

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (-1) km/mol IR RAMAN
1 0.00 0.00000 - -
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O J o Ul W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI R ORI U O R O O ORI R OO OOV OB VRO OB VRO RV OB OB U RV VU]

o O O o

(@)

27

90

113

147

177

245
262

404

473

538

.00
.00
.00
.00
.00
.57
21.
.08
46.
59.
65.
2.
81.
84.
.25

93.
103.
1009.
.53
120.
125.
.48
152.
.22
188.
209.
234.
.53
.35
283.
311.
327.
350.
359.
.30
416.
426.
440.
449,
455.
457.
.30
485.
491.
501.
514.
525.
.51
549.

74

22
22
99
96
48
43

42
84
74

73
90

66

89
11
98

14
13
93
73
49

19
53
49
10
95
74

96
68
47
16
09

73

OO PP ORHRPRHPFREPBAPOODODODOOORPROOOOOHrH OOOOOoOOoOo

N
S o NP RREREDNWO

N
U1 W © N

.00000
.00000
.00000
.00000
.00000
.40934
.40464
.41359
.15075
.08189
.43548
.34214
.30844
.94921
.19612
.21922
.38580
.07931
.35221
.30032
.91882
.71613
.50491
.29846
.54772
.48568
.55588
.50037
.79599
.95130
.87040
.67023
.39475
.82019
.02491
.06781
.24478
77115
.71625
.03867
.14923
.85469
.78627
.24711
.97107
.33024
.57055
.49851
.41364
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2bh’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
47

1.3525788
1.4623236
3.1180559
1.5125479
1.6366598
4.2612268
1.5409259
-1.3186215
-1.5332292
-2.9296576
-3.5376511
-2.7271811
-0.3682498
1.0111152
1.9583656
1.5609619
0.1954744
-0.7651302
-1.0168526
-3.5214392
-4.6349005
-3.1798632
3.0373138
2.3263312
.1177088
-1.8332349
-0.7433560
1.2544836
1.1606076
1.0487005
0.8093861
0.3167967
1.5686989
1.8129129
0

0

0

2

.4473827
.6896091
.1185604
.3449415
2.7914949
-1.2314324
-1.6651795
-1.1267215
0.9619567
-1.3865221
-0.6831782
-2.4287497
-1.2765696

TIoDITCTQOoOOoOEmDID IO ZIEDD DD DD D000 000000 000
|
(@)

(au)
(kJ mol-l)

ORFRP NWWEWNOODNDWDN

[ |
R P OO

(au) PBEQ0/def2-TZVPP

.6404515
.0505351
.3426824
.3868787
.5146486
.1210474
.3295203
.5605827
.6333060
.5961481
.4833359
.4647459
.5597142
.8482912
.0697541
.2495664
.5350771
.6299190
.4866881
.4269324
.4121097
.5823249
.1269373
.9524765
.4595193
.8548593
.6546985
.4323463
.6610036
.4378508
.0385225
.6897427
.2825122
.9403944
.3759304
.7225133
.1403013
.0478617
.6294426
.3781846
.0356814
.4022476
.0071900
.7761092
.1448367
.8093542
.4141971

NWWNRPRPOOMNMNMNMNNRPEPRPRPPOOORF WOOOONO

. 6752257
.4306510
.5704972
.2159357
.0592851
.5048932
.5572676
.3798475
.2947321
.3631720
.9711769
4779097
.8746643
.6580389
.1565151
.8106551
.9966655
.5318795
.1716124
.0508772
.0484499
.9532209
.0393990
.1813687
.5083338
.6874203
.7866600
.2177885
.4510573
.1274324
.3890164
.9836557
.4724613
.1709397
.9026725
.1952754
.2799951
.3160285
. 7751307
.0747522
.5961769
.7663730
.1138995
.0780381
.8557727
.4516302
.1747089

-2505.241127470

-2504.793700599

-2504.8031262880 (Toluene Correction)
0.3312181

706.73

-0.06985329

S36



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR T R R U ORI O OB RO RV R OB RO RV RR VR BB VR OBV RV AR OB UR VRV R VRO BB OB U RNV ER OO

wave number

cm** (=1)

O O O oo

(@)

16.

34

48.
55.
63.
67.
82.
88.
90.
96.
99.

107
114

116.

123

151.
158.
184.
191.
216.
226.

241

265.

283
310

326.
357.

361
403

416.

422

434.
457.
458.
466.
470.
486.
489.
500.

508

526.
534.
556.

.00
.00
.00
.00
.00
.00
77
49
.31
86
73
10
93
43
48
74
71
94
.38
.78
87
.33
43
10
44
79
79
23
.58
96
.59
.54
65
04
.20
.29
59
.54
43
11
87
11
44
24
75
49
.50
16
84
88

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.48046
.07359
.26905
.02328
.09007
.70619
.07690
.35489
.45152
.41964
.40586
.43111
.34149
. 64331
.28711
.47748
.54072
.69009
.56521
.56599
.56283
.33570
.48368
.88216
.15454
.14858
.88924
.70207
.57125
.05072
.13494
.21557
.46699
.85989
.97714
.90131
.27312
.29781
. 99537
.36214
.92025
.44830
.05306
.91812

N
P NOWONWONREFE WNUIFE OOWORFRF WOOONOOORPRNOODODOOOOODOOORrRrROOOOOOOoOoOo

=

o

00000

selection rules

IR

RAMAN
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2bi

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.2130299
1.7035251
2.9060224
1.3402844
1.4529387
4.0048144
2.0398828
-1.3170678
-1.6520221
-3.0119197
-3.5366106
-2.6842758
-0.3319129
0.9908736
1.9782768
1.6657888
0.3502888
-0.6441053
-1.2015770
-3.6387367
-4.6015919
-3.0718391
3.0216985
2.4590368
0.1037007
-1.6710583
.8207181
0.4207025
1.4867883
1.3169154
0.0808729
-0.9868061
-0.8224232
2.4588884
2.1609446
-0.0496867
-1.9592198
-1.6581221
0.5779432
0.5270337
0.2609239
-0.2803551
1.0329260
1.3037063
-1.0599086
-1.3244028
-0.4891628
1.8581302
2.3329935
-1.8783950
-2.3570132

TIDIDITD T oD DT OO OQzEEnnoDn DD DT 0000000000000Q0n
|
(@)

(au)
(kJ mol-l)

P NDNNONOWNOR -

EFNWWNDNENDWWN -

(au) PBEQ/def2-TZVPP

.1283460
.6930919
.7196004
.8290054
.9427431
.4309846
.0723864
.3238844
.2439038
.3031509
.3238318
.3326735
.6649198
.4985782
.4050739
.4618788
.6308128
. 7318737
.9926609
.1062909
.3339608
.4473817
.2941308
.1596738
.4586847
.8636835
.2920030
.6500918
.4143679
.1360790
.1232991
.3750914
.6450879
.4257396
.7168114
.6969551
.3570001
.0554551
.8415585
.2875373
.7109594
.4856857
.0329921
.6616307
.1783404
.5529628
.5657011
.7581454
.3096110
.4475910
.8982063

WD WNWNODOWWWNNNNREPERPRONWOOOONO

7677901
.4075242
.3489977
.1489828
.1788935
.0798274
.4558032
.0891977
7770437
.0993219
.9611220
.4536215
.5369774
.0326552
.4707026
.3435286
.8149470
.4136953
.1072473
.6823404
.2454455
.1247977
.1310262
.6619684
.4994147
.7923921
.2544310
.5074411
.0457378
.2354252
.9064612
.3801494
.1936522
.5283637
. 6429110
.8387960
.9000822
.7841453
.3142645
. 7223688
.7565203
.9456125
.7238185
. 6212917
.9771882
.0703561
.0214352
.6286880
.4541603
.0773034
.2457354

-2508.412127961

-2507.929859714

-2507.9381342801 (Toluene Correction)
0.3689319

802.70

-0.08008127

S38



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR TR R U ORI O OB OO RV R OBV RR VR BB UR OBV RV R OB UR VRO RV RO R ORR OB ORI

wave number

cm** (-1)

O O O oo

(@)

22

26.
29.
42.

47

58.
69.
77.
86.

93

99.
110.

112

118.
128.
155.
172.

184
190
217

227.
246.
263.
285.
357.
380.
396.

400

402.
419.
434.
447 .
455.
466.
473.
487.
494 .

500

510.

532

541.
546.
556.

.00
.00
.00
.00
.00
.00
.30
.06
37
53
86
.27
61
78
43
68
.21
48
27
.40
74
61
09
92
.50
.36
.37
91
59
96
78
97
42
16
.56
72
58
67
78
69
54
94
42
62
.57
17
.27
86
65
32

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.22300
.05960
.05122
.26518
.19185
.19769
.22167
.25509
.33119
.52791
.55682
.43536
.03955
.07220
.41670
.09602
.23330
. 64525
.96286
.46917
.47697
. 62925
.66370
.15492
.04935
.19617
.73501
.45386
.70936
.46689
.53622
.51619
.79443
.81735
.39152
.02064
.59525
.89332
.66585
.38623
.91702
.49425
.41346
.85781

O P> WHF 00 JJOOWUINODONWNEFEFNOOODOOOOOODODODOOOODOODODOOOoOOOoOo

o )
PO oy O

00000

selection rules

IR

RAMAN
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2bj

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
55

0.9063604
1.4579883
2.5778462
1.0471178
1.1618663
3.6636985
1.8356109
-1.6068028
-1.9209358
-3.2626150
-3.7889360
-2.9554606
-0.6429715
0.6614645
1.6210372
1.3013794
0.0050144
-0.9629187
-1.4682090
-3.8740846
-4.8395069
-3.3440641
2.6490455
2.0741428
-0.2459702
-1.9742205
.1078899
0.1463747
0.2249000
0.1834660
-0.0838458
0.8271177
-0.5210201
-0.8611075
-0.7974492
0.2702275
-1.4349885
-1.2269150
-1.5858337
0.1167171
-1.4183266
-0.4421516
-2.1600508
1.5045309
-0.5587833
-0.2988621
2.2194946
1.3891197
1.9342444
2.7307898
0.9547438
0.6615254

TIoDOoOT@DQDn@DIDnoO@D@DoDoDTDQQDn DD zonDn DD T 00000000000n
|
—

(au)
(kJ mol-l)

P NMNONOWNOR -

N wDdNDOoONDNDDN

(au) PBEQ0/def2-TZVPP

.1654989
7774516
.7095393
.8159490
.9010142
.3933969
.1749044
.4517863
.3794980
.4940528
.5380768
.5154195
.5760285
.4621593
.4248806
.4730750
.5810691
.6313920
.1144091
.3216238
.5912199
.2459782
.3666327
.2123366
.3996086
.7143196
.3957218
.6673289
.8325196
.2677396
. 7237446
.2503474
.3071547
.9334766
.8183739
.0995950
.7730181
.4107003
.0181631
.3439965
.5036238
.2618467
.932229¢6
.8713812
.1609294
.6637806
.3506684
.7256069
.8736357
.9294680
.7182795
.2502414

B DB DNWNRPRPOWds WONDNWWNRERERFERENDNWODODOODNDR

.2513929
.8523784
.8022817
.5310960
.1081574
.5122264
.8800338
. 6622762
.3603483
. 7393193
.6254461
.0851400
.0695296
.5021412
.8842198
.7653559
.3047530
.9585385
.6768561
.3478960
.9550566
LTT69777
.4885330
.0379284
.9989108
.3901050
.8015117
.0651955
.8403622
.2129212
.1591217
.2092813
.5199947
.6115687
.4622855
.2773694
.8707999
.8113143
.6987829
.0984921
7325177
.5870862
.1856164
.7748815
.7667554
.8441008
.0687930
.0470473
.0233639
.7625803
7817327
. 7469750

-2360.882425609

-2360.449384567

-2360.4555509522 (Toluene Correction)
0.4312242

961.18

-0.07158498

S40



H
H
H

Svibrational spectrum

#
#

3.4687910 3.4359572
2.6138692 3.5544444
3.1754356 1.9576868

mode

O J o U b wdN P

G B B B D D DB DE DA WWWWWWWWWWRORNRNONNNNNMNMNN B R R e
OWVWOWINUBEWNROO®OJIANNEWNRL,OWO-JANUDWNRLOWO®JO U S WNEFE O WO

symmetry

O I VI VR O R O T O R DB B B L T B B B B B L U R R U U VR )

wave number

cm* * (

O O O oo

(@)

25

27.
40.
48.
55.
61.
63.
73.
84.
86.
91.
101.
105.
105.
115.
123.

127

134.
167.
185.
192.

207
212

230.
245.
251.
257.
284.
287.
342.

351
358
377

413.

417

436.
456.
459.

472
487
493

504.

511

-4.1005359
-5.6753434
-5.0752911

-1)
.00
.00
.00
.00
.00
.00
.02
.23
66
79
69
13
84
89
91
70
28
79
15
03
92
10
42
.51
65
09
09
02
.29
.04
67
13
99
44
92
84
65
.28
.57
.52
42
.98
39
70
24
.34
.20
.34
92
.34

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.17245
.14043
.17493
.02801
.22577
.08372
.07792
.05944
.05961
.87413
.56138
.23567
.08415
.28350
.16061
.13407
.37657
.13969
.14269
.19662
. 62408
.72794
.25131
.94338
.44577
.09361
.09030
.71190
.04044
.99290
.35575
.47142
.50273
.71193
.40739
.93799
.17315
.43676
.11548
.92312
.26455
.83376
.30037
.08654

ORPOPMPNWREFRFOWO-TINORFRPRRPOODODOODOORPRRPPOOOOODOODOOOOOODODOOOOOOOooo

00000

selection rules

IR

RAMAN
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2ca

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
57

0.7905336
1.3273161
2.4456986
1.2218679
1.5213430
3.5159990
1.6847253
-1.9172557
-1.7957953
-3.1303060
-3.8817482
-3.2678746
-1.1664315
0.1556683
0.9967886
0.3757456
-0.9469338
-1.7248080
-1.1767336
-3.5624970
-4.9345600
-3.8313851
2.1917129
-1.4998894
-2.7692106
-1.1933158
.2026858
0.8330593
0.5392223
-0.7879149
-1.8237181
-1.5387683
1.8734261
1.3574875
-1.0141382
-2.8665484
-2.3482659
0.0717449
0.0979632
-0.0035840
-1.5173194
-2.5420262
-0.9011095
1.2519414
.8231970
.0819419
.7002069
.9472178
.3163704
.7566335
.4693801
.0218256

OOz Dn DD D DD DOz o0oDn DD IDOOz200000000000000000
|
(@)

WNEFEFNNDONR

(au)
(kJ mol-l)

NwWwWWwRkrRPEPR O WwWwORr -

(au) PBEQ0/def2-TZVPP

.5285988
.7047316
.9692036
.2420649
.3518560
.7182341
.7901848
.0193716
.1873913
.4572047
.4552653
.2300441
.2164499
.2054871
.3733598
.4857002
.4827290
.3636875
.9503746
.4401795
. 6283193
.4263969
.4589280
.7096034
.3801603
.0084472
.5515868
.3355169
.3032118
.5174378
.7496072
. 7755920
1710737
.8993708
.2828874
.9080653
.1684774
.5172662
.3619270
.7198586
.5908682
.5195711
.9959174
.6507605
7377665
.5235044
.5790914
.9354974
.0476178
.9455809
. 6285701
.7272481

DWWk ONE WN

. 7423591
.9650669
.2253026
.1491495
.3572636
.6022172
.0709940
.3528721
.5318246
.2048991
.4318321
.7097169
.5949210
.1489748
.3826172
.0476719
.4670707
.24677454
.0275713
.4476092
.7088086
.2057034
.0571630
.1450369
.5893197
.2649113
.8505661
.42046006
.3907774
.8053061
.2446583
.2763370
.0999638
.8272260
.5658297
.5667153
.8410303
.8807799
.3637414
.4531376
.4635559
.4730421
.0374664
.2827453
.6904001
.5560890
.0321895
.2820534
.7009390
.4153647
.2789892
.5658847

-2678.190493143

-2677.706850638

-2677.7183769724 (Toluene Correction)
0.4157036

911.24

-0.08425883

S42



H 3.3831164 -4.0094872 6.2921715
H 2.2541763 -6.0011177 5.2516107
H 1.2615839 -5.8247528 2.9659924
H 2.5537513 -1.6850764 2.7160355
H 3.5231786 -1.8514973 5.0105932
Svibrational spectrum
# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN
1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 11.75 0.05816 YES YES
8 a 14.17 0.44665 YES YES
9 a 18.27 0.27503 YES YES
10 a 25.24 0.43345 YES YES
11 a 28.41 0.17720 YES YES
12 a 33.39 0.16288 YES YES
13 a 52.56 2.02624 YES YES
14 a 61.46 0.06639 YES YES
15 a 70.66 0.31006 YES YES
16 a 77.87 0.45878 YES YES
17 a 82.82 0.65931 YES YES
18 a 91.77 2.72653 YES YES
19 a 98.13 0.53621 YES YES
20 a 101.45 0.06260 YES YES
21 a 111.21 0.12231 YES YES
22 a 118.61 0.89381 YES YES
23 a 121.91 1.04289 YES YES
24 a 152.08 0.91687 YES YES
25 a 152.54 0.72509 YES YES
26 a 160.88 4.90822 YES YES
27 a 183.22 0.71152 YES YES
28 a 194.04 1.37194 YES YES
29 a 208.22 1.82511 YES YES
30 a 222.93 0.28827 YES YES
31 a 244.70 1.18420 YES YES
32 a 247.38 0.73847 YES YES
33 a 261.67 1.67246 YES YES
34 a 279.46 0.50349 YES YES
35 a 311.39 3.41575 YES YES
36 a 323.37 15.15492 YES YES
37 a 333.50 13.91151 YES YES
38 a 369.01 6.10197 YES YES
39 a 388.19 1.01913 YES YES
40 a 401.34 0.06661 YES YES
41 a 402.35 0.33753 YES YES
42 a 416.94 18.50278 YES YES
43 a 429.83 3.80817 YES YES
44 a 439.12 14.05357 YES YES
45 a 455.41 8.65813 YES YES
46 a 462.46 13.72343 YES YES
47 a 465.15 2.29291 YES YES
48 a 470.80 0.71839 YES YES
49 a 479.01 8.66726 YES YES
50 a 486.70 6.50033 YES YES

543



2ca’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
57

0.7961401
1.2500491
2.4813310
1.1939145
1.4534377
3.5663854
1.5603437
-1.9187337
-1.8776272
-3.2343521
-3.9555682
-3.2903241
-1.1141102
0.2167596
1.1073012
0.5226619
-0.8113962
-1.6355385
-1.2791530
-3.7078776
-5.0252499
-3.8303504
2.3204438
-1.3260705
-2.6889701
-1.2260492
.4305322
0.3284714
0.1072887
-0.3320158
-1.2831841
-2.3851514
-0.7412688
1.4470592
.9717429
.2958274
.9511891
.0186002
.4738845
.9522292
.5307111
.0448033
.4249358
.4496076
.5253732
.5769806
.4779642
-1.1888456
-2.0009716
-1.5782448
0.4736494
0.0486945

QOO DmD DD @D DT Z2D oD ZID D200 00000000000
WNENWWNDNEDNDWONRE (@)

(au)
(kJ mol-l)

ON W BdRFERENDE ODNDDNDDN

(au) PBEQ0/def2-TZVPP

.5847105
7717503
.0544182
.3117903
.4315807
.8259195
.8875984
.9701171
.1124029
.3236173
.3032904
.1206326
.7822773
.8397673
.2669546
.3819293
.4330731
.3635921
.8905777
.2752248
.4288905
.3024026
.3020275
. 6620627
.4207582
.9768015
.6470920
.8248482
.5993603
.2701243
.5629399
.5114458
.8920748
.4902952
.4950662
.3481379
.4540546
.5396166
.7060846
.6802039
.3301185
.3531060
.5541871
. 6430481
.6016461
.4018958
.4344876
.2916190
.1662434
.1047369
.8723298
.1367172

|
P oOoOoOoORrEr oo

.0851902
.6500830
.5070732
.4411958
.6517531
.8522930
7671783
.0555799
.0050859
.7320304
.0892464
.2481533
.2480661
.1695494
.1537331
.8429219
.2170725
.9287325
.5034612
.0190629
.1451857
.7462112
.1188913
.9203533
.2375034
.6777181
.8642917
.1539352
.8967459
.2666099
.2663069
.2126235
.8379881
.1537664
.5821842
.4523575
.9211390
.2130484
.6516553
.3463164
.1518695
.4581470
.2379724
.2327775
.9121475
.5601036
.8877950
.1159708
.3406083
.9237175
.0325241
.4651808

-2678.190378706

-2677.706376595

-2677.7174819824 (Toluene Correction)
0.4159746

916.06

-0.08639897
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H -1.5195209 -3.2892602 -4.4495344
H -2.9725869 -1.2768177 -4.8508210
H -2.2099208 0.9891133 -4.1055410
H 1.4407025 -0.7534001 -2.5191253
H

0.6940667 -3.0138514 -3.2906557

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN

1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 13.98 0.16013 YES YES
8 a 18.45 0.16169 YES YES
9 a 23.39 0.91198 YES YES
10 a 26.84 0.00583 YES YES
11 a 34.42 0.15750 YES YES
12 a 49.10 0.02982 YES YES
13 a 52.96 1.01254 YES YES
14 a 63.51 0.73153 YES YES
15 a 73.89 0.63088 YES YES
16 a 79.38 0.96375 YES YES
17 a 82.15 1.07061 YES YES
18 a 95.65 0.70579 YES YES
19 a 100.84 0.36578 YES YES
20 a 104.48 0.08703 YES YES
21 a 109.67 0.84019 YES YES
22 a 122.89 1.57095 YES YES
23 a 128.37 0.61223 YES YES
24 a 153.86 0.54673 YES YES
25 a 158.56 0.16737 YES YES
26 a 178.88 0.53684 YES YES
27 a 185.41 2.14388 YES YES
28 a 192.23 1.63138 YES YES
29 a 206.72 1.76481 YES YES
30 a 213.42 0.34350 YES YES
31 a 243.95 1.05407 YES YES
32 a 247.83 1.08144 YES YES
33 a 262.98 0.36073 YES YES
34 a 281.31 1.23538 YES YES
35 a 310.09 5.88444 YES YES
36 a 330.66 9.26868 YES YES
37 a 342.45 5.75582 YES YES
38 a 367.77 4.50765 YES YES
39 a 391.01 1.25030 YES YES
40 a 402.56 0.10780 YES YES
41 a 403.68 2.37536 YES YES
42 a 409.01 13.17384 YES YES
43 a 431.49 11.951406 YES YES
44 a 442 .41 14.97434 YES YES
45 a 457.92 0.40690 YES YES
46 a 464.95 1.20181 YES YES
47 a 468.56 6.69897 YES YES
48 a 471.25 3.35441 YES YES
49 a 478.00 3.89641 YES YES
50 a 485.52 6.40456 YES YES
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2da
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.5197310 0
C 1.9098030 0.
C 3.1834914 -0.
c 1.9301135 2
0 2.2237609 3
0 4.2544275 -0.
0 2.1616682 1.
C -1.2049045 -0.
C -1.1589754 2.
C -2.5219656 2
C -3.2447226 1.
C -2.5904925 -0.
N -0.4345005 -1
C 0.9499691 -1
C 1.5082306 -2.
C 0.4804587 -3
C -0.7448065 -2.
H -0.5477021 2.
H -2.9972974 3
H -4.3222679 1
H -3.1456491 -0.
H 2.5624864 -2.
c 0.4951000 -4
N -0.5072941 0.
c 0.8271748 1
c 1.9509091 2
C 1.7939842 3
C 0.5191695 3
C -0.6026395 2
C -0.4550859 1.
H 2.9505721 2
H 2.6781598 3
H 0.4001929 4
H -1.6046992 3
H -1.3312893 1
C 0.9579810 0
C 0.8890639 -0
H 0.7411585 -1.
H 1.4336625 -5.
C -0.6914407 -5.
H -0.6902216 -6.
c -1.8900312 -4
H -2.8156297 -4.
C -1.9319458 -3.
H -2.8877072 -2

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.5470025

8269867
0444268

.2698775
.3814057

4565929
0008020
1258313
0562942

.2484819

1885736
0046829

.2439296
.2028048

4082537

.2427178

4960049
8540095

.2064907
.2891001

8365420
6854686

.5502559

9101560

.5978722
.3147130
.2932883
.5832855
.8814165

8969480

.0905373
.8380295
.3572543
.1003949
.3404153
.5504308
.5923575

6707348
1283198
1000768
1214082

.3559507

7983334
0495780

.5094957

wave number
cm** (=1)
0.00
0.00
0.00

.3436074
.0810763
.0203656
.0671300
.2662464
.1836553
.2032102
.2768286
.4177521
.6575306
.2332793
.5445731
.5412602
.1921142
.5598700
.1402405
.1266952
.0310344
.3991233
.4423592
.9889839
.4310032
.6685547
. 7131965
.8620085
.3463859
.3372283
.8561966
.3811110
.3931721
.9429216
.7070955
.6321738
.7859256
.0245511
.8770337
.3453656
.3980957
.6819725
.1740729
.5892289
.1584690
.5616334
.6376779
.6526528

-2409.004534403

-2408.542817634

-2408.5510777761 (Toluene Correction)
0.3178444

679.604

-0.06709809

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYYy YY YYD

47

111
122

157

215

352

513

.00
.00
.00
16.
17.
25.
.19

56.

64.

67.

79.

87.

99.
104.
.88
.33
143.
.32
168.
178.
.31
238.
256.
280.
306.
315.
.24
366.
400.
407.
422.
431.
456.
473.
478.
486.
493.
501.
.21
516.
523.
537.
554.
571.
589.
611.
613.

31
65
65

47
10
11
62
94
82
85

47

97
12

99
73
88
39
88

05
09
71
47
12
79
69
93
33
78
81

95
19
83
10
12
91
07
67

w = = = N
JOFRPOWWWNURRE JOURRFRROMNOOONUIFPFOOHOOOOOOOOOOO OO

NN OO I

.00000
.00000
.00000
.07965
.09997
.26847
.24354
.07018
.09528
.32495
.42679
.74734
.51131
.07356
.11920
.21282
.40069
11267
.48278
.99525
.22371
.23718
.23442
.52625
.32459
.87150
.47949
.07142
.38943
.20090
.06470
.93796
.18417
.51350
77269
.55622
.48945
.05292
. 64317
.49905
.80879
.06320
.08855
.17654
.62866
.74284
.03699

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2da’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

-0.2569970 -3.
-1.1188276 -1.
-0.6974520 -0.
1.4590036 -1
1.0315616 -2.
-0.5904122 -4.
-2.1299911 -2.
-1.3683259 0.
2.4680464 -1
1.7124272 -3.

45

Mn 1.6114787 2
C 1.9124242 2
c 3.3069043 1
C 1.9537395 3
0 2.1911893 4
0 4.3945181 1
0 2.1133826 2
c -1.0999543 1
C -1.1734098 3
C -2.5598082 3
c -3.2331398 2
C -2.5076960 1
N -0.2598291 0
C 1.1285164 0
C 1.7639615 -0.
C 0.7824824 -1.
C -0.4947175 -1.
H -0.5986462 4.
H -3.0927997 4
H -4.3280388 2
H -3.0244406 0
H 2.8428089 -1.
C 0.8787449 -2.
N -0.4526673 2
H 1.4252327 2.
C 1.2749429 2.
C 1.0302276 0.
C 0.6010528 -0.
H 1.8581874 -3.
C -0.2794590 -3
H -0.2150666 -4.
C -1.5294780 -2.
H -2.4316533 -3
C -1.6528098 -1.
H -2.6452131 -1.
c

C

C

C

C

H

H

H

H

H

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.0224123
.3882443
.4797935
. 7493582
.8621185
.0868426
.6348062
.1950939
.3233061
.4139375
.3243121
.2075558
.1667125
.2877215

8264179
6835292
0432808
1430608

.3144785
.3403880
.3456729

0225844
9251389

.2542483

9305479
1317796
9214792
4326949
4207374

.5132887

4835600
8709534

.3406685

6320255
1660218
0608890
9713558
6670022

.5386594

8379490
0856771
1378258
1890256

.3648277

6878085

wave number
cm** (=1)
0.00
0.00
0.00

|
NP OOORrRPRREORFO

.1294482
.6130026
.3640030
.5687954
.8290349
.5076838
7313371
. 7151392
.2672068
.1227346
.4589504
.8767864
.0975266
.7892940
.2966744
.9209497
.7940818
.7250315
.4625970
.5843860
.3111972
.2437251
.5820625
.1355482
.9825719
.2549764
.9744502
.2310418
.6835846
.1097021
. 6292674
.9860483
.4109535
.3307129
.2707994
.8308959
.0487209
.7534160
.0074787
.3143524
.0632895
.4561038
.9296280
.6056212
.1426469

-2409.003236277

-2408.541068212

-2408.5491894788 (Toluene Correction)
0.3178436

680.78

-0.069583406

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O I VI VR O O T B DB DB B D T B B L B B U R R U U VR G )

65
68

178
212
238
257
283

327

421
430
475

494

567

.00
.00
.00
15.
20.
27.
49.
59.
.57
.58

75.

88.

98.
103.
106.
126.
150.
162.
168.
.57
.26
.54
.32
.38
310.
.36
352.
366.
398.
402.
.35
.23
461.
.56
479.
488.
.56
497.
511.
519.
529.
534.
.27
571.
592.
611.
613.

45
66
61
13
94

86
40
66
05
88
59
94
96
46

87

85
38
02
62

07

33
60

45
89
62
49
71

42
92
93
42

[
D OO wWwoORrRREPEP,OOTODUNUUTOD I DOOVWUTWROORFRPREFEFNOOODOOOOODOOOOOOOL oo

.00000
.00000
.00000
.16430
.16312
.30383
.08630
.16090
.28800
.53915
.08201
.25179
.56138
.65599
.54148
.02338
.53832
.42157
.32486
.51189
.21873
.76712
.47958
.04667
.24429
.96005
.86261
.12868
.32884
.57207
.23673
.78177
.52510
. 62213
.02750
. 62185
.21874
.72589
.50073
.34959
.84794
.87538
.37452
.03474
.68595
.00493
.37682

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ea

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
53

=
=)

.2230988
.6156062
.9387085
.4125292
.5413774
.0506470
.8767051
.4539945
.9246317
.3558878
.7432603
.6077351
1177715
.74277944
.1235398
.6801806
.8869000
.3950079
.1848113
.2295362
.2662731
.2345091
.8687155
.5347223
.4352712
.0776139
.2792071
.6348500
.2515102
.4830307
.8346306
.6163849
.7524455

1.7703661
-4.7416295
-4.1874919
-2.8044347
-2.4915732
-3.8796569
-6.0976318
-4.8744120
-2.3950795
-1.8296331
-4.2759343
-0.3377541
-6.7187729
-6.4076413
-7.8093098
-6.4964900

4.2807820

4.7805171

4.4885289

PP ORFRFONWOOOFRFRNRPFORPRPRONWOONDNMNRPEFOROMNMDUUINDD WNDN

TIoDOoO@DDn@DoODnoDIDTDoDoOOoOaDnoaOaDnDDD DO zZ2oDm Do o000 0000000n

(au)
(kJ mol-l)

(au) PBEQ0/def2-TZVPP

.6317792
.1476731
.1811112
.3193182
.4196005
.1331539
.4700797
.0297274
.0913870
.1297064
.0509487
.0542027
.1166002
.1752783
.1864952
.0058785
.1224309
.0008383
.2197783
.8918881
.075189¢6
.8668127
.6586890
.6874656
.9114622
.1120552
.8489973
.2643171
.3164568
.9265356
.4992213
.2176182
.8361841
.9228945
.3982927
.8306805
.9812409
.3143236
.4757364
.4422766
.6562320
.9390571
.1579555
.4409076
.6556536
. 6476577
.9356514
.4493254
.4895023
.1239894
.2159617
.1896897

PR RPNRORROORREREOO

NwNhDEFENMNNNNRERE R R PO

(@)

3

5

.0380673
.6392340
.3247176
.6911169
.0551924
.4981009
.7277647
.9096872
.0871830
.4172808
.0754004
.5517480
.3474416
. 6929163
.2356941
.3091043
.8426613
.3326722
.5316610
.2643551
.2954025
3.
5.
.5058725
4.
. 7519775
.6164200
.5724379
.3659739
.1911149
.2369763
.1884952
.5029239
.4187534
.3390996
.9085777
.7916161
.5082184
. 6412510
.4283706
.6648427
.4327292
.7662896
.9886844
.1300338
.8463775
.8783423
.8391284
.1487841
.5719257
.9829648
.4784253

9638754
0606656

8473054

-2583.758694363

-2583.308834131

-2583.3186219410 (Toluene Correction)
0.3858375

840.51

-0.072290098
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H

Svibrational spectrum

#
#

4.6884108

mode

O J oy U W

G B DD DD DDA DNWWWWWWWWWWRONNNNNNONNONNNEFE R PP
OWVWOWJINUBEWNRPOODJIANNBEWNROW®O -JAOAUEWNRLOWOW®WIONU S WNRFR O WO

symmetry

ORI URE R R OB OB O R U O T ORI O T TR R R O OB O R T L O R O U TR T O U R R T O OB UV G )

-5.0239717

wave number

3.0749915

cm** (=1)

O O O oo

(@)

23.

28

35.

38
47

61.
65.
75.

85
87

94.
101.

103
114
121

146.
154.

160

168.

180

190.
204.
236.
246.
256.
266.

300

316.
319.
342.

361

400.
4009.
415.

422

444,

454
458

475.
478.

488
495
502

.00
.00
.00
.00
.00
.00
.66
85
.24
42
.32
.51
68
84
47
.53
.59
62
89
.56
.60
.22
22
04
.20
67
.21
96
10
74
28
47
71
.24
99
55
78
.53
11
14
96
.26
19
.37
.56
83
06
.23
.22
.27

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.11198
.14135
.19019
.79697
.42459
.69116
.10633
.17130
.44825
.07252
.33363
.20706
.26170
.42543
.52142
.35366
.28143
.68102
.18190
.51326
.01157
.43101
.46082
.90063
.61014
.28427
.10966
.39938
.15601
.82845
.96020
.33052
.10893
.85992
.75722
.54838
.52271
.42207
.83272
.34516
.31028
.80640
.53210
.32391

N
DO O0OWNREFE WERERENODOUON DR EFENOOORPRPNOORFRFORFONOOORFROOOOOOOODOODOOOOoOOo

[

o

00000

selection rules

IR

RAMAN
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2ea’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
53

=
=)

.9919400
.1534808
.7492214
.1488295
.2404524
.8853661
.2698990
.7159006
.1043036
.5091645
.3773587
.8728113
.4752568
.3961908
.4624674
. 6454017
.1110908
.4825776
.0377682
.6963008
. 7555164
.7682332
.8077286
.9200425
.0989686
.0485007
.6263831
.6864749
.9626934
.0704284
3.9712861
-0.3402928
-0.2421060
-2.1920915
-5.0083214
-4.2119099
-2.8306057
-2.9975772
-4.3889449
-6.3429842
-4.7089911
-2.2261438
-2.5283966
-4.9787167
-0.6034216
-7.1972825
-7.1680455
-6.9375345
-8.2215719
4.0556463
4.4730160
4.3560879

S P OO WWRrRPRPRRFRPFRPRPRPORPONMWODORDNMNMREFOONBEENDNDWDNDRE

TIoDOoO@DDn@DoODnoDIDTDoDoOOarnDmD DT OO0 ZEoDIDm om0 00000n

(au)
(kJ mol-l)

ORrNREDdWEDNRH

(au) PBEQ0/def2-TZVPP

.9445815
.3744254
.5853193
.6785107
.7993586
.3177075
.6577750
.1112818
.0054276
.1721588
.8410027
.0152812
.1871422
.1855143
.7284284
.0414031
.1192603
.3313196
.0698256
. 6226932
.8524320
.6340095
.8002035
.6011320
.8350822
.4479013
.5815302
.9683920
.6916637
.3222218
.8468055
.0879230
.5621325
.1993839
.4914085
.1238512
.9750933
.5734107
.7150685
.6032685
.9678227
.7135808
.7355727
.9923799
.8775078
.9790936
.2368679
.9876305
.0095391
.9552201
.0857501
.8782928

NN R RPRPRPR PR OOO

=

-0.
-3.
-2
-2.
-2
-2
-2.
-2
-2
-2
-2.
-2
-2.
-1.
-2

0.

-1.
-1
-0

0.
-0.
-0

0

2.
2.
1.

.2125446
.5290994
.3113953
.7263564
.0377011
.3697285
. 6525923
.4928948
.9687169
.7533872
.1958039
.8030053
.9748359
.5574072
.0533317
.2472929
.4333817
.6747097

1025837
1216314

.3511876

0105774

.1790042
.5779877

6115416

.4103047
.1436240
.3432424

7344687

.7994052

4342545
9607610

.3141260

6436670

.9169598
.0274378
.8900714
.4539791
.3325568
.1508950
.9977093
L7732747

4391278

.2184360
.3994740

0823794
7501530

.3178743
.5047845

1058369
6654880
0352177

-2583.755936542

-2583.306604497

-2583.3161494270 (Toluene Correction)
0.3858163

841.85

-0.07594655
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H

Svibrational spectrum

#
#

4.4630239

mode

O J oy U W

G B DD DD DDA DNWWWWWWWWWWRONNNNNNONNONNNEFE R PP
OWVWOWJINUBEWNRPOODJIANNBEWNROW®O -JAOAUEWNRLOWOW®WIONU S WNRFR O WO

symmetry

ORI OB R OB OB O R  O T O R R OB OB O T TR TR R O OB TR T R O R O U T G O U R U R R O OB UV G )

-3.8933836

wave number

2.5338468

cm** (=1)

O O O oo

(@)

28.
33.
36.
38.
49.
54.
64.
76.

84

89.

93

96.

107
113

120.
149.
158.
163.

175

176.
183.
192.

242

249.
255.
268.
296.
305.
317.
340.

362

398.
399.
415.
420.
444,
454,
461.
479.
484.
486.
495.

507

.00
.00
.00
.00
.00
.00
.75
47
94
54
48
80
04
84
74
.30
15
.26
89
.51
.30
74
98
02
84
.37
20
71
21
.22
25
05
62
84
94
81
78
.30
05
04
91
81
89
90
02
34
40
59
03
.34

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.06828
.19583
.28112
.25294
.16597
.04111
.26221
.11492
.35850
.11652
.20915
.14079
.50910
.21592
.33480
.23271
.82201
.52750
.18213
.19118
.30265
.31709
.53953
.72845
.73961
.48763
.23736
. 72505
.11122
.02634
.34148
.98498
.51671
.53104
.33119
.98381
.66886
.69616
. 68253
. 64347
.14586
.70917
.45340
.79824

=

[

[
DR O UOUUNRP OO WROPMMORPRJINPFPF OOOOONWHERPREPENOORPRPROORFROOORPROOOODOODOOoOOoOOo

00000

selection rules

IR

RAMAN
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2fa
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.4798866 -0
C 1.9858282 0.
C 3.1078742 -0.
C 1.9261647 1.
0 2.3355042 2.
0 4.1697173 -1
0 2.3152063 0.
C -1.1801954 -0.
C -1.2646296 1
C -2.6149049 1.
C -3.2443526 0.
C -2.5298906 -0.
C -0.3367492 -1.
C 1.0015422 -1.
C 1.8409481 -3.
C 1.3735263 -4.
C 0.0448376 -4.
C -0.8044324 -3.
0 -0.5611747 2
H -3.1579348 2.
H -4.2982282 0
H -3.0099922 -1.
H 2.8878098 -3.
H 2.0544¢672 -4.
H -0.3244333 -5.
H -1.8414812 -3.
N -0.5632583 0.
C 0.5092592 0
C 1.5628757 1
C 1.3059008 2
C -0.0025131 2
c -1.0570294 1
C -0.8076042 0.
H 2.5900246 1
H 2.1398662 2
H -0.1994433 2
H -2.0855771 1
H -1.6311973 0
C 0.7397492 -0
C 0.6903825 -1.
H 0.5017714 -2
C -1.1618881 3.
H -0.3662870 4
H -1.5042302 4.
H -2.0157150 3

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ/def2-TZVPP

.2187247

1850369
8153644
4494384
4877551

.2232451

4401459
8102208

.3042492

4850452
4625696
6901692
9750680
9308193
0288489
1396970
1782901
0978098

.2223023

4008478

.5728714

4987815
0300007
9834827
0473483
1328419
1880328

.5040600
.2155775
.0406282
.1825144
.4841539

6527288

.1076915
.5794532
.8342939
.5825957
.0979856
.3979229

4982035

.5721248

4526384

.0176456

0308366

.2878659

wave number
cm** (=1)
0.00
0.00
0.00

WWNEFENMNNOONWNERENNRERPERPOR WOOOONO

.6042757
.2864095
.1948714
.0171510
.3203568
.0717724
.3737385
.8566652
.8362574
.2047053
.9267944
.2573493
.1535723
.6664095
.9547913
.6779099
.1430338
.8820827
.1479445
.9352112
.2309414
.8248023
.6082221
.8831749
7115733
.2538322
.1483020
.6026110
.2293841
.3338314
.8298025
.2145901
.1127119
.8487855
.8133716
.6969663
.6007656
.6352136
.4957523
.8680577
.8433323
.2331367
.7566458
.6560919
.9290253

-2391.961394095

-2391.518095263

-2391.5259797091 (Toluene Correction)
0.3211004

689.84

-0.06699866

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYYy YYD YYD

75

93

100

118
122

182

242

454

478

581

.00
.00
.00
15.
29.
34.
43.
63.
.59
80.
90.
.53
.58
114.
.32
.21
129.
154.
156.
167.
.29
218.
229.
.21
254.
288.
305.
324.
334.
402.
407.
415.
435.
.51
459.
471.

69
61
01
43
13

60
18

14

25
99
86
85

81
75

84
66
04
49
75
42
91
07
04

11
16

.30
490.
499.
508.
513.
529.
536.
541.
555.
.31
606.

99
39
02
95
00
56
47
01

94

N
O WO W PP NUTOOP OONF OOODWOORFRPRWOROOOOOOOORrRrPR OOOOOOoOo

=

N oW =
BN N RPN

.00000
.00000
.00000
.21459
.05641
.12405
.08971
.35943
.13964
.41255
.49284
.02787
.83466
.30028
.18218
.39617
.90286
.38789
72739
.83857
.19717
.80044
.95873
.23163
.06903
.56483
.17203
.26696
.71008
.01934
.84390
.41464
.05753
.75093
.46109
.40160
.94107
.31778
.20063
.13741
.54387
.57498
.31513
.12873
.26347
.25487
.76174

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ej

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
63

1.9456160
2.3174964
3.6459403
2.2417920
2.4490777
4.7469566
2.5659906
-0.7687233
-2.2330554
-0.0099007
1.3817626
2.1968402
1.6568351
0.2808277
-0.53%90031
3.2693013
2.3758798
-0.1049106
-1.6006016
-0.0394002
0.7799226
1.6257514
1.0916549
-0.2917779
-1.1411542
-0.6147849
.7091332
1.7642898
-0.7074816
-2.2266108
-1.2773778
1.3055038
1.5375929
1.7895150
-5.0344965
-4.5355261
-3.1605106
-2.7457344
-4.1252938
-6.3870314
-5.2583003
-2.7951668
-2.0473340
-4.4783142
-0.5664635
-6.9544541
-6.6311035
-8.0526205
-6.6950736
3.7623117
4.3241281
3.9408832

TIoDOoO@DDn@DoODnoDIDTDoDoOOaDn DD DO zZ2Dm Do o000 0000000n
N

(au)
(kJ mol-l)

ONOWNhORF -

|
N WNNWNREPORPNNOORRPFPOOONWWNEDNWWNR

w

(au) PBEQ0/def2-TZVPP

.1548608
. 7535376
.6209492
.8057008
.8871159
.2515105
.1407198
.6675232
.8694433
.4218190
.4320683
.4323580
.4100915
.3773202
.3877409
.4571753
.4141733
.1348798
.3485107
.5042181
.6009485
.4310501
.2341651
.2368847
.4223127
.6105739
.4347565
.8688724
.8743582
.4146907
.9640588
.7353344
.3836632
.8090780
.3238325
.0372441
.1846951
.1499997
.3847820
.4358920
7757992
.1888858
.9833999
.3945124
.2572249
.7007651
.0681702
.5505129
.4643635
.5203748
.6193473
.6724222

NWWHRRNRORRORR R BP

NwwFEFNMNWNDNRERE R P

.1958505
.8490724
.0252364
.5079093
.8928812
.1584022
.9191820
.1429281
.2963279
.7424040
.4019474
.9608592
.8285623
.1737144
.6386067
.7161129
.3952372
.8732171
.9327252
.4342321
.9389564
.7179503
. 7350415
.9889727
.2198555
.2041981
.5215034
.3354938
.7867409
.4148064
.6069194
.9069689
.3569005
.4301288
.5025429
.1888465
.0941285
.6003473
.7093693
.5812182
.0176185
.8259732
.7849273
.9645007
.0305651
.8840578
.8864834
.8903394
.1130867
.1025461
.4428990
.0130853

-2814.654527730

-2814.168815490

-2814.1792225655 (Toluene Correction)
0.4650797

1029.53

-0.092056068
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.6347926 -1.5346342 -2.5551036
.0852046 -3.9843320 -2.7979179

H 4.1242530 -4.4071241 3.6610765
C 2.2998198 -4.5825249 -1.6992044
C 1.1606521 -4.1354233 -1.0061845
C 0.9082016 -2.7631267 -0.8644706
C 2.9391798 -2.2701009 -2.1219546
C 3.1886010 -3.6441445 -2.2533474
H 2.4955186 -5.6624250 -1.8064831
H 0.4604443 -4.8642520 -0.5655675
H 0.0205352 -2.4157940 -0.3143619
H 3

H 4

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN

1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 11.41 0.09327 YES YES
8 a 16.85 0.05804 YES YES
9 a 20.99 0.16957 YES YES
10 a 28.16 0.10066 YES YES
11 a 36.00 0.86956 YES YES
12 a 39.01 0.31055 YES YES
13 a 45.19 0.10445 YES YES
14 a 48.27 0.84812 YES YES
15 a 53.24 0.12915 YES YES
16 a 61.97 0.17545 YES YES
17 a 70.80 0.30147 YES YES
18 a 77.93 0.10995 YES YES
19 a 83.73 0.90023 YES YES
20 a 90.22 0.23146 YES YES
21 a 94.80 0.17699 YES YES
22 a 98.30 0.47627 YES YES
23 a 104.33 0.89218 YES YES
24 a 109.49 0.93333 YES YES
25 a 118.15 1.82754 YES YES
26 a 146.42 1.64226 YES YES
27 a 150.95 1.34614 YES YES
28 a 158.67 0.88868 YES YES
29 a 169.35 2.88200 YES YES
30 a 181.04 2.40710 YES YES
31 a 188.68 3.26368 YES YES
32 a 191.67 1.53467 YES YES
33 a 206.86 0.62635 YES YES
34 a 230.76 3.27932 YES YES
35 a 234.86 2.02230 YES YES
36 a 248.55 0.36116 YES YES
37 a 253.94 1.23472 YES YES
38 a 267.87 0.75825 YES YES
39 a 296.61 3.74998 YES YES
40 a 320.41 2.34102 YES YES
41 a 341.10 0.88454 YES YES
42 a 360.93 5.44085 YES YES
43 a 376.09 10.14822 YES YES
44 a 382.42 32.74494 YES YES
45 a 401.20 0.01273 YES YES
46 a 402.061 0.11511 YES YES
47 a 415.93 2.26611 YES YES
48 a 421.73 1.09351 YES YES
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49
50

440.76
453.33

4.23288
1.25458

YES
YES

YES
YES
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2fa’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.3963769 1
C 1.4957594 1
c 3.1423484 1
C 1.6670801 3
0 1.9417192 4
0 4.2810258 0
0 1.5645760 2
C -1.3013999 0
c -1.5652880 2
C -2.9709816 2
C -3.5348398 1
C -2.7031045 0.
C -0.3361981 -0.
C 1.0401974 -0.
C 1.9895755 -1
c 1.5987860 -2
C 0.2347955 -2.
C -0.7272833 -1.
0 -0.9183472 3
H -3.6082712 3.
H -4.6300732 1.
H -3.131289¢6 -0.
H 3.0676964 -1.
H 2.3676865 -3
H -0.0759951 -3.
H -1.7934148 -2.
N -0.7487716 1
H 1.2478329 2.
C 1.1781634 1
C 1.0614090 0.
C 0.8178416 -1
C 0.3304515 -3.
C 1.5879058 -3
c 1.8312532 -2
C -0.4470777 -1.
C -0.6847403 -3.
H 0.1423019 -5.
H 2.3899640 -4
H 2.8161788 -1.
H -1.2399391 -0.
H -1.6733543 -3
C -1.6486398 4
H -2.3272451 4
H -0.8856423 5
H -2.2390287 4

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3583796
.7909642
.0164151
.0927734
.1914285
.7630211
.0826934
.2766545
.3506976
.2805102
.1533677

1460634
7167661
4292863

.3493861
.5251865

8085505
9041925

.3876342

0827651
0672355
7437030
1558228

.2262140

7294558
1283994

.3797544

1441806

.3641921

1419872

.2600164

9864540

.5794731
.2322700

6804654
0319935
0482405

.3218948

9143457
9305886

.3420701
.5142629
.2424261
.2328984
.9844696

wave number
cm** (=1)
0.00
0.00
0.00

NWUWNRPRPRPODODOMNMNMNNMNERPRPRPRPOOORFF WOOOONO

.3444836
.0933701
.2487564
.1289336
.4091898
.1844692
.2182820
.0687616
.0038004
.0915204
.7050525
.1961401
.5532949
.3235092
.8180369
.4814980
.6814675
.2201260
.5742201
.3038207
.7956806
.6772621
.6898941
.8491260
.2012154
.3874980
.4702178
.5348533
.7754152
.4550057
.7094089
.2994260
.8181482
.5175448
.1938190
.4845658
.5298388
.6721158
.1427412
.3445678
.8625993
.0358888
.8811164
.3984561
.2201868

-2391.959491985

-2391.516131723

-2391.5242788848 (Toluene Correction)
0.3212083

690.67

-0.06847143

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY YLy YYDy YY YYD

17
30

73

92

118

120

184

233

400

472
482

508

541
568
581

.00
.00
.00
.56
.56
35.
46.
53.
.53
80.
.33

96.
101.
1009.
.53
.29
126.
156.
164.
176.
.23
219.
232.
.24
263.
289.
308.
325.
334.
.32
407.
4009.
430.
458.
461.
.38
.55
493.
498.
506.
.51
529.
537.
.32
.59
.32
612.

61
86
70

07

13
05
72

82
16
73
58

10
13

08
97
04
07
42

09
88
73
21
90

96
09
42

26
81

10

=

=

N

[

N

AN WN-JOOR,R WWIPrrDPPRPOUODORRPFPF OOORPRRPORPNOODODOOOOOOORHRROOOOOOoOoOo

.00000
.00000
.00000
.32176
.34957
.34595
.06387
.06745
.80693
.76770
.60385
.24797
.13766
.88510
.25899
.21308
.65942
.25574
.43699
.86296
.52408
.21957
.09117
.55831
.18058
. 69181
.41727
.81392
. 62532
.77081
.83810
.26984
.31742
.77025
.09505
.53511
.02191
.82026
.42824
.10995
.81419
.32951
.08554
. 62297
.32784
.91337
.50879

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ga

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.4627019
1.9354949
3.0921388
1.9643077
2.4492548
4.1559398
2.2409436
-1.2743036
-1.3235574
-2.7339246
-3.4234327
-2.6868249
-0.4209420
0.9717282
1.8238570
1.3197737
-0.0604725
-0.9265764
-0.6419949
-3.2694568
-4.5254493
-3.1980078
2.9098132
2.0124835
-0.4575073
-2.0039605
.6094863
0.3156615
1.2673483
0.8691893
-0.4793001
-1.4323542
-1.0430860
2.3248815
1.6234532
-0.7868842
-2.4908057
-1.7867481
0.6874200
7767075
.7188242
.4681783
.6605090
.1111930
.8466833
.2847516
.9067758
.2440403
.2553213
.4278246
.4336055

TIoDIDoDITD T OorDnDoD DT OO OzZzEEnDnoD D DIoD OO0 00000000000Q0n
|
(@)

|
OPRPOFFOO0OO0OOOOoOOoOo

(au)
(kJ mol-l)

-0.
0.
.2780301
0.
1.
-1.
0.
.2048065
0.
0.
-0.
.24677250
.2522340
-2.
-3.
-4.
.2411538
.2923808
.2018926
.8023754
.2231023
.1159172
.0934209
.8924719
.0421799
.3563542
.1505738
.4401438
.2390870
.8875930
.8783310
.2068282
.4459915
.2482745
.4069923
.3911799
.1869449
.9773241
.1659350
.1594344
.2323749
.7342046
.1523752
.8946908
.8017314
.0553750
.7197436
. 6821833
.4465547
.2673028
.5026188

-1

-1

-1
-2

-4
-3
2

BN D 0NN D

(au) PBEQ0/def2-TZVPP

6136569
0695481

8904391
7919919
7320077
4997903

9260137
9150606
1952212

1633040
1294950
1548839

W WNNRFRPFOODWWWNEFEFNRPRPOORFR WOODOONO

.6719518
.2687287
.4018875
.2341898
.7928015
.2404221
.3074133
.6578451
.6467378
.6335650
.1390735
.6858767
.2349893
.9506955
.5254005
.3444704
.6088029
.0539203
.2795213
.2637775
.1354352
.1239789
.3361770
.7849519
.2535378
.2794642
.0806026
.5752413
.3774685
.5549764
.9545738
.1678224
.9889960
.0744248
.1688521
.8809002
.4772127
.3740579
.3824163
.6038190
.4197090
.2978530
.9671899
.2554809
.9816079
.2705521
.526129¢6
.7380140
.2516542
.7507523
.2672091

-2508.397058357

-2507.918314687

-2507.9263616631 (Toluene Correction)
0.3679099

804.72

-0.08238683
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR CT R R U ORI R OB OO RV OB OB OBV RR VR BB VR OB VRV AR OB UR VRO RV RO R ORR OB URR VRSO

wave number

cm** (-1)

O O O oo

(@)

27

38.

42

57.
68.
74.

75

81.
89.

93
111

113.
117.
121.
139.

155

160.

175

210.

220

237.
242.
294.
314.
321.
337.

372

400.

401

410.
431.
450.
459.
465.
476.

477

489.
498.
505.
512.
525.
539.
545.

.00
.00
.00
.00
.00
.00
.36
.51
08
.39
15
93
12
.27
84
05
.51
.22
13
12
99
20
.50
00
.36
04
.26
95
94
11
01
10
85
.54
01
.56
61
09
68
24
75
92
.59
88
86
49
07
04
12
76

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.19938
.04880
.05465
.27325
.17486
.12536
.12993
.85869
.06469
.58480
.42378
.16990
.03525
. 61225
.37536
.58041
.72657
.76063
.07927
.69555
.16892
.93218
.19533
.09996
.68797
.21421
.48906
.02664
.24974
.02427
.14172
.52154
.38779
.28575
.47669
.61536
.69098
. 79517
.36890
.89184
.41507
.93634
.81531
.36875

= =

[

N
D O NGO O O U OORPRRP OONNMRPOORPR O PR OODODODODOODODODODIODIODIOODOOOOOooOo

00000

selection rules

IR

RAMAN
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2ga’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.4391057
1.6057090
3.1384581
1.9242572
2.3853360
4.2454900
1.7088666
-1.3073847
-1.5041005
-2.8934610
-3.4956725
-2.6999867
-0.4005191
0.9936664
1.8834806
1.4185878
0.0385806
-0.8663112
-0.9366685
-3.4886153
-4.5799235
-3.1447986
2.9721522
2.1417944
-0.3304881
-1.9468188
.7183081
1.1918898
1.1094174
0.9619543
0.6429493
0.0072647
1.2330252
1.5483836
-0.5901544
-0.9018073
-0.2391899
1.9521015
2.5079090
-1.2990600
-1.8639889
-0.0654151
0.0314850
-0.3981314
-1.0496012
-0.6052271
0.2807037
0.4487774
-0.3250503
-1.4787104
-0.6819526

TIoDIDoDITD T DDoD DT ZEEnn DD DD OO0 00000000000Q0n
|
(@)

(au)
(kJ mol-l)

PR ORPOWNORF O

GON WO o WwWwu

(au) PBEQ0/def2-TZVPP

.6238850
.2800530
.0991255
.2136855
.1769319
.2706716
.7165425
.3107272
.7935720
. 6153724
.4332819
.5227177
.2565522
.0095990
.8698532
.9515258
.1996671
.3526857
.1277568
.4275855
.2729178
.4512244
.7048341
.6047800
.0452930
.5412764
.8205497
.0978682
.4155304
.7563221
.1626103
.9014407
.5245521
.1703207
.5528379
.9104278
.9682252
.2959201
.8774387
.7747098
.1971431
. 7462825
.2560744
. 9555611
.6351764
.9326472
. 7657957
.8915806
.5756515
.9993103
.3106181

NWWNRPRPOOOMNWNNRPEPRPOOOOODWOOOoOOoEr o

.2962395
.9682203
.2177723
.4425164
.9117753
.1786023
.0427783
.9690128
.0768454
.2371849
.2151002
.8463202
.6317917
.4871117
.1640286
.9324487
.0476429
.3985808
.4318752
.6811821
.0967109
.2310743
.1004869
.4502864
.6506908
.5099494
.4609888
.6496469
.8019133
.3339748
.4536003
.7918630
.2139585
.0374688
.0368187
.2019866
.9226733
.8921393
.5853995
.3615368
.6585568
.0362026
.2776686
.5794579
. 7444527
.0465734
.2734075
.0758772
.6111820
.5369369
.0795345

-2508.396040454

-2507.916677625

-2507.9248487015 (Toluene Correction)
0.3677349

803.07

-0.08281505
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

OISR IRV R TR CT R U ORI O OB OO RO OB RO RV RV R B OB UR OB VRV AR OB UR VRNV RV RO R ORR OB URN VRSO

wave number

cm** (=1)

O O O oo

(@)

20.
26.
44,
52.
55.
68.
75.

80

95.
96.
105.

111

118.
124.

137

158.
174.
183.

200

216.
229.
240.
297.
311.
330.
337.

370

399.
399.
407.
426.
453.
459.

462

476.
481.
490.
499.
505.

512
531

541.
549.

.00
.00
.00
.00
.00
.00
.68
00
94
89
65
18
98
19
.23
98
61
08
.34
14
61
.24
46
47
09
.25
64
46
10
63
68
86
66
.52
39
93
82
95
00
14
.50
80
75
98
22
01
.38
.55
02
53

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.02458
.02170
.27393
.09041
.10546
.14935
.10168
.90378
.43735
.04786
.15507
.15543
.29671
.38801
.95451
.09103
.86799
.38164
.57158
.43881
.84383
.29740
.08552
.15925
.62241
.24064
. 74335
.39688
.24768
.79518
.42548
.94010
.03982
.39036
. 72856
.22106
.17525
.09356
.51778
.43589
.66827
.58873
.91639
.33764

[

=

[

[
WNDEDDODODUTOONDWOO PP OOHRRPRPOOOHRROORPRRPOOOODOODODOOODOODODODODOOOOoOooo

00000

selection rules

IR

RAMAN
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2ha
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates
45

=
=)

.9844632 0
.4729053 0.
.6802028 -0.
.1691997 2.
.2954408 3
.7776609 -0
.7934382 1.
.6474250 -0
.0987172 -0.
.1625301 -1.
.5284218 -1
.3774492 -2.
.8981386 -3
.5545604 -3
.3123366 -2
.4404841 -2.
.5876445 -4
.1908380 -4.
.3580410 -2
.0191421
.9878452
.9878718
.6561809
.3254007
.6758427
.3522845
.0304467
.4468762
.0691267
.7212712
.1341259
.3062087
.4093925

1.3803549
-4.8598289
-4.4023850
-3.0322054
-2.5709113
-3.9402320
-5.9358974
-5.1204428
-2.6820451
-1.8499617
-4.2907055
-0.5475650

PP RPRPRPRPONWOOOFRRPFPOORPRONWOORENREONONDDBEENDDNDWNR

a=ipasiasiiariias s O NONONONO - NN il i O NONONONONOI-A::ii: il O NONONONONONONONONONONONONQ]

1 1 [
PFNNRFRPNRFRPORPRPRPRPRPRPOONMNMRPODONWWERENMNNRE RO

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3615964

7706078
0913158
0841028

.2028442
.3989431

0254737

.2993731

1416954
4533976

.3774515

4442437

.5411240
.5942075
.5468645

4287957

.3616677

4464731

.5659727
.6347120
.0097481
.7884232
.6351458
.7326849
.9707337
.1163009
.7157479
.2286812
.4043029
.0399266
.5134927
.0918749
.0031709
.0928587
.2380123
.9573970
.1508820
.0600181
.2457316
.3841697
.7467476
.0814766
.8443132
.1823146
.4430989

wave number
cm** (=1)
0.00
0.00
0.00

ONDNORFLRDNDNDDNDRE R

.2805713
.9633091
.1161913
.2778616
.5801308
.3667064
.0533302
.3472536
.6399885
.7369729
.3141167
.6743531
.4143880
.8362105
.5030714
.3790219
.6781061
.4329670
.8511029
.7090967
.9360200
.5718213
.6380820
.0831244
.4556397
.3916256
.2248581
.1259904
.9190083
.7997030
.9024547
.8676401
.2426333
.2210400
.1238249
.5420035
.3058817
.2188912
.4628171
.3141531
.2648043
.8311990
.5038226
.9268384
.4124348

-2354.867702753

-2354.415337120

-2354.4233622997 (Toluene Correction)
0.3227920

692.09

-0.06448300

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O I VI VR O O T B DB DB B D T B B L B B U R R U U VR G )

13

61

214

274
308

410

464
477

584

.00
.00
.00
.29
23.
33.
43.
51.
.36

1.

8.

85.

91.

99.
1009.
115.
126.
150.
160.
185.
204.
.52
236.
.26
.38
317.
353.
399.
403.
.32
421.
446.
451.
.55
.59
488.
490.
495.
501.
503.
524.
536.
546.
.32
609.
611.
618.

03
10
98
74

43
72
78
19
69
24
10
70
72
87
99
17

75

62
85
49
76

74
90
86

60
74
96
78
02
14
84
50

23
60
08

N
NOPPOORFRRP OO OOODOWERENRENRPRPROUOOOOOOOODODOOOOOOoOo oo

=

N e R =
AN O R O WWW

.00000
.00000
.00000
.15192
.07633
.10247
.05862
.15394
.17907
.28741
.06019
.82130
.05240
.24511
.33295
.66219
.21360
.94188
.74710
.60228
.78023
.04916
.95956
.42220
.57647
.99863
.52186
.02689
.21821
.31237
.72909
.46617
.39235
. 74879
.21398
.57895
.53493
.78844
.93526
.71281
.20199
.50917
.89717
.55322
.23246
.04316
.29849

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ha’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.7370355 1
C 1.9577555 2
c 3.5025465 1
C 1.8152550 3
0 1.8576291 4
0 4.6427294 1
0 2.1139695 2
C -0.9128298 0
C -0.0320248 -0
C 1.3579263 0.
C 2.2687341 -0.
C 1.8252121 -2.
C 0.4511831 -2
C -0.4790054 -1
H 3.3531148 -0.
H 2.5643202 -2.
H 0.1092259 -3
H -1.5577047 -1
N -0.2877921 1.
H 1.4157086 2.
C 1.4505005 1.
C 1.4570271 0.
C 1.3933284 -0.
C 1.2754370 -3
C 2.5071684 -2.
c 2.5693084 -1
C 0.1564402 -1
C 0.1022075 -2.
H 1.2301733 -4.
H 3.4320346 -3
H 3.5339045 -1.
H -0.7618670 -0.
H -0.8675413 -3
C -2.3914229 0.
c -5.1970723 1
C -4.3749026 0
C -2.9827916 0
C -3.2278479 1
C -4.6198514 1
H -6.2904248 1
H -4.8210463 0
H -2.3425002 0
H -2.7787729 1
H -5.2587493 1
H -0.8957280 2

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.9156621
.3012045
.6204490
.6694973
.8024604
.3986452
.5589014
.9532138
.1264507

1145890
8681919
0586472

.3013110
.3349730

7201772
8133496

.2436898
.5208744

9497253
6883447
8998432
6712439
7536490

.5277641

9174475

.5455561
.3787876

7536656
6077036

.5175530

0675370
7708876

.2241721

9752072

.1358492
.8234653
.7378493
.2961468
.3707898
.1971927
.6497995
.5151240
.4666498
.6098494
.7306852

wave number
cm** (=1)
0.00
0.00
0.00

.0185669
.7280394
.1985573
.4796261
.7541614
.3138999
.8526198
.7371207
.1817887
.9381381
.3733419
.9791169
.1698957
.7693790
.23479%46
.2986332
.6277984
.8999189
.1541413
.9025956
.1490172
.8394499
.0724049
.6245405
.3265894
.0451657
.3703728
. 6432421
.8416829
.3114330
.8131480
.3936988
.8760245
.9151925
.2411788
.3378931
.1781861
.1798602
.0187747
.3691612
.3310303
.0466631
.1727490
.8848484
.1336224

-2354.864921936

-2354.412686755

-2354.4205956618 (Toluene Correction)
0.3226891

689.13

-0.06741741

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -

S67



O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O I VI U O B O T D DB DB B L T B B L B B I U I R U U VG

o O O

38

54

127

404

471
482
483

535

.00
.00
.00
.23
.44
.20
42.
.28
54.
69.
79.
85.
94.
99.
104.
112.

72

98
67
26
42
94
78
02
90

.26
157.
169.
175.
203.
216.
229.
272.
305.
312.
353.
397.
400.
.39
419.
447.
455.
.57
.56
.31
490.
496.
499.
504.
520.
.37
560.
586.
610.
612.
619.

98
08
46
10
55
83
63
65
82
75
88
74

99
42
05

41
41
52
97
67

04
03
13
40
97

[

=

[
B OYO WO X0U I INOHTWWOWWNOOFOUNOWOWORFRONORPROOOOOOOOOOOOOLOO OO

[e)}

.00000
.00000
.00000
.02192
.10699
.10104
.17829
.13952
.02477
.51001
.02376
.70115
.21828
.07365
.58385
.20273
.35518
.20516
.84161
.55549
.94757
.45099
.29463
.00912
.53639
.43462
. 62675
.80142
.57004
. 69232
.68333
.40847
.94910
.81417
.46046
.76855
.60203
.36391
.06561
.12513
.02069
.58747
.32210
.19765
.63566
.56616
.61582

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ia

SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37
Mn 1.0276323 0
C 1.1370934 0.
C 2.7601907 -0.
C 1.3101813 2.
0 1.5153634 3
0 3.8873994 -0
@) 1.2212734 0.
C -1.7321304 -0
C -3.2367423 -0
C -1.0221630 -1
C 0.4036238 -1.
C 1.1509095 -2
C 0.5148944 -3.
C -0.8932832 -3.
C -1.6626598 -2.
H 2.2532812 -2
H 1.1268527 -4
H -1.3780831 -4.
H -2.7632359 -2.
0 -1.0463227 0
C 0.5587890 1
C 1.3550578 1
C 1.1786239 2
C 0.2087685 3
C -0.5854823 3
C -0.4119255 2
H 2.1150387 0
H 1.8061901 2
H 0.0737329 3
H -1.3470002 4
H -1.0301008 2
C 0.7254424 0
C 0.8311265 -0
H 0.8181768 -1
H -3.5372666 0
H -3.6380547 -0
H -3.6951916 -1
# mode symmetry
#

1

2

3

4

5

6

7 a

8 a

9 a

10 a

11 a

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3512433

6341023
0495923
1264881

.2602778
.3513020

7993244

.3567563
.2400642
.5557674

4598931

.5788773

7386671
8219904
7286071

.5552050
.5975959

7378682
7795799

.6258788
.3296505
.2794408
.2285641
.2381839
.2952924
.3550292
.4882493
.1801339
.9844462
.0851299
.3943804
.3200752
.8453558
.9306874
.7642561
.3971449
.0151920

wave number

N WNNNMNNMNNNRERPRPRPRPRPRWOOOONO

cm** (-1)

O O O oo

33.
46.
57.
67.

.00
.00
.00
.00
.00
.00
.87
85
95
10
42

.9392188
7177790
.8708951
.5941055
.4386312
.8262138
.8667371
.3365823
.3456914
.7671824
.6766759
.1038483
.5790587
.6497290
.2444057
.0663755
.9050630
.0247820
.2979940
.9473827
.2859772
.4595080
.4762772
.3436773
.1842105
.1598384
.5600353
.3817235
.1440526
.0747019
.2493785
.2659808
.7786278
.8852514
.9869631
.3717041
. 6922219

-2183.122606432

-2182.706625903

-2182.7132650811 (Toluene Correction)
0.2582288

536.57

-0.050634061

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.42459 YES YES
.18411 YES YES
.12673 YES YES
.04978 YES YES
.90009 YES YES

oNeoNoNoNoNeoRoNoNoNo)
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI O ORGSO O R OO OB RGO OOV R OB VR OB VRV R OB VROV O )

7.

88

405
411

440

470
477

548

677

84

.20

95.
106.
1009.
117.
119.
132.
169.
170.
210.
222.
242.
254.
288.
325.
402.
.50
.25
418.
.28
459.
.59
.20
488.
495.
505.
519.
524.
536.
.38
600.
608.
610.
613.
633.
649.
661.
.34

47
01
13
66
11
46
13
62
75
46
47
89
22
61
00

63

61

01
04
71
54
75
80

77
60
84
49
19
36
00

[
NONRPEFPE OOUDBPRRFRPRODODWOWOORREPEREPRERPWOOOOOOOoOOo

.13583
.66367
27775
.31080
.52012
.08236
.12682
.08321
.07848
.97929
.15734
.43356
.64021
.37087
.78470
.55637
.15435
.34124
.72472
.36502
.11232
.70023
.75045
.96730
.85217
.33308
.73942
.67222
.41111
.03176
.82310
.13686
.43846
.97431
.98419
.48601
.39115
.37113
.83913

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ia’

SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37
Mn 0.8983506 2
C 0.9141654 2
C 2.6524396 1
C 1.0410226 3
0 1.1379995 5
0 3.7932662 1
) 0.9364859 2
C -1.8075626 1
C -3.3169564 1
C -1.0157638 0
C 0.3991048 0
C 1.2199172 -0
C 0.6658534 -1.
C -0.7312506 -1.
C -1.5737069 -0.
H 2.3172948 -0.
H 1.3356915 -2.
H -1.1522350 -2.
H -2.6680678 -1.
0 -1.1936215 2
H 0.8117751 2.
C 0.7709592 2
C 0.7261974 0
C 0.5963222 -0
H -3.6832412 2
H -3.7192499 1
H -3.7087963 0
C 0.3439853 -3
C -0.6892896 -2
C -0.5671662 -0.
C 1.6281109 -1.
C 1.5025775 -2.
H 0.2475396 -4
H -1.5990167 -2.
H -1.3704902 -0
H 2.5380412 -1.
H 2.3193148 -3.
# mode symmetry
#

1

2

3

4

5

6

7 a

8 a

9 a

10 a

11 a

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.1448421
.6039852
.8402962
.8978391
.0217186
.5904865
.9056166
.2690843
.2705979
.1978747
.3910100
.5869534

7165200
9033912
9425776
4767215
4674974
7932599
0712190

.2423079

8996123

.1278030
.9043305
.5095824
.1744501
.2647297
.3619751
.2490311
.3484622

9900332
4273549
7816281

.3157889

7059184

.2800854

0612958
4812396

wave number

PR WONREPEPERENMNNRPRPRPRPRPOOWOOOOoONO

cm** (-1)

O O O oo

27

49.
59.

63

.00
.00
.00
.00
.00
.00
.26
.27
44
02
.52

.2688325
.0158285
.2910139
.2149611
.4998359
.3081505
.1391041
.7174211
.7003573
.3120318
.2188449
.8179770
.4456782
.5086360
.9432115
.8023292
.8992107
.0039253
.9941553
.2064007
.6174311
.8471192
.5060129
.7921790
.1742166
.7380287
.1922516
.4608312
. 7736553
.4453026
.4744203
.8145887
.7222773
.2843124
.6988473
.9746253
.5712059

-2183.119255411

-2182.703507634

-2182.7102422094 (Toluene Correction)
0.2582085

535.77

-0.05302657

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.07232 YES YES
.39170 YES YES
.19270 YES YES
.06082 YES YES
.04027 YES YES

O OO OO0 o oo
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YOO YYD YYDy

73.
88.
97.
104.
115.
117.

127

231

478

511

608
612

633
647

78
99
88
69
69
80

.98
131.
165.
182.
201.
222.

86
40
02
91
49

.59
254.
291.
328.
400.
406.
4009.
416.
450.
460.
470.
.52
492.
497.
502.
.36
526.
535.
566.
601.
.29
.50
616.
.33
.28
652.
679.

48
18
62
08
66
60
98
74
02
60

43
15
61

42
87
15
71

09

92
40

[

= o =
U U OOWHRAITWHEHNWWAHANONOOHRRPRPORFP,OOOOOOO R

o
oy

~ =D
~ o DN

.26466
.65309
.16892
.28633
.22641
.85020
.10742
.42863
.61920
.60815
.59779
.74088
.17169
.63146
.61839
.16511
.31887
.49271
.66119
.55152
.33025
.33503
.95403
.71100
.27503
.54688
.37704
.56242
.87395
.33441
.67608
77670
.91649
.51577
.93462
.95790
.26479
.21428
.09036

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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2ja

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
48

1.3428078
1.3783701
3.1025940
1.5688369
1.7224449
4.2521930
1.4098099
-1.3953526
-2.8797304
-0.6783374
0.7053038
1.5223928
-0.7101442
0.9310357
.7985379
.6046139
.5482648
.3155739
.1271098
.6264471
.2867829
.3997020
.1450905
.7977290
.1209643
.2891557
1.3650205
-1.2044599
-5.6935604
-4.8732260
-3.4791073
-3.7145290
-5.1103379
-6.7910934
-5.3271954
-2.8247368
-3.2728656
-5.7485923
3.0580331
.4298663
.6845134
.1570995
.9212272
.6573577
.3184064
.9930370
.2687670
. 6251862

PR ORPRPODNMNOOORF

asjpasipasiianiia O NONONON@s I I i O NONONONO N QNN O NONONONONONONONONONONONONONONONO N

HON®WRERDNDW

(au)
(kJ mol-l)

[
ONDBEDENONMNWWNDNRERPERPRPEFEPNORFRPOORFR,ROWNOR O

-0

(au) PBEQ0/def2-TZVPP

.8045502
.2227344
.4977164
.5632149
.6913483
.2995053
.4889051
.0611476
.1605952
.0867017
.9939985
.1348688
.058444¢6
.5353758
.5006747
.3843498
.3121502
.3537136
.4784202
7741179
.3491936
.0069114
.0795798
.5028749
.5937250
.5235868
.6113508
.9612831
.4280399
.5569739
.4241220
.9672559
.8335910
.5322035
.5483246
.2988518
.9635792
.7217179
.3695410
.0650970
.9624397
.4620276
.5624642
.2335446
.9022364
.9489848
. 6236172
.5798783

P PR OOWOOOONO

P ONWNMNRERERPNWNRFRFRPRPROOOORFE OOO

.5807547
.3336199
.5670520
.1210029
.1112692
.5355771
.4667047
.8785204
.8509716
.3610949
.3398313
.7934017
.4739061
.7143732
.8368380
.9078489
.8796436
.7703583
.6927061
.8549566
. 7734986
.7228199
. 7432425
.8197662
.6368683
.0649263
.0932481
.7807001
.7868146
.6043783
. 6323170
.0353129
.9991676
.7635136
.4407592
.4958738
.1913143
.1370152
.6573743
.0284627
.5882318
.4377184
.8534064
.9890534
.6605160
.8854907
.8047863
.5477199

-2452.080768239

-2451.620892726

-2451.6286920118 (Toluene Correction)
0.3431713

738.84

-0.06762876

S73



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R R ORI R O OO RV OB R OBV RR VR BB VR OB VRV AR OB OB URU RO R ORR OB OBV RSO

wave number

cm** (-1)

O O O oo

(@)

29.
32.

34
41

48.
57.

63
74

92.
95.

98
104

116.

124

145.
154.

175

193.

215
221

232.
259.
265.
318.
364.
396.
399.
401.
405.
417.
441.
453.
468.
476.
485.
488.
503.
5009.
521.

534

539.
563.
575.

.00
.00
.00
.00
.00
.00
.34
78
91
.27
.54
66
82
.27
.34
61
48
.31
.50
99
.52
07
08
.28
75
.30
.97
00
41
94
81
90
90
97
99
08
70
71
03
08
58
08
75
43
22
79
.58
24
79
98

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.18328
.20821
.04331
.08747
.19343
.55510
.19647
.31881
.11516
.34213
.14209
.04767
.24461
.52529
.20012
.11716
.65564
.49094
. 92811
.74143
.42138
.96209
.65432
.65064
77363
.81450
.90010
.14845
.35826
.76880
.06474
.07106
.48347
77371
.52319
.65317
.69227
.20446
.45127
.92382
.70216
.13881
.43094
.67458

P OO UORFRPOODONODORFF WWOWOORHRROOOPMMOODOODOHOOOOOODODOODOOOOOooOo

)
O O U

N
(€}

00000

selection rules

IR

RAMAN
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3aa
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

43

Mn 1.1810811 0
C 1.6598767 0
C 2.8124931 0
C 1.6285850 2
0 1.8910188 3
0 3.8664842 -0
0 1.9970452 1
C -1.3639759 0
C -1.5344690 2
c -2.8999818 2
c -3.5043130 1.
C -2.7223835 -0.
C -0.4323711 -1.
C 0.2282191 -1.
C 0.9522997 -2.
0 1.0602009 -3.
C 0.4521165 -2.
c -0.3120505 -1.
H -1.0105112 3.
H -3.4764221 3.
H -4.5749929 1.
H -3.1549511 -0.
0 1.4408513 -3.
C 0.7252502 -3.
H -0.7993238 -1
N -0.7869478 1.
C 0.4306811 0
C 1.4333479 1
C 1.3607196 2
C 0.2732415 1
C -0.7390712 1
C -0.6602454 0.
H 2.2928458 1
H 2.1611960 2
H 0.2122367 2
H -1.6002679 0
H -1.4631317 -0
C 0.5017330 0.
C 0.1302878 -1.
H -0.0776536 -1.
H 0.1921505 -3
H 1.817242¢6 -3.
H 0.4118588 -4.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

. 7159650
.9219215
.1034934
.3714621
.4873282
.2685205
.0639864
.0004371
.2323180
.2629891

1126164
0387250
1556316
6852839
9703101
4894198
9346565
8039179
1111142
1855249
1091453
9672730
6214689
6793587

.3709488

1259126

. 7439951
.6346543
.2088200
.9259245
.0556150

4704662

.8603887
.8881582
.3866509
.8323011
.2007728

1159829
1756697
9218985

.2179402

6823528
7430222

wave number

W ONPFPOONNRPOORFRPEPRPOOR, WOOOONO

cm** (=1)

[oNeNoNoNe]

.00
.00
.00
.00
.00

.5661474
.3218986
.0887737
.1740137
.0653848
.2369390
.4301209
.3595888
.6746315
.9887676
.5220845
.7130407
.4903727
.3595376
.5092773
.8241345
.9014701
.7701581
.2663304
.8182644
.7824192
.1167805
.3846887
.1700191
.6556688
.8682712
.5882684
.0505655
.3280906
.1739001
.7303850
.4584866
.4004361
.6656384
.1738962
.3826107
.1113904
.2647706
.0245816
.8186780
.0253523
.3875594
.0740278

-2427.897218753

-2427.461062227

-2427.4722378136 (Toluene Correction)
0.2981519

630.17

-0.06351537

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

o O O o
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O J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI OB R OR OB R O T ORI U OB OB O T TR T R O O R TR T R O R O U T G O U R O R T O OB U RV G )

31

105

142

168

271

408

498

534

552

613

.00
27.

13

.31
38.
47.
51.
65.
70.
83.
85.
98.

100.

.58

122.

64
06
03
80
64
70
74
66
41

03

.13
147.
154.
164.
.59
204.
234.
264.
.62
287.
306.
337.
370.
395.
.27
432.
450.
458.
471.
480.
486.
495.
.30
520.
.57
543.
.57
564.
599.
.24
616.

67
77
90

03
09
90

09
14
11
70
16

09
92
61
99
60
92
74

60

14

04
29

73

N

ORFRPNEPWNDMNNWWJOFRPRDNONOODIONRFRPRONOOORPRPOORFFOOOOOOODODOODWOoORr oo

.00000
.22894
.15888
.09170
.23123
.03444
.31219
.62300
.71523
.30667
.91459
.85868
.32114
.32392
.21008
.31379
.60684
.61796
.02392
.34226
.82969
.57805
.42055
.49634
.94595
.05520
.97965
.92298
.68182
. 64404
.19969
.68661
.82716
.00547
726772
.17728
.06704
.47485
.34487
.48022
.12640
.11003
.19529
.04141
.69378

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

S76



3aa’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

43

Mn 1.3171493 1
C 1.6298756 2
c 3.0307253 1
C 1.6464497 3
0 1.8291102 4
0 4.1385152 1
0 1.8701931 2
C -1.1847137 0
C -1.5637281 3
c -2.9455932 2
C -3.4474210 1
C -2.5502800 0.
C -0.0901566 -0.
C 0.7083217 -0.
C 1.7304981 -1
0 1.8298837 -2.
C 1.0341846 -1.
C 0.0741113 -0.
H -1.1168883 4.
H -3.6155793 3.
H -4.5283614 1
H -2.8986445 -0
0 2.4712274 -2
C 1.3433680 -2.
H -0.5466861 -0.
N -0.7096453 2.
H 0.8184261 1.
C 0.8588862 1
C 0.5171987 -0.
C 0.0323389 -0.
H 0.6553275 -2.
H 2.3902219 -2
H 1.2642493 -3
c -0.9610834 -2.
C -0.2837614 -1.
C 0.2098940 -0.
C -0.6469555 -2.
C -1.1373039 -2.
H -1.3423396 -3
H -0.1273649 -1
H 0.7615512 0
H -0.8033312 -2
H -1.6618697 -3.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.8585225
.1496790
.3974938
.5272692
. 6279022
.1270452
.3678615
.8917145
.1280814
.9756846
.7276430

6634518
1110759
4934816

.5486002

0854507
7118421
7478401
0879769
8331442

.5817486
.3336100
.0071104

4441814
4406024
1048080
8829236

.3098571

0004278
9242508
1414774

.2377382
.5430963

6689967
4860245
6288371
1199279
9824307

.3459983
.2356769
.2801757
.3761770

9081283

wave number

WWOFHRRFRPROONNRPOORFRPRPEPRPOORP, WOOOONO

cm** (-1)

[oNeoNoNoNe]

.00
.00
.00
.00
.00

.5296280
.3126624
.2029409
.0470398
.3021686
.0289385
.4338012
.0692971
.5011556
.6882717
.0919780
.2902467
.2427466
.1437899
.3443189
.6614893
.6908435
.5256006
.1958499
.5201520
.2486727
.6009322
.4899417
.9587961
.3791964
.6960981
.3052401
.3604264
.2695444
.3214178
7733723
.2764703
.8012614
.3362568
.6880366
.6958179
.9851720
.9782057
.1185200
.7508757
.9854026
.9232676
.6873795

-2427.892694005

-2427.457091685

-2427.4689841208 (Toluene Correction)
0.2981446

631.41

-0.06308410

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

[oNeNeNe]
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O J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

U URE R R OB OB R U O T ORI R OB R O T TR T R O OB O R T L O R O U T R O U R O R T O OB UV G )

42
45

71
72

161

285

487
502

543

612

.00
29.
37.
.04
.28
55.
.08
.97

81.

89.

92.

97.
104.
125.
140.
149.
.56
166.
189.
206.
226.
253.
281.
.37
303.
340.
346.
403.
423.
429.
452.
466.
473.
484.
.33
.24
519.
524.
535.
.20
556.
573.
600.
.22
619.

19
85

60

99
08
22
74
90
99
22
69

50
68
72
68
12
86

63
15
30
46
67
09
70
50
72
93

55
12
06

86
17
66

54

=

w
NDNDNDWNWOWNNEFEFREPNRENMNRPRPRPRPOWWRORFRPROWOROOOOR,R PP ONOORPROOOOR,ONOOOO

W

.00000
.39689
.18530
.53987
.33284
.07883
.12178
.64680
.64645
.10909
.21892
.15302
.38369
.51286
.69414
.95855
.03869
.04911
.39795
.93187
.48747
.35894
.61657
.53583
.70548
.60494
.04459
.16006
.61991
.27110
.31077
.35906
.84264
.26677
.39886
.90579
.89092
.54128
.93645
.59277
.38187
.88697
.06235
.75040
.55359

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES



3ba
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.2035844 0
C 1.6744913 0
C 2.8473894 0
C 1.5909450 2
0 1.8148923 3
0 3.9082864 -0
0 2.0053768 1
C -1.3227434 -0
c -1.5436521 2
c -2.9081022 2
C -3.4882403 0.
C -2.6826732 -0
C -0.3856671 -1
C 0.2684065 -1.
C 1.0047266 -3.
C 1.1268247 -3.
C 0.5024462 -3.
c -0.2550789 -2.
H -1.0387463 2.
H -3.5013098 2.
H -4.5582313 0.
H -3.0974068 -1
H 1.4894977 -3.
H 1.7150206 -4.
H 0.6024968 -3.
H -0.7641460 -1
N -0.7722237 0.
C 0.4618578 0
C 1.4959925 1
C 1.4177823 1
C 0.2933206 1
C -0.7509429 0.
c -0.6667157 0
H 2.3837147 1
H 2.2430676 2
H 0.2281842 2
H -1.6426649 0.
H -1.4952286 -0
C 0.5384954 -0.
C 0.1581614 -1
H -0.1011875 -2.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

SV (P)

)
J mol™!)
(au)

.6105743
.8965522
.0456107
.2597372
.3744824
.3109878
.0941946
.2381294
.0144170
.0114590

8327062

.3079262
.3933261

9506208
1538226
7633542
1928078
0287122
9154439
9283945
7983263

.2591955

6036451
6901783
6636841

.5865805

9178227

.5683655
.4046476
.9803452
7557737

9425426

.3551167
.5872005
.6166848
.2194463

7667664

.2693487

0687245

.3606470

0549193

wave number

Wb NONMNMNMDPFPOWWNOORRPRERERPREPRERWOOOONO

cm** (-1)

O OO OO oo

.00
.00
.00
.00
.00
.00
.29

.8523064
.5994236
.3779394
.4049332
.1207876
.0515739
.7003449
. 6401022
.0274230
.3451955
.8409466
.9888013
.76277290
.6110439
.7947706
.0454734
.1746501
.0254885
. 6443993
.2048881
.1023647
.3566214
.0875664
.1489020
.1659042
.8980022
.1841217
.2841753
.7766900
.0533923
.8679978
.3928556
.1214676
.1510279
.4145145
.8664202
.0182869
.7481429
.9602239
. 7491599
.5772156

-2277.545461326
-2277.104429156
-2277.1124730146 (Toluene Correction)

0.2916084

622.44

PBEO/def2-TZVPP-0.06485876

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
17673

O OO O oo

00000

selection rules
IR RAMAN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

UV R VRGO U O RV O OB OBV RR VR B UR OB OBV RV RO URR VR UV R OB URR OB U R OB OB U OB

36.
.25
53.
59.
1.
75.
85.
95.
.20
106.
1009.
145.
164.
176.
201.
.54
241.

45

100

225

290

407
411
430
448

505

548
555

613

633

56

89
66
73
91
61
08

07
81
93
63
37
46

40

.50
305.
340.
359.
.29
.67
.32
.20
458.
476.
479.
491.
.52
505.
534.
540.
.34
.32
564.
.20
621.
622.
630.
.57
644.
696.

46
85
19

90
54
07
65

80
99
90

16

73

92

49

97
03

NN w
PO UOOOO U IR, UTOOOONMNNORPRPPOORPROOORPROOOOHFH OOOOOoOOoOo

)
S oo

.28054
.15305
.01637
.18616
.36929
.28811
.08148
.34750
.89084
.11045
.57321
.39554
.78407
.65124
.39912
.91587
.04718
.84951
. 62450
.99622
.66423
.27628
.09351
.45243
.79627
.39531
.32414
.08508
.11876
.79304
.78980
.55830
.74478
.66755
.92651
.93785
.87636
.32377
.41328
.57959
.99769
.16252
.05804

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3ba’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.4885199 1
C 1.8265077 2
c 3.1454414 1
C 1.9444044 3
0 2.2063876 4
0 4.2131739 0
0 2.0828108 2
C -1.0888999 0
C -1.2672276 3
C -2.6578844 3
c -3.2731840 1
C -2.4749497 0.
C -0.1314261 -0
C 0.5976287 -0.
C 1.4042200 -1.
C 1.5023706 -2
C 0.7823654 -1.
C -0.0299553 -0.
H -0.7337819 4.
H -3.2445334 4.
H -4.3641253 1.
H -2.9143293 -0.
H 1.9574847 -2.
H 2.1457900 -3
H 0.8584594 -2
H -0.6028304 -0
N -0.5072126 2.
H 1.0338613 1
C 0.9936968 1.
C 0.5364100 -0
C 0.0626639 -1.
c -0.8974941 -2.
C -1.2411541 -3.
c -0.7671295 -2
C 0.4052510 -0.
c -0.0706512 -1.
H -1.2654379 -3
H -1.8885083 -3.
H -1.0556802 -2.
H 1.0720201 0.
H 0.2169276 -1

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

SV (P)

)
J mol™!)
(au)

.7045119
.1026966
.0652797
.2939881
.3558369
.6509773
.3739325
.8846646
.1519178
.1277864
.9291202

7898686

.2465627

8229594
9613386

.5030140

9282723
8176980
0677567
0438220
8787612
1741581
4179608

.3806853
.3507146
.3658125

0562722

.5503658

0196038

.2610022

1237395
7471965
0468770

.2467719

84283778
6385431

.3762956

9120274
4909255
0063175

.3980867

wave number

W NORFRP P OONWNOORFRRPRPEPOORF WOODOONO

cm** (-1)

~ O O OO oo

.00
.00
.00
.00
.00
.00
.98

.8181604
5777115
.5205397
.2327303
.1870421
.3046883
.6828999
.3480670
.7822458
.9576351
.3523987
.5512143
.5563800
.4644390
. 7375116
.0212514
.0902786
.8543520
.4807180
.7866494
.4995791
.8509878
.0991123
.1980356
.1052713
.6809242
.9820539
.9838215
.0131345
.9328100
.0460919
.1820293
.8531537
.8009977
.3933402
.4441504
.0093935
.6308809
.7649647
.6141987
.4816012

-2277.542842618
-2277.102650356
-2277.1108568307 (Toluene Correction)

0.2916320

621.89

PBEO/def2-TZVPP-0.06426298

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.21003

O OO O oo

00000

selection rules
IR RAMAN
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI U O RGO OB U RO RO R UV RR VR B UR OB OBV RV RO UR VR UV ER OB VR OB U R OB OB U U

35.
42.
53.
55.
75.
7.
86.
.37

95.
100.
108.
143.
.24
181.
.56
220.
.51
.38
316.
330.
.25
404.
415.
433.
454,
460.
471.
.30
491.
515.
517.
530.
543.
551.
572.
.23
612.
618.
.31
627.
636.
654.
693.

91

172
212
260
268

355

475

608

624

88
40
71
09
80
98
90

14
47
09
97

93

47

09
62

05
22
11
83
18
42

02
76
19
15
68
17
72

63
95

60
32
78
78

[
OONO IR OWORPR WNOONOODODODOOOHRrRROOODOOOOOOo oo

N ) o e
N LORFR WO JJ

.03719
.53053
.17874
.13841
.23442
.89256
.33696
.61055
.10495
.86115
.34828
.32281
.81078
.53638
.77347
.60037
.31917
.73732
.36434
.16754
.15889
.10322
.55529
.82045
.38103
.75567
.55094
.66048
.76918
.99125
.00528
.93397
.69378
.59449
.04324
.58280
.55498
.36268
.62383
.99112
.37859
.29210
.60027

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3bb
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

47

Mn 1.6477972 1
C 1.8976650 1
C 3.3020158 0
C 2.1780726 2
0 2.4926516 3
0 4.3695223 -0
0 2.0955334 1
C -0.9715380 0
c -1.0499351 2
C -2.4450362 2
C -3.1157768 1
C -2.3670369 0.
c -0.0896805 -0.
C 0.6469780 -1.
C 1.2885120 -2.
C 1.2464645 -3.
C 0.5497269 -2.
C -0.1201860 -1.
H -0.4745746 3.
H -2.9910714 3
H -4.2122378 1
H -2.8516628 -0.
H 1.8354101 -3.
H 1.7644995 -4
H 0.5233452 -3
H -0.6904628 -1
N -0.3372492 1.
C 1.4343270 1
C 1.2152329 0.
C 0.7394831 -0.
H 0.5149719 -1
H 2.5194542 1.
0 1.0014743 0
H 0.9106454 2
C -0.2351374 0.
0 -0.9697675 1
c -0.5837036 0
C -1.3420827 -1
C -2.2212665 -0
C -1.8439204 0
C 0.2965975 -0.
C -0.0844649 -1
H -1.6386221 -1.
H -3.2068873 -0.
H -2.5123797 1.
H 1.2790814 -0.
H 0.6052185 -2

Svibrational spectrum

# mode symmetry
#

1

2

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.0275833
.2694763
.3626725
.6512926
. 7462634
.0656815
.4417486
.2473441
.5466755
.5677129
.3761657

1994742
9507204
4952711
7487765
4207830
8619597
6472937
4555027

.5119022
.3596749

7613711
1864927

.3876886
.3822485
.2151454

4146770

.2627304

4607538
8075673

.3942259

4570064

.5985720
.2410176

9166963

. 7454896
.1342317
.2767439
.3382637
.3645661

8071567

.5091943

8296577
1543811
1056769
9804965

.2437876

wave number
cm** (=1)
0.00
0.00

ORPNDDPPWONNMNRERPERPRPWWNERERNNMDNMNMNNNENSERERERRERREREWDN

.0605900
.8608441
.8050471
.6683046
.3914971
.6159589
.9969535
.4287731
.9737597
.1013274
.4180761
.5838918
.5898833
.4829103
.6746996
.8987807
.9908379
.8279927
.7362322
.9514598
.5266123
.8163959
.8232017
.0112949
.9618903
.6669278
.1450053
.0908466
.1506046
.1684062
. 7454592
.2394867
.3075364
.0240664
7772483
.2628037
.0072151
.3226452
.7518477
.5991023
.5836955
.7374509
.2298127
.2108652
.1330868
.1195620
.1854283

-2505.270959872

-2504.828741005

-2504.8384434576 (Toluene Correction)
0.3336560

711.91

-0.06961440

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
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O J oy O bW

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI IRV R TR CT R U ORI R OB OOV OB R OBV RR VR BB VR OBV RV AR OB UR VRO RV OB OB OB OBV RSO

o O O

(@)

21

117

214

331

441

610

.00
.00
.00
.00
.78
.30

25.

39.

42.

55.

57.

64.

4.

83.

86.

93.

95.
107.
.15
146.
155.
175.
190.
.51
237.
276.
290.
311.
.38
354.
365.
374.
404.
434.
.25
446.
455.
466.
475.
477.
489.
495.
511.
522.
538.
549.
576.
.28

19
40
14
45
90
94
83
62
40
65
93
74

24
71
99
00

60
57
70
95

47
80
44
85
65

29
43
19
71
44
91
82
62
82
10
48
38

=

[
O WRRPOUOFRFDNNMNMNNOOOFHRORFR MO JWONRFRPFORPPFPOOOOOHOOOOOOODODODORrOoOoOoOo

.00000
.00000
.00000
.00000
.10029
.05131
.81352
.01817
.18979
. 68925
.38211
.45207
.18833
.12810
.08338
.00408
.76442
.05519
.46782
.38746
.99850
.34711
.81081
.56787
.83998
.56669
.88472
.93747
.34403
.52693
.48850
.17807
.01467
.57511
.43459
.05822
.59858
.35891
.30286
.93109
.94362
.22667
.83307
.20532
.68865
.99689
.85253
.55554
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3bb’

SCF Energy (au) BP86/SV(P) -2505.262474030

SCF Energy (au) PBE0/def2-TZVPP -2504.821881763

SCF Energy (au) PBE0/def2-TZVPP -2504.8324982709 (Toluene Correction)
Zero Point Energy (au) 0.3332973

Chemical Potential (kJ mol™?!) 707.95

Dispersion Correction (au) PBE0/def2-TZVPP -0.06822560

xyz coordinates

477
Mn 1.4239376 1.6744286 1.8220771
C 1.8865455 2.2627008 3.4965058
C 3.1056942 1.2035792 1.3873430
C 1.6306999 3.2445483 1.0746210
0 1.7262686 4.2893934 0.5526978
0 4.1875927 0.8961212 1.0815572
0 2.2210702 2.6565818 4.5424955
C -0.9950372 0.6248463 2.6735470
C -1.4576079 2.8078057 1.9592185
C -2.8176036 2.6651682 2.2663124
C -3.2690759 1.4505949 2.80656014
C -2.3417691 0.4156411 3.0134971
C 0.0764247 -0.3995511 2.8792772
C 0.7681943 -0.9957410 1.7734712
C 1.6808274 -2.0469290 2.0566569
C 1.9203980 -2.4827095 3.3635035
C 1.2444886 -1.8825392 4.4449250
C 0.3280167 -0.8567160 4.1995850
H -1.0510607 3.7420424 1.5401705
H -3.5079445 3.5031200 2.0827257
H -4.,3320018 1.3072214 3.0598091
H -2.6511245 -0.5576994 3.4248795
H 2.2192233 -2.5183200 1.2184258
H 2.6446682 -3.2935919 3.5462002
H 1.4342444 -2.2179514 5.4773143
H -0.2138813 -0.3881755 5.0377423
N -0.5713820 1.8119713 2.1663599
H 0.7444662 1.1648687 -0.9101610
C 0.8359730 0.7575780 0.1133129
C 0.5410352 -0.5397815 0.3604814
C 0.0598516 -1.5885711 -0.6198576
H 0.7383530 -2.4730668 -0.6561824
0 -0.0366306 -1.0211831 -1.9346468
H -0.9394416 -1.9890683 -0.3240467
C -0.3792417 -1.8897228 -2.9238423
C -0.4612079 -1.2276167 -4.2638339
0 -0.5948285 -3.0752282 -2.7243464
C -0.6481598 -0.0957918 -6.8346892
C -0.2881988 0.7066557 -5.7371038
C -0.1944030 0.1455912 -4.,4542450
C -0.8217122 -2.0287012 -5.3688646
C -0.9151381 -1.4646325 -6.6486519
H -0.7204377 0.3484577 -7.8416054
H -0.0772928 1.7790471 -5.8830349
H 0.0882734 0.7675542 -3.5916822
H -1.0240530 -3.0975207 -5.1960703
H -1.1970123 -2.0947084 -7.50840098
Svibrational spectrum
# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN
1 0.00 0.00000 - -
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O J o Ul W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YOO YYD YYD YYD YYDy

O O O oo

S

43

80

403

458
474

491
515

538
562

.00
.00
.00
.00
.00
.99
.98
27.
41.
.34
50.
62.
73.
76.
.36

93.

93.

97.
107.
113.
138.
163.
165.
186.
199.
209.
255.
265.
299.
320.
331.
364.
379.
.35
434.
445.
451.
.23
.34
479.
482.
.27
.35
525.
529.
.23
.36
564.
610.

14
47

05
65
73
33

09
15
84
09
49
60
63
67
51
15
75
17
72
42
48
95
98
24

60
03
78

67
22

91
50

16
15

O WNWHF O JWONODOPRPORPRRPFPWNWRFWRFRERPRPREPNOOOOOOOOORROOOOOOOOOoOoOo

.00000
.00000
.00000
.00000
.00000
.87779
.49000
.57272
.03971
.10929
.78132
.08905
.24892
.74414
.19552
.68049
.12074
.99353
.42463
.31746
77426
.56034
.61550
.09764
.39561
.17396
.35363
.06408
.21550
.42530
.75774
.97094
.10255
.00028
.97223
.12190
.68727
.59165
.99981
. 72907
.97386
.35792
.18263
.57433
.93818
.59232
.58769
.23410
.24927
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3bc

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

Chemical Potential

Dispersion Correction

xyz coordinates
47

0.9786078
1.4551385
2.6487590
1.2731209
1.4452458
3.7297294
1.7956414
-1.4787280
-1.8374708
-3.1878842
-3.6919294
-2.8228319
-0.4767104
0.2007391
1.0166975
1.1880167
0.5382259
-0.2931455
-1.3909560
-3.8287663
-4.7498712
-3.1740538
1.5223039
1.8355437
.6770980
-0.8203979
-1.0056886
0.3155452
0.3573697
0.0442766
-0.2105193
1.7013136
-0.0187280
-0.7056419
2.0152261
1.6581457
2.4660993
-0.3841621
-0.7203774
-1.7261741
0.2917179
0.2940312
-1.3148005
2.4749332
1.8751732
0.4245959
-0.3844579

TIoDIToDITDTDIoDQDnDOO@DQO@DQEDnODnOOOQzZzEnononDDnoD D000 00000000Q0
(@)

ONORFRPNWEFEEFEDNDDNDOR

(kJ mol-l)

(au) PBEQ0/def2-TZVPP

.4084770
.7317916
.0631594
.0653396
.1841802
.3705447
.9609250
. 6152415
. 6433332
.5579354
.3292394
.7705066
.7177011
.2195548
.3725104
.9861117
.4679615
.3530503
.5879543
.4500780
.2270415
.7555089
.7814818
.8741353
.9400769
.9511518
.5825233
.2669481
.3225684
. 6255992
.3278742
.7314648
.5468414
.4391834
.6281379
.0609065
.0490734
.3961246
.0173101
.0089775
. 6487285
.2084799
.8999546
7797358
.1435980
.3216262
.8306588

BB NONDNDNREPE R WWNEREONNMNRERERERENMOODOODNDRE

.2223343
.9633209
.7487877
.7424884
.4315049
.4367893
.0552737
.0577329
.5472334
.9092559
.3653486
.4414410
.1490224
.9882094
.1547545
.3980705
.5375738
.4052073
.1990451
.8344837
. 6566231
.7856520
.2641371
.4873512
.5235565
.2863317
. 6225377
.9794547
.5901665
.3677651
.1932185
.4901721
.6714409
.1074004
.9101778
.0037239
.2881233
.2829140
1577774
.2249673
.4435602
.9339137
.6280212
.2395862
.5970909
.3197810
.7848120

-2281.135995277

-2280.709892308

-2280.7163380043 (Toluene Correction)
0.3591834

796.63

-0.07061984
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR T R R R ORI O OB OO RV OB R OBV RR VR BB URR OBV ER VAR O R UR VRO RO R ORR OB URR VRSO

wave number

cm** (-1)

O O O oo

(@)

37.

48

51.
60.
65.
76.
88.
96.
100.
107.

108

123.

142
161

171.

187

212.
223.
259.
290.
295.

333
355

403.
419.
443.
451.
462.

464
473

481.
493.
503.

510
528

537.
548.
550.

567

621.
622.
629.
634.

.00
.00
.00
.00
.00
.00
.36
03
.25
60
04
10
48
60
20
71
42
.57
15
.86
.33
62
.52
63
89
86
14
14
.21
.39
43
53
13
04
27
.56
.55
66
70
71
.53
.20
71
05
95
.38
92
65
06
10

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.26877
.11738
.04837
.02182
.43157
.52792
.13860
.05733
. 79255
.79076
.45034
.28856
.04763
.45196
.25089
.05950
.39619
.39349
.51838
.08106
.01879
.52142
.70194
.34461
.50782
.20342
.20729
.97650
.80215
.30656
.91469
.21201
.55763
.88712
.46111
.73778
.57584
.17087
.53395
.39919
.41054
.27148
.34545
.22001

N

w
DB NONNPEPE OO0ONUUTOORPROR,R JORP PP RPOORPRPROORFRPROOODOOO0ODO0O0O0ODODOOOOO0OOOooo

00000

selection rules

IR

RAMAN
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3bc’

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
47

1.7008294
1.9464929
3.3315730
2.2868389
2.6405981
4.3846566
2.1525111
-0.9782636
-0.9342414
-2.3307824
-3.0673510
-2.3784885
-0.1295595
0.6845288
1.4519761
1.3975069
0.5680687
-0.1827243
-0.3100682
-2.8276646
-4.1662721
-2.9131136
2.1172542
2.0127821
.5222532
-0.8209259
-0.2777518
1.3996283
1.2783893
0.7292965
0.1674180
0.9487741
0.2553998
1

2

0

.3354527
.0263430
.3755887
0.8866761
-1.9210119
-1.9023449
-1.4595226
-1.1197359
-1.9112953
-2.9896957
0.9474940
0.5125164
-1.5283127
-1.2408158

TIoDIToDITDTDIoDQDnIDOOT@DQO@DQEDOoOOOOoOoDZoEnoDnoDD DD D000 00000000Q0
(@)

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

EFNWWRFENOD WEDNRE

(@)

-0
-1
-2

-0
4

2

.9178340
.2382414
.1960531
.4888898
.5418127
.7258024
.4639907
.2554733
.5476428
. 6335022
.4772899
.2697402
.0478783
.5178141
.6688415
.2547954
-1.
.5644054
.4267213
4.

7075987

6011997

.5132506
.3353467
.0946194
.1433835
.1657562
.1154719
.3872866
.8612120
.3182463
.0806393
.6703298
.9443464
.0463469
.0109098
.6978684
.5712595
.6995264
.6584808
.0867089
.7099529
.8983627
.9089820
.9259817
.4898021
.8597757
.3092554
.7001716

wbhbhNORFRPRPFRPOOWWNRFRORRERPRERPREPEPRERMMNOOOR WE

.2440537
.0331653
.0180863
.7343215
.3602348
.8452115
.1595807
.5666412
.0845970
.1661203
.4704893
.6733330
.8081275
. 7703939
.1034235
3717161
.3710144
.0883288
.8574934
.9947426
.5450442
.9044298
.3373892
.5897974
.3723103
.8673750
.2903563
.6028164
.6440395
. 6157631
.8229329
.2328460
.6744401
.6610256
.3658397
.5174003
.4142843
.9299712
.4056220
.7988130
.3627757
. 7575255
.7643687
.7824158
.3661075
.3136337
.5951562

-2281.140662981

-2280.715719323

-2280.7223820342 (Toluene Correction)
0.3590261

795.17

-0.06962776

S89



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR CT R U ORI R O OO RO R OB OB OBV RR VR BB URR OBV RV AR OB UR VRO RV OB OR OB U RSO

wave number

cm** (=1)

O O O oo

(@)

31.
44.
51.
51.
69.
77.
87.

93

96.
100.
106.
131.
157.
169.
203.
210.

220

238.

268

306.
314.

337

353.
389.

428

436.
439.
458.

463

471.
476.

491
515
518

522.
537.
546.

582

604.
620.

627

629.
637.

.00
.00
.00
.00
.00
.00
.50
99
13
06
84
06
41
88
.53
45
05
99
13
94
99
07
99
.28
63
.33
85
02
.59
62
14
.20
17
55
00
.29
05
24
.21
.51
.27
65
87
13
.34
22
00
.22
79
71

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.32533
.01860
.24008
.22408
.35126
.38263
.09042
.23113
.67250
.52594
.08474
.49804
.27875
.90602
.48451
.56503
.25113
.40385
.03352
.02872
.86862
.39462
.09218
.49040
.87982
.24568
.80539
.18578
. 66801
. 79979
.32839
.22475
.23124
.94809
.62172
.67053
. 65551
.31482
.57348
.23873
.90392
.83376
.92577
.14397

N

w
O J OO NNWIHTW-TINRPRPPORP PP WRPRORFRPRPOOOOOOOHRRFROOODODOOOOOODODODOOOOooOo

00000

selection rules

IR

RAMAN

S90



3bd

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
49

.1580946
.6348367
.7925991
.5653154
.8040972
.8473452
1.9709921
-1.4026967
-1.5531558
-2.9141328
-3.5306391
-2.7627536
-0.51560184
0.1482835
0.8337906
0.9013429
0.2704004
-0.4399921
-1.0218140
-3.4766530
-4.5994638
-3.2072983
1.3250606
1.4531173
.3288523
-0.9536017
-0.8152995
0.4378693
1.4061952
1.3827041
0.3575769
-0.6344641
-0.5845963
2.2229875
2.1765766
0.3208918
-1.4644746
-1.3814464
0.4823353
0.0874268
-0.1313716
-0.7211384
1.3460939
1.3697334
1.1409724
2.3674314
.5728768
.7409551
.7084804

WHE RN

|
(@)

EEEEEEOOEOOEEZEEOOOOOOZEEEEEEEEOOOOOOOOOOOOOOOOO§
|
= (@)

|
(@)

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)

-0
-1
-2
-3
-4
-3
-2

NH—ROORFRRERREO

(au) PBEO/def2-TZVPP

.2533469
.5380953
.3277689
.8951322
.0097385
.6948563
.7309954
.5179689
.7099038
.7686986
.6351080
.5232472
.7030816
.2987802
.5265776
.1209366
.5108000
.32277292
.5749738
.6978981
.6490149
.4427180
.0080314
.0665573
.9680692
.8474087
.5974297
.0965152
.0155642
.5187134
.1454161
.2388594
.2648783
.3305442
.2157761
. 6473731
.0724593
.9508668
.4694157
.7501554
.4849103
.2196232
.5724649
.5021422
.8697347
.1205057
.7113929
.4924086
.1148478

GO WHRF WWNEDWNENWNNDMNNDNNERRRERERWDN

-0

-6.
.5760493

-5

-4.
-6.
.5435120

-5

=7.
-5.
-6.

.0022092
.7484200
.5176508
.5564534
.2778736
.1821893
.8490138
.8343411
.1187935
.4427297
.9973705
.1929938
.9964020
.8677420
.0928654
.3544102
.4591501
.2706203
.6915378
.2619131
.2655475
.6042513
.2309236
.4859650
.4600933
.1229669
.3241413
.1362323
.6139407
.9174912
.8349631
.3574599
.0551730
.9460467
.2215062
.1284990
.0085269
.7224392
.2148392
.4903919
.3141261

0429968

9580529
6241407

0250688
6775268
2100478

-2411.413617596

-2410.960779076

-2410.9697888395 (Toluene Correction)
0.3619092

789.69

-0.07292669
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R U ORI OB OO RO OB R OBV RR VR BB VR OB VRV AR OB OB VR VRO R OB OB ORI

wave number

cm** (-1)

O O O oo

(@)

25

39.

43

49.
55.
65.
4.
75.

85

93.

98.
100.
107.
121.
134.
153.

174

197.
213.

214

222.
261.
287.
300.
3009.
351.

365
411

419.
423.
443.
455.
462.
469.

477

483.
492.
505.
511.

532

539.
541.
553.

.00
.00
.00
.00
.00
.00
.08
.20
43
.29
24
98
09
16
81
.58
05
03
07
45
05
11
22
.25
72
05
.24
78
15
96
00
55
99
.35
.90
13
46
47
43
10
99
.73
03
17
41
22
.30
35
66
79

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.31267
.16210
.37353
.93927
.06683
.63821
.47275
.64624
.02333
.10151
.03898
.55357
.20359
.07850
.15239
.51650
.04832
.48049
.30506
.33096
.50010
.43599
.97850
.54180
.92838
.05348
.36710
.37415
.31770
.32007
.65970
.55412
.10299
.58427
.00002
.04355
.93955
.18165
.49846
.50146
.08792
.13962
.15662
.72502

[

[
QO PFRPWOHRPRRFPRUODWORRPOWNWORPRORF WORRORPORPOOORFFONOOOOOODOORHrOOOOoOOOoOOo

00000

selection rules

IR

RAMAN
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3bd’

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
49

.7594811
.1164445
.4076023
.2143365
.4755736
.4702473
2.3853366
-0.8169518
-0.9917541
-2.3812763
-2.9979374
-2.2019531
0.1367893
0.8530995
1.6521145
1
1

SN WN R

.7573642
.0507163
0.2446318
-0.4570121
-2.9658978
-4.0880015
-2.6421761
2.1936939
2.3962216
.1324764
-0.3183687
-0.2338650
1.2873711
1.2436783
0.7855325
0.3205685
-0.6403717
-0.9730280
-0.5033633
0.6575204
0.1967957
-1.1012140
-1.6118688
-0.8003567
1.3209240
0.5086177
-0.7156781
-1.9011040
-1.3570415
-2.1675748
-2.8533116
-1.0397056
-1.1969285
0.3896025

EEEEEEOOEEEEZOOOOOOOOEZEEEEEEEEOOOOOOOOOOOOOOOOOE
=

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

EFNWWERE WERE O wEREDNDDN

.3780870
.7676239
.7338603
.9673582
.0305307
.3172361
.0343150
.5653483
.8351141
.8152428
. 6172537
.4746599
.4292305
.1481106
.2944059
.8404689
.2637499
.1468652
.7502102
.7340201
.5700200
5107777
.7523399
.7231491
.6894560
.3068091
. 7364166
.2305719
.6982825
.4171385
.4499935
.1028271
.3859338
.5792577
.1811621
.9714930
.8933772
.2452270
.8353762
.6686278
.7108120
.5868255
.0696289
.8108492
.5714991
.8128451
.5628749
.3097895
.6504176

|
PR, OOWONDNNRP R WOWNNERERPNNMMNNRERERERNSMRPORR WR

.7905522
.5463937
.4632533
.2063758
.7878539
.2254476
.6505127
.3349170
.7792212
.9639769
.3586792
.5473014
.5314332
.4311450
.6949435
.9760550
.0532881
.8269131
.4776112
.8005746
.5135215
.8463223
.8514653
.1449226
.0665279
.6593589
.9696384
.0112830
.0416089
.0359651
.0740953
.2470443
.8917463
.8481322
.4238388
.4795579
.2925653
.6415554
.1830288
.6539594
.5012067
.6574505
.0099143
3737167
.9617157
.4853204
.9622423
.3461398
.8141060

-2411.410447430

-2410.9683234203

-2410.958998524 (Toluene Correction)
0.3619800

789.09

-0.07249849
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR CT R R R ORI R OB OO RO OB R OBV RR VR BB VR OBV RV AU R UR VR VRV RO R ORR OB OBV RSO

wave number

cm** (-1)

[oNeoNoNoNe]

(@)

27

33.
42.

51

53.
67.
73.

78

79.
85.
91.
96.

100
125

136.
165.

188

194.
200.
215.
225.
262.
285.
304.
318.
351.
359.
386.
419.

430

435.

457

465.
474 .

477

489.
507.

515

519.

528

540.
545.

565

.00
.00
.00
.00
.00
.00
.99
.88
40
85
.37
18
75
69
.21
66
98
80
10
.26
.52
18
06
.52
01
97
44
48
85
40
78
87
60
42
42
25
.54
88
.39
04
90
.20
75
07
.39
83
.54
13
49
.39

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.66596
.03399
.36254
.76193
.25743
.34361
.47722
.26541
.05442
.15106
.22070
.36237
.06830
.00276
.17836
.61147
.63800
.75308
.12099
.76149
.05230
.35162
.32014
.22519
.10759
.40583
. 75539
.44456
.45695
.06425
.55204
.72607
.39231
.70328
.30233
.66843
.52679
.70699
.35917
.09470
.87924
.23204
. 69293
.44381

[
WNWWNOYPE DO RPRPORPRWNOORFOWROOOOORPR OOOHRRORFROOOOORROOODODOOOOoOooo

00000

selection rules

IR

RAMAN
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3be
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.0783337 0
C 1.5331549 0
C 2.7235407 -0
C 1.4768076 1.
0 1.7082128 3.
0 3.7858959 -0.
0 1.8555017 0.
C -1.4676057 -0
C -1.6583114 1.
c -3.0252121 1.
C -3.6228405 0
C -2.8313094 -0
C -0.5484364 -1.
C 0.1181285 -2
C 0.8344046 -3.
C 0.9270770 -4.
C 0.2919355 -3
C -0.4474334 -2
H -1.1404232 2.
H -3.6069078 2.
H -4.6953745 0
H -3.2598795 -1
H 1.3282009 -3.
H 1.5012311 -5.
H 0.3695262 -4.
H -0.9650548 -1.
N -0.8997333 0.
C 0.3727864 0
C 1.3747366 1
C 1.3339791 1
C 0.2552050 1
C -0.7677767 0
C -0.7039282 0
H 2.2277463 1
H 2.1476028 2
0 0.1054240 1
H -1.6110245 0
H -1.5184473 -0.
C 0.4281146 -0
C 0.0371062 -1.
H -0.2044882 -2
C 1.0986463 2.
H 0.7745559 3
H 2.0975340 2
H 1.1887987 3

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3015995
.5569657
.2613077

9552219
0750269
6148355
7340766

.5315029

7225253
7354861

.5642922
.5847469

6989853

.2516676

4674634
0918218

.5247154
.3491377

6174085
6586850

.5422602
.5310727

9147031
0275059
0067391
9088440
6179357

.2770489
1671111
.7492282
.4697441
.5961581
.0129448
.3973128
.4240561
.9924912
.3972062

6533929

.3617485

6531094

.3468740

8748195

.1690357
.3808154
.7907179

wave number
cm** (=1)
0.00
0.00
0.00

BEENONNDNRPE R WLWNERNMNNMNNRE RN OOR R WR

.4730911
.2296976
.0018111
.0594871
.7988311
.6762550
.3367940
.2360618
.6187454
.9244400
.4176952
.5738154
.3623694
.2147237
.3995329
. 6452063
.7702885
.6201287
.2388200
.7769019
.6698833
.9384950
.5208648
.7482383
.7581991
.4885654
.7841440
. 6717431
.1257371
.4028118
.2693719
.8328035
.5661651
.4688332
.7073650
.5212622
.5133675
.2376011
.3500053
.1424265
.9762725
.0115048
.0304530
.0755190
.3798433

-2391.988619360

-2391.5574436897

-2391.548466315 (Toluene Correction)
0.3230463

696.07

-0.06844294

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYDy

24

42

110
134

225

261

420

460

543

622

.00
.00
.00
.73
32.
.59

46.

52.

63.

74.

85.

92.

96.

99.
107.
.33
.31
149.
156.
184.
207.
.26
245.
.34
288.
299.
3009.
355.
374.
416.
.58
442.
449,
458.
.39
477.
481.
491.
505.
510.
531.
539.
.52
553.
562.
606.
.36

77

02
13
43
81
09
76
37
38
24

52
88
06
19

18

42
88
29
99
05
53

85
83
49

03
12
75
02
10
44
68

19
70
89

[
OO MNITVOVWULJTOBdNOHFRPRORFRPEFNWOR DR ORPOPRPNOOOOODOONOOOODOODOOOOOOo

w
O

.00000
.00000
.00000
.42575
.77416
.15089
.87848
.24975
. 74685
.35220
.23384
.26815
.91130
.70388
.04566
.13395
.77873
77319
.95919
.13859
.35787
.81501
.33807
.08205
.41136
.71848
.51426
.36497
.39132
.14670
.90198
.75952
.82556
.00003
.68765
.82516
.21536
.15798
.51385
.19666
.00323
.37763
.21052
.47352
.53993
.00156
.86735

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

S96



3be’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.8122988 1
C 2.1633410 2
c 3.4260367 1
C 2.3708124 3
0 2.7033871 4
0 4.4661979 0
0 2.4275983 2
C -0.8078624 1
c -0.8508899 3
C -2.2403562 3
c -2.9257347 2
c -2.1967927 1
C 0.0787136 0.
C 0.7642242 -0
C 1.4890464 -1.
c 1.5535021 -2
c 0.8802061 -1.
C 0.1461699 -0
H -0.2635877 4.
H -2.7712795 4
H -4.0175570 2.
H -2.6923763 0
H 2.0070467 -2.
H 2.1351046 -3
H 0.9310593 -2
H -0.3910429 -0.
N -0.1578763 2.
H 1.3664242 1.
C 1.2834493 1.
C 0.7459051 0.
C 0.2320746 -0.
c -0.8102307 -2.
c -1.1850094 -2
c -0.6648818 -1.
c 0.5997018 -0
C 0.0913856 -0.
0 -1.2465295 -2.
H -1.8836455 -3
H -0.9813916 -1.
H 1.3172506 0
H 0.3890617 -0.
C -2.1423304 -3.
H -3.0985747 -3.
H -1.6928093 -4
H -2.3592397 -4.

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ/def2-TZVPP

.9480148
.2412118
.2198082
.5311227
.5923569
.7486149
.4515952
.2543860
.5589190
.6070803
.4251631
.2302014

0554271

.5020519

7088776

.3326115

7743965

.5981896

4578431

.5655252

4309466

.2773633

1502731

.2617665
.2610244

1582303
4098254
9902530
4028131
1509559
6098678
0339223

.3990410

6912546

.2684207

9579672
6482198

.2294423

9900963

.5508679

6920816
7371722
4365554

.5843190

0745133

wave number
cm** (=1)
0.00
0.00
0.00

S AN ONNNDNRPEP R WLWLONDEREONNNNRERPRPRDMNOOOORF W

.4147212
.1914086
.0881766
.9087900
.5400796
.8543723
.3083436
.8906140
.4669078
.6471064
.9702234
.0941101
.0244011
.8946779
.0928999
.3409788
.4486059
.2855988
.2194019
.5367376
.1193480
.3364265
.22612006
.4597967
.4360588
.1420564
.5956229
.3918890
.4572734
.4625141
.6295954
.8802903
.5709966
4726317
.9589371
.0595924
.0190950
.3891168
.4593405
.1272071
.0863897
.8997078
.4077426
.3276767
.9335893

-2391.985428432

-2391.546398574

-2391.5556957408 (Toluene Correction)
0.3230217

695.14

-0.06784260

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -

S97



O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY YYD YYD

23

50

92
95

191

218

264

411

413

475

515

540
545

.00
.00
.00
.52
30.
36.
.51
52.
67.
74.
8.
86.
.50
.52
100.
110.
134.
154.
168.
.21
204.
.20
245.
.59
281.
306.
320.
349.
357.
.52
.58
433.
453.
458.
465.
.22
489.
505.
.59
519.
530.
.35
.26
563.
606.
615.
622.

01
90

27
09
68
64
87

13
64
65
92
01

06

89

62
04
05
10
62

61
82
11
67

37
21

17
62

04
72
07
05

= o

=N
SO T WERERONRFESEDMPFPOOONOWOONRPEPRPOORFRPRONORPRORPRORFFOOOOR, OOOOOOOoOOoOo

.00000
.00000
.00000
.30109
.16593
.27643
.06423
.21524
.22178
.28231
.28640
.22244
. 63221
.22483
.02259
.46995
.58483
.77198
.43068
.88992
.04844
.83517
.16399
.28702
.29168
.87473
.46467
.07857
.91673
.23641
.11381
.99339
.36253
.55712
.55181
.37219
.35182
77785
.10122
.44789
.92420
.68463
.48926
.39888
.11151
.59324
.04463

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

S98



3bf
SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.2193489 0
C 1.6842037 0
C 2.8635536 0
C 1.6136558 2
0 1.8430488 3
0 3.9243350 -0
0 2.0099078 1
C -1.3157925 -0
C -1.5220768 2
c -2.8892199 2
C -3.4786214 0.
C -2.6790387 -0
C -0.3847977 -1
C 0.2782322 -1.
C 1.0105745 -3.
C 1.1196397 -3.
C 0.4856663 -3
C -0.2675173 -2.
H -1.0102054 2.
H -3.4772754 2.
H -4.5511404 0.
H -3.1011012 -1
H 1.5021338 -3.
H 1.7046006 -4.
H 0.5748327 -3.
H -0.7836713 -1
N -0.7566698 0
C 0.4638524 0
C 1.4741388 1
C 1.3859130 2
C 0.2610546 1
C -0.7687117 0
c -0.6592671 0
H 2.3588837 1
H 2.1767868 2
F 0.1600023 2
H -1.6444173 0.
H -1.4724362 -0
C 0.5544993 -0.
C 0.1756649 -1
H -0.0825691 -2.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

)
J mol™t)

(au) PBEO/def2-TZVPP

.6020264
.8796677
.0347297
.2512375
.3662344
.3226417
.0716719
.2381116
.0153745
.0182225

8418555

.3019325
.3973172

9556667
1603577
7711764

.2003028

0340653
9143696
9376370
8118623

.2513266

6107959
6994786
6726192

.5916614
.915419¢6
.5641322
.4300413
.0136955
.7505013
.9135563
.3264455
. 6352477
.6771795
.3228520

7381501

.3201573

0746596

.3671346

0627050

wave number

W NONMNMNMNPFPOWWNOORRPRERERPREPRERWOOOONO

cm** (-1)

OO OO O oo

.00
.00
.00
.00
.00
.00
L7

.8606017
.6111754
.3892382
.4220448
.1421678
.0636773
.7144017
.6367694
.0217826
.3273910
.8179138
.9735991
. 7667139
.6205201
.8100076
.0612806
.1849117
.0299354
. 6432601
.1816374
.0692392
.3378737
.0682391
.1693927
.1765020
.8981051
.1849338
.2739335
.7659224
.0373997
.8313512
.3806572
.1124551
.1437123
.4209382
.0494858
.0252582
.7445602
.9524162
.7406668
.5680801

-2376.715791997
-2376.297634233
-2376.3055857295 (Toluene Correction)

0.2836993

598.37

-0.06503775

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.20929

O OO O oo

00000

selection rules
IR RAMAN

S99



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI U O RGO RO VOB OB UV RR VR B OB OB URNU RV RO URR VR UV ER OB VR OB U R OO R U U )

35.
43.
51.
56.
65.
75.
.39
94.
99.
.50
.39
139.
.26
.21
191.
.21
232.
285.
294.
.39
.23
365.
401.
416.
425.
443.
457.
459.
476.
479.
.56
503.
505.
.33
537.
541.
552.
558.
604.
622.
622.
628.
633.

85

104
107

144
160

214

303
353

488

520

17
76
77
52
03
62

89
61

09

69

05
99
17

44
71
92
01
83
88
00
86
54

99
86

67
17
49
84
48
15
69
44
02

=

w = =
OO OOONHDUODMOOOOROBMRFLONREPNOFRRERREROOOOOROOOOO OO

=N
o O

.34218
.07449
.04781
.02224
.45307
.26948
.07668
.43426
.91990
.18700
.10932
.09849
.18890
. 62454
.00490
.03482
.45241
.11397
.63832
.14950
.16027
.32245
.96093
.44825
. 63155
.90585
.43720
.25517
.88823
.53331
.74087
.66997
.85895
.79803
.67685
.51813
.41224
.56721
.51765
.45123
.24592
.32636
.60220

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

S100



3bf’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.4841279 1
C 1.8347473 2
c 3.1379523 1
C 1.9390421 3
0 2.2002880 4
0 4.2031005 0
0 2.0980604 2
C -1.091242¢6 0
C -1.2679949 3
C -2.6571279 3
C -3.2723958 1
C -2.4757778 0.
C -0.1360325 -0
C 0.5855734 -0.
C 1.3878778 -1.
C 1.4896605 -2
C 0.7777799 -1.
c -0.0303131 -0.
H -0.7343996 4.
H -3.2424425 4.
H -4.3620244 1.
H -2.9154253 -0.
H 1.9362159 -2.
H 2.1299847 -3
H 0.8566168 -2
H -0.5971524 -0
N -0.5095354 2.
H 1.0145027 1
C 0.9763957 1.
C 0.5225045 -0
C 0.0619967 -1.
c -0.8527700 -2.
C -1.2287016 -3.
c -0.7701515 -2
C 0.4233886 -0.
c -0.0298422 -1.
F -1.2820083 -3
H -1.8773332 -3.
H -1.0765659 -2.
H 1.0912536 -0.
H 0.2581675 -1.

Svibrational spectrum

# mode symmetry
#

1

2

3

4

5

6

7 a

SV (P)

)
J mol™!)
(au)

.7117603
.1095485
.0696979
.3004134
.3615391
.6530320
.3800517
.8955884
.1650984
.1446433
.9467289

8045197

.2393286

8182385
9607722

.5042610

9268438
8122031
0804218
0630071
8993039
1586595
4188131

.3849637
.3503587
.3585124

0666317

.5569886

0270270

.2547710

1225549
7478115
0580846

.2457407

8492925
6463722

.5260240

9283335
4870338
0008119
4362164

wave number

W NORFRP P OONWNOORFRPRRPRPEPOORF WOODOONO

cm** (-1)

S O O O O O o

.00
.00
.00
.00
.00
.00
.62

.8161645
.5732290
.5072899
.2278432
.1939786
.2834789
.6768443
.3618890
.8042767
.9918775
.3888197
.5771501
.5618573
.4659734
.7345586
.0172579
.0901668
.8587612
.5014531
.8290436
.5462304
.8792875
.1045801
.1900484
.1044705
.6884911
.9942040
.9830248
.0116645
.9302930
.0449167
.1697179
.8570813
.8084125
.3891059
.4476822
.1857821
.6700729
7772746
.6073525
.4897271

-2376.712862759
-2376.295538110
-2376.3037174351 (Toluene Correction)

0.2837056

597.71

PBEO/def2-TZVPP-0.06440518

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.36777

O OO O oo

00000

selection rules
IR RAMAN

S101



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI U VRGO O OBV U OBV RR VR B OB OB URNU RV RO URR VR UV ER OB UR OB U R OB OB U U )

34

93

153

357

412

503

615

624
631

.24
40.
52.
53.
1.
76.
83.
89.
.28

97.
103.
137.
.58
171.
203.
207.
243.
260.
303.
320.
340.
.53
395.
.39
424.
435.
457.
462.
475.
487.
496.
.35
517.
525.
536.
544,
563.
605.
.23
622.
.34
.27
635.

74
69
24
92
77
21
53

80
60
41

04
77
67
63
86
88
42
64

13

94
67
09
47
11
90
79

87
85
67
98
85
97

45

77

NN = =
P OO WNORFR UDJWHRFOOWOONOOHRRPFPFOOOORORPROOOOOORr OO oo

w
= o

[
~ W

.13052
.50128
.03101
.17478
.11648
.25782
.23343
.46304
.18580
77714
.00812
.20567
.57525
.05843
.97908
.08842
.46889
.45042
. 62775
.57653
.35798
.88841
.68512
.02398
. 63912
.16904
.86556
.17062
.19513
.87155
.14149
.61634
.40446
.38907
. 63981
.90885
.90296
.59872
.57449
. 64940
.15951
.33761
.39122

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3bg
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

44

Mn 1.1861921 0.
C 1.6496781 0.
C 2.8324442 -0.
C 1.5764145 2.
0 1.8015756 3.
0 3.8942168 -0
0 1.9743651 0.
C -1.3359910 -0.
C -1.5663266 1.
C -2.9334150 1.
C -3.5094¢618 0.
C -2.6977821 -0
C -0.3888597 -1
C 0.2601682 -2.
C 1.0035837 -3
C 1.1376889 -3.
C 0.5185693 -3
C -0.2463025 -2.
H -1.0640941 2.
H -3.5317034 2.
H -4.5812509 0
H -3.1091275 -1.
H 1.4842035 -3.
H 1.7309746 -4.
H 0.6280887 -3.
H -0.7523739 -1.
N -0.7901591 0.
C 0.4502444 0
C 1.5031279 1
C 1.4211083 1
C 0.2699348 1
C -0.7943677 0.
C -0.7019962 0
H 2.4086376 1
H 2.2543302 2
c 0.1970226 2
H -1.7037872 0.
H -1.5460078 -0
C 0.5271147 -0
C 0.1438119 -1
H -0.1236005 -2
F 0.9269758 3
F -1.0778491 2
F 0.6739844 1

Svibrational spectrum
# mode symmetry

#

Sw N

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

4233087
7318831
1503251
0672875
1767450

.5116914

9448360
4259872
8264098
8137320
6301670

.5057507
.5738836

1423136

.3393906

9335189

.3527583

1944069
7313999
7268438

.5884699

4598707
7967404
8562239
8119997
7459878
7339893

.3771908
.1820141
. 7775904
.6042905

8213249

.2157855
.3296299
.3941246
.2168518

6935105

.3813972
.2669150
.5578492
.2496742
.3565088
.5221585
.3706320

wave number

BB NONDNDNREPE R WOWNERNNMNNRERERERNEOOOOWER

cm** (-1)

[eoNeNoNe]

.00
.00
.00
.00

.3165635
.0615198
.8592402
.8494133
.5480063
.5419882
.1608879
.0901301
.4793153
. 7861338
.2749196
.4280755
.2204790
.0719082
.2618963
.5188968
.6456958
.4895463
.1019798
.6427157
.5276280
.7922637
.3812146
.6289410
.6413336
.3605277
.6397458
.8134071
.3181999
.581979¢6
.3750452
.8886097
.6292994
.7098435
.9533462
.7520544
.4967259
.2477264
.4950082
.2905013
.1179296
.8407486
.1055511
.7049893

-2614.359816251

-2613.984795259

-2613.9929371345 (Toluene Correction)
0.2962443

619.21

-0.06852295

IR intensity selection rules
km/mol IR RAMAN

0.00000 - -
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYDy YYD YYD

34
43

94

165

302
311

365

403

443

455

492

552

.00
.00
21.
30.
.38
.31
45.
52.
61.
76.
85.
89.
.28

97.
105.
115.
124.
142.

16
62

44
76
15
48
17
14

77
08
00
46
91

.52
193.
206.
209.
246.
289.
.57
.33
353.
.35
388.
.34
406.
423.
.59
.39
459.
476.
480.
.52
505.
506.
528.
535.
549.
.38
568.
576.

41
99
37
59
94

49

01

95
41

59
40
99

99
58
92
96
17

97
26

DO FRPNEFENOUONDBDOODONWNDNRPRPOR DR OOORPRPORFF OOOORPR OOOOODOOOOoOOoOOoOo

.00000
.00000
.19647
.37460
.08761
.02830
.00144
.09202
.48361
.23164
.06903
.08270
.18713
.86356
.11509
.60942
.08990
.09096
.91736
.03521
.04327
.23505
.58105
.90528
.09223
.35150
.33456
.63782
.67649
.38918
.43588
.80656
.53152
.11763
.25725
.49494
.10822
.78660
.85205
.33807
. 64916
.06907
.80493
.11732
.13806
.76105

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3bg’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

44

Mn 1.6001682 1
C 1.9402133 2
c 3.2552590 1
C 2.0678143 3
0 2.3383040 4
0 4.3208450 0
0 2.1966241 2
C -0.9835461 1
C -1.1452378 3
C -2.5350874 3
c -3.1584688 2
c -2.3692137 1
C -0.0337177 0.
C 0.6938366 -0
C 1.5003815 -1.
c 1.5970839 -2
c 0.8769778 -1.
c 0.0669285 -0
H -0.6057135 4
H -3.1147598 4
H -4.2489407 2.
H -2.8155056 0.
H 2.0553274 -2.
H 2.2393663 -3.
H 0.9515830 -2.
H -0.5043819 -0.
N -0.3937996 2
H 1.1424550 1.
C 1.1010036 1
C 0.6327642 0.
C 0.1520765 -0.
c -0.8006482 -2.
C -1.1247657 -2.
c -0.6540416 -1.
C 0.4642913 -0
C -0.0045216 -1
C -1.2384704 -3
H -1.7555102 -3.
H -0.9280730 -2
H 1.1037146 0
H 0.2560351 -1.
F -0.3354706 -4
F -1.3787107 -2.
F -2.4244684 -3.

Svibrational spectrum
# mode symmetry

#

Sw N

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.9660958
.3601237
.3172544
.5539099
.6136584
.8957304
.6283642
.1633802
.4336904
.4209000
.2264742
.0798174

0245597

.5506656

6897805

.2362874

6642491

.5510369
.3459505
.3424036

1851419
1192388
1439724
1152472
0904000
1005059

.3309129

8252016

.2923378

0146024
8394015
4659841
7817152
9806723

.5384421
.3329374
.3710109

6578757

.2405682
.3290837

0779295

.3639575

6995453
9766473

wave number

S rNONNPRPEPPRPOWLONMNREFORRRPRRERREREMMOODOODNDRE

cm** (=1)

[eoNeNoNe]

.00
.00
.00
.00

.2084954
.9702089
.9168275
.6260754
.2077755
.7063910
.0754364
.7461958
.1871035
.3699921
.7648863
.9566628
.9488109
.8554690
.1248842
.4068790
.47695006
.2447207
.8855869
.2049079
.9179131
.2572971
.2879564
.5808171
.4904534
.0730469
.3799587
.5900900
.6205604
.5412096
.6544086
.7918210
.4594137
.4108200
.0052720
.0560291
.9169275
.2413575
.3753446
.2325959
.0951339
.1412764
.0876251
.6518171

-2614.357206437

-2613.982644347

-2613.9909778406 (Toluene Correction)
0.2962383

618.34

-0.06781524

IR intensity selection rules
km/mol IR RAMAN

0.00000 - -
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY Yy YYD YR

63
77
84
91
95

120

171

195

221

267

348

491

555

.00
.00
19.
26.
32.
41.
48.
53.
.35
73.
.85
.33
.53
.57
99.
.35
132.
159.
.94
186.
.29
.48
263.
.54
301.
323.
.55
361.
382.
397.
404.
432.
436.
458.
461.
474 .
482.
.52
515.
521.
531.
543.
.20
565.
577.
593.

68
46
03
65
83
68

77

41

15
95

84

02

13
00

83
91
60
48
96
02
17
98
49
14

90
01
91
89

14
77
16

NFEFENMOODOOOR PR WWUTORENONOWOOR OOOROORPROOOOOORrROOOOOOo oo

.00000
.00000
.52294
.13913
.26819
.40771
.05953
.29348
.14071
.06558
.22656
.31054
.39077
.57094
.23112
.01401
.20509
.84835
.33900
.47245
.80549
.38611
.98195
.28038
.31184
.63535
.80659
.92247
. 74989
.23162
.12542
.21703
.05123
.76486
.13311
.24921
.98839
.26753
.81848
.17935
.61700
.41968
.97278
.58730
.37054
.46991

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3bh

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
47

1.1127105
1.5835667
2.7580751
1.4987726
1.7223402
3.8197636
1.9126438
-1.4083933
-1.6393087
-3.0045365
-3.5795623
-2.7685323
-0.4628153
0.1903774
0.9370427
1.0689458
0.4441777
-0.3227804
-1.1382390
-3.6023673
-4.6500949
-3.1792429
1.4210940
1.6643287
.5510143
-0.8324425
-0.8633106
0.3546108
1.3937879
1.3014148
0.1508371
-0.8979050
-0.7967238
2.2977957
2.1238572
-0.0148038
-1.7927646
-1.6273941
0.4438958
0.0692481
-0.1943918
1.0685248
-0.9976746
0.9803481
.9278126
.1117819
.8645159

TIoDITCTQOoOOoO XTI OCzZEEIDn DD DD D000 000000 000
(@)

o O

(au)
(kJ mol-l)

(au) PBEQ0/def2-TZVPP

.1658704
.4652460
.4013803
.8125468
.9241475
. 7593539
.6717683
.6864908
.5654795
.5549963
.3725487
.7641869
.8353476
.3969144
.5926930
.1922977
.6187550
.4613801
.4694458
.4687759
.3322759
.7176700
.0452573
.1139616
.0825979
.0179584
.4723700
.1156761
. 9355107
.5180366
.3199446
.5181877
.0741491
.0998998
.1399783
.9274728
.3752723
.6863229
.5211862
.8140045
.5108049
.6674624
.7912167
.2813351
.8392272
.9733183
.5147030

DO WO WwNhREREseDdwWERERNMNNDNMMNNMMNMNNMMERERRERREROWER

.8333390
.5777114
.3658922
.3726203
.0778646
.0442834
.6772089
. 6225665
.0113434
.3260552
.8187640
.9680342
. 7491352
.5994388
.7871187
.0417279
.1690795
.0156019
.6301879
.1851321
.0769977
.3346265
.9058355
.1493900
.1629201
.8870611
.1681784
.2967836
.8095598
.0781817
.8747206
.3735738
.1113860
.2026855
.4621786
.2272940
.9999790
.7237034
.0233078
.2365671
.5878937
.5973594
.9403573
.8872879
.0223537
.9386616
.6840296

-2505.273702407

-2504.831435415

-2504.8417586438 (Toluene Correction)
0.3330534

713.51

-0.07112017
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GO B DAEDSNEASEDLDDEWWWWWWWWWWNNNRNONNNONNNNN R PR R e
PO WO -JONU D WNROO®®JdONAWNROWO-JANUTBWNROWO®OWJOSWNEFE O WO

symmetry

OISR R R ORGSO R R O OB OB OB OB RO R RO R OB URR R URR VR OB VR OBV RV OB OB UR RO R

wave number

cm** (-1)

O O O oo

(@)

29.
36.
43.
49.

60
72

76.
83.
85.
94.
96.

104

110.
116.
122.
145.
155.
165.
196.
202.
231.
265.
291.

300

319.

335

360.
397.
410.
415.
434.
448.
458.
471.
476.
483.

493

507.
5009.
536.
541.
550.
560.
581.

.00
.00
.00
.00
.00
.00
.47
01
31
19
37
.58
.51
70
77
91
45
61
.33
46
69
66
17
67
40
82
74
80
95
06
.26
46
.23
78
04
01
09
16
98
05
42
46
71
.53
03
77
07
46
95
15
11

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.25461
.98577
.24804
.04438
.17824
.47438
.60654
.17487
.35492
.04484
.25210
.86233
.04465
.11004
76729
.49100
.74573
.42430
.94312
.30048
. 62503
.93245
.40239
.35258
.23611
. 79951
.25638
.49515
. 64580
.38725
. 68924
. 71597
.27168
.85427
.20674
.29819
.55441
.04021
.25964
.06654
.97439
.73429
.47145
.29427
.81664

WHRPRPOUOODOJOPUDTOODWOORRPFPFOORFENOODOPMONORPRPR OOOOODOORROOOOOODOHOOOOOoOOoOo

00000

selection rules

IR

RAMAN
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3bh’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
47

.6951515
.0101655
.3595998
.1535237
.4173128
.4319548
2.2528970
-0.8911553
-1.0636848
-2.4562428
-3.0754853
-2.2793436
0.0665331
.8181627
.6377436
.7222910
.9762750
0.1542544
-0.5275454
-3.0414274
-4.1680748
-2.7219556
2.2111109
.3743136
1.0405027
-0.4361572
-0.3055626
1.2733847
1.2260194
0.7639596
0.2863037
-0.6827035
-0.9766216
-0.5001765
0.5785651
0.1032394
-1.2145995
-1.5907120
-0.7510834
1.2080316
0.3471571
-0.8560241
-1.8957086
-1.3314246
-2.4423585
-0.9454243
-0.9549812

SN WN R

EEEOOOEEEEOOOOOOOOOEZEEEEEEEEOOOOOOOOOOOOOOOOOE
N

(au)
(kJ mol-l)

EFNWWRERENESWEREDNDDN

(au) PBEQ0/def2-TZVPP

.2430586
. 6557657
.6083577
.8297089
.8883301
.1965283
.9349053
.4255255
.6857983
.6626635
.4682106
.3318583
.2994706
.2785311
.4017069
.9311725
.3577444
.2591693
.5985734
.5761381
.4187907
.3712217
.8581712
.7985375
.7712958
.1931152
.5929144
.0659007
.5444683
.2647934
.6035700
.2508569
.5633958
.7566044
.3053822
.1077699
.1489235
.4538243
.0168623
.5669184
.8613470
.7367563
.1438773
.5532820
.5923027
.5917947
.0801377

S OO wWw O NDNNDNREPE R WENNERERNMNNMMNNRERERERERNRORR WR

7176277
.4800857
.4508410
.1245673
.6988351
.2556827
.5857533
.2317931
.6372204
.7969004
.1983456
.4201525
.4640724
.3889900
.6847080
.9746488
.0261294
.7681922
.3312333
.6082466
.3328839
.7259262
.8615820
.1693147
.0455614
.5820178
.8583711
.0847791
.1094272
.0173071
.1187124
.2398217
.8956706
.8571930
.4761989
.5164954
.3044051
.6870042
.1842040
.713849¢6
.5608105
.5540155
.1059219
.6293140
.6363219
.5390658
.5575728

-2505.271309102

-2504.829599821

-2504.8400771336 (Toluene Correction)
0.3330903

712.91

-0.07050338
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

OISR IRV R TR CT R U ORI O OB OO RO OB RO RV RV R B OB UR OB VRV AR OB UR VRNV RV RO R ORR OB URN VRSO

wave number

cm** (=1)

O O O oo

(@)

30

33.
45.
52.
61.
69.
73.
79.
84.
91.
95.
98.

112

1109.
124.
152.
161.
169.
192.

205

252.

257
282

304.
315.
335.
354.
369.

408
431

438.
456.
461.

474

478.
478.

492

516.
521.
532.
544.
561.

598

.00
.00
.00
.00
.00
.00
.32
.33
68
15
02
41
80
43
52
06
95
46
89
.27
97
94
47
11
65
71
.35
07
.35
.23
70
40
86
76
92
.22
.27
07
80
73
.36
04
84
.21
49
47
75
48
64
.51

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.40677
77351
.59592
.07589
.21572
.36558
.06162
.09241
.14497
.11968
.36492
.71358
.16745
.74477
.79742
.35669
.60793
.48913
.53274
.55445
.68783
.34069
.83314
.78482
.73210
.71030
.17570
.22162
.72028
.34369
.32783
.17158
67779
.07869
.72360
.53376
.91006
.50350
.45721
.82860
.54265
.99197
.10440
.83620

P W OWONWdRFRPLR O ODUWODOR U REFEPFNRFRFRPORPONOODOOOOOOOONOOORrRrROOOOOoOOoOo

00000

selection rules

IR

RAMAN
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3bi

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.3161635
1.6593210
2.9754658
1.7828870
2.0615356
4.0508324
1.9147016
-1.2654764
-1.4245780
-2.8135249
-3.4361283
-2.6486650
-0.3040279
0.4669182
1.3111559
1.4018540
0.6286248
-0.2175971
-0.8858776
-3.3930862
-4.5253477
-3.0952519
1.8933520
2.0741194
0.6930241
-0.8236213
.6742083
0.7019729
1.8435003
1.7585213
0.5255875
-0.6211451
-0.5348133
2.8126037
2.6650371
0.4580007
-1.5954982
-1.4352166
0.7706214
0.3582104
-0.0842868
-0.9525822
-1.4574443
-1.0252052
0.4245111
-0.0064244
-1.2879851
-2.1964495
-1.4334390
1.1795737
0.4097852

TIDIDITD T oD DT OO OQzEEnnoDn DD DT 0000000000000Q0n
|
(@)

(au)
(kJ mol-l)

P NMNNORPR O WNOR -

(au) PBEQ0/def2-TZVPP

.1650105
.4842760
.5498513
. 7957704
.8928395
.1662239
.7039945
.4009478
.6380882
.6368021
.4687205
.3311229
.7176535
.2705477
.3784035
.9126801
.3680511
.2889934
.5305258
.5481466
.4398180
.6107349
.8203291
.7644823
.7894471
.8558833
.5465764
.2990344
. 9545775
.7274754
.8925712
.2676907
.4762490
.8416152
.2152519
.5111171
.3933875
.9794639
.5081032
.7845400
.7713981
.6806862
.7174792
.7783581
.7590372
.6984375
.4186849
.4845197
.8176048
.0088331
.6684663

BEENONNDNRP R WLWNERNMNNMNNRERERERENMOOR R WR

.4833797
.2533358
.1511691
.0178426
.7197043
.9123884
.3703257
.0629745
.3808562
.5736835
.0420246
.2903335
.2948607
.2171751
.5152922
.8009692
.8499410
.5942423
.0244945
.3592108
.2066012
. 6451183
.6906032
.9952703
.8662471
.4069113
.6342579
.6199975
.1486610
.3162998
.9729487
.4516204
.2960780
.6360318
.7125717
.8832601
.9537007
.8993542
.3822832
.2063863
.2312206
.1567423
.8456476
.8960580
.5546917
.5026079
.9042361
.5584149
.1279640
.8347555
.5236090

-2508.437513184

-2507.961431247

-2507.9706202452 (Toluene Correction)
0.3703473

811.94

-0.08161133
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R ORI O OB OO RV OB OB OBV RV BB OB VR OBV RV AR OB UR VRV R VOB OB OB OBV RSO

wave number

cm** (-1)

O O O oo

(@)

29.

40
41

52.
54.
59.
68.
77.

82

86.

95

97.
104.
108.
145.
161.
176.

190

213.

222

229.
250.
262.

322

331.
362.

402

405.
423.
440.
446.
456.

462

478.
484.

494

508.

517

532.
540.

550

571.
584.

.00
.00
.00
.00
.00
.00
.86
50
.32
.33
94
89
74
71
02
.37
47
.32
69
79
64
85
14
47
.30
84
.98
16
61
46
.56
75
43
.26
84
68
44
26
75
.56
00
74
.31
46
.55
07
44
.21
73
40

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.09436
.18490
.30306
.44143
.08549
.03200
.25229
.07958
.14270
. 69631
.49161
.27536
.57342
.29736
.81777
.50143
.79578
.59376
.24471
.19749
.33355
.75418
.27012
.46384
.72430
.46288
.29753
.16382
.12806
.33802
.56353
.33748
.33162
.15073
.30726
.15259
.50231
.46553
.38325
.93291
. 63454
.02811
.60312
.80876

P WN JWWOHNOD,OONORBPMOODOHRROODODODODOOOOODODODOODOOHOOODOOODOOOOOoOoOo

[

00000

selection rules

IR

RAMAN
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3bj

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
55

1.1113667
1.4699877
2.8218391
1.3330937
1.4398562
3.9285700
1.7404877
-1.3153556
-1.8014961
-3.1674101
-3.6086731
-2.6660703
-0.2103162
0.5835278
1.5696859
1.7680680
0.9733459
-0.0059727
-1.4013997
-3.8705058
-4.6756997
-2.9662670
2.1907749
2.5487827
1.1263528
-0.6310610
.9007362
0.5340973
0.6101608
0.3643061
-0.0538543
1.9156541
-0.0592331
-0.0129976
0.6437644
0.0528994
-1.4947183
-1.8910644
-2.2024189
-1.6118991
-1.1802749
-1.7624382
-3.3279942
-3.5784653
-4.0672098
-3.4804237
2.5166168
1.8301680
2.4734648
3.2025361
1.2735884
1.2206595

TIoDOQOT@DQDnE@DDnoDoO@DoDooDTDQOOoO@DoDoD DOz nDn DD T 00000000000n
|
(@)

(au)
(kJ mol-l)

NNORPRP O WO

(au) PBEQ0/def2-TZVPP

.3348724
.6516653
.9509411
.0123303
.1363383
.7046753
.8868693
.1806963
.4149834
.2149889
.9444533
.0889149
.8145822
.2038861
.2093300
.8008236
.4150911
.4356985
.3956176
.0535141
. 7575646
.1038212
.5199581
.5692345
.8784258
.1247324
.4207614
.4830152
.6849800
.6474948
.6305026
.8340703
.9432910
.4375429
.5030730
.1530217
.1614023
.1959064
.2998908
.6166206
.0550810
. 7453962
.7127451
.4590346
.8831574
.2028354
.3866163
.6701349
.8892167
.0100677
.6134453
.1220902

B ENONNDNRP R WLWNERNMNNMNRERERERNMOOR R WER

.5861612
.3555589
.1861731
.1264244
.8073253
.9101342
.4664707
.1987127
.6870746
.9303737
.3338820
.4701893
.3344299
.2030727
.4160756
.6650358
.7657916
.5963081
.3832849
.8076860
.5365705
. 7735359
.5601292
.7908357
.7539492
.4495925
.8281105
.5717078
.2971277
.1797845
.2656334
.1693745
.3499352
.3802344
.2694781
.2640702
.1072581
.1738244
.1401389
.0945834
.1326536
.1863849
.0228591
.8089909
.1005283
.0343510
.4115243
.4563536
.3710670
.0528118
.2424775
.2137046

-2360.901282159

-2360.472310505

-2360.4790774360 (Toluene Correction)
0.4322002

964.24

-0.07607291

S113



H
H
H

Svibrational spectrum

#
#

3.8228817 3.5909238
3.1062444 3.6169160
3.7711742 2.0880782

mode

O J o U b wdN P

G B B B D D DB DE DA WWWWWWWWWWRORNRNONNNNNMNMNN B R R e
OWVWOWINUBEWNROO®OJIANNEWNRL,OWO-JANUDWNRLOWO®JO U S WNEFE O WO

symmetry

O oYY YYD YYD

wave number

cm* * (

O O O oo

(@)

25.
28.
37.
45.
53.
58.
64.
68.
79.

84

92.
94.
99.
101.
111.
118.

125

135.
170.
182.
193.
213.

224

241.
247.

257

287.

300

317.

343

357.

385

417.
428.
458.
459.

468
474

484.
495.
510.
527.
536.

-3.3334414
-4.9805035
-4.3120859

-1)
.00
.00
.00
.00
.00
.00
.34
09
09
85
03
49
99
03
06
99
.38
13
47
23
84
75
00
.34
14
14
18
07
09
.04
41
48
.31
43
.51
16
.56
13
.22
12
70
93
65
.59
.45
48
02
81
80
42

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.11283
.03129
.18786
.64049
.03562
.24346
.36465
.04008
.24588
.05926
.19486
.18692
.83761
.48696
.42884
.05655
.13203
.16412
.13516
.02048
.33801
.50594
.22804
.17526
.41886
.21790
.63362
.63535
.52641
.48427
. 72950
.08179
.44102
.89289
.60147
.22510
.88291
.26916
.45687
.64184
.00263
.03576
.57164
.97409

[N NN Nel HoeoNeoah Y elelol NeoNoNololololoNoNol NeolololoNoNoNoNoNoRoNoBoloNoNoNoNoNoRolNololNoNeNo)

00000

selection rules

IR

RAMAN
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3ca

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
57

0.0636696
1.5305880
1.0436225
0.1688237
0.2269811
1.6792676
2.4830343
-1.4234957
-1.9635197
-2.8252705
-2.9710718
-2.2573617
-0.6267010
-0.8050618
-0.1193440
0.7698340
0.9516228
0.2530664
-1.8053058
-3.3701369
-3.6377278
-2.3495205
-0.2933570
1.9011784
0.4115791
-1.2724795
.5266545
-2.0482630
-2.9215011
-4.3021051
-4.7995416
-3.9253567
-0.9691196
-2.5192581
-4.9887656
-5.8814529
-4.3226241
-1.6271725
-1.7629983
-2.4346265
1.9823365
.9174770
.5564095
.4697500
.4258115
.9070780
.8632975
.5741048
.2677551
.9427165
.2231298
.5476388

QOO o@DnaoErDn DO DID DDz o0oDn DD IDOOz200000000000000000
|
N

DWW oo NE R RPN

(au)
(kJ mol-l)

|
N WD WEFENOWNODN

(au) PBEQ/def2-TZVPP

.6111328
.1895400
.5324623
.9320425
.8343760
.1601746
.5639964
.7436940
.6789869
.115459¢6
.3305480
.1245152
.4849612
.4633337
.7697392
.9465157
.9885818
.2037401
.2625049
.0646763
.6509903
.4696870
.6860680
.2733206
.9607065
.5243810
.9478085
.4007388
.6046010
.3820062
.9453821
.7288513
.5761126
. 9452965
.5536703
.7740495
.3985879
.7047443
.3443478
.2097105
.3844132
.5269463
.1285800
.2492764
.6430046
.2156046
.9110563
.2363148
.7893264
.7747900
.6724219
.6785393

OO RrRrRPrRPORFRFRFEDNRE D W

.8491924
.0801886
.9059389
.0074271
.7520615
.5968114
. 6417431
.4825916
.2797856
.2951276
.4511613
.5466824
.4533082
.4197156
.5270746
.6357918
.6165126
.5436844
.6407915
.1751830
.2679992
.4267453
.2787171
.7489853
.3249413
.3818916
. 6966211
.9528735
.0314184
.8814423
.6404013
.5653109
.0850712
.0002335
7270793
.5079285
.5910971
.5632998
.7046295
.8829210
.4063731
.3760077
.3740081
.6847932
.7199194
.1879399
.0317846
.2415008
.4956591
.9648590
.0763338
.5415754

-2678.222750796

-2677.741199140

-2677.7536261288 (Toluene Correction)
0.4177735

922.06

-0.08529995
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H 6.6129593 -3.2415146 -0.1280164
H 6.0638343 -4.2325353 2.1167661
H 3.7094368 -4.2123280 2.9517072
H 2.4268794 -2.2536220 -0.7126693
H 4.7759111 -2.2481847 -1.5305696

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN

1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 18.61 0.45792 YES YES
8 a 20.78 0.19310 YES YES
9 a 29.85 0.31391 YES YES
10 a 32.25 0.44016 YES YES
11 a 39.02 0.86850 YES YES
12 a 45.99 0.33234 YES YES
13 a 50.47 0.19399 YES YES
14 a 56.23 1.74737 YES YES
15 a 68.28 1.39703 YES YES
16 a 69.73 0.36509 YES YES
17 a 84.03 1.01838 YES YES
18 a 85.80 0.48941 YES YES
19 a 96.54 1.61114 YES YES
20 a 98.74 0.20719 YES YES
21 a 102.86 0.31583 YES YES
22 a 107.00 0.56136 YES YES
23 a 138.11 0.28842 YES YES
24 a 144.37 0.21805 YES YES
25 a 157.74 0.97101 YES YES
26 a 163.60 1.04911 YES YES
27 a 185.47 0.24484 YES YES
28 a 201.82 1.54103 YES YES
29 a 207.76 1.05400 YES YES
30 a 233.47 0.65986 YES YES
31 a 245.35 1.21255 YES YES
32 a 258.57 1.52062 YES YES
33 a 272.27 1.59868 YES YES
34 a 289.99 0.13259 YES YES
35 a 311.62 4.20087 YES YES
36 a 329.43 1.98900 YES YES
37 a 362.92 2.40152 YES YES
38 a 377.48 2.46814 YES YES
39 a 395.04 12.41401 YES YES
40 a 403.33 0.34388 YES YES
41 a 407.17 0.15896 YES YES
42 a 426.10 2.97114 YES YES
43 a 440.77 1.24828 YES YES
44 a 452.05 1.61406 YES YES
45 a 459.30 0.36019 YES YES
46 a 463.85 1.07994 YES YES
47 a 479.01 2.34965 YES YES
48 a 485.60 1.09251 YES YES
49 a 490.13 4.05355 YES YES
50 a 497.90 6.21632 YES YES
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3ca’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
57

0.2297979
1.6171610
1.2911652
0.3343992
0.3609910
1.9707290
2.5256098
-1.4768114
-1.8780000
-2.8525899
-3.1316419
-2.4288200
-0.6369008
-0.7131995
0.1030264
0.9108383
0.9564707
0.1983591
-1.6156147
-3.3824773
-3.8916590
-2.6179118
0.1013544
1.8320981
0.2658504
-1.2054328
.9357513
-1.3585129
-1.6781994
-2.7915273
1.8106211
2.8864511
1.4896528
1.6729266
1.5523006
3.1473011
1.1659724
5.8898231
5.4959697
4.1330585
3.5518096
4.9135787
6.9582646
6.2524496
3.8306678
2.7967394
5.2116198
-4.9711082
-4.3148150
-3.2400184
-3.4592078
-4.5351303

QOO DmD DO Q@O @DnD IOz QoD ZDIDOOz20000000000000000
|
—

(au)
(kJ mol-l)

|
OO R RFPORNWEAEDAENWOD WEDNDN

OO R F WRFOR R &O

(au) PBEQ0/def2-TZVPP

.1745138
.8337007
.0907227
.4203114
.2469473
.3987678
.2620245
.3038411
.2761384
.6790307
.8533537
.6441698
.0678879
.1374552
.0946837
.2652747
.3417857
.8129073
.8907832
. 6328345
.1451546
.9615775
.9604783
.6166457
.5549755
.1165711
.5131526
.2726871
.2414852
.7316675
.2490556
.8003277
.5130903
.5335254
.9724171
.4144786
.1938085
.2723622
.8570271
.9234494
.8408847
.7658983
.2136907
.2618886
.3859600
.4638642
.3127252
.5509902
.3649062
.4672536
.9391965
.8314917

| I | |
P NWONWENNOFENRPFPFOOORR

[ |
NP OODORPRRPOODONMNMREFE WN W

.3347197
.3315315
.2971892
.5789391
.4069981
.9452103
.2634741
.8307032
.3609654
.5633144
.6646649
.8034043
.8411725
.2162608
.1478118
.0291886
.0553849
.9730585
.2371658
.4151367
.4072869
.6460739
.0212301
.2481219
.7813309
.2206989
.1078177
.1953513
.3724655
.4904575
.9400695
.9471307
.8135666
.0922998
.1030852
.7377724
.358199¢6
.0562233
.2710702
.6086874
.4872837
.8204193
.2098935
.9637387
.5648116
.1954814
.7801833
.6925383
.4643236
.3665762
.7228957
.8212454

-2678.218280289

-2677.737373921

-2677.7503837273 (Toluene Correction)
0.4178331

923.56

-0.08515989
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H -5.8131660 -3.2582268 -1.7737531
H -4.6427955 -2.9243449 0.4282348
H -2.7419062 -1.3250928 0.6078718
H -3.1110665 -0.4038709 -3.6210112
H -5.0327927 -1.9787415 -3.7946602

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN

1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 19.21 0.16432 YES YES
8 a 23.47 0.45449 YES YES
9 a 29.88 0.64780 YES YES
10 a 39.48 0.08769 YES YES
11 a 42.64 0.43937 YES YES
12 a 44 .77 2.00535 YES YES
13 a 49.07 0.67123 YES YES
14 a 55.87 0.47658 YES YES
15 a 69.43 1.32303 YES YES
16 a 73.15 0.50441 YES YES
17 a 81.07 0.52119 YES YES
18 a 90.08 0.21952 YES YES
19 a 94.00 0.36477 YES YES
20 a 97.20 1.86791 YES YES
21 a 101.54 0.45680 YES YES
22 a 109.42 0.68332 YES YES
23 a 137.50 0.11320 YES YES
24 a 144.65 2.13129 YES YES
25 a 160.28 0.50306 YES YES
26 a 181.46 0.53773 YES YES
27 a 191.63 0.15253 YES YES
28 a 197.91 1.11741 YES YES
29 a 224.72 1.58425 YES YES
30 a 233.22 0.59602 YES YES
31 a 240.86 0.33051 YES YES
32 a 257.01 0.35306 YES YES
33 a 262.34 1.02785 YES YES
34 a 295.93 0.90626 YES YES
35 a 316.02 0.73711 YES YES
36 a 319.52 4.67888 YES YES
37 a 361.51 1.02386 YES YES
38 a 378.85 1.70818 YES YES
39 a 403.51 0.14089 YES YES
40 a 404.39 0.54864 YES YES
41 a 422 .33 1.59328 YES YES
42 a 428.18 1.08852 YES YES
43 a 434.15 6.12589 YES YES
44 a 455.16 4.69089 YES YES
45 a 463.52 0.55268 YES YES
46 a 466.18 0.63456 YES YES
47 a 477.75 2.37488 YES YES
48 a 489.32 1.31633 YES YES
49 a 491.10 3.15360 YES YES
50 a 507.95 6.32814 YES YES
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3da
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.1173719 1
C 1.5853652 1
C 2.7562093 0
C 1.4880160 2
0 1.6808120 3
0 3.8142952 -0
0 1.9234554 1
C -1.2016639 0
C -1.8119419 2
c -3.1491854 1
C -3.4998775 0
C -2.5040187 -0
N -0.0460866 -0.
C 0.0622448 -1.
C 0.2544036 -2.
c 0.3053010 -2.
C 0.1182089 -1.
H -1.4764482 3
H -3.9049751 2.
H -4.5432122 0.
H -2.7234604 -1
H 0.4354268 -3.
c 0.0947015 -1.
N -0.8640865 1
c 0.5895501 0
C 1.7257682 1
C 1.7502745 2
C 0.6308816 1
C -0.5109802 1
C -0.5287534 0
H 2.6131224 1
H 2.6539177 2
H 0.6476101 2
H -1.3988180 1
H -1.4314143 0
C 0.5521816 0
C 0.0988969 -1.
H -0.1416297 -1.
C 0.2843591 -2.
H -0.0474494 -0.
H 0.2843663 -1.
C 0.4924938 -3
H 0.6490521 -4
C 0.5065170 -3.
H 0.6691984 -4.

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.0312839
.5750691
.3798074
.6264045
.7068467
.0423134
.9382031
.0794117
.2544276
.9891519
. 7133415
.2736911

7976603
7181936
9977070
9554018
6011429

.2355907

7820805
4829444

.2890434

8781585
1989255

.3059838
.8093864
.5142081
.0697311
.9615782
.2790708
.7059350
.6035099
.5990724
.4121817
.1925165
.1808745
.1851989

1088118
7453257
1930636
1445334
9096302

.5405921
.2965513

9343051
9887601

wave number
cm** (=1)
0.00
0.00
0.00

WORRFRPROONRFROOR R EOOR

.3566833
.0338526
.0005427
.3098843
.7146336
.2474111
.0908395
.0776690
.5093869
.8413571
.3151695
.4376583
.1110116
.0254837
.4507647
.8977565
.2925356
.1375581
.7301525
.5843137
.8000928
.1795344
.6301130
.6397878
.7920829
.2664243
.5537556
.3988076
.9444412
.6634394
.6204160
.8995892
.4050893
.5935540
.3093448
.4555397
.3318299
.2054555
.6094536
.9121403
.6742443
.2422694
.0294823
.8944337
.6185332

-2409.037058188

-2408.578577113

-2408.5876200366 (Toluene Correction)
0.3203729

693.96

-0.06859816

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYYy YYD

37

54

95

448

493

613
615

.00
.00
.00
28.
.26
46.
.32
60.
69.
74.
81.
84.
.20

98.
1009.
141.
152.
180.
189.
208.
223.
261.
268.
286.
325.
363.
396.
406.
423.
435.
.51
459.
471.
481.
490.
.26
507.
517.
523.
538.
557.
576.
590.
596.
.34
.28
629.

92

50

74
85
70
89
73

42
24
07
17
10
89
92
73
43
90
18
79
13
44
95
82
22

52
73
06
42

66
95
84
84
16
80
09
12

75

[

w

N JOONEFPIOTNWIHTIHORPLR OONNREFREPRENONONOODOORPRRP OOOOOOOHRr OOOOOOoOOOoOo

.00000
.00000
.00000
.40565
.06249
.25372
.01770
.30107
.24702
.45702
.81541
.24313
.25017
.55231
.18919
.11060
.49613
.27728
.05206
.97205
.79529
.47915
.74244
.52435
.71826
.70236
.80952
.05324
.01802
.95528
.81685
.65076
. 78697
.16180
.12418
.25020
.69919
.01909
.06030
.98628
.48803
.67949
.39371
.77841
.49274
.44090
.33445

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3da’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.4340079 1
C 1.8611104 2
c 3.0597099 1
C 1.8808437 3
0 2.1288308 4
0 4.1060042 0
0 2.1753840 3
c -0.9286730 1
C -1.4806415 3
C -2.8348031 3
C -3.2248963 1
C -2.2501376 0
N 0.2117614 0.
C 0.3495094 -0.
C 0.5573961 -2.
c 0.5762752 -1.
c 0.3552348 -0
H -1.1154830 4
H -3.5728545 3.
H -4.2819412 1
H -2.4999159 -0
H 0.7611768 -2.
C 0.2927999 -0.
N -0.5541226 2
H 1.0509728 1.
c 0.9377638 1.
C 0.4414493 -0.
C 0.0770928 -0.
C 0.4769828 -1.
H 0.1261389 0.
H 0.4459442 -0.
C 0.7192618 -2.
H 0.8712784 -3
C 0.7725838 -2.
H 0.9617283 -3.
c -0.6553254 -2.
C -1.3339412 -2.
C -0.9712341 -1.
C 0.7560605 -0.
C 0.3924769 -1
H -0.9365524 -3.
H -2.1586505 -3
H -1.5211851 -2.
H 1.5978745 -0.
H 0.9427041 -1

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.9877711
.6173755
.2662607
.4962167
.4943936
.7903219
.0340469
.0876959
.2806788
.0320744
.7542155
.7493288

1930013
7519616
0135000
9380122

.5798653
.2629505

8391420

.5362782
.2679966

9052401
1486692

.3152395

6100614
1242993
1591618
9643189
1177742
9089574
8111523
4689522

.2040692

8913423
9479961
4477331
6473684
9166997
7835335

.5111278

0241700

.3776792

0737152
0739001

.3543704

wave number
cm** (=1)
0.00
0.00
0.00

.3062720
.9720891
.0417952
.4980946
.0556917
.1480240
.0164158
.9320402
.3782828
.6504191
.0856839
.2310873
.0060692
.1065452
.4037625
.8512294
.2096329
.0383258
.5229589
.3074368
.5676158
.2026803
.5373096
.5282990
.4509835
.4614443
.4407637
. 6393310
.5419780
.7929121
.5998927
.2107376
.0182099
.8727324
.6232848
. 9556920
.7412208
.5986553
.8694422
.0121335
.8526284
.6821766
.6559985
.9198092
.9551583

-2409.034407606

-2408.576885875

-2408.5859493044 (Toluene Correction)
0.3203032

693.18

-0.06741973

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O I VI U O R O T O I OV B B BT D T B B L B B L U I R U U VR G )

70

85

148

213

284

321

428

490

.00
.00
.00
30.
38.
44.
50.
58.
.56
73.
79.
.25

89.

96.

98.
143.
.26
186.
201.
.25
243.
254.
265.
.54
.31
355.
405.
4009.
424.

85
66
03
44
79

15
09

55
42
81
17

79
64

77
48
85

83
73
56
95

.29
435.
456.
469.
479.
480.
.24
510.
517.
535.
544,
559.
586.
591.
612.
614.
623.
629.

15
30
32
73
02

11
63
70
60
29
19
95
80
86
92
15

=

= = =
OJ O INOWWNRRPNOFRNRPORWORONRPFPOOOOOROOOODODOOOOOOODOO OO

o

.00000
.00000
.00000
.31969
.26769
.45409
.46117
.13910
.77444
. 79337
.77549
.31938
.27598
.02125
.32592
.26355
.57227
.69674
.61927
.94402
.81043
.62309
.47357
.00587
.94779
.61262
.07009
.84¢672
.86710
.73869
.43486
.74287
.54325
.92292
.45529
.33349
.02306
.22340
.25324
.91874
.84540
.01317
.84937
.80156
.34012
.83804
.67110

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES



3ea

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
53

=
=)

.9651695
.3480792
. 6973241
.7741513
.6051695
.8192058
.6033358
.4596660
.8865719
.5060078
.4409848
.3040319
.3034134
.3855560
.4961805
.0127941
.2069497
.3545968
.2292973
.0196209
.4688948
.2378999
.1892361
.3497766
.5608614
.6209091
.8950311
.8091079
.3020567
.1133541
.0163634
.5237799
.4568059
1.5804506
-4.6486942
-3.8957116
-2.5409938
-2.6500765
-4.0110524
-5.9571818
-4.4092359
-1.9733789
-2.1637524
-4.5601925
-0.6890552
-6.7749949
-6.4171042
-7.7888033
-6.8227436
3.2675396
2.3081708
3.5230979

PP OORFRPNMNNOORFRFRNNMNRPFOORFRPR W WORFRLRNNMNMNRPORPRONDPRERREWNLR

TIoDOoO@DDn@DoODnoDIDTDoDoOOoOaDnoaOaDnDDD DO zZ2oDm Do o000 0000000n

(au)
(kJ mol-l)

ON R DdWEFEDNH-

(au) PBEQ0/def2-TZVPP

.7154598
.1006590
. 7465730
.3973560
.5182711
.7633187
.3533202
.2929554
.1335204
.8137106
.1567847
.2512157
.9730490
.6246036
.5686285
.5634002
.9838538
.1654988
.3047793
.4114102
.2072974
.2996925
.6901570
.0180364
.9467961
.5470609
.8414346
.5353018
.3353389
.4207023
.2805926
.7697178
.5578925
.3178251
.1440778
.2585711
.1210499
.2351825
.1102307
.3790843
.2272115
.9956395
.2140225
.9905313
.1269921
. 6979217
.1218142
.2737619
.5107816
.7477234
.2818123
.1143063

NwWwHFRFONMNDNRE OO

WNNEPENWLWNONRPRPORPRNRFE PP

.0109753
.7392816
.5034005
.4504732
.7493858
.8235393
.8488849
.8343070
.1967370
.0092949
.0335687
.2004136
.4097088
.4298631
.2040837
.5827856
.5007735
.3862966
.9906630
.3521336
.137129¢6
.6143953
.9601881
.8664389
.4106367
.0678958
.9166392
.3038577
.9215125
.1077445
.7138587
. 7339513
.3974224
.1995321
.8216597
.3794449
.0794103
.6485544
.9590232
.0947564
.2753295
.7236929
.7981964
.3235603
.1307717
.5289010
.4963019
.6716324
.7666559
.6950863
.8928381
.5769682

-2583.785980288

-2583.339566677

-2583.3503113936 (Toluene Correction)
0.3875299

845.24

-0.07468328

$123



H

Svibrational spectrum

#
#

4.0720346

mode

O J oy U W

G B DD DD DDA DNWWWWWWWWWWRONNNNNNONNONNNEFE R PP
OWVWOWJINUBEWNRPOODJIANNBEWNROW®O -JAOAUEWNRLOWOW®WIONU S WNRFR O WO

symmetry

ORI OB R OB OB O RU O T GRS OR O R O T TR T R O O R TR T R O R O U T T O U R U R R O OB UV G )

-5.4943078

wave number

2.5401061

cm** (=1)

O O O oo

(@)

20.
25.
37.
41.
49.
55.
59.
2.

82

85.
88.
96.
103.

114
128

146.
151.
168.
179.
200.
207.
226.
235.
239.
255.
269.
295.

302

321.
332.
369.
406.

414

423.

438

443.
459.
466.
479.
486.
487.
508.
517.

.00
.00
.00
.00
.00
.00
.51
08
76
40
74
73
73
24
72
.52
90
22
11
97
.15
.32
83
89
11
42
02
62
15
19
41
06
98
05
.33
72
49
86
94
.79
67
.34
47
10
53
54
06
99
96
77

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.31178
.83075
.14120
.41839
.36272
.66072
.02701
.47353
.11749
.52930
.32333
.71131
.90403
.16949
.83859
.20179
.31438
.29281
.09408
.14541
.38012
.66963
.86463
.92040
.04946
. 65217
.48469
.80520
.55660
.90520
.29942
.17629
.53710
.71808
.01e661
.17459
.37086
. 73837
.15636
.36961
.36720
. 66771
.99059
.82526

[
DA O DU R OWNWOONO P OO DN DPDPORFRPRPRPORPBDPBRPRPROOORFFOOONRPFFOOOOOOOOOOOoOOOoOOo

[

00000

selection rules

IR

RAMAN

5124



3ea’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
53

=
=)

.2974223
.5307348
.9961773
.6950408
.9172068
.0878474
. 7266135
.3367679
.5650690
.4190804
.2302767
.2196428
.3580732
.5452219
.8695718
.9841743
.3581999
.1263325
.3099283
.0412466
.9315377
.4722862
.0943724
.3152161
.1268456
.2589812
.5376021
.1510932
.0166338
.7832348
.1036392
2.2121393
1.5166260
-0.2535891
-1.8001614
-4.6305559
-3.9975071
-2.6042064
-2.4532462
-3.8394319
-5.9688860
-4.580289¢6
-2.1331432
-1.8544808
-4.3478546
-6.8248518
-7.8555108
-6.7418905
-6.6108553
3.8940188
4.6405768
3.3628970

O OO PP OOORFRPRFPFEPNOORPRNMNMNMNOREREDNMNMNEFEFOONOINDNDWDNDDND

TIoDOoO@DDn@DoODnoD D TDTOoOOOaDnIDDmD DT OO0 ZEoD D oD 000000n

(au)
(kJ mol-l)

P NREREDSWEDNDDN

w

N RPRPRFRPRPRPROWWOOONMDDND O

|
S w w N

(au) PBEQ0/def2-TZVPP

.1044248
.4894570
.5489878
. 7214756
.8004252
.1750973
.7509417
.2586260
.0931635
.4432591
.5631004
.1378792
.6084829
.5219353
.9689312
.1913069
.0726174
.1178035
.3397319
.8893515
.3882431
.1082100
.7792518
.4467361
. 7283626
.9081774
.5183121
.3346910
.0916677
.5953591
.1414395
.3334013
.1071508
.1571260
.1572467
.9519304
.2132014
.3022971
.1014638
.2047556
.7507156
.1284535
.2929831
.0106545
.1784593
.8678565
.4617076
.5971653
.3890134
.7532632
.0004128
.1761989

WWNONNEFEF OORFRPR OWOOoOOoOOoONO

oorNOFRFPRPOOR PP OORREEFEO

.4369364
.2189721
.2111146
.1135425
.5113261
.0386081
.3388771
.8293903
.0974360
.0796196
.3996120
.6817671
.6786297
.3808379
.3975123
.0626043
.6768799
.1557622
.4920302
.3888246
.4079445
.3263266
.4587611
.6381530
.3346308
.2623096
.7808919
.8523306
.4811835
.1483465
.2473626
.9649028
.8679953
.2143462
.9782788
.2004177
.3019330
.1927338
.8965114
.9993735
.2899569
.4809860
.3085166
.7282756
.9226608
.4820771
.5106249
. 6426280
.4446946
.1255572
.7809828
.2411378

-2583.783208244

-2583.338085995

-2583.3490964570 (Toluene Correction)
0.3874885

845.08

-0.07655516

$125



H

#
#

4.4177724
Svibrational spectrum

mode

O Jo U Wb

GBS DADAENWWWWWWWWWWRNNNNNNONMNOMNNN R R PR R PR R R R
OCWVWOJIANUBEWNRPOO®OJIANNEWNROW®O-JAOAUDWNRPOWWUINU N WNRF O W

symmetry

O YOO YYD YYD YYD YYDy

-4.5695610

wave number

1.6615739

cm** (=1)

O O O oo

(@)

21.
27.

35
41

44,
46.
56.
66.
79.
82.
91.
94.
104.
118.
134.
146.

160
164

178.
184.
208.

212

239.
260.

270
272

298.

313

318.
342.
403.
411.
417.
423.
439.

453
454

462.
473.
486.
491.
508.
515.

.00
.00
.00
.00
.00
.00
.63
60
86
.39
.33
02
80
38
90
52
08
71
79
40
46
87
93
.54
.22
65
01
70
.55
72
67
.38
.85
06
.32
07
89
82
48
18
43
84
.26
.51
67
90
97
01
87
17

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.19309
.77485
.18949
.38876
.19663
.29313
.16734
.54129
.05337
.12712
.21891
.53619
.47801
.24284
. 63451
.59926
.29975
.27608
.42093
.05013
.32613
.55452
.03873
.04436
.38034
.24015
.07023
.95050
.41120
.89895
.41294
.05490
.65777
.58456
.11935
.47479
.80939
.07382
.46979
.79383
.80856
.88003
.13092
.25998

P O R SMONNOWONOONRPFPROOUDBDRFPR OOONORPRONPFEFREFRENOODOOOOOOOOOOOODOO OO

N =

00000

selection rules

IR

RAMAN

S126



3ej

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
63

=
=)

.8614852
.1430144
.6016826
.0500388
.1338044
.7256063
.3623552
.6663726
.1059430
.3567525
.2683272
.2161006
.3031394
.3933620
.4345636
.9102648
.2741955
.4299679
.2749580
.1318268
.3685189
.4382710
.3323582
.1444819
.0650148
.1764819
.3698502
.1851013
.0581312
.8747790
.6704910
.4573975
.1980761

0.9720158
-4.8941321
-4.0078525
-2.6427381
-3.0037724
-4.3771537
-6.2033108
-4.4261663
-1.9693135
-2.6227897
-5.0348254
-0.7729605
-7.1518246
-6.9520461
-8.1385144
-7.1681416

3.4333409

2.5244138

3.6718864

PP OORFRFWWOORFRFRNNMNRPFOORPR WNOFRFDNMNNMRPEPEONONDDBEEDNDDNDWNR

TIoDOoO@DDn@DoODnoDIDTDoDoOOaDn DD DO zZ2Dm Do o000 0000000n

(au)
(kJ mol-l)

ON R DdWEFEDNH-

(au) PBEQ0/def2-TZVPP

.8272271
.1835792
.4888872
.5079382
.6332195
.2775391
.4227320
.7692076
.5460214
.2822895
.7312598
.7194815
.2513658
.8126449
.8518925
.1009480
.1777885
.2109247
.5153012
.8801622
.7584076
.5544955
.2495815
.1943154
.4276527
.7142486
. 6152232
.8506290
.7523870
.3805308
.1094425
.0464670
.2803654
.3465352
.1039928
.9885286
.7687003
.6266523
.4209155
.2092240
.0069376
.6301234
.6613351
.2906856
. 6285282
.8383416
.4508053
.3447221
.5035833
.7393500
.3010910
.9596801

W NONWNODORPREPREFEWOOOONO

BB WRENWNONR R RENRE P

.7600694
.5350904
.4378122
.2825505
.0284058
.2046422
.6562518
.3127486
.5349114
.5951215
.5727640
.9236190
.2233758
.2182310
.8895608
.1590779
.4271941
.2423712
.66294006
.8840006
.3716643
.8558632
.0700113
.8210521
.3461588
.1433719
.2702919
.4281487
.7681421
.9221699
.7804303
.0879726
.8690963
.8889216
.9039173
.7460380
.5695352
.7078248
.8878551
.0707061
.7604853
.4357209
.7321583
.0302847
.5818223
.2158342
.1261551
.3199327
.3209379
.7213342
.0423651
.4819780

-2814.675728998
-2814.194226758
-2814.2067699821
0.4661736
1036.22
-0.09605401

S127



H 4.2852339 -4.4442321 3.6450391
C 0.5273194 -3.4043260 -3.8078954
C -0.1128372 -3.4508009 -2.5573833
C 0.1115124 -2.4386197 -1.6112747
C 1.6196019 -1.3247218 -3.1499652
C 1.3975103 -2.3370985 -4.0950872
H 0.3562515 -4.2003302 -4.5515579
H -0.7944227 -4.2836290 -2.3148456
H -0.3988472 -2.4876558 -0.6346783
H 2.3189617 -0.5071702 -3.3820013
H 1.9196277 -2.2964399 -5.0658676

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN

1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 16.39 0.11460 YES YES
8 a 21.37 0.06926 YES YES
9 a 27.70 0.35408 YES YES
10 a 34.81 0.58605 YES YES
11 a 36.88 0.42762 YES YES
12 a 45.70 0.11059 YES YES
13 a 47.61 0.39275 YES YES
14 a 50.03 0.43572 YES YES
15 a 54.24 0.47325 YES YES
16 a 56.72 0.23312 YES YES
17 a 66.85 0.24090 YES YES
18 a 73.98 0.70798 YES YES
19 a 83.56 0.35825 YES YES
20 a 86.20 0.95309 YES YES
21 a 89.67 0.50301 YES YES
22 a 98.55 0.80454 YES YES
23 a 103.82 1.38037 YES YES
24 a 117.97 0.55286 YES YES
25 a 130.79 1.31610 YES YES
26 a 146.21 0.78006 YES YES
27 a 149.50 0.24248 YES YES
28 a 154.90 1.76928 YES YES
29 a 174.48 1.03601 YES YES
30 a 188.27 0.72738 YES YES
31 a 204.30 1.41449 YES YES
32 a 216.12 0.28070 YES YES
33 a 229.06 0.17449 YES YES
34 a 232.97 1.30367 YES YES
35 a 241.26 1.73607 YES YES
36 a 250.95 1.60374 YES YES
37 a 253.42 1.45897 YES YES
38 a 260.82 1.45105 YES YES
39 a 295.61 3.47743 YES YES
40 a 296.85 2.88335 YES YES
41 a 319.22 3.17226 YES YES
42 a 346.77 0.76517 YES YES
43 a 401.35 0.73305 YES YES
44 a 403.69 0.30821 YES YES
45 a 406.71 0.54868 YES YES
46 a 413.00 0.48532 YES YES
47 a 432.96 2.64496 YES YES
48 a 436.95 11.61757 YES YES

$128



49
50

445.85
458.16

6.05936
3.03188

YES
YES

YES
YES

S129



3fa
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.3893256 0.
C 1.9375193 0
C 2.9494388 -0.
C 1.9693035 1.
0 2.3914858 2.
0 3.9613387 -1.
0 2.3248523 0
C -1.1604195 -0.
C -1.2997661 1.
c -2.6639989 1.
C -3.2631552 0.
C -2.5078469 -0.
C -0.2731292 -1.
C 0.2795776 -2
C 0.9424123 -3.
C 1.0927035 -4
C 0.5719453 -3.
c -0.1155225 -2
0 -0.5978210 2.
H -3.2432555 2
H -4.3259905 0.
H -2.9490841 -1.
H 1.3483386 -4.
H 1.6229371 -5
H 0.6957706 -4
H -0.5497869 -2.
N -0.5745361 0.
C 0.5399501 0
C 1.6306738 1
C 1.5528546 1
C 0.3748659 1
C -0.7237283 0.
C -0.6410425 0
H 2.5602130 1
H 2.4224991 2
H 0.3123101 2
H -1.6560547 0.
H -1.5090957 -0
C 0.6145950 -0.
C 0.1482964 -1.
H -0.1964605 -2
C -1.2373787 3.
H -2.0652377 3
H -0.4521083 4.
H -1.6277885 4

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

0876337

.2572834

6115109
6982189
7574452
0608219

.3716485

6563062
6357765
6633687
4780593
7036217
8579394

.3939772

6500144

.3297003

7794209

.5648225

6959424

.5949506

4779088
6574740
0826774

.2962157
.3060604

1386511
4961078

.2680166
.0208220
.6673793
.6006528

8716036

.2119474
.0809591
.2343528
.1192231

8162619

.3495544

4458345
7181938

.3395073

9568516

.9017843

6418740

.3362318

wave number
cm** (=1)
0.00
0.00
0.00

WWHFRONMNNMRPEFPFONNRPRPOORNREFRPREPRERWOOOONO

.7929616
.5295937
.2520024
.3876714
.1236272
.1172982
.6248438
. 6342081
.1543460
.5209604
.9666187
.0277464
. 6496923
.4371837
.5190256
.7297636
.9200566
.8710743
. 7265859
.4605104
.2582762
.3522989
.4104427
.7540469
.8800926
.7905931
.2257988
.3132376
.8181526
.0605371
.8265155
.3376641
.1015705
.2308591
.4334197
79777797
.9252319
. 7178697
.0281940
.8798387
.7343853
.5722660
.1713883
.1979794
.54456006

-2391.992336901

-2391.554013615

-2391.5628786450 (Toluene Correction)
0.3230498

696.59

-0.06995959

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O I VI VR O O T D DB DB B B L B L B L L U R R U U VR G )

40

145

183

261
268

314

482

587
613

.00
.00
.00
28.
35.
.30

46.

54.

59.

1.

79.

86.

95.
102.
115.
116.
136.
.56
170.
.55
191.
207.
236.
.57
.32
293.
.39
326.
359.
407.
411.
443.
454,
464.
470.
475.
.34
498.
517.
526.
538.
546.
552.
562.
.33
.53
621.

02
88

39
16
73
76
33
90
76
86
16
40
46

97

89
95
01

06

70
74
02
91
70
02
43
00
86

98
77
65
96
71
90
03

75

N

DD OFRPFONWWOURFRE ONNMNDWNNMNRPORPRRPFPORFRPROOOOOOORPRORPRPROOOOOHHROOOOOOoOOo oo

.00000
.00000
.00000
.61831
.12888
.55568
.18241
.21157
.20736
.45852
.73701
.34167
.47929
.18488
.56838
.09103
.21938
.21576
.23423
.65378
.07650
.58322
.87400
.19107
.04572
.07449
.85664
.24900
.05307
.18747
.53031
.15286
.16238
.10826
.56835
.54220
.04952
.16430
.41991
.00938
.75754
.40756
.08976
.58074
.67984
.81749
77573

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

$131



3fa’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.5958874 1
C 1.9119078 1
C 3.2396413 0
C 2.1294424 2
0 2.5047679 3
0 4.3043764 0
0 2.1565181 1
C -0.9726965 0
C -1.2238104 2
c -2.6236647 2
c -3.1820694 1
C -2.3514676 0.
C 0.0240809 -0.
C 0.7453824 -1
C 1.5727749 -2.
C 1.7033937 -2.
C 0.9959331 -2.
c 0.1598273 -1
0 -0.5535451 3.
H -3.2624194 3.
H -4.2714651 1
H -2.7555639 -0.
H 2.1196722 -2.
H 2.3642676 -3.
H 1.0999333 -2.
H -0.4065927 -0.
N -0.4311686 1
H 1.1435329 1.
C 1.1108779 0
C 0.6659029 -0.
C 0.1936539 -1.
C -0.7616451 -3
C -1.0822533 -3
C -0.6110365 -2.
c 0.5126253 -1
C 0.0393637 -2.
H -1.1272918 -3.
H -1.7094212 -4.
H -0.8813878 -3.
H 1.1592413 -0.
H 0.3090477 -1.
C -1.2657020 4.
H -1.9903366 4
H -0.4972931 5.
H -1.8012214 5

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.2194711
.6502330
.5500429
.7816886
. 7997952
.1080234
.9463207
.3512824
.6135044
.5349199
.3119655

1968958
7483572

.3160323

4420447
9750288
4048745

.3105294

7193529
4138406

.2304532

7817643
8922407
8411970
8189897
8644197

.5383193

0777133

.5381239

7479829
6064361

.2272995
.5470289

7482870

.3050842

0992962
8553737
4272095
0085416
4402662
8425405
9239144

.7973859

6669884

.2805898

wave number
cm** (=1)
0.00
0.00
0.00

Wb NORFRPF P OONWRFROORPRRPRPOORF WOODOONO

.8192433
.57277878
.5694944
.2114912
.2258318
.3896308
.6751769
.3474514
.7817135
.9615354
.3556269
.5560837
.5464177
.4449884
.7078335
.9919739
.0721509
.8454942
.4183955
.7985656
.5015322
.8540149
.1363837
.1611832
.0880986
.6795261
.9824148
.9829699
.0164736
.9481779
.0644108
.2059009
.8759322
.8214930
.4133187
.4663745
.0351199
.6544714
.7844734
. 6334657
.5048191
.1631691
.6740308
.1255121
.0731657

-2391.990036695

-2391.552440556

-2391.5618337702 (Toluene Correction)
0.3230933

696.35

-0.06902345

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY YYD YYD

112
134

172
194
198

241

471
473
477

544
551

.00
.00
.00

26.

36.

39.

46.

53.

57.

8.

79.

86.

92.

96.
1009.
.58
.50
151.
.87
.28
.29
218.
.18
259.
270.
285.
300.
330.
371.
404.
414.
442.
458.
466.
.52
.56
.32
495.
524.
527.
.34
.51
572.
585.
605.
612.
616.

43
00
31
99
88
99
15
22
49
13
91
81

79

11

58
76
93
73
64
83
19
83
03
75
64

82
09
91

66
87
12
62
40

[
DA DO NPFPFORFREDNOWNOOR P OOOOOOODODODODODOOHH OOODODOOOOoOoo oo

e e
Do N

.00000
.00000
.00000
. 64410
.10988
. 64830
.07932
.60268
.14448
.85951
.86036
.36867
.75821
.41554
.52623
.93413
.80920
.07598
.86313
.18231
.16023
.73152
.24161
.18536
.41493
.46475
.69595
.18946
.29010
.17024
.07391
.05176
.49513
.23317
.38698
.02926
.32248
.27249
.32641
.64607
.44421
.18662
.36547
.13074
.06900
.75680
.82095

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3ga

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.2727708
1.7707572
2.7991138
2.0107523
2.5731236
3.7865517
2.1262832
-1.2039849
-1.4649532
-2.7829765
-3.3128516
-2.5085134
-0.2816629
0.1710193
0.7821341
0.9927149
0.5902302
-0.0546454
-0.9384016
-3.3838601
-4.3432384
-2.8746612
1.1086373
1.4833475
0.7690507
-0.4056870
.6960826
0.5422277
1.6806026
1.6670712
0.5086847
-0.6353203
-0.6175203
2.5954765
2.5725715
0.4969203
-1.5526615
-1.5208462
0.5483680
0.0500190
-0.2844929
-0.1022246
-0.5250942
-0.9495964
-0.5122545
-0.0998301
0.2288094
-0.5213643
-1.2756174
-0.5093230
0.2304268

TIoDIDoDITD T OorDnDoD DT OO OzZzEEnDnoD D DIoD OO0 00000000000Q0n
|
(@)

(au)
(kJ mol-l)

-1

-1
-2

-4

2

I

WE WO o W Wb

(au) PBEQ0/def2-TZVPP

.4332971
.1092857
.2895947
.0823652
.0592395
-1.

0.
.1041463

1.

1.
-0.
.1959060
.2851359
-2.
.2238243
-4.
-4.
-2.

8502685
1019435

1863673
1473506
0465461

9476128

8035228

1259705
8940219

.4744860
.0688894
.0855125
.1647186
. 7475062
.7883762
.5707846
.3746036
.0637399
.4556476
.2122683
7770619
.7121400
.0661173
.5130755
.2701861
.2772438
.1670741
.0133452
.0092120
.0846884
.3411793
.9933694
.9745170
.8634252
. 6232699
.5952404
.8397572
.9491154
. 7475064
.5363344
.7116159
.9172061

WP OMNMNNMPEPONWROORNNMNRPEPERERPRERWOOOONO

[y

-2

-4

-2
-4

-2

-1
-0

-1
-2

.8077556
.5352243
.4156375
.2975907
.0167825
.1476760
.6266265
.6676312
.1855316
.6963750
.1956206
.1787170
.7060502
.5144462
.6584667
.9103597
.0824595
.9733010
. 6543132
. 6725252
.5848200
.5513275
.2551866
.9831589
.0745333
.8804688
.1885210
.3450926
-2.
.1489600
-4.
-4.
-3.
.2546878
.5319369
-5.
-5.
7729391
-1.
-0.
.6624084
.3583789
0.
1.
.6859912
.1866599
. 7537595
.6364710
.5289025
.3418794
.2349916

8646464

9447528
4435357
1649267

9491877

0541335

0123511

8280562

9777925
4789414

-2508.432275552

-2507.958331998

-2507.9668305178 (Toluene Correction)
0.3699565

811.35

-0.08488781
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R U ORI OB OO RO OB R OBV RR VR BB VR OB VRV AR OB OB VR VRO R OB OB ORI

wave number

cm** (-1)

O O O oo

(@)

26.
35.
39.
50.
54.
62.
69.
80.

83
91

106.
107.

110

125.
143.
154.
173.
190.
198.
230.
258.

265

299.

320

345.

372

379.
400.
406.
418.
448.

455

466.
474 .
489.
501.

503
523

532.
540.
546.
556.
559.

.00
.00
.00
.00
.00
.00
.84
55
80
25
44
68
61
07
18
.57
.28
38
60
.51
01
88
72
13
08
81
09
49
.26
31
.51
08
.24
45
84
61
10
19
.32
65
11
02
61
.21
.20
27
69
42
83
84

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.04845
.02052
.32049
.03499
.01163
.65930
.01939
.26530
.09165
.18719
.07543
.19122
.29624
.06144
.02495
.26257
.83859
.39150
.40542
.17350
.74020
.10339
.79766
.13424
.06814
.58179
.09462
.38213
.39030
.47180
.20687
.52402
.83848
.88780
.33446
. 93957
.47829
.56780
.12663
.99148
.81623
.39454
.45245
.16353

NNWONNERPREDDOOODODORPROORPRORPRPFPFOOOOOORPR OO OOOOOHH OOODOOOOOOOoOoOo

00000

selection rules

IR

RAMAN
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3ga’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.5028971
1.8610594
3.0723701
2.2134124
2.7210324
4.0913041
2.1319073
-1.0799484
-1.2802869
-2.6890924
-3.2912878
-2.4703122
-0.1231398
0.5226403
1.2369224
1.3388621
0.7224657
-0.0086079
-0.6547343
-3.2976659
-4.3890445
-2.8893230
1.7260810
1.9121756
0.8104040
-0.5171513
.5033870
1.0805268
0.9985047
0.5072780
0.0395398
-0.9095803
-1.3142116
-0.8461257
0.4428470
-0.0275756
-1.2735282
-2.0055557
-1.1830726
1.1530767
0.3076621
.4275050
.7627062
.2286643
.9986846
.4540578
.8562097
.4492572
.4867038
.6816539
.7159876

TIoDIDoDITD T DDoD DT ZEEnn DD DD OO0 00000000000Q0n
|
(@)

|
OPrRP O OOOOOoOOo

(au)
(kJ mol-l)

O wwouroy U1 WU

(au) PBEQ0/def2-TZVPP

.4619076
.9959175
.3902685
.8824475
7732632
.9452745
.3619097
.2214387
.0496447
.9284459
.7052950
.3910427
.3378904
.0672512
.2447021
.6695889
.9332044
.7861231
.3735215
.8196640
.6080301
.3749234
.8169703
.5804815
.2633623
.2181188
.9675818
.2185027
.2854715
.5551744
.4266975
.0676480
.3163081
.5069520
.1974358
.0017621
.7034473
.1473674
.7081036
.3830656
.8027175
.9411982
.2324467
.9558823
.0989691
.3716305
.9404445
.6761343
.4108470
. 6493267
.9197807

W NORFRF OOONWNOORFRPRRPOOORF WOODOOoONO

.8244350
.5377272
.6581873
.0628351
.4990363
.5388870
.6139335
.2500738
.6658923
.6707401
.9841893
.2953473
.5565186
.5052292
.8533463
.1800907
.2154580
.9021516
.4000120
.4539523
.9977374
.5560449
.0487384
.4201307
.2631026
.6987699
.9360635
.9755761
.9926964
.9051413
.0123330
.1396019
.8172489
.7695609
.3524435
.3993144
.9636520
.5972797
.7387922
.5690219
.4312424
.0593172
.1068621
.3363159
.7624859
.9938517
.2417441
.8462932
.2577910
.5025631
.9139531

-2508.431196130

-2507.957419935

-2507.9666554808 (Toluene Correction)
0.3699454

810.86

-0.08233166
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR T R R ORI O OB OO RV OB RO RV RR VR B OB UR OB VRV AR OB UR VRV RV RO R OB OB OBV RSO

wave number

cm** (-1)

O O O oo

(@)

28.
36.
41.
46.
56.

63

69.
80.
83.
90.
97.
104.
1009.
121.
144.
160.
175.

202

209.

232
247

279.
291.
317.
332.

354

401.
402.
404.
414.
456.
458.
466.
473.
475.
495.

507
522
530

542.

555
573

604.

.00
.00
.00
.00
.00
.00
.80
64
93
81
48
43
.55
71
44
10
96
65
49
49
43
90
09
91
.30
00
.32
.26
58
77
63
98
.30
06
72
75
04
26
63
41
63
99
71
.57
.33
.23
98
.30
.57
68

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.16220
.04894
.20170
.24131
.08780
.06689
.47475
.08274
.85743
.29376
.67737
.51042
.67564
.09221
.40199
.16747
.03778
.87185
.09861
.87276
.56181
.89539
.06946
.24440
.51329
.35842
.79297
.13085
.42056
.25181
.99353
.32840
.40697
.26669
.91763
.58484
.10966
. 64543
.32701
.55672
.38660
.52328
.35314
.94203

ADADODN  OUF,F UOTWONRPRPONRFRFORPR OORPRPR OOOOORROOORROODOODODOOOOO0O0O0ODOOOOOOoooo

00000

selection rules

IR

RAMAN
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3ha
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

45

.8497483
.3962619
.5333785
.8660182
.8382320
.6199855
.7520255
.7054563 -
.1394295 0.
.1106602 -1
.9370762 -1.
.6651054 -2.
.6208297 -3.
.8141070 -3.
.0544973 -2.
.2822125 -3
.2163630 -4
7747562 -3.
.5937026 -1.
.0911736 1.
.0975114
.9569420
.8791743
.9228710
.0454810
.1322518
.7068543
.5690828
.8536291
.7189774
.5735378
.1784931
.9589983
0.9396469
-4.8945020
-4.3029510
-2.9367949
-2.7462638
-4.1106720
-5.9670312
-4.9124069 -2.
-2.4797178 -2.
-2.1355333 2.
-4.5635049 2.
-0.7005380 1.

O O WO+

ORFRP OOONMNMNNODOORPRRPPOOONMNMNODOR,RRPOONMNONDB®REREF WDNRE

SO o oMW NMNODORFELDNE O

EEEEEEOOOOOEOOEEEEEOOOOOOZEEEEOOOOOOOOOOOOOO§
[ [
O R PP O

Svibrational spectrum
# mode symmetry

#

Sw N

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.1028289
.3587991
.9238504
.8121141
.9560846
.8059896
.5276083
.0098118

0003492

.2432892

6614085
8726502
6127409
1833551
0172268

.2274646
.5362864

7599084
6787484
0514123

.7866837
.8049844
.2488333
.7061809
.7109950
.2579281
.2457189
.0340286
.0660586
.2877369
.5073957
.2943742
.0244135
.7668659
.0414844
.1350330
.1594302
.1766638
.1961662
.0575576

0426069
0799137
0780554
1166377
8694253

wave number

ONDNEEFENDMDNDDND R RP

cm** (=1)

[eoNeNoNe]

.00
.00
.00
.00

.4584999
.1905971
.1600726
.0884741
.1641401
.5663851
.2875670
.38235006
.7665265
.4872944
.3886899
.5552985
.7405413
.8134205
.6716259
.2869896
.8305783
. 7515646
.4963007
.9302620
.6460164
.1326176
.4603469
.3368813
.8701619
.5462639
.4577649
.8122970
.3769160
.5436486
.1825160
.2632088
.9561433
.7838619
.4180097
.9253431
.6077318
.2726661
.5941723
.6722177
.7835704
.2112054
.4498845
.9976601
. 7741796

-2354.896525758

-2354.447582458

-2354.4561647301 (Toluene Correction)
0.3247184

698.72

-0.06734630

IR intensity selection rules
km/mol IR RAMAN

0.00000 - -
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

T B BB B B B B I L R U U R T U U VR G )

51

121

171

221
225

262

312

420

468

505

534

557

587

618

.00
.00
18.
25.
32.
48.
.30

54.

63.

76.

82.

87.

95.
101.
.65
133.
158.
.28
204.
.24
.57
260.
.54
291.
.22
400.
405.
407.
.52
443.
445,
454,
.28
476.
481.
.35
515.
529.
.51
.25
569.
.36
610.
613.
.55
622.

81
24
01
45

97
80
09
01
47
81
62

09
91

45

72
03
73
42
19
09
72
94

13
68

80

78

79

02
01

16

[

[

N
OO WO OMNDNIHAWNOWENONRPFPORPRRPEPRPRPOWNREFONOOOOOOOOOOOOOOO OO

N
o O

.00000
.00000
.42118
.76632
.00412
.03318
.16810
.07239
.33920
.46646
.53374
.05751
.15715
.38770
. 62825
. 95562
.65598
.93053
.52771
.12574
.57217
.30447
.90363
.30239
.28529
.19342
.45457
.70779
.13785
.05262
.31478
.77653
.39004
.41032
.49903
.70312
.83659
.98947
.41560
. 74365
.61717
.70126
.28155
.13310
.97154
.74323

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3ha’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 2.1473163 1
C 2.5134529 2
c 3.8276642 1
C 2.5110158 3.
0 2.7127039 4
0 4.9051974 0
0 2.7825573 2
c -0.5045838 1.
C 0.3466433 -0
C 1.1533074 -0.
C 1.9544921 -1.
C 1.9730232 -2.
C 1.1679062 -2.
C 0.3570502 -0.
H 2.5671394 -2
H 2.6173836 -3
H 1.1768314 -2
H -0.2797052 -0
N 0.1784474 2.
H 1.7080949 1.
C 1.6406430 1
C 1.1492211 -0.
C 0.6810864 -0.
c -0.2729277 -2
c -0.6369745 -2.
C -0.1647223 -1.
C 1.0454677 -0.
C 0.5730529 -1
H -0.6385616 -2.
H -1.2979833 -3
H -0.4650140 -2
H 1.7269371 0
H 0.8789089 -0.
H -0.3637364 2.
C -1.9679026 0
C -4.7780709 0
C -4.0775780 2
C -2.6873017 2
C -2.6839578 -0
C -4.0764003 -0
H -5.8718745 0
H -4.6189613 3
H -2.1503338 3
H -2.1398434 -1
H -4.6191108 -1

Svibrational spectrum

# mode symmetry
#

1

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.8360644
.0827923
.3205676

4912763

.5988164
.9874349
.2571479

0098222

.2156809

6772435
8298941
4927127
0335724
9098951

.2034856
.3767309
.5529085
.5454997

0822057
7931007

.2400589

0302570
8366841

.3459176

7028301
9605573
4997397

.2384981

9299659

.5687365
.2553027
.3483022

9536970
9429415

.9717771
.8918705
.0974632
.1379152
.2379989
.2743310
.8613632
.0118872
.0831105
.1520296
.2217489

wave number
cm** (=1)
0.00
0.00
0.00

WWERPRONNMNMRPEF OORPRRE WOOOONO

RPORNRRRPRRRPE -

.6549980
.4407545
.2474063
.2106829
.1110798
.0456415
.5616359
.1597239
.2987456
.2074169
.4274221
.6587154
.7208425
.5354940
.4090707
.7954675
.6928652
.3581044
.8741866
.1537943
.1978645
.1595934
.3202024
.5442658
.2354055
.1409611
. 6491124
.7421129
.4049812
.0615359
.1216221
.8237653
.7629458
.7029938
.3689105
.7096646
.9001518
.7336900
.1945194
.3580252
.8428671
.1929712
.9209199
.9082756
.2065037

-2354.891997893

-2354.444420890

-2354.4536324230 (Toluene Correction)
0.3244849

697.48

-0.06855975

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYYy YYD

74
80
82
88

202

272

454

464

481

607

.00
.00
.00
19.
30.
33.
35.
45.
48.
70.
.21
.25
.52
.33

98.
118.
139.
159.
180.
188.
.24
238.
.89
279.
299.
311.
399.
401.
405.
411.
448.
.57
462.
.29
473.
.32
5009.
516.
528.
551.
572.
576.
.33
609.
611.
614.
621.

54
72
19
77
96
02
48

18
70
85
69
91
41

03

98
79
67
61
93
62
42
49

84

01

53
36
45
04
47
98

16
63
73
80

w =

a1 w N
P O0ONDPDREPE-JWNOHTWIRPRPOON MR OORPRPROWURFROORPRNOOOOOOOOOOOOOOO OO

.00000
.00000
.00000
.06232
.02671
.15313
.03630
.10263
.04022
.39725
.99841
.36004
.06077
.24855
.28632
.07417
.35431
.51650
.89325
.83797
.22099
.15483
.68818
.23812
.96235
.93608
. 79350
.55369
.29219
.36505
.32542
.33329
.31148
.86901
.22050
.29869
. 69401
.11068
.40935
.74614
.19075
.92925
.65353
.77565
.74875
.08764
.19677

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3ia

SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates
37

1.1217044
1.8076113
2.7421494
1.0314197
0.9561462
3.8034237
2.2450875
-1.4143192
-2.7959384 0
-0.8039152 -1
0.0519542 -1.
0.6098266 -2.
0.3739047 -3.
-0.4827170 -3.
-1.0800704 -2.
1.2462492 -3
0.8490304 -4.
-0.6839061 -4.
-1.7572007 -1.
.7925239 1.
0.2629736
0.9689452
0.8763286
0.0527202
-0.6794746
-0.5752960
1.6024832
1.4454542
-0.0297790
-1.3430462
-1.1711905
0.3562945
0.2344433
0.4020035
-3.1358146
-2.7730963
-3.5218654 -0.

O P BNR P

PP OOOONWNOORFREDNDNO

asppasiasiic i@ M@l il O NONONONONO NGO IO NONONONONONONONONONONONO N
|
(@)
(@)

Svibrational spectrum

# mode symmetry
#
1
2
3
4
5
6
7 a
8 a
9 a
10 a

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.2220039
.3348070
.2108299
.9638585
.1202638
.1815147
.3934439
.1032722
.3246958
.2334355

6099950
9207387
7930724
4144254
1522323

.2504250

7880668
1018357
8499947
0949317

.8812582
.0137198
.4070638
. 6977131
.5894331
.1877177
.5887464
.2836622
.0165111
.0381636
.6675105
.4549763
.8812744
.6010875
.3486402
.2339713

4271045

wave number

WWHFROMNWRFRFOORPRNREF WOOOONO

cm** (-1)

O O O oo

24.
43.
54.

.00
.00
.00
.00
.00
.00
.40
72
63
12

.8753182
.5749408
.1355115
.6742824
.5160197
.3512306
.6532134
.9810110
.5515022
.9498273
.8541980
.9125915
.9771542
.0316683
.9934884
.0744264
.9802317
.8684900
.8081085
.5367526
.1683061
.6526610
.9944473
.8871522
.4235589
.0853985
.9605507
.3459625
.9395503
.1108464
.7248941
.7681487
.4193629
.2503389
.2980282
.6619155
1737291

-2183.142508002

-2182.728425547

-2182.7357796019 (Toluene Correction)
0.2600039

539.07

-0.05212511

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.54394 YES YES
.10778 YES YES
.36218 YES YES
.02016 YES YES

O ONO OO OO
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD YYDy

60.
.56
79.
90.
.26
101.
.63
125.
.51
169.
.37
216.
232.
241.

72

95

111

152

192

252

353

474

533

600

645

67

27
97

74

72

52

20

41
88

.52
293.
.55
392.
406.
416.
431.
452.
467.
.57
487.
493.
520.
527.
.50
564.
579.
.52
611.
612.
621.
629.
.56
688.
697.
717.

90

82
09
38
45
00
01

49
95
07
15

99
71

17
98
48
58

43
66
08

[y

[
UORFRPPOWOUFONWOOOWORN®EOHNODOODOMOORHrOOOOOOoOOo

R w N wd N
= O 0o O Ul J

.24551
. 62244
.63032
.49506
.11903
77547
.15725
.08378
.33523
.67190
.29482
.12995
.24448
.75526
. 68820
.90373
.36095
.60206
.60766
.11805
.83475
.63243
.40503
.83516
.99325
.21123
.81214
.65477
.52258
.57873
.36755
.20567
.41382
.26251
.53164
.23277
.57528
.37147
.34196
.57712

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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3ia’

SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37

Mn 1.1456731 2
C 1.2843480 3
C 2.8931301 2
C 1.3131216 4
0 1.3955239 5
0 4.0299225 1
0 1.4135291 3
C -1.5463574 1
c -3.0483446 1
C -0.8895210 -0.
C 0.0720327 -0
c 0.6462642 -1.
c 0.3247948 -2
C -0.6257246 -2.
C -1.2423982 -0.
H 1.3697638 -2
H 0.8152544 -3
H -0.8882081 -2
H -1.9917681 -0.
0 -0.8668938 2
H 1.1975253 1.
C 0.9189164 1
C 0.4425086 0
C 0.3414973 -0.
H -3.3556380 2
H -3.4756974 0
H -3.4705582 0.
C 0.0811686 -2
C -0.8457575 -2
C -0.7134116 -1.
C 1.2731481 -0
C 1.1430398 -1
H -0.0187059 -2.
H -1.6839069 -3.
H -1.4534085 -1.
H 2.1270325 0.
H 1.8881048 -1

Svibrational spectrum

# mode symmetry
#
1
2
3
4
5
6
7 a
8 a
9 a
10 a

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.4084287
.0374348
.1414828
.0054815
.0598688
.9255071
.4230247
.2579627
.3691686

0592515

.5659509

8285391

.5445601

0367553
8112986

.2486436
.5120111
.5966910

4121785

.2793093

7970538

.4000598
.1143609

7211797

.4322364
.9006292

8113526

.2377162
.3966710

6537369

.5851976
.3293998

8250778
1057620
7869382
1014893

.2072921

wave number

WWNhONWNODOR,RPEPRFPWOODOONLRE

cm** (-1)

O O O oo

29.
43.

51

.00
.00
.00
.00
.00
.00
.03
88
82
.24

.0514434
7773269
.8561337
.3609113
.1377030
.7060206
.8688410
.3745898
.4009870
.6022068
.6705188
.9599993
.1197813
.0241373
. 7495235
.2426544
.3177643
.9362526
.4530209
.1438564
. 6421925
.6460373
.6185621
.8562369
.3398434
.3143817
.5333939
.2519088
.2071173
.0239658
.9146930
.0968532
.1797095
.3152054
.2170713
.7953285
.9010036

-2183.136961706

-2182.727556389

-2182.7350096537 (Toluene Correction)
0.2598973

537.84

-0.05187819

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.04299 YES YES
.03834 YES YES
.16594 YES YES
.15359 YES YES

OO O OO OO oo
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY Oy YYD YYDy

61.
69.
79.
.57

88.

97.
106.
110.
146.
157.
204.
218.
.59
252.
289.
3009.
.37
374.
.39
417.
427.
445,
457.
465.
486.
521.
523.
527.
547.
577.
598.
599.
.20
614.
618.
630.
.53
695.
696.
.54

85

231

358

404

612

657

704

74
23
86

81
83
39
87
59
49
75
92

43
71
83

94

18
00
95
11
73
02
44
49
41
92
62
63
31

93
76
83

80
46

=

N W

N
OO0 JOHDO0OONREENNEOPEN IR PRPNORPRP OOOOONOFEFNOOOOOORrO

w

.30398
.44302
.04878
.38966
.11878
.27936
.50957
.22317
.94774
.94876
.39131
.28317
.37369
.43101
.21352
.54719
71677
.21258
.02014
.72831
.39593
.88235
.40503
.32504
.33309
.72483
.61477
.31855
.01688
.23764
.96917
.79126
.68466
.37495
.53671
.60057
.90263
.47499
.46114
.55734

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES



3ja

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
48

1.6497721
2.2607111
3.2884896
1.7869671
1.8781603
4.3558709
2.6536735
-1.0368873
-2.3887641
-0.4926578

0.4605652

1.0481149
-0.3496116

0.6702105
.2395772
.0967138
.3650077
.2254533
.0754722
.7947466
.5514070
.2445661
.8099279
.5511774
.8194577
.7721341
.1284006
.8315661
.2169575
.9898023
.4100757
.2826793
.8598144
.6713797
.0574584
.0296920
.7895347

0.2402736
-4.9417765
-4.5833454
-3.3178408
-2.7625783
-4.0287738
-5.9378888
-5.2993217
-3.0572988
-2.0348341
-4.3079682

jaxjasiariia = O MO NONO NN === i O NONONONO M-I NO Ny i i HONONONONONONONOINONONONONONONONONONQ!
|
O WIBENOONNNOROOOOORRFEOOOLR K

(au)
(kJ mol-l)

[ |
PR NNRPRPOOOORrRDdWHRF -

QOO NDWORFEDNWNE

(au) PBEQ0/def2-TZVPP

.3358800
.1039574
.2193251
.0934275
.2597576
.1265886
.9511328
.4731728
.7350323
.8470109
.1886026
.5666603
.4707664
.4277704
.6775180
1776742
.4529686
.2226328
.7160695
.2520937
.1454229
.8532503
.6599920
.2390094
.9109833
.4483760
.1315150
.6271544
.1499094
.0412065
.7654005
.6927490
.9705594
.1531857
.1677738
.8999209
.5740838
.8351928
.3110561
.0176796
.3043725
.0690374
.3534290
.5353865
.8358795
.3454709
.8714214
.3959661

O ORFRPNREFEFWOOOONO

WNDNWWNDNDNDNNDMNNWRERE R OOOOOOOOo

.5377851
.2578338
.1490047
.5737376
.5697864
.6172802
.3429371
.4794316
.0440928
.3727270
.3999303
.4574499
.0859053
.5020987
.8692160
.1690384
.1285574
.7807425
.4848411
.1120276
.4374168
.1490767
.5274730
.2066295
.1540798
.8194785
.6198489
.0700320
.5825091
.1967011
.1272300
.8410522
.8999324
. 6332252
.0476822
.1607391
.0665908
.1902115
.1085565
.8192199
.2870562
.3354150
.8623771
.5250813
.0019444
.0391041
.1397768
.0875984

-2452.103080854

-2451.641880652

-2451.6499605316 (Toluene Correction)
0.3448731

740.54

-0.06861384
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R TR CT R R U ORI O OB RO RO OB R OBV RR VR BB VR OB VRV AR OB UR VRV RV OB ORE OB OBV RSO

wave number

cm** (-1)

O O O oo

(@)

22

29.
35.
37.

45

51.
53.
59.
83.
88.
94.

108
112

121.
137.
154.
159.
208.
223.
236.
244,
263.

300

315.
354.
399.
401.
404.
410.
432.
444,
449,
469.
476.
490.
511.
523.
532.
537.

571
595

600.
609.

.00
.00
.00
.00
.00
.00
.61
.13
62
83
15
.28
69
97
96
78
78
65
.34
.52
74
87
04
72
77
45
61
48
63
.33
45
74
79
89
00
72
02
42
20
99
01
75
19
69
69
60
.53
.22
42
38

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.38846
.40826
.58524
.11973
.03095
.39974
.80298
.16678
.19192
.20446
.11842
.05377
.43645
.66592
.50328
.51867
.13695
.21260
.50424
.51475
.29007
.51186
.36410
.23751
.35486
.40350
.34017
.37964
.99737
.43291
. 66021
.94919
.88613
.80862
.14658
.89549
.28314
.96840
.34996
.45739
.37027
.30454
.13653
.96738

[

[

[

[

N =
ORFRP P OOODWNWURPR WOOWRFRFOOOBMNUIIODOOHNUWUTWOWENNORFOOOOOOOHOOR,ROOOOOOoOOo

00000

selection rules

IR

RAMAN
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8ia

SCF Energy (au) BP86/

SCF Energy (au) PBE(0/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37

C 0.5519872 -2.
C 0.2840276 -0.
C -0.3152585 0
c 2.6292711 -1
C -1.1180588 -1
C -1.8861600 -2.
c -0.5344483 -2.
C 0.2436599 -1.
c -0.0589658 -1.
C 0.6506036 0.
C 1.0179321 1
Mn 1.0064560 -0.
0 1.7826055 -0.
0 0.2895606 -3.
0 -0.1846590 -0.
C -1.1895038 -0.
0 3.6722692 -1
C -1.5874721 -3
H -1.9587835 -0.
C -0.2589714 1
C -0.2088766 3
C 0.9676993 3
C 0.9489654 2
c -1.4363562 2
C -1.4104639 3
H -0.1902141 4
H 1.9172306 4
H 1.8825905 1
H -2.3891518 1
H -2.3404965 3
H 1.0743472 -1
H -0.3103288 -3
H -2.1830567 -4.
H -2.7093477 -3.
H 1.4649868 2.
H 1.7650006 0.
H 0.1213801 1

Svibrational spectrum

# mode symmetry
#
1
2
3
4
5
6
7 a
8 a
9 a
10 a

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

6912867
7130500

.3674579
.3094929
.5613016

6710730
8386193
7263580
0903227
0699627

.2176860

9825830
4273318
8286872
4983389
7156615

.5186156
.3030468

8286218

.5834644
.9319931
.4679743
.3093202
.0636611
.2233530
.8431914
.0091726
.9313140
.5325110
.5823853
.3783058
.3497958

1722517
0381332
0723840
8569529

.5800935

wave number

cm** (-1)

O O O oo

43.
55.
2.

.00
.00
.00
.00
.00
.00
11
70
91
01

.2913389
.8426551
.0427651
. 9255555
.0385935
.4213656
.4524914
.0576751
.85455006
.1437708
.0832109
.2152724
.4228709
.2814776
.8894827
.1640049
.3927036
. 6447767
.9438598
.8799974
.4783775
.8653119
.0758683
.5112907
.2967212
.0984616
.0092557
.6341402
.3564038
.7675948
.6934000
.4034055
.9692037
.7864306
.5358923
.8231957
.6317052

-2183.167100726

-2182.760093970

-2182.7673435546 (Toluene Correction)
0.262048

552.88

-0.05528328

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.20072 YES YES
.18262 YES YES
.39403 YES YES
.02060 YES YES

oNoNoNoNoNeNoNoNo]
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY O YYD YYD YYDy

8.
86.
.56

99.
106.
108.
.81
173.
.33
208.
236.
.26
.29
276.
311.
335.
358.
4009.
415.
441.
449,
464.
.83
484.
.35
.28
532.
556.
560.
590.
599.
.28
610.
638.
648.
670.
692.
697.
.56
746.

91

124

187

250
262

477

503
521

607

704

66
20

13
62
75

83

12
87

55
10
74
90
49
74
65
05
02

00

86
82
73
10
96

71
06
93
45
11
96

65

O O OWUTO PO, OWDH-JONIODODODODOH OOOO O oo

WENWEREDNDRE =N
WNERFP P O0OOOWwWW JOu

.27668
.40743
.15210
.43175
.83380
.38617
.80891
.02082
.44146
.11055
.28880
.29553
.69722
.22091
.63204
.50892
.92761
.48452
.38512
.35928
.51048
.18320
.23579
. 78995
.08164
.94887
.55631
.49744
.82532
.15338
.22976
.07331
.00172
.14658
.96493
.26347
.38006
.35305
.89033
.45622

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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8ja

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
48

0.8108323
0.3540829
-0.0826625
2.7762166
-0.8478166
-1.7366531
0.2389347

0.9318723

1.3462114
n 1.1834611

2.0238398

0.6133847
-0.1845942
-0.9733815
3.8052897
-1.7905066
-0.0049395
0.1173724
1.2408968
1.1863709
-1.1333642
-1.0715674
0.1631612
2.1747461
.0717122
-2.0760080
-1.9618472
-3.4330047
-2.6637013
-1.8294188
-2.5224466
-3.3575429
-4.0918794
-2.7208029
-1.2500667
-2.4615598
-3.9514708
2.1262996
.0871860
.7002511
.3845893
7729370
.4308740
.1503046
.4429536
.6785673
.0129662
.6770557

a=iiasiasiaciias il O NONONONQ N =il I i O NONONONQ Nl i O NONONONONON--NONONONONO O NONONONONONONONG!
OO O WhDNOODNMNW N

(au)
(kJ mol-l)

2

1

NS DWDNDDNDWW

3
4

4

w

H WRERONDDWNDEDN

(au) PBEQ0/def2-TZVPP

.5903869
0.
0.
.1195163
1.
2.
1.
.0981200
.2268378
.8643311
.4190367
.7407970
.4812006
.6514769
.2837979
.7560741
.6024817
.9102760
.5139527
.3767047
.0200555
.1590736
.8064150
.0968736
.0692665
.4540942
.4706015
.8051935
.1884179
.1077696
.2442275
.3279362
5.
.5500213
2.
2.
4.
.2434620
.3796812
.3750198
.0930841
.0974656
.0329286
.4888908
.6954052
.9830107
7725691
.4816048

6479745
4169862

4866598
6171487
0390112

6539004

6188642
9022017
8057075

NWRFRERFRWEARNNMENWOR WWEREOON

1.
3.
.5404790
. 6223677
.6328914
.9565024
.3320947
.5907915
.5268983
.8247111
.1702391
.8329725
4.

0
2

0

1

2

2

2
3
1

N

8551545
4094316

4314630

.5916826
3.
.3207365
1.
3.
.3143373
1.
2.
2.
3.
.3679992
0.
.0993076
.5482432
.5919634
.5962573
.2832143
.0407170
.2732583
.8389797
. 6363777
.0831149
.0859113
.5233034
.3417805
.7891985
.8854352
.0859939
.9870120
.0488730
.0619363
.4389028
.8118488
.4145818
.2373501

1362321

4098848
0585552

4952047
1687061
9776495
6988284

9211398

-2452.112960024

-2451.661992594

-2451.6706401152 (Toluene Correction)
0.3460163

747.33

-0.07305111
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR CT R U ORI R O OO RO R OB OB OBV RR VR BB URR OBV RV AR OB UR VRO RV OB OR OB U RSO

wave number

cm** (-1)

OO OO oo

NeJ

34.
37.

40

45.
51.

67

73.
82.

90

96.
106.
122.
135.
159.

171

202.
216.
226.
240.
258.
265.
335.
383.
401.
401.
404.

412

420.

443

450.
466.
472.

480

497.
512.
531.

542
563

599.

604

609.
610.

.00
.00
.00
.00
.00
.00
.39
.12
81
44
.24
91
66
.30
61
74
.31
41
21
44
04
90
.85
85
36
97
13
11
91
01
95
10
14
62
.48
42
.53
80
08
43
.54
71
43
11
.35
.25
68
.55
38
81

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.51363
.20469
.10117
.46825
.01493
.16691
.12131
.24290
.08827
.23275
.58714
.25560
.03310
.07124
.29045
.70650
.70924
.28940
.94684
.21257
.80695
.61148
.05346
.01898
.80238
.41059
.52167
.48174
77429
67771
.46887
.71787
.60292
.63197
.86212
.38443
.50597
.32273
.22692
.03231
.71928
.06808
.49552
.20605

N =
CUBURPRRPE JIJRNOOOOBRORFRWRORNOOOHHOOOOOOOOOOOOOO OO

o =
PR o NN

N W

00000

selection rules

IR

RAMAN
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SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37

C -0.4555222 -1.
C -2.2322748 0.
C 0.0765045 0.
c -2.0328828 -2
c 0.6943673 -1.
C 1.4316334 -2.
C 1.3005899 -4.
C 0.5988639 -2.
C 0.2029760 -1.
C -0.5734114 -0.
C -1.1030889 -0.
Mn -0.9860359 -0.
0 -0.9747193 0.
0 -0.0663219 -1
0 -3.0346241 1.
c 0.9524247 -0
0 -2.7078744 -3.
C 1.7089756 -3.
H 1.7758198 -0.
C 0.1894817 2.
C 0.3726487 4
C -0.6867555 4
c -0.7816514 2
C 1.2592495 2
C 1.3436830 4.
H 0.4435155 6
H -1.4530753 4
H -1.6178905 2
H 2.0349144 2
H 2.1816553 4.
H 0.2850503 -3.
H 1.5562552 -4.
H 2.2602328 -4.
H 1.7740923 -2.
H -0.8191214 -1.
H -0.7027317 0
H -2.2149523 -0

Svibrational spectrum

# mode symmetry
#
1
2
3
4
5
6
7 a
8 a
9 a
10 a

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

0272451
4111283
6592913

.2131014

7017693
8323304
0080826
9877527
8214566
7912101
4177771
7326150
1184265

.2180463

1523496

.3565723

1600726
9403243
1248679
1233550

.9465356
.3411891
.9441210
.7430561

1395897

.0448941
.9637220
.4722011
.1291004

6031950
0663822
9047089
7868424
7639756
1743746

.5686405
.3312879

wave number

|
OO OPrRrP OO0 OoOORroronN

cm** (-1)

O O O oo

41
43
61

.00
.00
.00
.00
.00
.00
.09
.04
.30
.32

.0134137
.9710883
.2153566
.3040033
.2059772
.7623819
.3831930
.9733225
.2085885
.6547933
.9922619
.3497814
.6077278
.0996646
.3770901
.6718398
.2635249
.0073344
.3632294
.2802081
.4286199
.2687163
.3418260
.9719089
.0490001
.4884125
.7593994
.8791882
.4564324
.5951619
.0270335
.9718040
.4477199
.8084347
.7523658
.3272306
.9831333

-2183.138380453

-2182.724742562

-2182.7310254792 (Toluene Correction)
0.2609739

548.90

-0.050076006

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.16433 YES YES
.43457 YES YES
.08549 YES YES
.14316 YES YES

oNoNoNoNoNeoNoNoNo]
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYDy

70.
80.
88.
.28
101.
122.
137.
154.
.24
194.
210.
.33
264.
279.
.31
.22
.33
416.
423.
435.
461.
464.
473.
.39
.54
499.
505.
525.
.37
539.
569.
606.
609.
615.
639.
648.
.37
690.
700.
705.

91

160

225

328
395
401

483
485

528

677

63
44
72

03
69
08
22

72
73

83
37

82
99
17
94
69
03

73
07
63

64
83
92
38
44
94
67

85
88
66

[

SRR N RN R [
LU O dN-JOON-JONONORENOUURL, -JdWRNNOOORWNOOOOOO OO

.24433
.10310
.56643
.09064
.17071
.88529
.61744
.07845
.97304
.09354
.39781
.10436
.46515
.16220
.31572
.39126
.58970
.66140
.52465
.33824
.83288
.61675
.00337
.12031
.74401
.17819
.18928
. 68491
. 68453
.83679
.33705
.91671
.50509
.65066
.13741
.80887
.26649
.63817
.60458
.87861

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy

Chemical Potential
Dispersion Correction

xyz coordinates

48

jaxjasigasiaria O MO NONO NN« =iy i O NONONONO N -jl:-i =il i O NONONONONO N HONONONO N O NONONONONONONO N
|
o FOONRPREPOON

GON WOy Www

.3481734
.1669204
.4497452
.7887959
.5063152
.9328444
.5954253
.6543657
.8283792
n 0.
.8371988
.2417433
.3559810
.8256757
.3032906
.2711844
.4756507
.0855982
.9467578
.8353585
.9808622
.0956897
.9620109
.9293074
.9636572
.9923089
.9814458
.8987698
.4319440
.3158747
.3504676
.6048486
.5729147
.1933155
.2010025
.4983866
.7102842
.4441656
.6523835
.0527270
.7148678
.5578032
.8955628
.7043340
.6332163
.2815708
.9934402
.3521732

9803039

(au)
(kJ mol-l)

WENDWDNDDNDW

-1

(au) PBEQ0/def2-TZVPP

.2431881
.3188157
.1219581
.1560994
.3478334
.6229345
.4898840
.2326713
.0885233
.1277700
.1422389
.9837327
.0919240
.8453429
.4872383
.5624460
.0835584
.7748885
.2450724
.4137417
.6281341
.4630130
.4296990
.2697910
.7922900
.6067439
.0831672
.5058650
. 9575317
.6942575
.7605723
.3545139
.2799432
.6868346
.2109463
.5433499
.8425986
.4791372
.2186915
.0436213
.2504861
.7978579
.09264006
.4473057
.6573574
.1826469
.4831364
.0125058

|
OO PP RPOOOORFR, WO WwWRr O O

.1948046
.4292183
.1618083
.6481949
.2672712
.5999385
.0218430
.4334046
.5937571
.3506333
.8244142
.0599128
.1280260
.7168583
.4703845
.4211007
.5975933
.9452271
.26342006
.0830389
.2788312
.4475238
.0795436
.1430840
.4742328
. 6857237
.9829698
.3135795
.4261029
.2390909
.8347964
.2113516
.2017181
.7478189
.2061260
.4980973
.1795225
.4434947
.2127869
.6970863
.3942853
.1128142
.4142897
.4498788
.3196217
.7890620
.5401539
.0126667

-2452.123348709

-2451.669527954

-2451.6778817812 (Toluene Correction)
0.3465202

748 .52

-0.06711919
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

ORI IRV R U TR CT R R U ORI R OB RO RO OB OB OBV R VR BB VR OBV RV AR OB OB VRO RV OB OR OB U RNV RSO

wave number

cm** (-1)

O O O oo

(@)

25.
28.
37.
40.

43
47

64.
65.
85.
86.
99.

112

133.
156.
176.
178.
201.
224.
231.
253.
283.
339.
370.

397

399.
400.
4009.
419.
429.
446.
454,
471.
475.

491
497
505

529.
542.
556.
577.

594

610.
611.

.00
.00
.00
.00
.00
.00
.18
47
98
98
14
.28
.51
19
43
18
74
55
.34
07
64
24
08
08
13
65
66
75
79
05
.59
17
76
24
18
06
88
75
78
15
.20
.32
.28
69
19
07
70
.52
95
61

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.33573
.04866
.47989
.33424
.15511
.33799
.07398
.02483
.04008
.26396
.47070
.10688
.21166
.22799
.23988
.31802
.06385
.21054
.38223
.53260
.13913
.39827
.84763
.66602
.44885
.01817
.01344
.36317
.63843
.29580
.94191
.00890
.65950
.60871
.83447
.85839
.47287
.38708
.29025
.17116
.51701
.60200
.31423
.19755

PO J OO D AOATNOOWWOWINHNORPR OORFRPROOOORFRFUTOOODOODODOOOOODODODODOOOOOooOo

= ) o
UlORNRE e

00000

selection rules

IR

RAMAN
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SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37

C 1.7416408 -0
C -0.8712760 0.
C -0.1669048 0.
C -0.1250551 -2.
C 1.2989200 -1.
C 2.5785955 -1.
C 1.5068238 -3.
C 0.2492646 -3.
C 0.1094744 -1.
C -1.0938021 -1.
Mn 0.2702500 -0.
0 -1.2283806 -0.
0 2.6724097 -0.
0 -1.6464613 1.
C 1.0636290 0
0 -0.3985336 -2.
C 2.6744766 -3.
H 1.9213850 0.
C -0.4078879 2
C -0.9215874 4
C 0.4022624 4
c 0.6593036 3
C -1.7371538 2
C -1.9892911 3.
H -1.1209938 5
H 1.2405463 4
H 1.6979338 2
H -2.5646823 1
H -3.0271132 4
C -2.4511310 -1.
H 3.4786001 -1.
H 3.6626138 -3.
H 1.6052489 -5.
H -0.6497154 -4.
H -3.1796535 -1.
H -2.4062060 -2.
H -2.8475492 -2

Svibrational spectrum

# mode symmetry
#
1
2
3
4
5
6
7 a
8 a
9 a
10 a

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3110429

4193370
7917484
0260195
1605016
7819943
9769796
4050117
9805270
1981647
7301946
0104199
0025099
1574311

.2867299

8882566
1661645
9676776

.1686693
.8009094
.3317557
.0255458
.6507631

9564387

.8296381
.9881441
.6616762
.9881558
.3225561

8280817
1497834
6431160
0741229
0382788
0938172
6792928

.2028965

wave number

cm** (-1)

O O O oo

35.
37.
67.

.00
.00
.00
.00
.00
.00
.93
63
64
71

.6964122
.4633608
.6034849
.8690518
.1507975
.2919384
.2672980
.1216549
.0721054
.2068743
.7199400
. 6625917
.3308564
.9338273
.1509372
.6113264
.3522813
.0641243
.0679434
.9518210
.8682576
.4329481
.1584131
.5985609
.2948752
.1531103
.3974042
.8651030
.6596933
.3522992
.3651810
.4562814
.3131083
.0630405
.7576642
.0632910
.6219486

-2183.171667761

-2182.759271019

-2182.7662187626 (Toluene Correction)
0.2623685

552.90

-0.05036288

IR intensity selection rules

km/mol IR RAMAN
0.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.04808 YES YES
.05486 YES YES
.06628 YES YES
.08211 YES YES

P OONOOOOO
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY O YYD YYD YYDy

79.
83.
.34
.58
106.
132.
.23
150.
181.
207.
231.
262.
285.
299.
318.
.54
399.
416.
430.
433.
.24
469.
.59
489.
492.
506.
.59
527.
531.
559.
589.
.23
.28
639.
656.
660.
677.
686.
.28
728.

93
98

140

327

468

474

515

607
610

713

74
10

97
40

70
14
09
63
88
43
28
43

85
07
70
74

79

99
12
72

61
09
16
33

55
40
05
96
84

90

[
ONNAHAINODODWOONAD O ODPRPRP OWOUTOOOONOOO OO

(&) W o NP D N
O R o OB N oW

.19435
.33410
.53032
.34548
.20771
.84990
.70162
.84470
.41538
.50058
.33756
.13112
.88123
.21116
.84098
.75623
.04054
.37544
.97133
.94172
.45534
.79562
.46909
.20937
.24457
.96440
.62066
.60533
.41458
.49141
.07303
.54767
.70786
.54657
12776
.40755
.85678
.23974
.40244
.19622

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy

Chemical Potential
Dispersion Correction

xyz coordinates

48

n 0

a=ipasiiasiiac il O NONONON@N =il il HONONONONON-NO NN il HONONONONONO N HONONONONO IO NONONONONONG!
|
N

BN W OO N WD

.6780743
.9898958
.0394979
.4310896
.3244149
.0619891
.1331050
.3600532
.1312380
.5330402
.8603645
.2333480
.4648208
.1524689
.2579604
.6966560
.5287824
. 7465173
.4886779
.7022905
.8671356
.3210578
.7011818
.2783306
.6684209
.4754089
.6058982
.0287655
.0553649
.9315986
.6564172
.6124354
.8886191
.0586393
.0521713
.7964039
.4834345
.7620081
.0466716
.8041327
.5947439
.8643005
.0694764
.9948251
.5581945
.4034500
.1258729
.2529047

(au)
(kJ mol-l)

(au) PBEQ0/def2-TZVPP

.2309898
.2615352
.1257232
.8285674
.8822765
.4838559
.7307102
.2340567
.2895431
.8902683
.9235846
.5092709
.5390475
.1048530
.5575621
.2882393
.8748054
.5273047
. 9853354
.3375931
.3509757
.6136587
.2340919
.2436561
.6501937
.2349964
.6329494
.4999361
.2494116
.7098572
.2072815
7720371
.2782083
.6424943
.4610638
.5563690
.0170514
.9074773
.0764760
.0249083
.3125070
. 6954262
.4087702
. 6371283
.7596333
.5111931
.9477113
.2258964

.9923960
.9040674
.7683092
. 7266545
.2962105
.0472746
.1021554
.2849380
.0807702
.4346122
.3016812
.6593866
. 6535217
.7607071
.0564700
. 6795272
.1231468
.8115288
.6077039
.9170142
.9180002
.9187918
.3462086
.7939022
.3464741
.2527769
.3207534
.4664834
.8431010
.5552067
.2680186
.4502200
.1573178
.0759038
.3530786
.8618409
.2389274
.7189706
.4370671
.3355181
.2801693
.5781829
.5196244
.4799934
.0948183
.0121849
.3563622
.2365219

-2452.145470468

-2451.692028912

-2451.7000699796 (Toluene Correction)
0.3474597

755.51

-0.06824413
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Svibrational spectrum

# mode
#
1

QO J o U wdN

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

symmetry

ORI IRV R TR CT R R ORI R OB OO RV OB RO RV RR VR BB VR OBV RV AR OB UR VRO RV RO R OB OB URN VRSO U R

wave number

cm** (=1)
0.00

[eoNeNoNe]

(@)

35.

38

41.

44

48.
49.
59.
66.
86.
89.
103.
126.
130.

147
172

180.
210.
214.
245.
256.
296.
343.
369.
381.
399.
401.
402.
4009.

428

443.
466.

473

486.

488

503.

515

522.
544,
555.

563

594.

608

610.

.00
.00
.00
.00
.00
.29
24
.30
19
.55
02
84
13
22
93
10
42
51
66
.29
.29
03
81
90
05
36
20
61
80
75
35
85
76
32
.58
00
45
.38
00
.36
69
.51
48
90
70
.22
11
.59
70

IR intensity

km/mol
0.00000

[
OO FP ONODOONNJOOOJJIFRPNENNDDEJOJOODODODODIODIODO0ODIO0DODODIDODDODODOOOOoooo

NN
@ WO

w
N

N
S oy

.00000
.00000
.00000
.00000
.00000
.10653
.53647
.24444
.96698
.52232
.54913
.29528
.39726
.40964
. 62262
.71655
.07471
.15680
.25646
.98522
.05456
.32537
.81705
.33947
.54091
.31831
.60722
.91165
.55395
.18937
.30002
.56329
.87591
.61748
.12174
.49891
.99863
.05015
.75574
.35608
.89648
.07783
.37979
.36957
.56046
.88397
.25290
.40299
.43086

selection rules

IR

RAMAN
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TszBaa
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

43

Mn 1.6788083 0
C 2.0503776 0
C 3.4045443 0
C 2.0529433 2
0 2.3294949 3
0 4.5278610 0
0 2.2814247 0
C -1.0926686 -0
c -0.9973400 2
c -2.3651450 2
C -3.1234895 1.
C -2.4812563 -0.
C -0.3111906 -1.
C 1.0201526 -1
C 1.8629472 -2
0 1.2773948 -3.
C -0.0161149 -3.
C -0.8418725 -2.
0 2.9976265 -2.
C -0.3753289 -5
N -0.3659046 0.
C 0.3346785 1
c 0.7595590 2
C 0.2076688 3
c -0.7871582 2
C -1.2257909 1
C -0.6763379 0
C 0.8900099 0
C 1.2206952 -0
H -0.3749161 2.
H -2.8212774 3
H -4.2045597 1
H -3.0496886 -1
H -1.8814572 -2
H 1.5379814 3
H 0.5606496 4
H -1.2210490 3
H -2.0054478 1
H -1.0214133 -0.
H 1.6181458 -1.
H -1.4359054 -5
H 0.2713780 -5.
H -0.2090293 -5.

Svibrational spectrum

# mode symmetry
#

1 a

2

3

4

5

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.5413038
.5296482
.1742659
.3065225
.4417091
.0167896
.4988557
.2583324
.0490016
.2050745

0695381
1687169
4899509

.3705871
.5728500

7544008
8397296
7488364
6790794

.2043941

8571799

.3859714
.7269160
.5125802
.9913869
.6668207
.8725536
.5081948
.6756461

9150525

.2044537
.1511865
.0765220
.8487494
.1497117
.5483909
.6149772
.2462192

1641280
6329900

.2432596

4850809
9710504

wave number

NORFRPRPRPRPRPPORPRPFRPRPRPFPORPRWOOOODNO

cm** (=1)

-172.
0.

o O O

74
00
.00
.00
.00

.6660746
.4309562
.2830201
.5143330
.4733818
.0295371
.5712309
.3776519
.9698394
.2189961
.5546272
.6297222
.4194569
.9948310
.0052334
.5323100
.9367080
.8724334
.5829983
.4389469
.0459106
.3672480
.5583839
.5802728
.4262850
.2433593
.2295837
.3681614
.9953258
.6987359
.1470848
.7526742
.8787698
.2152355
.9072265
.7161426
.2253032
.9007374
.0867825
.3457148
.7599516
.3010068
.6488693

-2427.864609133

-2427.423479953

-2427.4336311029 (Toluene Correction)
0.2961349

626.52

-0.06311849

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -

o O O o
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O J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[OI R R R ORI R OO O ORI R OB OB OBV OR R OB RO U OB U]

25

75

197

240

413

445
452

500

578

.00
.00
17.

15

.26
36.
50.
68.
.37

83.

86.

96.
1009.
114.
125.
139.
147.
157.
160.
166.
.22
218.
.38
253.
263.
296.
326.
358.
400.
401.
.51
428.
.21
.26
464.
476.
488.
.20
518.
529.
541.
544,
549.
557.
.36
595.

60
78
90

79
74
62
43
10
09
91
81
72
75
63

08

84
01
72
39
07
87
88

75

49
70
43

27
63
63
47
76
70

17

N

N
O RFP OWHFWWWOUNOITFRFFPDNNOWIRPRPNOODOOOOOOODODODOOOOOOOr OO o oo

=

.00000
.00000
.19902
.83606
.25361
.18797
.33269
.27528
.33993
.04327
.57822
42627
77591
.29870
.23751
.17597
.40932
.93429
.17092
.23595
.19371
.46477
.64059
. 61563
.08692
.40105
.40260
.17185
.60941
.56676
.81648
.76269
.83643
.14943
.11278
.37409
.44866
.03466
.82817
.06373
.48474
.80746
.89472
.12900
.22690

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TszBaa’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

43

Mn 1.0604984 1
C 1.1926923 1
C 2.8402352 1
C 1.3031491 3
0 1.4575616 4
0 3.9979345 1
0 1.2638844 1
C -1.7427753 0
C -1.7520834 3
C -3.1498270 3
C -3.8676255 2
C -3.1576459 0
C -0.8901215 -0
C 0.4721886 0.
C 1.4114444 -1
0 0.8391756 -2
c -0.4883289 -2
C -1.3770827 -1.
0 2.6192985 -1.
C -0.8132012 -3.
N -1.0561467 2.
H 0.5555830 2
c 0.6288065 1
C 0.7477162 0.
H -1.1579647 4
H -3.6603325 4
H -4.9694859 2
H -3.6911847 0.
H -2.4402450 -1.
C 1.1039835 -0
H -1.9022736 -4.
H -0.2713592 -4.
H -0.4852060 -4.
C 1.7790484 -2.
c 0.5012548 -2.
c 0.1673545 -1
C 2.3883301 -0.
C 2.7209197 -1.
H 2.0437175 -3.
H -0.2420134 -3.
H -0.8337747 -1.
H 3.1263228 0.
H 3.7275781 -1.

Svibrational spectrum

# mode symmetry
#

1 a

2

3

4

5

SV (P)

)
J mol™t)

(au) PBEQ/def2-TZVPP

.9929986
.9710117
.7610039
7726719
.9226638
.6996050
.9542238
.9781922
.3143000
.3684228
.1628212
.9614400
.2022918

0135517

.0994791
.3394707
.5283980

4975889
0748372
9270560
1591024

.6948941
.9886473

7162106

.2371139
.3429790
.1626073

0015311
6718158

.5017176

0486906
1858413
6580329
7511502
6531301

.5412404

6098079
7283106
6285309
4504317
4639422
1883341
8025624

wave number

ORrRPOFRPRPFP P OORFRPROOOO0OOWoOOoOOoOoNOo

cm** (=1)

-288.
0.

o O O

74
00
.00
.00
.00

. 6823022
.4887800
.5308806
.5343487
.4009624
.4251379
.6513366
.9238369
.7426142
.7892244
.8860943
.9491014
.0187510
. 7444250
.9731314
.3652037
.5730719
.4105772
.8711519
.9988310
.8084151
.1509651
.3183179
.1093196
.6524449
.7462084
.9105492
.0122905
.6303188
.8602694
.1688486
.9365708
.2257502
.4308975
.8533448
.0635187
.4425055
.2208056
.0436556
.0172470
.6100762
.2657896
.6644467

-2427.853649810

-2427.411853990

-2427.4224059121 (Toluene Correction)
0.2956693

626.31

-0.06517125

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -

o O O o
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O J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O CRR R QR R R ORI O ORI G RROREO R OBV GO RO OB UV R OR RO RO U OB U]

30

48

78

87

205
217
241

424
442

461

.00
.00
21.

46

.55
45.
.26
61.
.38
80.
86.
.52
102.
117.
128.
139.
151.
154.
163.
183.
193.
.28
.80
.30
260.
294.
318.
336.
393.
401.
.46
.37
455.
.35
478.
486.
497.
504.
519.
527.
539.
550.
556.
559.
577.
595.

61

67

46
87

02
64
81
44
48
69
17
63
95

18
13
15
13
18
13

80

45
10
65
82
59
76
96
42
16
43
03
77

= =

N
DS OO BN PRP OO OWRONOWUIENOOORPROPRRORFFOOOOOOODOORrRrREOOOOOo

.00000
.00000
.39886
.36529
.14736
.22449
.09460
.44833
.36741
.15774
.03196
.56412
.72443
.28060
.17071
.37273
.64005
.10362
.33893
.97564
.95662
.71034
.10665
.11090
.09385
.59114
.10675
.92944
.22347
.13993
.36676
.51566
.17289
.81725
.10302
.36675
.06983
.15730
.80972
.42932
.84540
.99382
.35728
.35828
.13113

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23ba
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(0/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.5462735 0
C 1.9074785 0.
C 3.2407096 -0.
C 1.9480722 2.
0 2.2410160 3.
0 4.3448104 -0.
0 2.1292592 0.
C -1.2537830 -0
C -1.0996745 1.
C -2.4649227 2.
C -3.2557673 1.
C -2.6464858 -0.
C -0.5014315 -1.
C 0.8516553 -1
C 1.6375491 -2.
C 1.1063609 -3.
C -0.2425309 -3.
c -1.0364875 -2
H -0.4503635 2.
H -2.8950271 3.
H -4.3388895 1
H -3.2441232 -0.
H 2.6862936 -2.
H 1.7476473 -4
H -0.6612248 -4
H -2.0786672 -2
N -0.5004788 0.
C 0.3494049 0
C 0.9745764 1
C 0.5652123 2
C -0.4881425 1
C -1.1277044 0
C -0.7159981 0
H 1.7966554 2
H 1.0739469 3
H -0.8125999 2
H -1.9568402 0
H -1.2183045 -0
C 0.7583943 0
C 0.9391618 -1
H 1.1481747 -2

Svibrational spectrum

# mode symmetry
#

1 a

2

3

4

5

6

7

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3705217

6310002
1119005
0777093
1806368
4362008
7906648

.2555350

9697746
1924425
1294770
0988281
4808271

.5011387

6423727
7167233
7004240

.5874485

7714576
1812287

.2594921

9503939
6887826

.5817195
.5507498
.5634039

7858067

.6612376
.8354334
.4058176
.8378149
.6820037
.0978621
.2946711
.3109476
.2955425
.2282210
.8065564
.0048373
.1406739
.1808689

wave number

NwNDPEPE NP OONMNMNMNRERPEPRPPRPRPORFRFWOOOONO

cm** (-1)

-230.
0.

O O O oo

16
00
.00
.00
.00
.00
.00

. 7753154
.5277213
.4629426
.3447596
.0936545
.2648014
.6591366
.5959263
.8633464
.0617323
.5353928
.7968796
.8581717
.3910424
.7084079
.4268538
.8496778
.5642042
.4801914
.8405819
.6936461
.1538562
.3693071
.6667466
.4116467
.9225327
.1211501
.3782613
.8740594
.0878125
.8263467
.3411795
.1365469
.3060925
.4593641
7753977
.9096864
. 7569113
.1586284
.5838789
.8504819

-2277.508412844

-2277.059214716

-2277.0663116709 (Toluene Correction)
0.2893905

617.01

-0.06065985

IR intensity selection rules
km/mol IR RAMAN

0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

O OO O oo
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

UV R VRGO ORI OBURURVRR VR BB VB URRU RV RO BB VR UV ER OB URR OB U R OO RV U )

15
25

71
82

132

187

233

343

385

402

447

463

610

620

.33
.28
45.
58.
.59
.53

89.

92.
100.
1009.
116.
.51
162.
182.
.25
217.

61
66

55
92
46
98
38

15
00

10

.54
259.
278.
.57
359.
.36
.36
415.
430.
.29
453.
.51
474 .
488.
496.
503.
522.
544,
546.
553.
583.
.29
614.
.33
625.
639.
656.

73
83

38

74
74

95

07
83
72
64
87
04
27
19
04

19
80

10
26

= o
OCWWOUJORHRUIOWORFRWONRFRFDNDOOODOOORFROOOORHROOOOO OO

N
o~

w o
OO WwWrRNO

.05488
.19576
.05019
.11086
.08026
.01510
.28337
.09647
.46379
.06435
.03637
.35585
.17092
.54087
.55331
.99499
.82810
. 63802
.12353
.45214
.36759
.37851
.07350
.16983
.25286
.41322
.13841
.86149
.00384
.36260
.61252
.23803
37797
.92394
.93147
.61857
.49030
.92190
.97094
.05024
.87210
.33601
.87788

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23ba’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.1693515 1
C 1.3530807 2
c 2.8984100 1
C 1.5418946 3
0 1.7908638 4
0 4.0275882 1
0 1.4670734 2
C -1.6743451 1
C -1.5381688 3
C -2.9237216 3
c -3.7137545 2
c -3.0839075 1.
C -0.9017448 -0.
C 0.4690251 -0.
C 1.2675083 -1
c 0.7451521 -2
C -0.6142475 -2.
C -1.4316588 -1.
H -0.8861808 4.
H -3.3692387 4.
H -4.8108328 2.
H -3.6776879 0
H 2.3232634 -1
H 1.4009614 -3.
H -1.0266261 -2.
H -2.4836241 -1.
N -0.9209399 2.
H 0.6382497 1.
C 0.6896772 1
C 0.6556402 0.
C 0.8042723 -1
C 1.0787431 -3.
c 2.0089812 -2.
C 1.8725870 -1.
c -0.1193572 -2
C 0.0135775 -3
H 1.1842179 -4.
H 2.8502730 -2.
H 2.6014809 -0.
H -0.9532646 -2.
H -0.7225716 -4

Svibrational spectrum

# mode symmetry
#

1 a

2

3

4

5

6

7

SV (P)

)
J mol™!)
(au)

.7942172
.1824100
.3543494
.4606063
.5248368
.0587937
.4424552
.0921558
.2923065
.4672754
.3901122

1971132
0900528
1133275

.2000501
.2018261

1778035
1289586
1064682
4305340
4810647

.3328533
.2577098

0169031
9709426
0931220
1431123
8377141

.3458523

1490567

.2237752

7779246
7639563
4960946

.2559564
.5173396

7734357
9600918
6992120
0579155

.3068894

wave number

NWNRPRPRPOOOMNMNMNMNRPEPORPRPOOOODWOOOOoONO

cm** (-1)
-281

0.

[oNeNoNoNe]

.20
00
.00
.00
.00
.00
.00

.3501382
.1120978
.2491536
.2139974
.6268932
.1914371
.2421069
.9437799
.1440870
.2150309
.6558466
.0167486
.3304482
.9201197
.3628840
.1868477
.5683531
.1356710
.2083692
.0775210
.7124324
.3496471
.0512727
.5362660
.2128557
.4637971
.4957934
.5520672
.5751871
.0778296
.5915096
.7828737
.0681654
.4811888
.3035661
.9016755
.2452973
. 7535367
.6983808
.6121681
.6765880

-2277.498753669
-2277.050675757
-2277.0579338980

0.2891519
617.56
PBEO/def2-TZVPP

-0.06291758

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000

O OO O oo

00000

IR
YES

(Toluene Correction)

selection rules

RAMAN
YES
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI R R VRGO UGV OBOURURVRR VR B UR OB OBV RV AR OB URR VR URVER OB URR OB U RO OB U U )

24.
27.
45.
62.
65.
8.
.38

91.
100.
104.
.99
140.
163.
173.
194.
215.
221.
.39
282.
311.
357.
402.
405.
412.
438.
459.
464.
476.
488.
495.
503.
508.
530.
536.
551.
558.
.39
607.
.27
619.
625.
639.
655.

88

117

248

563

613

93
66
67
41
71
12

74
11
64

73
87
92
82
19
11

00
11
00
97
95
17
81
78
82
22
03
73
95
14
44
50
86
62

86

75
45
98
90

= = N

w

S
NN WRFRPRPOWOWPPODWWPORPRPEPRPOOORLRMSEDPMNORPFEP WOONDNENOOOOOOOOOOO OOo

w

.17999
.48622
.02077
.22472
.29527
.03628
.19623
.15481
.55229
.31790
.09532
.44197
.86445
.70349
.83630
.41823
.12687
.85224
.34236
.32284
.24876
.19811
.72270
.75989
.52677
.38930
.37031
.84¢671
.90597
.86045
.64839
.16433
.19986
.61825
.52941
.82493
.96911
.79700
.66942
.86931
.97016
.75850
17631

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES



TS23pb

SCF Energy (au) BP86/SV (P) -2505.228414752

SCF Energy (au) PBE0/def2-TZVPP -2504.778820226

SCF Energy (au) PBE0/def2-TZVPP -2504.7885430275 (Toluene Correction)
Zero Point Energy (au) 0.3313323

Chemical Potential (kJ mol™?!) 705.79

Dispersion Correction (au) PBE0/def2-TZVPP -0.06493997

xyz coordinates

477
Mn 1.5438696 0.9121769 1.8459137
C 2.0798231 0.9719827 3.5736955
C 3.1974123 0.4569030 1.3335957
C 1.9102005 2.6474432 1.5317027
0 2.1536748 3.7650521 1.2941777
0 4.2787058 0.1493930 1.0206017
0 2.4160219 1.0083613 4.6878982
C -1.1654630 0.1794923 2.8715540
C -1.0519913 2.4881328 2.4653612
C -2.3845969 2.6819223 2.8412507
C -3.1387447 1.5606537 3.2329710
C -2.5251532 0.3067525 3.2449353
C -0.4090617 -1.0728962 2.8813346
C 0.8736495 -1.0406434 2.2486695
C 1.6714458 -2.2132932 2.3163424
C 1.2170098 -3.3654072 2.9657126
C -0.0642883 -3.3954557 3.5605320
C -0.8684506 -2.2533241 3.5161742
H -0.4291977 3.3392628 2.1480412
H -2.8179453 3.6938075 2.8222620
H -4.1964514 1.6664260 3.5247371
H -3.0947039 -0.5874665 3.5376316
H 2.6647491 -2.2217370 1.8373571
H 1.8666377 -4.2555965 3.0141119
H -0.4225746 -4.3057289 4.0675956
H -1.8534569 -2.2681725 4.0106361
N -0.4512635 1.2776419 2.4717770
C 0.3693367 1.7188046 -1.1444068
C 0.6498899 0.8052351 -0.0221054
C 0.7090328 -0.4233841 0.3630955
H 0.6788933 -1.4385500 -0.0426014
0 -0.1688441 1.0330044 -2.3015015
H -0.4003790 2.4718013 -0.8668055
H 1.2983409 2.2526720 -1.4426764
C 0.7049208 0.7742823 -3.3204458
0 1.8753878 1.1155984 -3.3111180
C 0.0472152 0.0363104 -4.4440085
C -1.0840302 -1.3458045 -6.6194205
C -1.8713107 -1.0393509 -5.4947766
C -1.3103816 -0.3504427 -4.4085130
C 0.8333988 -0.2740593 -5.5746196
C 0.2691938 -0.9621104 -6.6578499
H -1.5277977 -1.8874805 -7.4714750
H -2.9315905 -1.3404367 -5.4649314
H -1.9178860 -0.1074050 -3.5239907
H 1.8897097 0.0374432 -5.5794971
H 0.8870432 -1.2018104 -7.5389247
Svibrational spectrum
# mode symmetry wave number IR intensity selection rules
# cm** (-1) km/mol IR RAMAN
1 a -244 .44 0.00000 YES YES
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O J o Ul W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

U RN ORGSO O RO O OOV ORURR VRV R R URR VR UV RV AU R UR VBBV RO BB VR U )

O O O oo

(@)

53

101

144
165
171

280

431

471

503

541

.00
.00
.00
.00
.00
.00
.09
12.
19.
36.
49.
.56
63.
68.
81.
91.
94.
.38
106.
122.

41
22
42
37

81
11
72
80
63

77
46

.26
.36
.49
185.
213.
230.
239.
248.
275.
.32
328.
358.
362.
404.
404.
417.

89
01
75
47
79
42

93
46
92
07
41
15

.57
439.
446.
461.
.59
483.
487.
495.
.25
538.
.54
555.
608.

66
69
13

05
66
49
01

44
16

P RO WORPROURFRPRNOWRERORPR OWRF WOOOOOOODOODOOOORrRROOOOOOOOoOo oo

o
= o

N
NeJ

.00000
.00000
.00000
.00000
.00000
.00000
.14991
.42334
.07028
.34341
.00449
.03068
.10861
.21311
.07782
.56193
.43159
.53503
.28635
.47390
.30543
.72460
.24320
.55184
.47639
.89429
.28996
.55678
.73147
.12081
.14672
.92623
.07572
.86355
.01337
.67101
.04544
.34171
.08182
. 75367
.36562
.85382
.99726
.19401
.96319
.91463
.16062
.04452
.89436
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TS23bb’

SCF Energy (au) BP86/SV (P) -2505.224054475

SCF Energy (au) PBE0/def2-TZVPP -2504.774662695

SCF Energy (au) PBE0/def2-TZVPP -2504.7841905779 (Toluene Correction)
Zero Point Energy (au) 0.3314439

Chemical Potential (kJ mol™t) 709.37

Dispersion Correction (au) PBE0/def2-TZVPP -0.06628063

xyz coordinates

47

Mn 1.2176947 1.8127312 1.4456319
C 1.4666299 2.4182820 3.1346110
C 2.8893178 1.1728893 1.4137244
C 1.7679512 3.3323829 0.6551328
0 2.1268865 4.2962021 0.1018704
0 3.9807488 0.7592320 1.4167611
0 1.6187517 2.8163816 4.2189751
C -1.6838173 1.5142621 2.1055525
C -1.2983862 3.5883820 1.0814943
c -2.6544880 3.9279053 1.1212621
c -3.5615029 3.0007085 1.6654012
C -3.0715137 1.7883817 2.1557660
C -1.052244¢6 0.3000024 2.6278138
C 0.3178775 0.0931789 2.2594279
C 0.9900761 -1.0164614 2.8399414
C 0.3403405 -1.8804578 3.7303729
C -1.0174117 -1.6817832 4.0587049
C -1.7050384 -0.5940762 3.5088041
H -0.5586526 4.2812524 0.6514182
H -2.9875741 4.8995658 0.7252030
H -4.6407100 3.2219184 1.7026697
H -3.7603152 1.0398129 2.5746974
H 2.0494275 -1.1997610 2.5938167
H 0.8985435 -2.7185790 4.1805668
H -1.5292451 -2.3650339 4.7553365
H -2.7527021 -0.4154062 3.8017342
N -0.8163498 2.4183728 1.5543468
H 0.6856472 1.5157013 -1.4528148
C 0.6638975 1.1671894 -0.4166241
C 0.4808754 0.0959589 0.2799620
C 0.2934903 -1.3751688 0.0287064
H 1.1764943 -1.9454385 0.3875599
0 0.1108113 -1.6183489 -1.3743703
H -0.6198903 -1.7588766 0.5291987
C 1.2148822 -2.0214416 -2.0778786
C 0.9116156 -2.2027878 -3.5308409
0 2.3038448 -2.2167652 -1.5675274
C 0.4570424 -2.5830452 -6.2818126
C -0.5934419 -2.1600732 -5.4474376
C -0.3701491 -1.9689868 -4.0754074
C 1.9629695 -2.6268606 -4.3723148
C 1.7357560 -2.8156257 -5.7425261
H 0.2779652 -2.7320770 -7.3598355
H -1.5950647 -1.9776276 -5.8706516
H -1.1845808 -1.6372763 -3.4145553
H 2.9540616 -2.8025317 -3.9254058
H 2.5594795 -3.1462033 -6.3964612

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (-1) km/mol IR RAMAN
1 a -278.19 0.00000 YES YES
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O J o Ul W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

U ORGSO O RO O OBV OB OB URRU RV R RR OB VR UV RV AU R URR VBBV ERO BB VR U

O O O oo

(@)

22

55

174

221
240
261

404

447

464
474

520

.00
.00
.00
.00
.00
.00
.29
18.
.29
44,
48.
.33

62.

2.

81.

91.

97.
100.
104.
131.
143.
153.
.60
189.
212.

08

01
83

75
87
93
19
97
80
64
83
99
64

03
84

.80
.53
.29
281.
337.
345.
370.
372.
.28
416.
428.
438.
.54
457.
.31
.49
486.
492.
497.
.26
536.
539.
557.
594.

46
95
86
77
63

30
03
60

06

49
07
16

66
91
69
61

[

[

D2 J 000000 WU JOoORFRrPdONDBDOODDRWOHNOODOONOODOODODODOODIODODIODODODODODIOOOOOOO OO

.00000
.00000
.00000
.00000
.00000
.00000
.20383
.34253
.24399
.53700
.03663
.76764
.67513
.20665
.03362
.30181
.10896
. 65510
.37368
.49765
.40575
.20252
.14773
.20652
.82187
.80722
.72260
.28153
.06689
.67654
.26526
.72862
.71314
.00737
.57346
77797
. 63452
.17340
.37976
.81569
.60730
.48000
.12404
.53026
.99771
.13746
.75461
.52783
.24688
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TS23be

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
47

1.2409727
1.7311248
2.9349362
1.4660984
1.6364875
4.0432610
2.0488129
-1.4110895
-1.4941407
-2.8401766
-3.4994615
-2.7800988
-0.5475761
0.7415510
1.6444047
1.2824482
-0.0064634
-0.9113734
-0.9461394
-3.3574921
-4.5644064
-3.2718994
2.6470104
2.0115115
.2919077
-1.9036072
-0.7912019
0.2036167
0.4513932
.5544724
.5633337
.5251228
.2221469
.8249443
.9931170
.2743359
.2434790
.0745684
.4370484
.7785201
.2338584
.2347654
.9156396
-1.7966169
-1.5580063
0.0361840
0.6509482

|
NP PR OOR OO

TIoDITDITDTDQO@DDoDO@DOQO@DQDnOoODnoOOazEnononDnDnoD Tt 000000000000Q0
[ |
OO N O (@)

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

|
LWwrwoNhdEFEEFEFNMdMNNMNOREREPREFE OO

.0904313
.3069725
.2493845
.8319250
.9606134
.4834398
.4436701
.8149669
.4652372
.5663616
.4091231
.7837775
.9909043
.8796712
.9638656
1071377
.2200319
.1642600
.3464649
.5350863
.4401332
.7047943
.9102543
.9257753
.1243727
.2389523
.3135281
.4229103
.2496748
.4233179
.4760312
.9180035
.3552697
.5785412
.6754389
.5382902
.0717299
.1931968
.3638521
.2070255
.9152600
.6710113
. 7455923
.0368433
.4319299
.0674924
.5192177

WWNEFENMNNEFEFRERPNWNERERPNMNNMNNERERNDNWOOOON

.1054278
.8341453
. 6484351
.7125130
.4571049
.3624492
.9464924
.1472777
.6033007
.9674951
.4211488
.5083186
.2519126
. 6418711
.8098994
.528749¢6
.0972038
.9579791
.2361120
.8893364
.7038761
.8544300
.3538155
.6532134
.6582021
.4322280
.6784625
.1177340
.8076748
.2809152
.5790808
.7641032
.7995672
.0498146
.0945966
.1498764
.8390196
.4382736
.3613850
.6127079
.5702918
.0898355
.8492349
.3533072
.0963259
.1113184
.4963377

-2281.108277972

-2280.675226907

-2280.6812177349 (Toluene Correction)
0.3569715

792.89

-0.06589746
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI U O RGO OO RO R OBV RR VR BB OB OBV RV RO URR VR UV RO OB OB OB U RO RO RO OB

wave number

cm** (=1)

-233
0

o O O o

(@)

35

46.
53.
66.

78

89.

92.
100.
107.
111.
118.
139.
164.
178.

203
222

230.

252

275.
297.
350.
357.
369.
406.
420.
426.
438.
454,
459.

471

471.
489.
497.

501

512.
538.
546.
554.
575.
608.
620.
626.

.32
.00
.00
.00
.00
.00
.00
.44
.20
20
63
66
.23
32
83
02
64
47
84
08
03
62
.50
.28
18
.56
88
12
68
11
95
80
17
52
74
19
39
.27
95
54
71
.29
85
43
38
60
01
92
85
27

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.27019
.13176
.02342
.13003
.05869
.40040
.15455
.72234
.31098
.22848
.08287
.19875
.70360
.45277
.17963
.48532
.01933
.70261
.24883
.27280
.59696
.94622
.26921
.21091
.59754
.06675
17763
.84404
.41550
.23093
.01419
.22404
.07058
. 64178
.55328
.57526
.95694
.34263
.78629
.02399
.54046
.38396
.58342

=

[

w
P OUTOWOWMWOWHF WNRERPRPONRPEPUNWOOOONOOODODODOODIOOIODOODODODIOODOOOLOOOO

N

00000

selection rules

IR
YES

RAMAN
YES
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TS23pc’

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
47

1.0584974
1.4065610
2.7788548
1.3205956
1.4974053
3.9057319
1.6234799
-1.7061683
-1.6886102
-3.0684950
-3.7950418
-3.1089848
-0.8726400
0.4736055
1.3479316
0.9071021
-0.4377380
-1.3174290
-1.0871356
-3.5595699
-4.8867356
-3.6530995
2.4021464
1.6198810
.7867523
-2.3524705
-1.0173060
0.2052153
0.3697731
0.4261576
0.4748275
0.5425282
0.1864101
1.8966294
1.9297454
2.6279615
2.2091946
-1.5643380
-0.5107904
-0.2949055
-0.8600705
-1.2319186
1.7134871
2.9551625
0.9019421
0.9073472
1.1970819

TIoDOQO@DDDTDDnoO@D@D@DooQooooanzZzeoEnononDDnDoD T 00000000000Q0
|
(@)

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

ORFRPNWWENRESWEDNDDN

[ |
NN RO

.0075745
.2963033
. 6425535
.7147665
.8097286
.3940366
.4911867
.1522758
.4310935
.5500041
.4032639
.2000750
.0319920
.0450664
.0237779
.1236832
.2114362
-1.
.3015186
.5246115
.4495819
.2847545
.9837975
.9228353
.0815597
.2085626
.2713703
.1992758
.6399617
.4189076
.9544359
.0274437
. 7265873
.2981526
.6760491
.2662767
.5067970
.8028396
.4069750
.2366847
.1820754
.4215374
.4671955
.8796649
.7681382
.7886735
.0659092

1648302

NwNDNEPENRPEPRPONMDNMMNMNRERRPRPRPRPRPRPRPROWOOOOONO

.8636094
.6176727
.5573960
.3651363
.0032252
.3681308
. 7462495
. 6243631
.0701333
.2626764
.6319445
.8086790
.8388759
.3512083
. 6922311
.4369192
.8578647
.5617230
.7649208
.1173136
7772479
.0850452
.3745237
.7019266
.4369294
.9388834
.2407304
.9447688
.0188688
.5900383
.2231924
.3907468
.4769103
.7380544
.4233278
.9017107
.4582144
.0120097
.0738193
.1362682
.3511143
.9225519
.6670317
.8066906
.5641145
.0097542
.3799218

-2281.103977722

-2280.671218205

-2280.6773988784 (Toluene Correction)
0.3568424

797.65

-0.06661635
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a
a

OISRV O RGO O OB R OB R ORGSR R URRV RN R OB URR VRV EEV R UBR VRO RNV RO R OB URR RN )

wave number

cm** (=1)

-292
-3

(@)

.01
.78
.00
.00
.00
.00
.00
.00
.49
.44
.71
.85
.34
.33
.02
.05
.97
.48
.74
.52
.19
.57
.66
.68
11
.12
.48
.08
.96
.62
.65
.53
.48
.59
.75
.81
.86
.58
.62
.34
.19
.05
.61
.03
.96
.92
.65
.87
.24
.98

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.43330
.00067
.11284
.27708
.02072
.29511
.20021
.72661
.29552
.11726
.14195
.93071
.28006
.06476
.28831
.90382
.13987
.50932
.36210
.10385
.25244
.72735
.82895
.94417
.32053
.93295
.74368
.24741
.83593
.45069
.58686
.90332
.27970
.89286
.81593
.66528
.06695
.76532
.96722
.76435
.29310
.61848

[

w
OO JWEENIOITNODORPRRPONMNRPE RSP WRFROOODOOONOOHHF OOOOOOOODODODOOOOOoOooo

w

00000

selection rules

IR
YES
YES

RAMAN
YES
YES
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TS23ba

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
49

.6834630
.0090554
.3713646
.1363629
.4693042
.4707655
2.2100084
-1.1470986
-0.9324977
-2.2982368
-3.1213617
-2.5420504
-0.4262491
0.9386815
1.6931261
1.1210401
-0.2386122
-1.0019301
-0.2574610
-2.7036819
-4.2059321
-3.1647403
2.7509778
1.7393524
.6882753
-2.0532278
-0.3619388
0.5722182
1.1001983
0.7455663
-0.1863450
-0.7356187
-0.3620324
1.8215642
1.2023613
-0.5456798
-1.4654832
-0.8068323
0.9425459
1.0810974
1.3031505
-1.4962568
0.0455147
-0.1894395
-0.3548213
1.1569677
-1.1337429
-1.6569254
.4882151

SN WN R

EEEEEEOOEOOEEZEEOOOOOOZEEEEEEEEOOOOOOOOOOOOOOOOO§
|
(@)

|
N

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

.0525723
.2577901
.5845235
.6313506
.7221616
.9441518
.4495467
.5976926
.5925442
.8471218
.8185427
.4077008
.8243502
.8829973
.0281449
.0697105
.0167145
.8981569
.3661431
.8331761
.9735543
.2331882
.1042007
.9380311
.8412553
.8431750
.4102460
.1518922
.3866554
.9262172
.2707796
.0382648
.4981225
.9339246
.8797746
.8075638
.5137298
.4520759
.4725647
.5992534
.6483348
.1107966
.0575437
.9030832
.3171793
.9896755
.0962807
.6947161
.9841219

B DN LONREPE R W ONNNMNWOWNMNNMNNNENNSRERRRER WR

.9499502
.6992573
. 6926125
.4813795
.2212537
.5293227
.8302512
. 7197754
.9007414
.0506641
.5459622
.8750646
.0472378
.6156958
.9933610
.7279511
.1126819
7716426
.5045454
.7769299
.6683121
.2502307
.6890843
.0129915
.6890756
.0993318
.2236019
.2459288
.7046310
.9429411
.8004005
.3340738
.1018884
.0809394
.2433579
.0264299
.9434549
. 7746075
.0024645
.6214019
.4068866
.8746984
.4719449
.7811889
.4718110
.5569684
.1692087
.8027670
.3774916

-2411.377999102

-2410.917172120

-2410.9254826611 (Toluene Correction)
0.3599214

787.62

-0.06897874
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI R O RGO OOV OB OBV RR VR B OB OB OBV RV RO URE VR UV ER OB UR OB U R OO R U U

wave number

cm** (-1)

-232
0

o O O o

(@)

23

39.
52.
60.
69.

73

79.
87.
91.

93
102

1009.
113.
133.

172
173

192.
203.

211

232.
249.
259.
279.

294

341.

358

396.
412.
419.
428.
434.
443.
459.

467

473.
481.
494 .
502.
507.
526.
543.
545.

.90
.00
.00
.00
.00
.00
.00
.63
.50
27
61
93
86
.50
07
05
02
.52
.25
71
69
88
.62
.33
99
92
.52
77
78
75
20
.51
09
.51
61
41
20
07
00
83
17
.34
89
82
42
22
05
69
84
01

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.42854
.02888
.17692
.70633
.75764
.00642
.05396
.32040
.20507
.05740
.26300
.54171
.09419
.14201
.09814
.27658
.33520
.53918
.52000
.00193
.06116
.59980
.23298
.33588
.85642
.32281
.22369
.95742
. 72339
.32576
.42381
.48273
.47313
.37495
.59154
.79606
.47340
.20775
.26468
.25813
.26318
.93748
.45832

N
O PP UWNOIHTOURPRRFRPFORPRP WO ODODORROOOOOODOOORROOODOODOOOOOOOLOLOOO

[

N -
~ o

00000

selection rules

IR
YES

RAMAN
YES
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TS23ba’

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Zero Point Energy
Chemical Potential
Dispersion Correction

xyz coordinates
49

0.8765013
0.9665915
2.6063238
1.2790913
1.5517344
3.7367907
1.0198641
-1.9912887
-1.8177428
-3.2051678
-4.0151754
-3.4030226
-1.2377681
0.1509035
0.9280650
0.3691824
-1.0078131
-1.8056209
-1.1489615
-3.6362272
-5.1138208
-4.0118098
1.9974218
1.0090422
-1.4492273
.8727223
-1.2177181
0.4686035
.4881411
.4290407
.6288202
.0131190
.9062441
.7108367
.2496384
.0745392
.1945533
.7696160
.4214364
.1022642
.7974877
.2833252
.3290919
.3052120
.3149097
.2986772
.7685960
.2886267
.5848459

TomIoDoDoDIDQQEDD D TDZ200000000000anZ2nononIDmDID DT 000000000000000n
|
OCOONNWNOORNNRFROORRLEOOO N

BP86/SV (P)

PBEO/def2-TZVPP
PBEO/def2-TZVPP
(au)

(kJ mol-l)
(au) PBEQ0/def2-TZVPP

ON W BDNWNOBDNDWN

.7963850
.2424892
.3530971
.4416824
.4917965
.0547615
.5439671
.1018574
.2754438
.4498593
.3853344
.2059291
.9352140
.9026020
.1658238
.1376972
.1055827
.0770676
.0789482
.4026418
.4754524
.3510936
.2319363
.9362397
.8762165
.0335685
.1397826
. 7499073
.2803288
.0882186
.2901795
.9201236
.8495803
.5755514
.3560608
.6310950
.1852326
.0099100
.2297555
1757743
.4146339
.2604066
.4509679
.2826688
.8095463
.5081616
.0289145
.4784424
.1851661

NWWRPRRPRPOOOMNMNWNNREPERPPOOORF WOOOONO

-2

-4

-2

-2

.9256197
.6802605
.9199746
.3257752
.1099508
.9224713
.8052743
.3960254
.5328868
.5301760
.9656546
.3950251
.8589081
.5138263
.0340893
.8695596
.1834053
. 6726767
.1874558
.1861606
.9651434
.7253487
.7741643
.2817040
.8362410
.9468625
.9516331
.9910079
.0018763
.4932435
.9466634
.0568575
.3563812
.8163986
.6375642
.1787563
.5914633
.0174565
.0624777
.0361319
-0.
.2400371
-3.
-2.
.3723163
-3.
.5330402
-1.
. 7709959

9115329

4588670
9419781

7892528

1443368

-2411.368746066

-2410.909311614

-2410.9178265345 (Toluene Correction)
0.3597223

787.33

-0.07129753
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI U O RGO RO RO R UV RR VR B UR OB URRU RV RO URR VR UV ER OB UR OB U OB OB U OB )

wave number

cm** (=1)

-281
0

o O O o

(@)

27

38.
48.
62.

65
73
80
83

89.
98.

103

103.

128

136.
151.

172

173.

205

208.

220
243

264.
280.

283
355

368.
371.
4009.
420.
432.
448.

458

464.
476.

482
493

498.
505.
512.
534.
538.

548

.14
.00
.00
.00
.00
.00
.00
.19
.26
91
94
05
.23
.20
.39
.34
03
01
.39
76
.54
25
00
.53
86
.54
09
.35
.30
70
06
.52
.23
43
16
54
83
92
63
.25
84
00
.29
.30
67
43
67
45
22
.54

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.87179
.34281
.12241
.33750
.55669
.13583
.38913
.02581
.07330
.82535
.35279
. 62865
.08370
.82791
.50399
.53754
.79403
.17583
72256
.60019
.63172
.79741
.09374
.21745
.52251
.65612
.41136
.81186
.00014
.00760
.90686
.06107
.05615
.40177
.71754
.90114
.86918
.51402
.56968
.91216
.22502
.33803
.78802

=

N
GQONOUHFRF PP UODODOUUROWOWJITORBPBRPRPORFRPONORFPF OOOODOODODOOODOODODODODODOOOOooo

[

00000

selection rules

IR
YES

RAMAN
YES
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TS23pe’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 0.8603316 2
C 0.9379708 2
c 2.5972322 1
C 1.2383753 3
0 1.4943236 5
0 3.7314917 1
0 0.9821245 3
c -2.0001052 1
C -1.8528766 3
C -3.2426123 3
c -4.0396691 2
c -3.4130628 1
C -1.2323193 0
C 0.1593725 0
C 0.9491070 -0
c 0.3982303 -1
c -0.9812609 -1
C -1.7903207 -0
H -1.1942219 4
H -3.6853800 4.
H -5.1394155 2.
H -4.0114237 0.
H 2.0217462 -0.
H 1.0465926 -2
H -1.4162982 -2
H -2.8597754 -0
N -1.2390138 2.
H 0.4719437 2
C 0.4880967 1.
C 0.4524668 0.
C 0.6761080 -0.
C 1.1038637 -3
c 2.0076121 -2
C 1.7857646 -1.
C -0.2132866 -1.
C -0.0108466 -3.
0 1.2167345 -4.
H 2.8885494 -2
H 2.4962790 -0
H -1.0849297 -1.
H -0.7078168 -3.
C 2.3137170 -5.
H 2.1995729 -6.
H 3.2895722 -4.
H 2.3074563 -4.

Svibrational spectrum

# mode symmetry
#

1 a

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3382340
.8134409
.9219831
.9807492
.028489¢6
.6393026
.1300685
.6116006
.7743982
.9286207
.8590150
.6950717
.4638250
.4460522
.6005383
.5675800
.5513558
.5429819
.5826265

8699977
9332059
8367251
6538559

.3497724
.3185221
.5109985

6535486

.2253396

7815788
6049359
7825776

.3947654
.3538623

0670649
8444932
1234504
6758329

.5306660
.2586425

6524542
9463402
0144689
0916702
8568574
4300586

wave number
cm** (=1)
-282.68
0.00
0.00

NWWRPRRPOODOMNMNMNNMNERPRPPRPOOORFF WOOOONO

.6760216
.4240064
.6837214
.0509475
.3993022
.6929300
.5447706
.1448314
.2505319
.2380344
.6846638
.1349044
.6312906
.2975217
.8421360
. 6885341
.9909768
.4581476
.1032778
.1221602
.6768765
.4749357
.5932197
.1180270
.6519113
.7242278
.6889858
.2449167
.2440234
.6992029
.1266604
.1684267
.4722466
. 9553061
.8212391
.3391414
.6162467
.1066706
.1904050
.1762487
.1155303
.4480481
.6844566
.9300167
.3986280

-2391.942812015

-2391.495806536

-2391.5041329799 (Toluene Correction)
0.3207053

692.34

-0.06659232

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[URR IR ORI R RO R RO ORE OB ORI OO OB O OO O O O R O O VTR G O O U R R R R O R U]

o O O

(@)

104

133

217

245

274

367
411
433
447
461

481
490

533
537

.00
.00
.00
.00
.94

29.

45.

54.

65.

69.

82.

89.

96.
100.
.29
119.
.23
151.
160.
176.
190.
.29
229.
.29
266.
.25
282.
356.
.34
410.
.57
414.

19
47
95
46
54
63
06
18
10

76
62
18
79
84
68
00

77
37

21

46

.24
.79
.59
476.
.37
.38
496.
503.
521.
.34
.21
546.
552.
559.
608.

88

63
13
41

83
96
28
71

=

N =
O OWOWN-JODRFRPROJOWDPROOOTW PR OPPOONORPROUUODORPR OOOOOODOOOOOOOo oo

[

I
= O

.00000
.00000
.00000
.00000
.84604
.79127
.13936
.03365
.30469
.04339
.10799
.48148
.65098
.89539
.41734
.61318
.66472
.52672
.85576
.15200
.83338
.68853
.61832
.45810
.50973
.73900
.36243
.42389
.02929
.71430
17621
.20458
.05431
.75264
.27501
.40511
.22403
.44038
.12182
.48972
.61373
.49739
.83007
.77086
.48015
.86247
.44731

$181



TS23be
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 0.8621936 -1.
C 2.0691026 -2
C 0.3354707 -3.
C 2.0477510 -1.
0 2.8360809 -1.
0 -0.0127487 -4
0 2.8389768 -2.
C 0.7186338 0.
C 2.1364778 1.
C 2.3787566 2.
C 1.7428917 2.
c 0.9075607 2.
C -0.1123756 -0.
C -0.3468487 -1.
C -1.0799262 -2
C -1.5781318 -2.
C -1.3719378 -0.
C -0.6428491 0.
H 2.6030517 0
H 3.0483642 2.
H 1.8951081 4.
H 0.3867636 2
H -1.2721714 -3
H -2.1328733 -2.
H -1.7684895 -0.
H -0.4549848 1.
N 1.3329404 0
C -0.7281873 -0.
C 0.0682062 -0
C -0.1602890 0
C -1.1912045 1
c -1.9875578 1
C -1.7625880 0
H 0.8807869 -1
H 0.4793908 0.
0 -1.4906495 1
H -2.7851059 2
H -2.3898731 1
C -0.5628082 -0.
C -1.1738842 -1.
H -2.1688995 -1.
c -0.7396093 1.
H -1.1636778 2
H -0.8310382 0.
H 0.3402008 1

Svibrational spectrum

# mode symmetry
#

1 a

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

7437725

.3221484

4232205
8564604
9745973

.5200114

6915675
8031975
0577432
4023179
9688187
1655473
1382387
4032020

.3732746

0972743
8308322
1382771

.581844¢6

9911698
0295186

.5872098
.3628597

8773296
6134081
1142585

.2712019

0773813

.3445665
.2987836
.2563263
.5500737
.8964494
.0823544

0469182

.9459369
.3030503
.1356930

7472342
1609112
4811356
6854028

.3394228

6206259

.9319926

wave number
cm** (=1)
-227.33
0.00
0.00

B OO WNOO U WDNWNREPRPOONMNMNORE OODNO

.7912015
.0057398
.4714875
.5663307
.4217577
.2724205
.7970921
.3400358
.4858988
7796241
.8998988
.6776365
.0862403
.4575729
.1945911
.4704671
.0635798
.3711397
.3898668
.1341671
.1584286
.5498997
.7460214
.0191101
.0684463
.8487020
.2367404
.6978335
.8377042
.0637801
.1786851
.0454890
.8360872
.7715149
.9224714
.3146853
.1476681
.9621762
.4310331
. 6325697
.9544857
.4882063
.2766994
.8093990
.3518091

-2391.952065529

-2391.503796793

-2391.5119222258 (Toluene Correction)
0.3209337

692.54

-0.06432154

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[N R RO RN O R R RO OB OB ORI O O O OB RO O O R U R O O O VTR G O U T T R O R U R

o O O

(@)

54

70

233

428

461

498

545

610

.00
.00
.00
.00
.41
27.
40.
.50
67.
.24

86.

90.

91.
100.
1009.
113.
123.
148.
176.
181.
202.
232.
.23
249.
259.
278.
287.
357.
367.
404.
413.
422.
.34
438.
449,
.50
472.
479.
486.
.30
507.
529.
544,
.21
553.
568.
.58

78
10

65

69
08
94
97
03
63
87
01
03
06
81
05

69
35
91
88
46
87
64
15
17

19
62

12
94
82

44
46
91

60
43

D OFRPORFRPNOWOOURRFRPRRPFPUUPRP WOOWOOORHROOOOOOHRH OOODOOOOOLOOoOOoOo

[ =N
U1 O o

N
iy

.00000
.00000
.00000
.00000
.41189
.54285
.12463
.43267
.31805
.07862
.50336
.47264
.11787
.83703
.03787
.02923
.95877
.67670
.53732
.33249
.52002
.65903
.92839
.09180
.42038
.18843
.04993
.85353
.71411
.03540
.34921
.05395
.27362
.18566
.72182
.42404
.83535
.51383
.41372
.84853
.78614
.30823
.96894
.42229
.31762
.03624
.48888
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TS23bs
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP

SV (P)

SCF Energy (au) PBEQO/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.5619780 0
C 1.9208386 0.
C 3.2541360 -0.
C 1.9785849 2.
0 2.2835054 3.
0 4.3562761 -0.
0 2.1400928 0.
C -1.2440467 -0
C -1.0702898 1.
C -2.4348486 2
c -3.2360103 1.
C -2.6368801 -0.
C -0.5011196 -1.
C 0.8563183 -1
C 1.6332937 -2.
C 1.0885552 -3.
C -0.2647148 -3.
C -1.0494699 -2
H -0.4127089 2.
H -2.8564114 3
H -4.3190959 1
H -3.2426676 -0.
H 2.6853571 -2.
H 1.7225618 -4
H -0.6941026 -4
H -2.0952652 -2
N -0.4812431 0.
C 0.3501391 0
C 0.9112785 1
C 0.4926697 2
C -0.5125640 1
C -1.1025882 0
c -0.6698862 0
H 1.6958594 2
H 0.9341938 3
F -0.9275114 2
H -1.8929051 0
H -1.1268168 -0
C 0.7735382 0
C 0.9568754 -1
H 1.1704449 -2

Svibrational spectrum

# mode symmetry
#

1 a

2

3

4

5

6

7

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.3660655

6208485
1276676
0697894
1695638
4595864
7768074

.2454675

9843787

.2155314

1542217
0802472
4767078

.5017281

6484384
7252870
7051008

.5854594

7847534

.2094672
.2907115

9298586
6982887

.5955856
.5576641
.5585120

7936973

.6559185
.8710060
.4378441
.8032486
.6096096
.0429080
.3738398
.3739313
.3519564
.1390941
.8930985
.0070599
.1398979
.1796208

wave number

NwNDNPEPE NP OONMNMNMNRERPEPRPPRPRPORFRFWOOOONO

cm** (-1)
=227

0.

[oNeoNoNoNe]

.53
00
.00
.00
.00
.00
.00

.7861690
.5404651
.4770720
.3569203
.1046869
.2814469
.6726748
.5945022
.8796638
.0724391
.5324193
.7882012
.8553073
.4009004
.7196354
.4242352
.8323911
.5475681
.5080550
.8580455
. 6852720
.1358996
.3913901
.6642926
.3827492
.8949469
.1302499
.3668529
.8413999
.0527881
.7954455
.3535508
.1497629
.2581371
.4286426
.9545333
.9592008
.7913662
.1487214
.5775206
.8418947

-2376.678364254

-2376.251797975

-2376.2588756073 (Toluene Correction)
0.2815138

593.78

-0.06085022

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

O OO O oo
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI U O RGO RO O R UV RR VR B U OB OBV RV RO URR VBBV ER OB URR OB U R OO R OB

19.
23.
42.
56.
.27

76.

88.

92.

97.
108.
.28
116.
146.
177.

70

110

182

233

411
423

475

561

21
75
92
70

59
98
03
86
76

73
46
78

.39
205.
.38
258.
275.
278.
355.
363.
388.
406.
.37
.31
428.
445,
456.
466.
.36
486.
497.
504.
516.
540.
543.
553.
.21
611.
620.
623.
628.

49

43
64
75
94
22
27
29

92
07
35
29

90
88
43
93
83
79
24

02
17
93
11

[
AN PP ORFRPOAOANOPEEWONUTWNONOORPR P OOOOOOOOOOOOoOoOo

N N =
N O Wb

= W N
O RN D

.24348
.12982
.09885
.11916
.09686
.08731
.27995
.96432
.53452
.12355
.02049
.06153
.79840
.27680
.18811
.46760
.72356
.38635
.52772
.07715
.58164
.60620
.12682
.57962
.41426
.72845
.46412
.06098
.81889
.63396
.39436
.50086
.81588
.18303
.22702
.84431
.93456
.35600
.34925
.09647
.09154
.33547
.34672

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23pbs’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

41

Mn 1.1679605 1
C 1.3550067 2
c 2.8948304 1
C 1.5482691 3
0 1.8028072 4
0 4.0222238 1
0 1.4715723 2
c -1.6803990 1
C -1.5330810 3
C -2.9181923 3
c -3.7138197 2
c -3.0897143 1
C -0.9131107 -0.
C 0.4585613 -0.
C 1.2528511 -1
c 0.7256611 -2
c -0.6352314 -2.
C -1.4485718 -1.
H -0.8768868 4.
H -3.3590507 4.
H -4.8107081 2
H -3.6879218 0
H 2.3096177 -1
H 1.3785562 -3.
H -1.0517775 -2.
H -2.5015099 -1.
N -0.9214283 2.
H 0.6243956 1.
C 0.6810058 1
C 0.6470050 0.
C 0.8050998 -1
C 1.1005693 -3.
C 2.0104261 -2.
C 1.8558790 -1.
C -0.0902993 -2
C 0.0471259 -3
F 1.242129¢6 -4.
H 2.8286622 -2.
H 2.5658972 -0.
H -0.9133767 -2.
H -0.6510337 -4

Svibrational spectrum

# mode symmetry
#

1 a

2

3

4

5

6

7

SV (P)

)
J mol™!)
(au)

7937775
.1748786
.3467086
.4604883
.5246093
.0452474
.4296359
.1013854
.3042479
.4841053
.4080422
.2110733

0848258
1118585

.2010783
.2017573

1751473
1236896
1173775
4503817

.5029422
.3476784
.2610650

0180279
9678258
0854712
1511209
8451641

.3514882

1528502

.2154115

7481923
7337013
4713673

.2668373
.5285723

9643436
9435393
6638700
0872068

.3494144

wave number

NWNRPRPRPOOOMNMNMMNMNRPEPORPRPOOOODWOOOoOOoONO

cm** (-1)

-281.
0.

O O O oo

12
00
.00
.00
.00
.00
.00

.3566876
.1202758
.2513224
.2019107
.6113293
.1892069
.2510797
.9435919
.1537376
.2210215
.6542685
.0121351
.3288097
.9211469
.3662344
.1886064
.5649013
.1304586
.1931761
.0685604
.7075116
.3392749
.0582935
.5406817
.2072608
.4550728
.5024351
.5424786
.5667166
.0719944
.5896971
.7710760
.0964077
.5055919
.2791782
.8715097
.3325375
.8026004
.7434700
.5704353
.6453449

-2376.669021186

-2376.243801851

-2376.2510386261 (Toluene Correction)
0.2813228

594.57

PBEO/def2-TZVPP-0.06310967

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -

O OO O oo
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

UV R VRGO U O RV O OB OBV RR VR B UR OB OBV RV RO URR VR UV R OB URR OB U R OB OB U OB

23.
.28
45.
57.
65.
.52
85.
90.
99.
.52
.26
136.
154.
167.
181.
.28
.29
.32
258.
281.
356.
359.
.54
412.
413.
430.
.28
449,
460.
.37
486.
492.
496.
507.
.58
536.
545.
552.
557.
607.
619.
.35
629.

33

74

104
110

205
218
245

403

444

478

531

624

06

13
85
73

64
27
81

48
01
10
48

04
62
45
88

41
93
46

03
93

58
15
96
24

44
62
27
93
80
49

46

P NOORF ORFRPRRPONRPFORFOWOOOOOODOODOOOoOOooOOo

w N = = =
N TR NP WWNNREOR®O

.43019
.22086
.06902
.03442
.24950
.20522
.15124
.39165
. 62535
.34564
.08384
.24950
.08206
.25609
.60014
.40959
.72221
.21865
.84291
.30776
.45448
. 62025
.10795
.13305
.24644
.39448
.65374
.34976
.31257
.32081
.15331
.15353
.50645
.14471
.35931
.07556
.08104
.54518
.44836
.28800
.47328
.81025
.75821

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23pg
SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

44

Mn 1.6199261 0.
C 1.9703585 0.
C 3.3203503 -0
C 2.0127327 1.
0 2.2972423 2.
0 4.4275292 -0.
0 2.1853940 0.
C -1.1792486 -0.
c -1.0355679 1.
C -2.4029705 1.
C -3.1890964 0.
C -2.5732740 -0
C -0.4201235 -1.
C 0.9355425 -1.
C 1.7276002 -2.
C 1.2003632 -3.
C -0.1504308 -3.
c -0.9510923 -2.
H -0.3899306 2
H -2.8381934 2.
H -4.2734418 1.
H -3.1670728 -1.
H 2.7779030 -2.
H 1.8459733 -4.
H -0.5662476 -4.
H -1.9950363 -2.
N -0.4304319 0
C 0.4252095 0
C 1.0845783 1
C 0.6668475 2
C -0.4316259 1
C -1.1054294 0
c -0.6837424 -0
H 1.9388036 2
H 1.1940743 3
c -0.8489076 2
H -1.9705211 0.
H -1.2180867 -0.
C 0.8396665 -0.
C 1.0375226 -1
H 1.2599484 -2
F -0.7199966 3.
F -2.1388102 2.
F -0.0882877 1.

Svibrational spectrum
# mode symmetry
#

a

Sw N

)
J mol™t)

(au) PBEQ/def2-TZVPP

1839127
4585406

.2897316

8912149
9925574
6078570
6268440
4538706
7700997
9850299
9188300

.3050667

6737136
6886456
8220221
8950022
8841555
7789871

.5751603

9706082
0429133
1587135
8640172
7541239
7332208
7600360

.5901520
.4646606
.6109801
.1973363
.6717741
.5431403
.0528002
.0406499
.0839041
.2954447

1313201
9313327
1949227

.3347500
.3733239

6466930
0147342
8497925

wave number

WWWHFEDNMNNMNMNPEPOWWNNENNNEREPRPNOOOONLR

cm** (-1)
-221.56

0.00
0.00
0.00

.2244550
.9778204
.9266841
.7828043
.5179697
.7384601
.1086720
.0373772
.2989351
.4916835
.9654244
.2331667
.3090137
.8509875
.1778069
.9016578
.3175383
.0201217
.9165658
.2663466
.1195822
.5914871
.8430276
.1503903
.8834527
.3732780
.5618163
.9214119
.4406344
.6394776
.3481923
.8415792
. 6485551
.8981213
.0254955
.6585145
.3839526
.2533843
.7088548
.1287520
.3917808
.6358574
.9680578
.6939033

-2614.321919435

-2613.938388064

-2613.9456534346 (Toluene Correction)
0.2938786

609.72

-0.06429204

IR intensity selection rules
km/mol IR RAMAN

0.00000 YES YES
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[URN IR ORI R ORI R R OB ORI OO O ORI OO ORI GO O OB R OB OB OB R OB O]

o O O

~J

17

64

68

88

111

197

278

358

400
402

435
455

497
502
521

.00
.00
.00
.57
.70
.57
39.
53.
.57
.37
84.
.58

90.
101.
107.
.52
123.
166.
169.
189.
.50
205.
234.
258.
.23
294.
333.
.35
383.
.39
.37
411.
426.
.36
.25
464.
466.
476.
492.
.58
.37
.29
542.
545.
553.
564.

40
16

86

97
75
00

67
48
78
44

67
18
19

42
91

65

18
61

66
98
39
10

49
04
10
73

=

[

=

=
O ONRPRBERLREHEROOOMONRERRERUNRPPFNNOOORHOONOOOOOOOOOODOOOOOO OO

.00000
.00000
.00000
.08787
.02691
.40150
.11062
.26578
.09205
.13503
.30126
.21602
.86229
.61090
.11636
.04179
.39127
.85398
.80858
.55734
.45027
.38839
.76864
.93481
.21455
.80403
.63884
.03901
.02331
.40651
.56811
.44785
.14994
.54616
.11501
.39488
.81202
.76004
.01598
.50701
.21196
.91749
.24062
.18632
.46029
.25262

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23pg”
SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

44

Mn 1.0446202 2
C 1.1981552 2
C 2.7832881 1
C 1.3941553 3
0 1.6281967 4
0 3.9179773 1
0 1.2902589 2
C -1.7905760 1
C -1.6847092 3
C -3.0724214 3
c -3.8472378 2
c -3.2011110 1
C -1.0016303 0
C 0.3728925 0
C 1.1861554 -0
c 0.6733319 -1
C -0.6892004 -1
C -1.5198851 -0.
H -1.0442952 4.
H -3.5311239 4.
H -4.9451686 2.
H -3.7832541 0.
H 2.2456846 -0.
H 1.3391203 -2
H -1.0941491 -2
H -2.5744458 -0.
N -1.0519180 2
H 0.5631348 2
C 0.6037548 1.
C 0.5771495 0
C 0.7362246 -0.
C 1.0549481 -3.
C 1.9940182 -2.
C 1.8324125 -1.
C -0.2001407 -1.
C -0.0489507 -3.
C 1.2296801 -4.
H 2.8553113 -2.
H 2.5692766 -0
H -1.0604641 -1.
H -0.7948139 -3.
F 1.5905075 -5.
F 2.1802621 -4.
F 0.0749786 -5

Svibrational spectrum
# mode symmetry
#

a

Sw N

)
J mol™!)

(au) PBEQ0/def2-TZVPP

.2196695
.6359065
.8101785
.8859223
.9485527
.5340174
.9124888
.4788949
.6702602
.8273872
.7460619
.5661279
.3123426
.3073319
.7613311
. 7655737
.7600573

7277174
4890153
7808319
8235315
6993749
8032007

.5672179
.5549752

7064679

.5341520
.2112433

7379934

.5524922

8300358
4210172
4157620
1303839
8529545
1298277
8283375
6375007

.3425361

6353141
9112308
6834771
9093161

.3095419

wave number

NWUWNRPRPRPODODOMNMNMNNMNERPRPPRPOOORFF WOOOONO

cm** (-1)
-255.12

0.00
0.00
0.00

.5499048
.3093251
.4800956
.0312781
.4553341
.4444023
.4368457
.1355548
.3070757
.3775804
.8344706
.2096823
.5382334
.1399938
.5995115
.4267004
.7968418
.3494605
.0557742
.0735908
.8929761
.5562845
.2981667
.7878006
.4437029
.6701195
. 6732917
.3631115
.3765606
.8521550
.3363065
.4309260
.7184140
.1795329
.0541714
.6038352
.9552798
.3665245
.4007842
.4029020
.3883314
.9621783
.9162865
.4819251

-2614.309477147

-2613.929233249

-2613.9365857123 (Toluene Correction)
0.2938482

615.77

-0.06657179

IR intensity selection rules
km/mol IR RAMAN

0.00000 YES YES
0.00000 - -
0.00000 - -
0.00000 - -
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O J o U

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[URR IR ORI R ORE R RO OB ORI OO OB O RO O OB ORI CRO R O O R O R R OB OB U U OB U]

53

68
84
98

114

227

283

383
395
398

447
457
464

557

.00
.00
.00
19.
27.
36.
39.
.23
64.
.31
.55
89.
.38
99.
106.
.25
134.
147.
158.
174.
205.
222.
.63
249.
278.
.25
349.
359.
.55
.33
.54
416.
430.
.93
.31
.37
475.
487.
494 .
5009.
521.
523.
536.
550.
.50
570.

38
80
47
58

72

92

94
78

60
90
95
99
88
42

15
70

26
42

19
08

72
97
87
69
65
98
63
84

14

[
ORFRP NP OFRFRFWNONOPOOEDNNODOUWOWORFRFOONOOOOOOODOOODOOODODOODOOOoOOoOo

.00000
.00000
.00000
.35992
.03761
.52845
.21012
.14211
.08135
.41793
.02591
.66128
.68424
.07422
.31950
.24696
.04530
.70488
.91092
.16022
.13288
.44858
.35744
.21159
.18101
.15136
.91686
.76641
.45183
.70311
.47142
.80839
.93652
.21251
.25923
.95976
.71042
.61682
.04247
. 79537
.12330
.59362
.48469
.04644
.58670
.27068

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23bh

SCF Energy (au) BP86/SV (P) -2505.236367416

SCF Energy (au) PBE0/def2-TZVPP -2504.785704894

SCF Energy (au) PBE0/def2-TZVPP -2504.7950366914 (Toluene Correction)
Zero Point Energy (au) 0.3307489

Chemical Potential (kJ mol™?!) 706.50

Dispersion Correction (au) PBE0/def2-TZVPP -0.06699044

xyz coordinates

47

Mn 1.6754286 -0.0989474 1.7320687
C 2.0246866 0.1907221 3.4826619
C 3.3761028 -0.5732624 1.4381564
C 2.0663400 1.6058582 1.2761918
0 2.3505924 2.7059428 1.0062560
0 4.4836663 -0.8920963 1.2525671
0 2.2394096 0.3678434 4.6123541
C -1.1236676 -0.7355322 2.5456355
C -0.9827449 1.4824181 1.7886419
C -2.3512267 1.6956683 1.9750354
C -3.1364053 0.6318319 2.4555878
C -2.5185919 -0.5881900 2.7359582
C -0.3629939 -1.9519531 2.8274500
C 0.9942964 -1.9662292 2.3738530
C 1.7871152 -3.0969841 2.7083437
C 1.2591085 -4.1680168 3.4344833
C -0.0931520 -4.1578398 3.8456843
c -0.8945836 -3.0551473 3.5412365
H -0.3378479 2.2853166 1.4005864
H -2.7881502 2.6779311 1.7388707
H -4.2216541 0.7544255 2.6044017
H -3.1116575 -1.4403217 3.0990710
H 2.8387260 -3.1386268 2.3775361
H 1.9051987 -5.0252121 3.6886868
H -0.5096903 -5.0056651 4.4129586
H -1.9400714 -3.0369371 3.8898672
N -0.3756995 0.3062179 2.0637330
C 0.4636371 0.1596775 -1.4108760
C 1.1217846 1.2999242 -1.9468962
C 0.6946638 1.8756950 -3.1472259
C -0.4168376 1.3493412 -3.8430565
c -1.0859068 0.2230198 -3.3128248
c -0.6556187 -0.3642270 -2.1220225
H 1.9853339 1.7276221 -1.4171679
H 1.2213671 2.7505785 -3.5564537
c -0.9245870 1.9319464 -5.1192142
H -1.9516267 -0.1796151 -3.8622928
H -1.1828555 -1.2410020 -1.7133119
C 0.8882290 -0.4932444 -0.2000688
C 1.0969078 -1.6260932 0.3897569
H 1.3282855 -2.6646696 0.1347985
0 -0.19500944 3.0065661 -5.5221740
0 -1.8845255 1.5108534 -5.7466551
C -0.6152721 3.6178162 -6.7452257
H -0.5710537 2.8924294 -7.5861685
H 0.0841179 4.4583675 -6.9218394
H -1.6584831 3.9917998 -6.6589589

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (-1) km/mol IR RAMAN
1 a -220.95 0.00000 YES YES
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O J o Ul W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

USRI ORGSO O RO O OOV RR OB URRU RV URR VR UV RV AU BB VR U RO BB VR U )

O O OO oo

~J

88
91

104

310

357

410

510
531

.00
.00
.00
.00
.00
.00
.19
.95
33.
50.
62.
65.
1.
81.
.35
.20
100.
.34
110.
114.
122.
151.
162.
172.
186.
196.
234.
243.
258.
278.
.30
330.
.39
366.
406.
.28
419.
432.
444,
458.
463.
468.
481.
494 .
502.
.39
.24
544,
549.

13
45
46
98
16
74

95

48
82
64
79
80
13
96
98
08
10
63
49

95

76
16

15
70
49
63
19
90
86
74
91

18
57

=

=

[
WHERP WOUONE WWNOODED JJORFRPNOONRPEFNRPFPFOOOOOOODODOODOOODODOODOOOoOOoOo

[

[
o W o

.00000
.00000
.00000
.00000
.00000
.00000
.62059
.53375
.60224
.43904
.22710
.05742
.53438
.48049
.37958
.84586
.52271
.18076
.04179
.38083
.13392
.20487
.63536
.96656
.89815
.65384
.43297
.46732
.81873
.18283
.10652
.58735
.72527
.85249
.17136
.19811
.05301
.35204
.07229
.25641
.28765
.35694
.52039
.15862
.21556
.39519
.55006
. 64828
.58159
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TS23bn’

SCF Energy (au) BP86/SV (P) -2505.225492213

SCF Energy (au) PBE0/def2-TZVPP -2504.775890270

SCF Energy (au) PBE0/def2-TZVPP -2504.7853054603 (Toluene Correction)
Zero Point Energy (au) 0.3306400

Chemical Potential (kJ mol™?!) 709.19

Dispersion Correction (au) PBE0/def2-TZVPP -0.06918112

xyz coordinates

477
Mn 0.9887955 2.7402352 0.7706369
C 1.0993447 3.1983377 2.5227002
C 2.7327679 2.3462166 0.7441052
C 1.3325783 4.3975058 0.1610897
0 1.5635823 5.4539063 -0.2801258
0 3.8701017 2.0799175 0.7359770
0 1.1627870 3.5019474 3.6453639
C -1.8493390 1.9787834 1.3069888
C -1.7496036 4.1506747 0.4281616
C -3.1406970 4.2900659 0.4562208
C -3.9135692 3.2089836 0.9170475
C -3.2624680 2.0479015 1.33945438
C -1.0562409 0.8339295 1.7602694
C 0.3267248 0.8359876 1.3934286
C 1.1423542 -0.2092920 1.8991227
C 0.6232379 -1.1958656 2.7438670
C -0.7471626 -1.1977348 3.0836444
C -1.5805428 -0.1897356 2.5881098
H -1.1101961 4.9691260 0.0627906
H -3.6031842 5.2293250 0.1159073
H -5.0136938 3.2720352 0.9419270
H -3.8421898 1.1812040 1.6903115
H 2.2090619 -0.2462592 1.6234060
H 1.2906992 -1.9780785 3.1427249
H -1.1566153 -1.9788526 3.7444260
H -2.6425742 -0.1732216 2.8834889
N -1.1121824 3.0325985 0.8391478
H 0.5731256 2.6691468 -2.1492393
C 0.5999846 2.2146977 -1.1533827
C 0.5725363 1.0374637 -0.6096531
C 0.7569336 -0.3466514 -1.0761748
C 1.1032229 -2.9331540 -2.1894601
C 1.9936720 -1.8902474 -2.5201913
C 1.8227303 -0.6136950 -1.9733878
C -0.1261273 -1.4013112 -0.7416334
C 0.0391434 -2.6750319 -1.2969620
C 1.3347123 -4.2748564 -2.8077003
H 2.8222398 -2.1055597 -3.2130084
H 2.5225023 0.1981937 -2.2265386
H -0.9587920 -1.2106318 -0.0473453
H -0.6601518 -3.4848910 -1.0415122
0 0.4172089 -5.1943266 -2.4003227
0 2.2358853 -4.5350583 -3.5888433
C 0.5740883 -6.5059498 -2.9548469
H 1.5647993 -6.9322792 -2.6864025
H 0.4918442 -6.4785578 -4.0629580
H -0.2413344 -7.1169416 -2.5206298
Svibrational spectrum
# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN
1 a -279.75 0.00000 YES YES
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O J o Ul W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

USRI ORGSO O RO O OOV RR OB URRU RV URR VR UV RV AU BB VR U RO BB VR U )

O O O oo

(@)

24

67
70

87

103
112

472

533
537

.00
.00
.00
.00
.00
.00
.51
.76
32.
47.
64.
.25
.35
82.
.39

94.
100.
.57
.09
118.
127.
145.
153.
166.
184.
213.
220.
238.
250.
280.
311.
342.
352.
359.
406.
4009.
417.
439.
456.
463.
.63
481.
490.
496.
506.
530.
.50
.58
551.

68
97
95

07

66
79

76
62
61
40
37
68
11
16
70
11
11
94
79
63
74
74
68
12
06
81
91

41
61
13
21
13

81

GO WU, O IR DR WOOUTUD OO P OONRPENOOOHHOOOOOOOOODODOOOOOOo oo

.00000
.00000
.00000
.00000
.00000
.00000
.16059
.87042
.08852
.12715
.28703
.27949
.90578
.00642
.43598
.19779
.72579
.34623
.05407
.83993
.31218
.61791
.18467
.25911
.11024
.34696
.27071
.94535
.12507
.16457
.32206
. 65277
.38192
766777
.90136
.43837
.65096
.80633
.34689
.20800
. 62376
.75192
.25573
.41333
.74702
.95655
.73254
.44805
.46093

5195



TS23pi

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.2284099
1.5620366
2.9273281
1.6434711
1.9471210
4.0370505
1.7693929
-1.5930377
-1.4230210
-2.7945880
-3.5965644
-2.9914033
-0.8419187
0.5137302
1.3020194
0.7803488
-0.5687414
-1.3732091
-0.7646249
-3.2206584
-4.6845633
-3.5965492
2.3484940
1.4288366
-0.9813079
-2.4159104
.8284099
0.0945543
0.6987102
0.3105255
-0.7014314
-1.3199512
-0.9286343
1.4879791
0.8025534
-1.0100169
-2.1159919
-1.4131168
0.4849326
.6176539
.9050220
.4063271
.2618486
.0123522
.0578509
.3020509
.6003697
.1321351
.6808079
.8045580
.3757043

TIDIDITD T oD DT OO OQzEEnnoDn DD DT 0000000000000Q0n
|
(@)

OO NWwWRFRFOONMNEFE OO

(au)
(kJ mol-l)

R wWNORFR O DNORF -

(au) PBEQ0/def2-TZVPP

.2096656
.5138190
.7258085
.9064109
.0056210
.4075761
.7061248
.6161711
.8073479
.0321862
.9873808
.7740528
.5904372
.6407273
.7491283
.75277792
.7094054
.6351007
.5942705
.0087476
.1190964
.0653700
.8228908
.5857440
.5064344
.5845359
.6382384
.4033769
.5846759
.1154749
.4984187
.3340049
.7904781
.0825054
.0277355
.9242965
.8413282
.1221004
.7919926
.3872074
.7370470
.2630888
.1800486
.9246944
.8380240
.0862243
.2471813
.3104977
.0744638
.7030931
.9305813

Wb wWHFEFNDNRPFRPFODODWWWNhENMNNNRERPREPREREDMOOOONLRE

.1382910
.8913023
.8612965
.6896087
.4325857
.6800472
.0206092
.9181808
.0951993
.2429397
.7374686
.0703341
.2596235
.7988529
.2092470
.0305000
.4470207
.0566399
.6972160
.9665788
.8557951
.4436361
.8712361
.3501090
.0865512
.4112702
.4219360
.0120869
.5170173
.7557732
.5124083
.0200295
.7899662
.9351974
.1325043
.4814419
.6032712
.4074074
.7596752
.2165945
.7305169
.9051931
.1697585
.5928466
.4608263
.0522565
.3632658
.8343011
.8002598
.2113908
.8428687

-2508.400949832

-2507.915535463

-2507.9234924354 (Toluene Correction)
0.3685873

807.17

-0.080505106
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI VRGO O OO RV O OBV RR VR BB OB OBV RV AR OB URR VR UV RO BB OB U R OO R U U

wave number

cm** (-1)

.54
.00
.00
.00
.00
.00
.00
.37
.57
.25
.01
.41
.27
.78
.34
.06
.47
.63
.50
.58
.03
.60
.90
.91
.93
.42
.37
.13
.98
.70
.61
.35
.57
.15
.20
.17
.22
.54
.89
.10
L7
.05
.89
.24
.12
.33
.37
.03
.23
.89

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.10076
.08172
.18295
.54213
.04774
.17249
.21687
.06198
.05727
.01476
.96153
.54914
.14237
.26936
.28199
.12153
.74455
.83635
.51480
.35535
.18482
.73153
.90979
.22690
.85677
.37678
.82901
.10506
.31570
.47644
.99814
.17057
.65946
.49662
.42520
.85399
.46976
.85840
.85901
.88208
.98089
.60839
.15442

a1
NDO OO PR OOORFRPRRPORPROPPODODURPRRPOORPRONDNOORPRPR OOODODODODOOODOO0DO0ODODODODOOOOooo

00000

selection rules

IR
YES

RAMAN
YES
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TS23b3

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
55

1.1107140
1.4536300
2.8216825
1.4253820
1.6383710
3.9410779
1.6673532
-1.6730865
-1.6057870
-2.9832332
-3.7346329
-3.0747851
-0.8665972
0.4756185
1.3177891
0.8546450
-0.4826357
-1.3333770
-0.9843578
-3.4533714
-4.8252653
-3.6384380
2.3676456
1.5448939
-0.8465513
-2.3633460
.9591051
0.1966399
0.3998843
0.4971635
0.6203960
0.8380856
0.6203238
1.5056578
-0.8285708
-0.4533369
-1.5094005
-1.6815875
0.4416387
-0.2312817
-1.9058287
-1.5273465
-2.5876713
1.5184950
-0.4194166
-0.3910740
2.1366295
1.2940266
2.1069365
2.6003986
0.7021094
0.6646045

TIoDOoOT@DQDn@DDnoO@D@DoDoDTDQQDnoODnoDoODooOOOazonn DD DT ZDZOOOO0O00000000000000000n
|
(@)

(au)
(kJ mol-l)

P NMNNORFR O DDNORF -

N WWEDNDNDDNRE

(au) PBEQ0/def2-TZVPP

.2303049
.4391606
.8326776
.9528506
.0679819
.5625425
.5794104
.4395534
.7156785
.8642757
.7350554
.5186962
.7623583
.7158966
.8216256
.9182694
.9653252
.8882625
.5731816
.8483478
.8056594
.3837800
.8105518
. 7457250
.8300140
.9043005
.5423094
. 7365319
.9469695
.2772839
. 6273671
.4284989
.5383279
.1689530
.7767922
.8450511
.9814157
.7616080
.3915483
.6059767
.0516221
.6969813
.2585816
.1420550
.1371300
.6606134
.7389659
.9459554
.2223677
.3476417
.8614864
.3496998

WWWRFENNRFEFRPRPWWNNMNENMNNMNNNRERERPRNNOOOR W

.3664159
.1321289
.0473399
.9656235
.6816749
.8435184
.2692846
.1100267
.5460238
.7337919
.1086907
.2928447
.3160031
.8125509
.1160740
.8506572
.3041323
.0373132
.2442892
.5829998
.2523417
.5721509
.7788899
.0870740
.8820871
.4300284
.7231250
.7972506
.5521279
.1349112
.7939240
.8701320
.6982553
.3929317
.3683386
.4918898
.0763700
.4184072
.1109637
.5592191
.3672155
.0005963
.8259528
.4916082
.5106304
.5826174
.7842564
.7821047
.7176136
.4796392
.5442694
.4845199

-2360.864038348

-2360.429227641

-2360.4352858128 (Toluene Correction)
0.4312018

963.71

-0.07320480
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H
H
H

Svibrational spectrum

#
#

3.2350785 3.9776542
2.4033074 3.9279319
3.2005533 2.4534281

mode

O J o U b wdN P

G B B B D D DB DE DA WWWWWWWWWWRORNRNONNNNNMNMNN B R R e
OWVWOWINUBEWNROO®OJIANNEWNRL,OWO-JANUDWNRLOWO®JO U S WNEFE O WO

symmetry

a

[URN R R R ORI R R O R OR OB ORI OO O O OB R OB O O TR U R O O O TR O O O U T T O OB U )

wave number

cm* * (
-219
0

[oNeoNeoNoNe]

[e)}

27.

45

53.
55.
70.
2.
75.
87.
96.
98.
104.
106.
1009.

114

127.

135

162.

175

194.
212.
228.
232.

244

248.
266.

288

295.
340.
357.

374

407.

421

432.
445,
454,
466.
476.
494 .
501.
506.
539.

-3.8167756
-5.4080876
-4.7631495

_1>
.60
.00
.00
.00
.00
.00
.00
.59
.63
79
.37
12
97
10
42
44
47
79
81
77
36
55
.55
64
.37
64
.25
71
94
42
84
.25
97
74
.27
77
12
71
.57
13
.35
67
43
74
89
97
06
73
03
27

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.16626
.11480
.04135
.12128
.02177
.43534
.04223
.08127
.02293
.13587
.38697
.56577
.10079
.13085
.09909
.02645
.56038
.27014
.01310
.25308
.23061
.39155
.21344
.76318
.06565
.13199
.19040
.59620
.89610
.37202
.07517
.06299
.47999
.57145
.39157
.55153
.98736
.00115
.20250
.72617
.91228
.37450
.90485

[N O G TN VL el e NeoNeoNoNoloNeolol i NeoloNoNololoNoNeoNoNoNoRoNoBoloNoNoNoNoNoRolNololNolNeNo)

00000

selection rules

IR
YES

RAMAN
YES
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T523ca

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
57

0.9098750
1.2396347
2.6475571
1.2684348
1.5234693
3.7804513
1.4479138
-1.8802210
-1.7800896
-3.1543107
-3.9182654
-3.2752138
-1.0968017
0.2443544
1.1020101
0.5215603
-0.8134899
-1.6291399
2.2686222
-1.3307536
-1.1477021
-0.2902579
0.3587554
-0.1252227
-1.2719680
-1.9313876
.4509279
0.1940592
0.4807960
-1.1527441
-3.6108193
-5.0045652
-3.8477972
-2.6803769
1.2573669
0.4019777
-1.6512502
-2.8320578
-1.9685037
0.8582417
-2.3920439
-0.7512141
-1.2788372
1.4364970
.8947015
.3122862
.9677445
.8641164
.6104896
.1261966
.1530863
.6320497

QOO D I DD ID DD D TDTDIDTDTZDOOOOO000000200000200000000000000
|
—

NDNNDNDDNDDNDODN R

(au)
(kJ mol-l)

NWWHE P& WR P

(au) PBEQ0/def2-TZVPP

.8356666
.7871900
.4826921
.6041827
. 7442112
.3542633
.7134857
.0356747
.3400611
.4950630
.3601831
.1242711
.1954282
.0788298
.2669893
.4547193
.5505430
.4425809
.2951855
.8699686
.1506025
.7328610
.9618873
.8024539
.4519655
.2424671
.3912803
.8083271
.6193957
.2049584
.4924433
.4403470
.2165580
.5363013
.2480346
. 7466836
.1200554
.9567922
.4439589
.3508818
.7659231
.2328524
.6654035
.5980294
.8576669
.3335121
.5078727
.3778490
.4404944
.1802333
. 7975710
.0567575

DWW NhwbdhOooONMNDOODN

.2916640
.4765609
.6359753
.4316902
.4771170
.8649219
.6212918
.3493143
.0736442
.1368629
.4620128
.5635844
.4200711
.0221512
.0707704
. 6223414
.9935413
.8747245
.3465440
.5038338
.0307723
.3445501
.6353746
.6468580
.3818446
.0980075
.0941614
.3515034
.9634753
.3367287
.0431678
.6306485
.8036044
.1820166
.0692580
.8629965
.1726422
. 6672691
.8730518
.3010040
.8075188
.3812089
.7251127
.7741268
.2018580
.1421400
.3462925
.8109069
.9273811
. 6345091
.0957061
.3904190

-2678.188164496

-2677.701903263

-2677.7129455643 (Toluene Correction)
0.4155167

916.38

-0.08439631

S200



H 3.2410988 -4.5788708 5.8274084
H 2.7857707 -6.4813136 4.2470369
H 1.9267051 -6.0209632 1.9470027
H 1.9802871 -1.7558425 2.7791501
H 2.8298523 -2.2154333 5.0752334
Svibrational spectrum
# mode symmetry wave number IR intensity selection rules
# cm** (=1) km/mol IR RAMAN
1 a -158.39 0.00000 YES YES
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 0.00 0.00000 - -
8 a 16.31 0.16610 YES YES
9 a 19.21 0.14140 YES YES
10 a 20.70 0.05217 YES YES
11 a 24.15 0.13533 YES YES
12 a 28.69 0.60836 YES YES
13 a 43.50 0.11576 YES YES
14 a 55.93 2.17310 YES YES
15 a 70.63 0.18942 YES YES
16 a 75.08 0.18011 YES YES
17 a 83.27 0.01423 YES YES
18 a 85.27 0.56858 YES YES
19 a 97.48 0.55006 YES YES
20 a 103.95 0.30751 YES YES
21 a 111.46 0.39234 YES YES
22 a 115.39 0.63150 YES YES
23 a 126.26 0.45633 YES YES
24 a 145.84 0.24780 YES YES
25 a 153.38 0.50353 YES YES
26 a 162.83 0.10641 YES YES
27 a 192.28 0.83006 YES YES
28 a 192.55 0.52243 YES YES
29 a 204.96 1.16647 YES YES
30 a 213.33 0.26692 YES YES
31 a 245.14 0.49944 YES YES
32 a 252.28 0.39293 YES YES
33 a 255.49 0.28550 YES YES
34 a 260.15 1.10096 YES YES
35 a 305.23 0.85843 YES YES
36 a 326.12 2.04965 YES YES
37 a 350.42 7.12781 YES YES
38 a 368.62 4.52977 YES YES
39 a 383.52 3.78026 YES YES
40 a 400.95 0.02287 YES YES
41 a 401.52 0.22387 YES YES
42 a 411.81 10.99243 YES YES
43 a 430.02 7.43046 YES YES
44 a 440.22 13.87203 YES YES
45 a 450.45 13.59888 YES YES
46 a 460.14 1.30985 YES YES
47 a 464.12 4.29608 YES YES
48 a 468.65 9.67586 YES YES
49 a 478.93 0.85227 YES YES
50 a 492.04 2.00409 YES YES
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T523ca’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
57

0.7138071
1.1068390
2.4330774
1.0673393
1.2919132
3.5587450
1.3553517
-2.1057198
-1.9501941
-3.3216873
-4.1161799
-3.5023884
-1.3448304
-0.0125015
0.8685198
0.2665812
-1.0716427
-1.8769306
2.0773055
-1.6044607
-1.3467834
-0.1032397
0.0146097
0.0568635
-1.2997601
-3.7533767
.2027305
-4.0977751
-2.9203268
0.1335619
-2.6641268
-1.0283502
-1.5641031
1.1742491
.6278683
.0556937
.6944240
.5715018
.2125776
.7410718
.9956023
.4601761
.9379800
.2948495
.4581802
.9264470
. 7442427
.2436835
.4121581
.3624037
.0348033
.9801775

QOO DmD DO D@D DDIQDn D DD ITETOQDZ200000200000000000000
|
ul

OFRPRPRPONREFEFRERNMNMNNMNMNNNERERPNNNDODNDRE

(au)
(kJ mol-l)

ON W BNDNDNDODNDDNDDN

(au) PBEQ/def2-TZVPP

.8980516
.9124074
.5191573
.6427539
.7699489
.3776686
.9018747
.1386502
.4577347
. 6340174
.4991076
.2449093
.8924277
.9761958
.1849968
.3659019
.4466455
.3308541
.1866064
.7531520
.2502233
.4828033
.8232305
.5599712
.3214130
.6464581
.5943436
.3370573
.4004872
.2634315
. 6326257
.1150192
.5554622
.5126875
. 7425968
.2718138
.4261753
.2122539
.2920695
.0560628
.6648834
.8991837
.3932633
.3264140
.9098036
.6309753
.0452621
.1439634
.3909553
.1939805
.5068422
.6970952

| I | |
R = OOoORr O

|
SO o oN

|
OO OO OO Oo oo

.5336869
.2304921
.9176994
.8047677
.0160662
.1815661
.3702301
.1223057
.1693790
.0451723
.2881568
.3223966
.1766645
.2680189
.0775572
.4587460
.8181379
.6869901
.3435158
.3442330
.1343219
.3241380
.4592061
.1817017
.3769251
.0168647
.4475574
.4986173
.0261529
.8797375
.6477354
.2242253
.5720072
.6429649
.0771552
.0110307
.2371900
.7051519
.8813847
.5787635
.9105629
.2149380
.7292854
.2551135
.9380594
.5351710
.8521320
.3543183
.1411569
.4101481
.0829668
.8257625

-2678.177478525

-2677.690686045

-2677.7015428126 (Toluene Correction)
0.4152541

916.57

-0.08703529
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i siasiifasias

Svibrational spectrum
symmetry

#
#

O Jo U W

GBS EDADAEDNWWWWWWWWWWRNNNNNNONNONNNN R R PRPRRP PR R R
OCWVWOJIANUBEWNRPOWOW®OJIJANNEWNROW®O-JAUD WNRPOWWUIJU N WN L O WO

R RN DNO

mode

.2866425
.3755773
.2753711
.9912614
.9018648

a

U ORGSO O R CECO ORORORRRORR OB URR VRV R R URR VR UV RV AU R UR VR U RV ERO R URR VRN U )

.0809266
7373742
.3951156
.1537877
.2788318

wave number

cm** (-1)

281
0

o O O o

(@)

22.

23

27.
35.

41

45.
64.
79.
81.
86.
86.

100
112

117.
127.

145

159.
176.
185.
191.
198.
206.
229.
239.
250.
260.
293.
319.
337.
364.
387.
400.
401.
426.

441
447

456.
463.
466.
478.
489.
498.

77
.00
.00
.00
.00
.00
.00
.92
81
.35
88
47
.64
75
64
99
42
23
86
.20
.65
48
85
.38
80
84
84
89
90
45
40
23
82
98
01
69
75
47
66
14
41
70
.21
.88
14
93
75
66
42
68

.9343947
.5504159
.2379028
.6662400
.9939954

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
11677
.48793
.50714
.38305
.34503
12674
.06490
.23398
.08681
.30846
.18885
.02877
.10912
.15652
.75015
.27572
.60008
.21392
.07115
.24957
.82374
.00031
.92257
.29347
.17811
.28528
.06373
.12201
.39261
.13786
.52406
.19276
.42898
.15064
.66304
.80089
.16682
.72252
.63819
.08337
. 74876
.32141
.04635

NP NN NOWROON WS D OOODOONNOODUIOO OO ONOOOHROOODOOOOOODOOoOOOoOo

00000

IR
YES

selection rules

RAMAN
YES

5203



TS23da
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.7275223 0
C 2.0895483 1
C 3.4216148 0
C 2.1216996 2
0 2.3942681 3
0 4.5224521 -0
0 2.3138259 1
C -1.0696555 0
C -0.9452402 2
C -2.3206936 2
C -3.0971991 1
C -2.4752166 0
N -0.3278659 -0.
C 1.0302861 -1.
C 1.5669268 -2
c 0.5609475 -2.
c -0.6310173 -2.
H -0.3007874 3.
H -2.7694426 3
H -4.1910040 1
H -3.0675080 -0.
H 2.5910470 -2
C -1.7803764 -2
N -0.3242258 1
c 0.6087933 1
c 1.3596298 2
C 0.9857201 2
C -0.1538459 2
C -0.9146119 1
C -0.5397590 0.
H 2.2522018 2
H 1.5912388 3
H -0.4499531 2
H -1.8107552 0
H -1.1366376 -0
C 0.9754901 0.
C 1.1101977 -0.
H 1.2974738 -1.
C -1.7454693 -3.
H -2.6863943 -1.
H -2.6384791 -4.
c -0.5891616 -4.
H -0.5951833 -5
C 0.5654396 -4
H 1.4741595 -4.

Svibrational spectrum

# mode symmetry
#

1 a

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.7999167
.0816028
.2952688
.5065434
.6123101
.0452347
.2506852
.1494737
.3772016
.5655412
.4675657
.2452548

9901403
0331570

.2391538

9614117
1594269
1946902

.5462976
.5577266

6361346

.5809008
.5716864
.2063843
.1297135
.2162507
.8322139
.4000883
.3319305

7000288

.5678695
.6665749
.8952950
.9834489
.1372632

4321249
7218231
7667095
8123328
9549698
1486237
6246356

.5931240
.2057824

8294912

wave number
cm** (=1)
-237.37
0.00
0.00

.3898309
.1407390
.0980376
.0548414
.3122392
.0826326
.2695325
.1735573
4726763
.6310084
.0421106
.3058193
.4304791
.9837798
.4195374
.1463357
.1567726
.1159326
.4137220
.1436460
.5774146
.2200111
.8541962
.7356993
7764697
.2967806
.4990762
.2007365
.6916026
.4987574
.7584966
.8906988
.1401784
.2321667
.1019966
.5662732
.0021441
.2600597
.5148773
.9228964
.0663696
.4900499
.0167712
.8175284
.8158191

-2408.995112972

-2408.528811114

-2408.5368518917 (Toluene Correction)
0.3176652

684.72

-0.06668154

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
0.00000 - -
0.00000 - -

S204



O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[URN R R R O R RO R RO OB OB ORI OO O OB OB O ORI TR G U R U R R R R O R U]

o O O

(@)

27

73

107

300

433

482

497

590
605

.00
.00
.00
.00
.90
.26
33.
54.
68.
.22

76.

84.

93.
100.
.55
128.
137.
158.
169.
200.
211.
236.
239.
250.
.23
336.
362.
364.
400.
402.
425.
.33
451.
467.
.53
489.
.36
502.
513.
528.
536.
546.
566.
573.
.52
.37
611.

16
27
89

42
67
42
15

61
13
03
02
40
16
27
25
95

42
82
60
79
21
77

84
18

01

11
86
63
72
95
74
19

88

o
WODOWONOBNNRL, IR IR 0O WDBORRNWNHROBNMOOOOOODODOOOOOODDO OO

.00000
.00000
.00000
.00000
.00794
.08611
.11095
.16625
.30671
.49740
.13529
.22794
.06507
.60557
.04497
.17288
.25235
.13126
.72987
.72411
.18243
.70321
.39867
.06395
.10439
.93386
.04049
.32119
.52216
.08097
.35193
.36559
.72534
.43404
.07415
.91623
.87821
.52264
.19350
.72170
.06779
.32610
.55150
.51230
.76627
.55967
.41869

S205



TS23da’

SCF Energy (au) BP86/SV (P) -2408.986641492

SCF Energy (au) PBE0/def2-TZVPP -2408.520986012

SCF Energy (au) PBE0/def2-TZVPP -2408.5290620226 (Toluene Correction)
Zero Point Energy (au) 0.3174132

Chemical Potential (kJ mol™?!) 684.77

Dispersion Correction (au) PBE0/def2-TZVPP -0.06880878

xyz coordinates

45

Mn 1.3929405 2.1179321 0.0346053
C 1.5920354 2.4758324 1.8024534
C 3.1193805 1.6611721 -0.0761235
C 1.7583553 3.8001150 -0.4949705
0 1.9946440 4.8771940 -0.8799786
0 4.2431992 1.3514463 -0.1390355
0 1.7222591 2.7126864 2.9351880
C -1.4348519 1.3721376 0.6037112
C -1.3380177 3.5979133 -0.0999468
C -2.7269111 3.7407853 -0.0340012
C -3.4928823 2.6191133 0.3312722
C -2.8484693 1.4195798 0.6425246
N -0.6766299 0.2559087 0.9168210
C 0.7030024 0.2367931 0.5363423
C 1.2498842 -0.9340909 1.0457297
C 0.2394481 -1.6424615 1.7795163
C -0.9732203 -0.8764538 1.7014801
H -0.6975913 4.4361886 -0.4145309
H -3.1929470 4.7058657 -0.2834772
H -4.5933515 2.6730763 0.3596596
H -3.4263285 0.5176568 0.8777316
H 2.2870153 -1.2597861 0.8958340
C -2.1347038 -1.2771142 2.3859537
N -0.6966783 2.4499950 0.2097932
H 0.8708690 2.2675579 -2.8666379
c 0.9239950 1.7187705 -1.9211631
C 0.8921691 0.5014069 -1.4887468
C 1.0615201 -0.8629432 -2.0061543
C -2.0883262 -2.4734346 3.1229722
H -3.0576234 -0.6815185 2.3865140
H -2.9892199 -2.8001588 3.6674636
C -0.9111694 -3.2539717 3.1835882
H -0.9094097 -4.1884285 3.7685879
C 0.2537007 -2.8445431 2.5232639
H 1.1781725 -3.4410599 2.5878421
C 1.3873297 -3.4133154 -3.1850301
C 2.3456125 -2.4095796 -3.4036839
C 2.1833224 -1.1409638 -2.8239487
C 0.1079126 -1.8843728 -1.7845339
C 0.2664994 -3.1444326 -2.3776991
H 1.5134272 -4.4086686 -3.6423504
H 3.2295294 -2.6135106 -4.0305493
H 2.9334823 -0.3513558 -2.9890131
H -0.7698230 -1.6806500 -1.1517711
H -0.4915512 -3.9263131 -2.2055020

Svibrational spectrum

# mode symmetry wave number IR intensity selection rules
# cm** (-1) km/mol IR RAMAN
1 a -287.82 0.00000 YES YES
2 0.00 0.00000 - -
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O J oy O bW

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ORI R VRGO OO RV OB OB UV RR VR B OB OB OBV RV RO URR VR UV ER OB OB OB U R OO R U U )

o O O o

(@)

42

71

102

132
161

197

228

255

474
484
493

504

554

613

.00
.00
.00
.00
.00
.67
28.
.36
48.
62.
.63
77.
86.
89.
96.
.25
131.
.36
.35
176.
.25
205.
.37
233.
.52
300.
326.
363.
367.
402.
416.
433.
456.
458.
.37
.31
.32
497.
.56
516.
530.
538.
.22
555.
567.
591.
611.
.21

74

42
97

65
77
66
58

02

38

64

19

11
31
15
03
97
28
86
32
93

86

71
08
14

69
67
43
96

[

N
GQONFOUOWODURPRPFPOUOR B DPMORPROWRRERFOIONOOOOODODOOOOOOOOOOo oo

= o
O WOor kR

.00000
.00000
.00000
.00000
.00000
.60655
.41890
.06185
.04076
.44129
.08685
.26895
.22815
.18222
.02826
.40104
.25623
.74006
. 79207
.58770
.11695
.84132
.45227
.79052
.79123
.94208
.03321
.81019
.79414
.07985
.42703
.86468
.84925
.96833
.79367
.73568
.72999
.72214
.35928
.70257
.04411
.12531
.05044
.32082
.46299
.61040
.40366
. 62181

S207



TSZBea

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
53

=
=)

.3833058
.6727450
.1166155
. 6466621
.8190904
.2432486
.8494658
.4004547
.8785234
.3311949
.7274833
.5353600
.9793464
.5878700
.2173080
.6098354
.6855051
.1863604
.2853858
.3690596
.2656167
.7993636
.3830038
.4137082
.1341568
.2844428
.5531545
.8191197
.0829049
.8972491
.1471660
.6874677
.9467988
2.2581332
-4.7037107
-4.1194987
-2.7333012
-2.4747491
-3.8675218
-6.0608174
-4.7856424
-2.2967469
-1.8356938
-4.2889202
-0.1328790
4.0842964
-6.7122521
4.6123053
4.3166356
4.4385375
-6.5048590
=7.7977912

PP OOORPRNOOOFRRPFPRPFPFORPRPRONWOORNREOROMNMDUINDNDDB®DNDN

TIoDITDTDTDOoOQ@DnDIDTDoDoOOOaDnaoaDnID DD DO zZ2oDm Do o000 0000000n

(au)
(kJ mol-l)

O OWwWhNhORr O

O OO NWNMDODONMNDDNDDNO

| [ [
P ORrRrRPFkPOOOoORFrO

(au) PBEQ0/def2-TZVPP

.8483205
.1691657
.4487440
.5783517
.7029692
.1718222
.3606284
.1554101
.2888813
.038389¢6
.0184595
.1001426
.1718278
.1897654
.1328742
.0926353
.2349131
.0397473
.1288864
.1381350
.9684925
.1870718
.7006197
.0276644
.8245695
.2986441
. 7282996
.6441258
.4402888
.2883857
.6420084
.3688457
.7307784
.7603291
.6189425
.5712115
.7332381
.4726042
. 6450218
.6777296
.3557750
.6576109
.2731621
.5770713
.9651192
.2897159
.8464633
.4217927
.3214205
.2266522
.0246182
.6687913

PFNNNEFEFNMNEPRENORPRP P OOORFRRE OO

.3108484
.0615271
.0725329
.1538424
.4141811
.0696683
.1967976
.9220468
.9662264
.3080514
.9764134
.4115396
.1320991
.4353188
.0301947
.1731258
.6000951
.0079205
.3014784
.5004391
.9026942
.3979245
. 6345102
.3995675
.9168780
.6880383
.8080934
.0027592
.3669099
.5058238
.3100178
.6591208
.0314793
.2274445
.9711380
.4755624
.4793554
.4537188
.4648803
.9309396
.0837907
.0685523
.8627868
.8687505
.1475545
.3632922
.4041348
.8227643
.2730434
.8382625
.4856943
.2676145

-2583.753044495

-2583.299586047

-2583.3092723309 (Toluene Correction)
0.3857030

843.01

-0.07220089

5208



H

Svibrational spectrum

#
#

-6.4140099

mode

O J oy U W

G B DD DD DDA DNWWWWWWWWWWRONNNNNNONNONNNEFE R PP
OWVWOWJINUBEWNRPOODJIANNBEWNROW®O -JAOAUEWNRLOWOW®WIONU S WNRFR O WO

symmetry

a

[OI R R R ORI R OO O OO O RO GO R OB OB UV OR RO RO R U OB U RN

2.7492149

wave number

0.8204629

cm** (=1)

-208
0

O O O o

(@)

16.
33.

38

43.
46.
61.

73

75.
86.
89.
97.

105

113.
125.
134.

151
160

179.

188

197.
213.
233.
241.
260.
265.
297.
321.
338.
342.

367
401

402.
416.
418.

435

449,
454,
468.
482.
493.
499.
501.

.55
.00
.00
.00
.00
.00
.00
.47
51
01
.56
92
39
18
.20
48
94
04
18
.22
00
65
73
.30
.31
53
.52
77
48
72
14
07
83
40
18
79
71
.37
.37
87
51
70
.27
98
81
62
98
07
16
98

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.07161
.10232
.47225
.38207
.70894
.32732
.20756
.46680
.18658
.06247
.29431
.31965
.00191
.98813
.79241
.05068
.78706
.44935
.32215
.23415
.33095
.36455
.26149
.49848
. 76530
.10419
.78161
.63206
.50691
.05066
.38791
.93286
12617
.58616
.95551
.24917
.46461
.85799
.92685
.52244
.92736
.85117
.34270

[
O ~JWOONMNWENOORFWIPPOWNOOOOODOORRPPOONOODODOOOODOODOOOOOOOoOOoOo

00000

selection rules

IR
YES

RAMAN
YES

S209



TSZBea’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
53

=
=)

.1746510
. 6450634
.8781896
.3534054
.4489731
.9897225
.9325961
.5284013
.2253290
.5604853
.4022337
.9613766
.6165517
.2359884
.4304513
.8839293
.2372654
.2772839
.1895135
.0940955
.3346492
.5101649
.7568852
.1801818
.0246732
.8127054
.9208420
.1257378
.3440281
.8567578
.4747769
.0965800
0.4559344
-0.3288160
-1.9823949
-4.7489168
-3.8909273
-2.5326718
-2.8455695
-4.2146754
-6.0547404
-4.3200517
-1.8771432
-2.4418454
-4.8538629
-6.9667337
-7.0386567
-6.6867477
-7.9533948
2.5211775
1.7176168
2.1870458

O WWNRFRPROMNWNREPERPRPRPRPORFPONMNWOORNRPRPROONBEDNDDNDWDNDDN

TIoDOoO@DDn@DoODnoD D TDTOoOOOaDnIDDmD DT OO0 ZEoD D oD 000000n

(au)
(kJ mol-l)

ORFRPrNREDdWEDNH

| I E I R |
NN, O PP OO

WHENNRPRRPRRPRNONNR PP e

[ |
W wN

(au) PBEQ/def2-TZVPP

.9645105
.4259098
.5626495
.6185339
.6785438
.2963138
.7213873
.3313376
.1323297
.0882302
.9653433
.9532893
.9494312
.9152057
.0539457
.8864229
.7409785
-0.
.2659540
7766872
.3755574
.2213884
.1496442
. 7175437
.6504279
.3738298
.2337256
.5032770
.7186166
.8102906
.5355053
.0672438
.3353256
.1216373
.5233350
.9946365
.6593259
.4245519
.8705045
.1003417
.1985750
.5997385
.1958545
.9427006
.3556583
.5488890
.7516628
.5119097
.6655222
.9033562
.562249¢6
.4786642

9105281

.4690860
.2145880
.8563270
.1566146
. 6355252
.1038729
.3051651
.5157799
.8434505
.2933244
.7115988
.6126250
.0721544
.6749787
.3266320
.9698074
.7340992
.0351930
.0653128
.2253331
.2357727
.6611739
.1513247
.2623512
.6120825
.0662641
.7958153
.3559522
.6948865
.3178720
.3349262
.0839022
.0814602
.3112567
7739732
.2280657
.3018371
.0765794
.2867300
.0747566
.5494690
.3143149
.9321193
.3104591
.9324763
.5205927
.2567495
.0316236
.0119679
.8892150
.4824823
.8650232

-2583.738258985

-2583.285628368

-2583.2957410864 (Toluene Correction)
0.3849902

841.35

-0.07451576

S210



H

Svibrational spectrum

#
#

3.4352328

mode

O J oy U W

G B DD DD DDA DNWWWWWWWWWWRONNNNNNONNONNNEFE R PP
OWVWOWJINUBEWNRPOODJIANNBEWNROW®O -JAOAUEWNRLOWOW®WIONU S WNRFR O WO

symmetry

a

[OI R R R ORI R OO O OB ORGSO OB ORI OB OB OB OBV R OR R OB RO R U OB U]

-4.5093316

wave number

3.0516238

cm** (=1)

-296
0

O O O o

(@)

24

29.
32.

43

48.

52

65.
8.
85.
86.
94.
99.
100.
125.

143

145.
152.
177.
193.

203

208.
231.
239.

244

253.
288.
306.

314

332.
355.
402.
411.
412.

423

452.
459.
466.
479.
491.
495.
499.
512.

.98
.00
.00
.00
.00
.00
.00
.22
.31
57
77
.30
40
.25
12
99
48
69
09
10
03
70
.38
97
13
98
14
.26
08
47
87
.45
73
48
57
.39
66
46
18
11
86
.23
15
15
24
31
13
62
16
83

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.22944
.09629
.35562
.12955
.28450
.17254
.33172
.13582
.14413
.13030
.50394
.75043
. 62791
.58182
.20917
.32313
.79017
.76887
.13994
.65087
.59753
.83531
.19931
.29797
.03842
.06308
.17820
.12109
.27095
.94044
.48843
.02761
.82695
.42446
.47428
.15110
.51377
.50035
.60076
.47747
.84184
.12463
.08282

W B DDOUODNDNDNOODOWDMODODORHR PP REPENRPRPRPOWRORPROOOONOOOOOOH OOOOOOOOoOoOoo

00000

selection rules

IR
YES

RAMAN
YES

S211



TS23e5

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
63

1.9306911
2.1838181
3.6641337
2.2510348
2.4712664
4.7959451
2.3372093
-0.8818569
-2.3576784
-0.1766581
1.2250130
2.0102907
1.4349860
0.0410310
-0.7481153
3.0839960
2.1235925
-0.3769380
-1.8189575
-0.0842866
0.8260154
1.2304284
0.8216903
-0.0126781
-0.4330863
-0.0216378
.8769689
1.1563737
-0.3388016
-1.0902393
-0.3540159
1.2445243
1.4821055
1.9529371
-5.1764461
-4.5985342
-3.2157782
-2.9480030
-4.3374039
-6.5306659
-5.2665135
-2.7833855
-2.3076940
-4.7543672
-0.5606966
3.5214601
-7.1755115
4.0669060
3.7460199
3.8590608
-6.9955334
-8.2595994

ja=iasigasiiaciics @I @ M iia sl il OHONONONONONONONQ M=l i i O NONONONONO R4y ol NONONONONONONONONONONONONO Q!
=

(au)
(kJ mol-l)

O Od Wwor

|
WNWNREFORFRPNNOORRPFPFOOOON P WORFLDNDWNRE

N

-4

(au) PBEQ0/def2-TZVPP

.4020002
.7355158
.9860875
.1212471
.2408521
.7116684
.9384693
.7680615
.9247761
.4235535
.4418934
.5083179
.5222176
.5039740
.4663571
.5361476
.5612119
.3106860
.4320486
.7267082
.4855016
.7687591
.2503419
.4769118
.2069388
. 7153266
.3893508
.2473776
.8627253
.5914373
.2781091
.9213366
.2274950
.5431340
.2964760
.0748947
.1069035
.1390221
.3326881
.3738259
7177467
.0560987
.9487000
.2893905
.5486784
.6573375
.5746779
-2.
-3.
.5694592
2.
2.

7732336
7599460

8036794
4068834

NWWRFEFNMNNNRPRPRPRPRPRPRPRWODOOODNO

(@)

-2

-4

-3

-2

-4

-5

-3.
.2469878
-0.
.1375304
.1526703
.7319111
.7812849
.6560944
.6198692
.0713401
.3601128
.4266622
.0447980
.9665970
.4189116
.9519756
.4668446
.3570887
.8653516
.4840392
.5436660
.3080940

-1

-1

[y

RPFNWHFWERENORPRPNOOFR,RFERE OO

.6830458
.4392325
.4910235
.2232937
.0256646
.3802884
.5758549
.2417821
.2413331
.6783525
.3598469
.8635362
.6499970
.9385402
.4562785
.6273815
.1902086
.5600084
.7145749
.8160727
.5115280
-2.
.2164899
-5.
-4.
.3591703
.3273141
.5482167
-6.
.2412450

9640986

0424273
6039751

0224091

0184706

6770971

-2814.645959297

-2814.155882277

-2814.1661111849 (Toluene Correction)
0.4648176

1034.42

-0.09273178
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TIoDIDoDITD DT OQOOQOOQQ0QT

Svibrational spectrum
symmetry

#
#

O J oy U b W

AR R DR DA DE R WWWWWWWWWWNNNNONNNNONN PR PR R R R e e
OTJ OB WNRFRFOWO IO WNHFOWO IO WNREOW®-JoO U WN R O W

HF O WD WkEREFEWWNDO®

mode

.8460474
.8241651
.5730824
.1401779
.2125691
.6404862
.1613463
.5024448
. 7255107
.2858002
.0435503

a

ORI RN R U TR CT R O U OB C O B OB VRO B OB OBV RGBS OR VR URE VR R OB UR RV R VRO OR OB U]

.4422745
.0194464
.8515251
. 6223110
.7276841
.9514904
.9833076
.8937399
.7070230
.6785507
.8619399

wave number

cm** (-1)

194

(@)

.57
.00
.00
.00
.00
.00
.00
.41
.69
.84
.84
.53
.45
.03
.04
.92
.05
.95
.87
.54
.38
.55
.72
.66
.04
.05
.70
.05
.98
.71
.01
.14
.80
.16
.45
.75
.15
.15
.73
.23
.69
.65
.48
.95
.20
.90
.83
.15

.8477132
.2026938
.4278871
.9054453
.9091549
.4459562
.6190666
.020114s8
.0840277
.3153716
.2700714

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.09106
.13939
.06883
.18714
.67747
.75136
.09858
.02101
.23317
.29982
.57612
.04162
.07244
.33303
.34466
.23100
.40203
. 64485
.94375
.72182
.53666
.45894
.45702
.60705
.37796
.28299
.23786
.45215
.01148
.14093
.60947
.15721
.05680
.67976
.33796
.60465
.36470
.12622
. 63261
.45536
.87869

NONODWO PO WPLrNOFRPRRPOONORFRORPR PP OONOODODOOOOOOODOODOOOOOOOOOo

00000

IR
YES

selection rules

RAMAN
YES
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49
50

435.25
450.38

1.41876
0.19487

YES
YES

YES
YES
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TS23fa
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.6823049 -0.
C 2.0823667 0.
C 3.3142989 -0.
C 2.2916770 1
0 2.8051040 2
0 4.3832846 -1.
0 2.3252325 0.
C -1.1529180 -0.
c -0.9430170 1
C -2.3147607 1.
C -3.1142375 0.
C -2.5383478 -0
C -0.4436773 -1.
C 0.8891064 -2.
C 1.6189977 -3
c 1.0557362 -4
c -0.2732070 -4
C -1.0127998 -3.
0 -0.0854716 2
H -2.7477230 2.
H -4.1919682 0.
H -3.1526392 -1
H 2.6507360 -3
H 1.6561477 -5.
H -0.7180477 -5.
H -2.0376043 -2.
N -0.3729834 0
C 0.3526155 0
C 0.9943495 1
C 0.5520736 2
C -0.5528760 1
C -1.2105295 0
C -0.7656216 -0
H 1.8555215 1
H 1.0769613 3
H -0.9020385 2
H -2.0800711 0.
H -1.2829623 -1.
C 0.7881228 -0
C 0.9329506 -1
H 1.0768716 -2
c -0.5505492 3.
H -1.3018194 3
H 0.3453502 4.
H -0.9839389 4

Svibrational spectrum

# mode symmetry
#

1 a

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

1540813
0299876
7703630

.5080239
.5272816

1888982
1410141
6715825

.5831402

8220671
7522986

.5024504

9368414
0045914

.2041245
.2830285
.2137822

0473244

.5354261

8191459
9070197

.3556750
.2910846

1924837
0658746
9848091

.3672597
.3818633
.5649540
.2219353
.7362858
.5744263
.0968195
.9605836
.1301816
.2615575

1837491
0061058

.3593225
.5439861
.5764308

8496392

.8476272

4159264

.3282658

wave number
cm** (=1)
-228.81
0.00
0.00

NwNDNREPENRPRPPRPONMNMNMNRERPPRPRPPRPRPORFRWOOOONO

.7119304
.4662496
.3633362
.3104084
.0645810
.1417157
.5993230
.5897830
.9670982
.1899400
.6168280
.8168618
7767137
.2620044
.4916431
.1764479
.6538585
.4508552
.5597101
.0333578
.7894065
.1355549
.1112435
.3484406
.1926922
.8513895
.1560503
.3524857
.8046371
.9617036
.6840251
.2394100
.0932606
.2470897
.3027952
.5884173
. 7945666
. 7462792
.1930104
.68990098
.0226138
.2821474
.5401194
.0394656
.1902184

-2391.953906106

-2391.506807198

-2391.5145469127 (Toluene Correction)
0.3208594

692.48

-0.06636323

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[URN R R R O R ORISR OB OB ORI OO O OB RO O O R U RO O O VTR G O O U T R R O R U )

o O O

(@)

25

124

157

215

304
351
385
403

428

510
522
538

584

.00
.00
.00
.00
11
.55

36.

50.

62.

4.

88.

90.

99.
106.
115.
.51
130.
142.
.29
184.
196.
.56
219.
237.
259.
289.
.37
332.
.21
.30
.53
406.
.32
447.
452.
465.
478.
492.
495.
.21
.54
.58
549.
551.
581.
.20
609.

80
02
78
19
21
75
41
93
06

62
11

92
86

99
14
45
72

98

94

17
76
85
61
64
93

24
00
07

52

=

[
ORFRP OUORFRPRFPFNONRPOODONOWODOOORPRORPRRPOOOODOOOHH OO OOOOOOoOOo oo

e
(G

o
NN

.00000
.00000
.00000
.00000
.00795
.42080
.24743
.01194
.35860
.54238
.46670
.18401
.03121
.10587
.57837
.24267
.61017
.86214
.55479
.19479
.19340
.28885
.16940
.67363
.14314
.20098
.88957
.97419
.54902
.59182
.11870
.93506
.72794
.62589
.13332
.10407
.11244
.85906
.69786
.47025
. 68273
.69373
.95716
.74202
. 63391
70772
.07838
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TS23¢a’
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

45

Mn 1.3110392 1
C 1.4509833 1
C 3.0228283 0
C 1.7953893 2
0 2.2046709 3
0 4.1482855 0
0 1.5310264 1
C -1.5523798 0
C -1.4986120 2
C -2.9024106 2
c -3.6342364 1
C -2.9629776 0
C -0.7457941 -0.
C 0.6175561 -0.
C 1.4303899 -1.
c 0.9321047 -2.
C -0.4190106 -2.
C -1.2508336 -1.
0 -0.7002393 3.
H -3.4111534 3.
H -4.7332901 1.
H -3.5200531 -0
H 2.4804194 -1.
H 1.6004942 -3
H -0.8132982 -3
H -2.2957236 -1.
N -0.8365671 1.
H 0.7824923 1
C 0.8270174 0.
C 0.7844700 -0
C 0.9209701 -1.
C 1.1695360 -4
C 2.1030016 -3.
C 1.9792576 -1.
c -0.0051991 -2.
C 0.1145770 -3.
H 1.2648857 -5.
H 2.9370347 -3
H 2.7109546 -1.
H -0.8306913 -2
H -0.6238435 -4.
C -1.2549939 4.
H -1.9479386 4.
H -0.3905350 5.
H -1.7896031 5.

Svibrational spectrum

# mode symmetry
#

1 a

2

3

SV (P)

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.2919826
.6980167
.8213585
.9380234
.9514035
.5024836
.9758415
.5457394
. 7521652
.8677863
.7570910
.5856278

6197127
6239367
7145122
7317726
7209434
6730210
7487217
8006983
8131157

.3020652

7603028

.5474605
.5238275

6488616
6221262

.3877611

8827240

.3219684

6842854

.2139431

1991099
9436023
7178798
9666638
1996778

.3850051

1462934

.5304744

7568831
9970395
8831263
6213350
4880350

wave number
cm** (=1)
-281.82
0.00
0.00

NWNRPRPRPOODOMNMNMNNMRPEPORPPOOORF WOOOOoONO

.4372025
.1987554
.3786671
.1248740
.5338050
.3461756
.3279080
.0418146
.2485363
.3315387
.7744980
.1280883
.4129148
.9817123
.3919974
.2105416
.6216926
.2171497
.1755946
.0535798
.8378185
.4585336
.0605214
.5338769
.2654803
.5674539
.5948643
.4572689
.4868665
.0065775
.5522209
.8018412
.0733444
.4576369
.2778888
.9047448
.2869415
.7704585
.6638590
.5734895
.6894224
.5660557
.4315429
.8662557
.2793667

-2391.943845351

-2391.497946159

-2391.5061895680 (Toluene Correction)
0.3205041

691.29

-0.06768189

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
0.00000 - -
0.00000 - -
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O J o O

[V R VR R ORI R ORISR OB OB ORGSO O ORI OO O O R O O TR G U O U R R R R O R U]

0.00 0.00000 - -

0.00 0.00000 - -

0.00 0.00000 - -

0.00 0.00000 - -
21.96 0.54731 YES YES
27.17 0.31688 YES YES
39.40 0.07178 YES YES
45.13 0.01735 YES YES
59.30 0.80359 YES YES
73.87 1.42854 YES YES
81.25 0.11047 YES YES
89.84 0.12936 YES YES
91.63 0.10392 YES YES
109.10 0.05579 YES YES
111.04 1.52700 YES YES
129.12 0.58316 YES YES
130.00 0.22055 YES YES
142.74 0.77459 YES YES
160.87 1.01154 YES YES
184.29 0.59976 YES YES
185.71 2.74327 YES YES
209.39 0.21746 YES YES
219.24 3.52486 YES YES
226.92 2.15658 YES YES
261.16 0.23288 YES YES
284 .51 0.53013 YES YES
300.92 1.42087 YES YES
315.13 2.22167 YES YES
333.70 0.64837 YES YES
402.41 0.38858 YES YES
403.00 0.12920 YES YES
410.69 4.78803 YES YES
443.69 3.35847 YES YES
457.29 0.26555 YES YES
467.58 0.25933 YES YES
475.36 3.06914 YES YES
479.63 3.18434 YES YES
502.35 7.87649 YES YES
509.01 11.22374 YES YES
510.08 10.04585 YES YES
526.74 6.49210 YES YES
541.34 9.55862 YES YES
548.14 6.24154 YES YES
558.45 15.13916 YES YES
564.90 6.13221 YES YES
581.38 3.49303 YES YES
606.71 40.94505 YES YES
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TSZBga

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.5248441
1.9479276
3.1531787
2.1434209
2.6918521
4.2221227
2.2034064
-1.3262728
-1.1652883
-2.5693532
-3.3670493
-2.7381636
-0.5901441
0.7694752
1.5213038
0.9525439
-0.4005685
-1.1636811
-0.3684453
-3.0168067
-4.4666693
-3.3295190
2.5741119
1.5690844
-0.8469301
-2.2094528
.5553920
0.1552864
0.8115630
0.3520392
-0.7830842
-1.4555771
-0.9942453
1.6965534
0.8886911
-1.1442849
-2.3490344
-1.5217427
0.6129898
.7942461
.9486033
.9675526
.0864307
.4248956
.4989074
.1746010
.4944440
.7004501
.5127752
.1148258
.0810448

jaxjgasppasipa il O NONONONON-Ne @ i - HONONONONON@ =N i il i O NONONONONONONONONONONONONCONONONONQ]
| |
O ORRPOOORr OOO o

(au)
(kJ mol-l)

BN D O WN D

(au) PBEQ/def2-TZVPP

.5845365
.1680022
.2378222
.9801826
.9009823
.6797369
.0904312
.0784282
.1729122
.2931026
.1875560
.0002992
.2833859
.3633513
.4987701
.5042281
.4235477
.3192696
.4183943
.2711242
.2630063
.8843629
.5971104
.3632896
.2157813
.2406564
.0151934
.4653066
.6114667
.0840650
.5178294
.5377193
.0266136
.0694607
.9104129
.8987999
.9888064
.8530576
.0354979
.1456615
.2104797
.8921174
.1530671
.9235896
.1762558
.4006849
.8545831
.5366872
.3515817
.7888184
.9738029

NWNRPRPPPODONMWNRERPREPRPRPPOORFF WOOOONO

.6397492
.3451840
.3611675
.0458451
.5073779
.1922384
.4519353
.4637251
.7906054
.7780946
.1054350
.4764198
.8490622
.4202424
.8290059
.6153884
.0150732
.6284128
.5898400
.545389¢6
.0922184
.7555811
.5150369
.9303901
.6375045
.9683437
.0669763
.4658343
.1182067
.3563685
.9641111
.3206713
.0914358
.6547579
.8516946
.9335844
.7841610
.5889030
.2186079
.5795400
.7768708
.3197217
.5096814
. 6455242
.5944436
.7311774
.2121793
.3410568
.5829314
.4221905
.6683325

-2508.390483009

-2507.907823752

-2507.9156889379 (Toluene Correction)
0.3677427

805.67

-0.08080308

S219



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI R U O RGO OB OO RV OB R OBV RR VR B OB OB URNU RV RO URR VR UV R OB URR OB U R OO RV U

wave number

cm** (=1)

=220
0

O O O oo

~J

28

46.
59.
68.
4.
75.
89.
93.
104.

112

119.
126.
133.
156.
162.
186.
205.
217.
233.
243.

292

311.
334.
352.
368.
390.

401

402.
423.

442

449,
464.
470.

485

496.
496.
5009.
522.
544,

548

553.

.39
.00
.00
.00
.00
.00
.00
.18
.98
.35
66
46
02
15
96
54
41
63
.39
55
31
97
06
45
04
73
74
91
74
.38
96
06
03
04
04
.29
85
04
.50
25
05
92
.37
16
70
12
80
46
.38
61

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.04481
.14963
.07413
.05710
.24527
.05833
.04441
.56208
.52008
.21133
.29995
.18400
.10028
.36676
.32997
.27131
.56834
.40033
.28924
. 64486
.23953
.42955
.46312
.57499
.79096
.28848
.39060
.82528
.38297
.11789
.79015
.64033
.87375
.91506
.87025
.17087
.18584
.06281
.45970
.52314
.99192
.35088
.49606

=
OO IBEHWONOFROOBROWVWOOOHRHROODODODODODODODODODODODODODODODODODODODODOOO O OO

00000

selection rules

IR
YES

RAMAN
YES
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TSZBga’

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
51

1.2410302
1.5263352
2.9071938
1.8221134
2.3096189
4.0048967
1.6945615
-1.6597261
-1.5364748
-2.9411974
-3.7179655
-3.0711123
-0.9090923
0.4594018
1.2150706
0.6562456
-0.7007262
-1.4788625
-0.7715030
-3.4081654
-4.8162981
-3.6447395
2.2676031
1.2811689
-1.1414055
-2.5291042
.9031486
0.4499847
.5607354
.5742943
. 7256616
.0037271
.9155938
.7767054
.1787191
.0447128
.1107196
.7439438
.4910807
.9984457
.7656718
0.5151894
0.6249282
-0.0111497
-0.8937585
-0.2447296
1.0235453
1.2129245
0.0709041
-1.4872165
-0.3312525

|
OO NP OORrREPEEFE OOO

TIoDIDoDITD T DDoD DT ZEEnn DD DD OO0 00000000000Q0n
|
(@)

(au)
(kJ mol-l)

-1
-2
-3

-3.
-2.

3.
.2081733

1.
-0.
.4767398
-4.
-3.
.0190188
.0552181
.4216045
.0039046
.1626540
.565849¢6
.1939512
.1931897
.8884252
.5841268
.8831180
.2183806
.4283081
.1013343
.3465788
.6628181
.9401442
.2747137
.0399951
.1414036
.3703487
.9062034
7201377
.5264374
.6944123
.8854934

3

-2

-2
1

O W w ooy U1 x> Ol

(au) PBEQ0/def2-TZVPP

.5333857
.0929493
.0668038
.0394922
.9125814
.4683008
.4668466
.0149824
.1990646
.2625908
.1449970
.0031825
-1.
.2690511
.3528122
.2665642

1703598

1607172
1225976
4558025

1754567
8918064

0761009
8821409

NWUWNRPRPRPOODOMNMNMNNMNERPPOOOOOWORr OOoORr o

.2961025
.9927023
.1951247
.5207088
.1210368
.1367038
.0848500
.9417047
.1567478
.0498340
.3851796
.8574349
.4404657
.0439718
.5680757
.4657516
.8435114
.32277578
.0874276
.2644633
.2970408
.1399669
.2651584
.8790807
.5506334
.6420475
.5435537
.5439982
.5418071
.9586258
.3849620
.3999772
. 7769453
.2778509
.0032094
.5151326
.7938696
.4657565
.5668104
.3070807
.2180546
.4778100
.7554304
.9510863
.3158616
.5131783
.6319847
.5746824
.9220227
.1308931
.4841767

-2508.381424342

-2507.899292682

-2507.9076218786 (Toluene Correction)
0.3672553

806.604

-0.08140660

S221



Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI VRGO OB O RO R OBV RR VR BB OB OBV RV RO URR VR UV ER OB OB OB U R OO R U U

wave number

cm** (-1)

-284
0

o O O o

(@)

26.

27
55
58

61.
1.
76.
83.
95.
99.
107.

121

126.
137.
150.

162

188.
206.
213.
219.

243

286.
310.
315.
336.
363.

400
403
410

428.
452.

463
471

476.
491.
499.
5009.
511.

527
542

553.
559.

.04
.00
.00
.00
.00
.00
.00
.83
53
.55
.52
.54
78
79
28
91
67
00
45
.83
36
69
00
.20
41
75
47
86
.29
50
92
82
36
76
.50
.33
.28
24
97
.34
.28
39
14
32
11
47
.22
.20
78
95

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.24742
.04054
.22997
.15441
.19895
.23479
.06660
.41529
.31739
.03798
.00329
.22463
.36120
.65725
.31483
.32541
.30034
.47324
.28675
.30054
.90087
.20485
.19870
.22004
.21257
.22768
.87637
.19138
.02312
.24302
.94233
.04614
.26011
.93625
.12371
.06595
.23268
.73100
.04412
.86051
. 79466
.71313
.88453

N
DS OONNEFEFNOWERENNREFEF OWPROOODOWOONDNOONRPFPROOOOOOOOODOODODODOOOOOLOLOOoOOoO

[

[

00000

selection rules

IR
YES

RAMAN
YES

S222



TS23ha
SCF Energy (au) BP86/

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates
45

=
=)

.2084975 0
.6176997 0
.9129016 0
.5072647 2
.7042883 3
.0195021 -0
.8692686 0
.5551355 -0.
.0218377 0.
.1473763 -1
.5219795 -1
.2933222 -2.
.7320956 -3
.3709319 -3
.4165103 -2.
.3550933 -2
.3632348 -4.
.0603429 -4.
.4689279 -2.
.2270115 0.
.9202487
.4599919
.9950442
-0.0284697
-0.5822600
-0.1163384
2.2572838
1.4363998
-0.3965910
-1.3869890
-0.5514575
1.3904782
1.6563040
1.9301743
-4.8044947
-4.3265595
-2.9461264
-2.5138801
-3.8947102
-5.8894386
-5.0359508
-2.5756396
-1.8032385
-4.2629510
-0.2585430

OPRP OO FRPRONWOORPRNREPOMNMODNUUINDDNWDNDDN

a=ipasiasiiariias s O NONONONO - NN il i O NONONONONOI-A::ii: il O NONONONONONONONONONONONONQ]
|
O OO NWNMDODONMNDDNDDNO

[ [ (|
PN R PRPORRPROOORO

Svibrational spectrum

# mode symmetry
#

1 a

2

3

SV (P)

)
J mol™t)

(au) PBEQ/def2-TZVPP

.5250623
.7441853
.0878398
.2676112
.3973215
.2048262
.8708948

0946769
1023037

.3403631
.3471266

4938345

.5737157
.5602620

4465547

.5382253

4427922
4147024
4092071
8730877

.8497547
.0800371
. 6676223
.0583820
.8444312
.2449687
.571449¢6
.6186356
.5289268
.3575539
.7048071
.1728235
.9615126
.9875303
.5537602
.6013673
.8304895
.2629604
.4844429
.7282725
.3295173
. 7276806
.9844021
.3874861
. 7449751

wave number
cm** (=1)
-211.06
0.00
0.00

NWOUONEFEFNMNNMNNRPRPRPRPRPRPROWOOOONO

ONDNOOFLDNDN O

.5478324
.2909833
.1836519
.1533830
.0618477
.0461420
.4207629
.297489¢6
.4525877
.5748185
.1580807
.4860373
1751747
.5605212
.2606540
.1887155
.4280768
.1066682
.5857970
.8742984
.5944228
.0524654
.2376942
.9852224
.5379431
.3610110
.4764361
.5793264
.9117454
.1140262
.0108143
.4093728
.8514462
.1118527
.6782051
.0345916
.9262954
.0949284
.2095130
.7672252
.6079751
.4049310
.5317119
. 7235363
.6173225

-2354.862307833

-2354.406354751

-2354.4142715193 (Toluene Correction)
0.3226651

696.08

-0.06451629

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
0.00000 - -
0.00000 - -
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O J o O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[URR R VR RS ORE R RO RO ORE OB ORI OO OB ORI ORI OO O O R O O TR G O U R O R U]

o O O

(@)

38

73

110
134

212

395
402

420

.00
.00
.00
.00
.67
21.

60

.38
48.
51.
69.
.33

80.

88.

94.
103.
.35
.35
143.
176.
195.
204.
.39
238.
269.
304.
340.
358.
.36
.38
404.
.53
436.
447.
461.
465.
485.
492.
497.
504.
521.
540.
544,
564.
590.
609.
611.
618.

05
86
55

49
89
68
22

04
35
95
67

72
37
64
16
93

64

65
96
40
05
47
96
08
77
80
22
86
68
89
57
76
68

OO WNONODPORPRPR OO OWMORFRPR OOOODODODODODOOODOODODODODOOOOO oo

= N =
WU~ = o0

.00000
.00000
.00000
.00000
.09950
.02891
.00779
.09372
.11616
.22643
.08989
.12999
.07702
.23259
.02377
.25271
.18439
.44549
.76100
.47683
.63859
.45590
.78590
77691
. 65671
.47923
.43972
.89545
.02315
.38999
.91042
.58360
.00709
.24491
.25747
.85113
.86485
.33844
.24943
.45494
.26739
.56428
.71926
.48234
.75365
.86176
.41133
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TS23ia

SCF Energy (au) BP86/SV(P)
SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP
Zero Point Energy (au)

Chemical Potential (kJ mol™?!)

Dispersion Correction (au) PBE0/def2-TZVPP

xyz coordinates
37

=
=)

.3012750
.6923990
.0056460
.5195873
.6680679
.1188443
.9402074
-1.4133247
-2.8893810

e S S ROV SRR
OO WNO OO

(@)

-0.7120733 -1.
0.6484269 -1.

1.4170669 -2

-0.4970965 -3
-1.2792418 -2

1.4898509 -4
-0.9242473 -4
-2.3326827 -2
.7429383
0.1325468
0.7714301
0.3824316
-0.6628773
-1.3143103
-0.9219310
1.5860925
0.8988533
-0.9726876
-2.1370795
-1.4327901
0.5245875
0.7064571
0.9010254
-3.1924575
-3.1200868
-3.4886102

[

ToDITDTITDOQOOQO@DN DD DT TOOO00000Q0Z T T OO0O0000000000Q0000000n
|
o
PP OO0OO0OONWNOONNNO

|
o O

mode symmetry

+= H

a

O WO Joy Ul WN -
Y

=

0.8606475 -3.

2.4683728 -2.

-2183.113967934

-2182.694332982

-2182.7012637601 (Toluene Correction)
0.2578498

537.65
-0.05000930
.6735212 0.8636467
.9350102 2.6106761
.2982574 0.5195438
.4381721 0.4701240
.5695831 0.2467560
.0253376 0.2925176
.0881191 3.7374012
.0725285 1.6759428
.2622864 1.9251222
1720529 1.9402837
1933217 1.4760537
.3495710 1.7900079
4172984 2.4976908
.3998829 2.9059424
.2813597 2.6211696
4084477 1.4609439
.2905435 2.7409042
.2576205 3.4497033
.2471590 2.9453367
.0326985 1.2089872
.9718078 -2.2911245
.1345748 -2.7930459
.6896191 -4.0202216
.1152407 -4.7650935
.9685711 -4.2745778
.3997316 -3.0562753
.5985052 -2.2181170
.5882855 -4.3963692
.5619450 -5.7242020
.5107462 -4.8488892
.4979350 -2.6718159
.3310298 -1.0565555
.8183133 -0.4815302
.8573590 -0.7651214
.2771447 1.5999085
.1456830 3.0077219
.4975339 1.3765547
wave number IR intensity selection rules
cm** (=1) km/mol IR RAMAN

-228.38 0.00000 YES YES

0.00 0.00000 - -

0.00 0.00000 - -

0.00 0.00000 - -

0.00 0.00000 - -

0.00 0.00000 - -

0.00 0.00000 - -

18.98 0.12008 YES YES

28.24 0.16870 YES YES

56.30 0.07960 YES YES
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYDy

57

103

202
217

268

284
344

410
412

587
601

610

.56
73.
77.
90.
98.
.22
1009.
123.
139.
160.
183.
.28
.24
246.
.54
.53
.37
378.
401.
.53
.51
437.
451.
461.
474 .
489.
499.
507.
523.
536.
544,
.29
.55
605.
.37
618.
629.
650.
662.
683.

76
76
84
00

70
22
00
46
73

57

18
89

47
81
91
64
37
02
71
72
45
19

21

62
66
99
64
14

[

[
NN OO ONOFOONOORPRPOOOODODOOOOOoOoOo

.36639
.43554
.29842
.23664
.44156
.33827
.29581
.04442
.13164
.60555
726774
.19418
.59049
.24502
.12494
.22753
.19449
.40902
.07019
.74233
.38710
.28361
.33644
.89574
.21843
.15812
.59916
.91113
.68396
.31995
.51342
.28376
.05846
.61664
.40323
.05822
.92647
.48357
.38872
.60527

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS23ia’

SCF Energy (au) BP86/

SV (P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy (au
Chemical Potential (k
Dispersion Correction

xyz coordinates

37

Mn 0.8656508 2
C 1.1790350 2
C 2.5879855 1
C 1.0592617 3
0 1.1764375 5
0 3.7169389 1
0 1.3780395 2
c -1.8851770 1
c -3.3749241 1
C -1.1676374 0
C 0.1928795 0
C 0.9769784 -0.
c 0.4509880 -1.
c -0.9031338 -1.
C -1.7117010 -0.
H 2.0212614 -0.
H 1.0995558 -2.
H -1.3097820 -2
H -2.7632831 -0.
0 -1.2156307 2
H 0.0508076 2
c 0.2007315 1
C 0.2860068 0
C 0.5162019 -0.
H -3.6912993 2
H -3.6424525 1
H -3.9340442 0.
C 0.9322564 -3
C 1.8416603 -2
C 1.6339749 -0.
c -0.3846345 -1.
C -0.1825077 -3.
H 1.0923530 -4
H 2.7212031 -2
H 2.3454830 -0.
H -1.2567891 -1.
H -0.9026940 -3.

Svibrational spectrum

# mode symmetry
#
1 a
2
3
4
5
6
7
8 a
9 a
10 a

)
J mol™t)

(au) PBEQ0/def2-TZVPP

.1918527
.5549686
.8447707
.9108963
.0000906
.5924075
.7885345
.5606129
7211766
.3385116
.2976471

8171162
8082698
7728671
7081467
8984200
6375996

.5737732

6596729

.5215978
.2612256
.7823629
.5846236

7600306

.7092654
.6592183

9161822

.2571365
.2050001

9629319
8296872
0636265

.2302003
.3489816

1362331
6828597
8833917

wave number

cm** (-1)

-289.
0.

o O O o

29.

47

58
00
.00
.00
.00
.00
.00
.52
50
.00

.3154680
.0654266
.0639702
.2271348
.6170753
.1107837
.1888876
.0314934
.2143033
.3637880
.8966920
.3068905
.1384112
.5530957
.1532768
.9639711
.4677812
.1913226
.4818752
5717577
.5157530
.5430835
.0359600
.6056033
.8251728
.2930281
.6885007
.8686490
.0704459
.4495997
.3973801
.0332442
.3619071
.7198076
.6045609
.7402380
.8738868

-2183.103988116

-2182.684894240

-2182.6918100274 (Toluene Correction)
0.2574986

536.55

-0.05277314

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.07940 YES YES
.44592 YES YES
.00881 YES YES

OO OO OO o oo
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O oYY Oy YYD YYDy

66.
69.
75.
.37
.36
100.
105.
.50
145.
161.
189.
201.
.20
233.
.68
.54
.53
.57
400.
4009.
418.
445,
466.
474 .
486.
497.
510.
514.
523.
535.
562.
569.
599.
604.
610.
613.
628.
656.
681.
689.

87
92

125

214

247
280
305
391

99
94
16

95
08

83
43
20
91

76

96
44
83
08
52
78
70
96
90
70
80
03
79
97
46
08
41
73
85
49
82
44

[
OO JWOOODUNONRPFOONFREPNOOOOOOOO OO

N =
©ON oYW N

R 3w~ [e)}
O oY 00 O Ul W

.70250
.36195
.35748
.16474
.09761
.18832
.60387
.05780
.68043
.37167
.75605
.88209
.99503
.14063
.55556
.32179
.16879
.59632
.00811
.07552
.94734
.94194
.52551
. 62650
71712
.15639
.65377
.50928
.85160
.63137
.26407
.56249
.92425
.15845
.96900
.51951
.60410
.14813
.06539
.04587

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS235a

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
48

1.5654786
1.9182416
3.2854914
1.7410987
1.8481311
4.4094621
2.1443005
-1.1354830
-2.5924500
-0.4263610
0.9262225
1.7359861
-0.4687028
0.4294030
1.0947815
0.6939823
-0.3837235
-1.0597128
-0.6607253
1.9398299
1.2293198
-0.6992564
-1.9080140
-1.1914557
.8343937
1.0386082
1.2698459
3.2211616
1.9746975
1.2370539
3.0006889
3.7266886
3.8001881
1.5719437
0.2581377
3.4100301
4.7022422
-5.3471196
-4.8631252
-3.4918806
-3.0919689
-4.4577647
-6.4229519
-5.5601838
-3.1189453
-2.3856525
-4.8346486
-0.9072833

jasjpasipaniiargac il s ONONONONQ N i HONONONONON ON@N: i O NONONONONONONONONONONONONONONONO N
(@)

(au)
(kJ mol-l)

[ |
PR NOOOORFrR OWNOR O

OO WWNOFEDNWNE

(@)

-1

-4
-3

-2.
-3.
.3739688
.5398198

-5
-5

-3.
-1.
-3.

0.
-0.
.5979408
.7596975
.9373832
0.
.2565457
.5882096
.5997060

2.
-1.

-0
1
1

-1
-1
2

(au) PBEQ0/def2-TZVPP

.9681938
.2711050
.6398468
.7390327
.8736680
.4308376
.4632721
.3230288
.4860401
.8978221
.8932344
.1102219
.3262799
.3443794
.4917352
.0742199
.5396352
.4079526
.8148338
.9201504
.9607478
.0056133
.9816840
.0692529
.6607428
-0.
.5240326
-4.
.5548126
.3932483

4801990

4623286

0360127
1994438

4736495
0544150
1159529
8537170
4103499

9971777

9278332
7670527

|
P RPRPRPRPRPRPWOOOOONO

PFNNRFRPORPRPNMNMNNRERPERERPRERPENDMNNMNDOOONDNDE O

.4627900
.2078398
.1205255
.0539965
.1726503
.1165767
.3334955
.1767272
.4246771
.4068286
.0551879
.3285877
.7545599
.7203335
.2222126
.4328112
.1609371
.6693880
.4650582
.6636380
.8111972
.1089827
.2305998
.0769267
.5140208
.9434658
.1830719
.9036248
.2605153
.9855944
.9592241
.2567531
.1256541
.9715006
.4834480
.2403214
.7634979
.9156071
.5360898
.3053365
.7845470
.0431648
.1104698
.4170325
.9971250
.8729524
.3479318
.8862643

-2452.074142234

-2451.611763009

-2451.6198030278 (Toluene Correction)
0.3426121

738.90

-0.06697983
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI U O RGO U RO RO R UV RR VR B UR OB URN VRV RO URE VR UV ER OB URR OB U R OO RV OB )

wave number

cm** (-1)

-180
0

o O O o

0

16.

20

34.
37.
43.

51
54

63.
74 .
93.
99.
102.
105.
116.

143

149.
190.
205.

214
220
237
247
282

341.
353.
366.
401.

401

404.
421.
438.
445,
467.
469.

492

495.

498

516.

522

539.
550.
556.
584.

.13
.00
.00
.00
.00
.00
.00
16
.23
71
61
85
.29
.50
64
41
89
92
96
64
39
.20
93
48
11
.53
.33
.52
.55
.57
14
75
36
05
.37
09
75
05
64
10
55
.57
94
.59
90
.34
29
81
18
71

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.08999
.17454
.06401
.19479
.24760
.13596
272776
.23335
.09767
.26720
.26287
.22256
.21123
.20491
.60293
.16503
.23144
.14525
.46048
.23064
.32706
.52677
.82391
.83436
.35426
.42762
. 75597
.17593
.14187
.55163
.88263
.18937
.82912
.05303
.87405
.92155
.00082
.21897
.90990
.89970
.25726
.74073
.46291

NOTO D OWUDORFRFOOMWRENOOOORRPFPF OOOODOODODOOODOODODODOOOOOOooOo

00000

selection rules

IR
YES

RAMAN
YES
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TS3sia

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy

Chemical Potential
Dispersion Correction

xyz coordinates

37

n -0

ja=jgasigasiiasiiasiiasiiaciiasjia el O NONONONONO N "NONONONONONO N ONONONONONONONONONONQ!
N

-2

Svibrational spectrum
symmetry

# mode

#
1
2
3
4
5
o
7
8
9
10
11

.3367351
.8696697
.2856535
.8282425
.2519233
.2661993
.7030816
.3271217
.0654066
.1360361
.5758540
.3279993
.0534784
.4163054
.2253325
.3383776
.1596605
.9817374
.1689385
.0172476
.6588862
. 6449917
.3271176
.9650262
.6494950
.9056341
.6712222
.1011877
.9976462
.4329602
.3413772
.5161972
.7777451
2777694
-0.
-2.
.3597839

7404145
0291270

a

UV

(au)
(kJ mol-l)

(au) PBEQ0/def2-TZVPP

.3768756
.8718326
.5555105
.6478829
.5778408
.5523916
.2683414
.3227472
.9849484
.9068470
.6336499
.5396906
.8175555
.2735892
.7938260
.1411305
.3668982
.8823686
.3057951
.9784906
. 7126596
.8175246
.4705144
.8969337
.2465958
.7744510
1733747
. 7750955
.5529194
.9443609
.6078647
.3184823
.6417863
.2619577
.7332922
.3746046
.3883484

wave number

cm** (=1)

-178.
0.

[eoNeNeNe]

42.
57.
69.

15
00
.00
.00
.00
.00
.00
.07
16
65
07

.2988397
.5792574
.1853000
.9806592
.5630382
.6927707
.1152815
.2125609
.1596621
.3388982
.7822888
.6508554
.5732889
.7286415
.1976814
.7477564
.8350984
.3520192
.3249510
.3980815
.8344551
.3849215
.1582523
.8540831
.0614716
.9996448
.1962435
.2048468
.0266605
.4014742
.5360664
.3920617
.4299211
.0205504
.5036776
.8699356
.0190815

-2183.131539912

-2182.721878063

-2182.7291178777 (Toluene Correction)
0.2598847

548.92

-0.05353197

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.17468 YES YES
.34856 YES YES
.64808 YES YES
.05984 YES YES

O OO OO0 OO oo
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

OISR O ORGSO O OO  OOR ORROROO R U RV R O R URR R VR OB VROV RO

79.
85.
.20
101.
108.
1009.
129.
.76
197.
.20
229.
250.
261.
277.
299.
346.
365.
.32
442.
448.
.59
.79
486.
489.
498.
518.
526.
.54
538.
545.
578.
605.
.32
625.
631.
640.
687.
697.
707.

91

172

218

405

463
472

532

612

69
09

05
83
28
11

82

25
83
45
68
35
64
64

72
97

71
97
19
61
22

83
65
06
11

64
86
70
72
76
48

[

[

N = a1 N
S oMM OoOCUuNRERERERE MO ONMNOERNORMMNOOUUDORRERPRERPREREPEPRPOOOOOR

N D
= s W o

.20659
.07459
.11329
.11238
.07859
.33871
.29873
.55207
.60561
.84289
.86660
.90614
.14381
.84444
.12607
.71924
.12433
.81981
.88639
.12164
.13786
.09847
.64170
.34087
.76372
.10605
.99394
.56273
.68195
.39873
.23447
.59629
.01782
.88850
.17884
.88353
.96053
.66806
.42323

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS383a

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy
Chemical Potential

Dispersion Correction

xyz coordinates
48

1.4459651
-0.8719835
0.0125768
-0.5083544
1.0132788
2.1795258

-0.3067939

-1.4034456

-2.0187606
n -0.2219443

-2.1573556
2.5026577
-1.3089156
1.0950577
-0.7006179
1.9811696
-0.2991287
-0.9605832
-1.8643864
-1.5362569
0.5953798
0.2720649
-1.2138114
-2.8323003
.2417561
1.5655869
0.9880235
4.3876931
4.4216323
3.3334881
2.1615645
3.2539196
5.2462816
5.3049295
3.3789063
1.2920379
3.2228163
-3.3354897
-2.0171691
-1.3643536
-3.3403718
-3.995449¢6
-3.8483526
-1.4963679
-0.3342230
-3.8489404
-5.0318163
-0.5956271

a=iiasiasiaciias il O NONONONQ N =il I i O NONONONQ Nl i O NONONONONON--NONONONONO O NONONONONONONONG!
|
N

(au)
(kJ mol-l)

-0

-0.
.5843903

-0

-0.
.5830339
.1951911
.6852305
.6399284
.3090379
.0546709
.1740186
.8195546
.2118961
.5675809
.1218979
.5476008
.1306412
.8492619
.2532203
.9295352
.6878733
.8068533
.4136922
.2864338
. 6173137
.3975818
.8420686
. 6977317
.2524159
.2099527
.2836324
.5440095
.1856946

0.

0.
-0.
-0.
.3411595

0.
-2.

1

(@)

NN WN D ONODN

0

(au) PBEQ0/def2-TZVPP

.1758419
.8033845
.8884238
7779318
.2451803
.1580859
-1.
-0.
.3064184

6681079
6318798

4141605

0181497

4391063
4108975
4734897
9371152

8173070
7183371

OO OO PO UWEDNREPOOOOWOWDN

(@)

-0
-0

-0.
.9648278
.2353915
.7365969
.9851804
.0631820
.7187161
.6202468
7770749
.6895042
.1331958
.3107729
.1485920
.3904486
.2194816
.4882376
.4855670
.2721703
.0537263
.2694879
.4436166
.4387979
.2802273
.0895448
.2638959
.5856160

.8322908
.3521899
.4443620
.3370157
.1905398
.1205537
.4295187
.2980345
.0455662
.2012076
.3513091
.3015286
.0958950
.0519171
.0434619
.5426852
.2745308
.0279566
.5920341
.7454660
.3598140
.5018172

1407718

-2452.085970536

-2451.6300604256

-2451.6393433949 (Toluene Correction)
0.3438944

742.05

-0.07029183
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI U VRGO U ROV OB OBV RR VR B OB OB URNU RV RO URR VR UV ER OB URR OB U R OO R U U

wave number

cm** (-1)

=257
0

o O O o

(@)

19.
30.

37
40
47

51.
59.

74

84.
89.
100.

110
124
133

157.

187
203

218.

235
242

249.
290.
355.
373.
396.
400.
402.
416.
438.
456.
462.
473.

478

480.
494 .
507.
517.
528.
541.
576.
588.
607.

.50
.00
.00
.00
.00
.00
.00
.16
51
74
.52
.58
.33
11
59
.06
46
28
80
.29
.54
.27
79
.55
.50
94
.58
.37
53
62
98
78
89
74
24
32
96
34
49
97
.28
96
62
88
95
96
68
51
03
72

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.35618
.10998
.85372
.01350
.13918
.01430
.28303
.80674
.79660
.71821
.09853
.74385
.42942
.19616
.44369
.33843
.58258
.02218
.89951
.10036
.84239
.58950
.45380
.12758
.88651
.42140
.64740
.55560
.16342
.67739
.67132
.16918
.00078
.19856
.70836
.40481
.33733
.88110
.19087
.52103
.87999
.43969
.80706

=

=

= =
NOABHROFROOWIRFROORHFE®DMOOOFWHONOOR OOODOOOOODODODOOOOO OO

N
(G ERENN

00000

selection rules

IR
YES

RAMAN
YES
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TS39ia

SCEF Energy
SCEF Energy
SCEF Energy
Zero Point

Chemical Potential
Dispersion Correction

(au) BP86/SV(P)

(au) PBEQ/def2-TZVPP
(au) PBEQ/def2-TZVPP

Energy

xyz coordinates

37

1.6215828

-0.5552919

0.3174606

-0.5744828

0.7261198
1.7321269
0.2907708

-0.7080140
-0.5704676
-1.5464973
-2.7473448
n 0.1193950
-1.3230132

2.6326727

-0.9747757

1.1731735

-1.0479384

1.5161086
.2538640
0.3137643
1.6541747
0.1515968
2.2932074
2.6884546

-2.8894473
-2.6294363
-3.6716583

0.3086756
0.8512904
0.8486286

-0.2351322
-0.2339798

0.3059966
1.2749335
1.2615609

-0.6594449
-0.6602843

a=jgasiiasiga il s O NONONON@ =i il i il O N HONONONONONO N ONONONONONONONONONO NG
N

Svibrational spectrum
symmetry

# mode

#

O ~J o Ul wdN -

o e
N = O W

a

UV VIIE I )

(au)
(kJ mol-l)

O WkFE WO s~ whDw

(au) PBEQ/def2-TZVPP

.0130222
.2926508
.8443706
.3750881
.6256458
.6532331
.3516046
.4292694
.0679884
.0762966
.0344039
.0917515
.0275928
.0755906
.1891404
.2558642
.1858525
.9592029
.0815612
.1154790
. 7437835
.4016114
.7178198
.3521242
.9851829
.2159190
.8108671
.5642397
.4089457
.1954004
.2887501
.4983769
.5188076
.4550747
.2851469
.2401770
.4023044

wave number

cm** (-1)
-313

0.

O O O o

40

53.
60.
69.

.32
00
.00
.00
.00
.00
.00
.63
.30
45
98
36

.8637253
.8384885
.1505579
.0075668
.3393932
.5664832
.4519661
.6772707
.2341211
.3232095
.2212595
.9197951
.4074424
.4481464
.4576197
.0899197
.6955779
.1995257
.0572638
.5445059
.1471547
.7567116
.3894030
.0258805
7739075
.9692374
.6431154
.9674185
.5600222
.8602233
.0356064
.6702443
.5194580
.5766716
.3259539
.0493161
.2047327

-2183.125430263

-2182.704202665

-2182.7106225495 (Toluene Correction)
0.2592413

544 .22

-0.04988049

IR intensity selection rules

km/mol IR RAMAN
0.00000 YES YES
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.00000 - -
.03949 YES YES
.01775 YES YES
.53751 YES YES
.12144 YES YES
.04757 YES YES

O OO OO0 OO OooOo
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

OO OO YYD YYD YYDy

80.
88.
.39
98.
.25
.27
.04
154.
192.
223.
235.
.58
279.
.53
387.
.37
.51
432.
.60
461.
477.
478.
482.
.38
510.
520.
535.
542.
566.
.36
603.
614.
631.
642.
657.
.30
688.
.59

91
104

122
147

257

318

403
417

441

501

581

685

701

92
84

17

86
89
70
13

00

67

74

74
70
89
93

65
78
43
00
54

70
09
46
41
03

80

[
OO D JWORPROWONFEFNOPRRPOODODOOHRHF OOOOOoOOoOOo

w
o W

[ GO w
DS W J o

.16401
.18539
.29083
.47781
.53446
.27990
.95015
.55796
.67278
.31201
.54397
.44732
.69986
.92914
.46802
.08995
.41069
.95993
.11914
.87129
.83105
.99679
.29028
.56334
.16652
.08188
.46453
.87021
.99136
.04895
.18185
.72873
.20273
.94297
.78668
.75021
.16830
.32620

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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TS395a

SCF Energy (au) BP86/SV(P)

SCF Energy (au) PBE(Q/def2-TZVPP
SCF Energy (au) PBE(Q/def2-TZVPP

Zero Point Energy

Chemical Potential
Dispersion Correction

xyz coordinates

48

jaxjasigasiaria O MO NONO NN« =iy i O NONONONO N -jl:-i =il i O NONONONONO N HONONONO N O NONONONONONONO N
|
NOWUBNR WEWOORREOOOOO N

.6911518
.5381033
.5156193
.4804033
.8488824
.9238833
.4299699
.4614591
.6568288
n 0.
.3093976
.6893899
.0018127
.2831257
.932959¢6
.3746248
.5527362
.9714533
.0882095
.9367838
.5595053
.6981174
.8716749
.2965941
.2505973
.3418301
.3818132
.4897308
.6920922
.9948020
.9269590
.2278337
.3075455
.7528175
.2854998
.1568459
.0799994
.0669994
.9630695
.2023586
.1928921
.6877952
.6976743
.7601895
.1837171
.3961008
.7101998
.4992385

1931996

(au)
(kJ mol-l)

1

[

Wk WO owNhwo N

(au) PBEQ0/def2-TZVPP

. 6228639
.8319302
.3664366
. 7971369
.1533185
.1593889
.6306059
.7019179
.7785329
.4441162
.4176004
. 7487136
.7373071
.2088211
.5831127
.3488222
.6114123
.8042816
.8996863
.8859868
.3131106
.3043616
-0.
-2.
-2.

8147227
7715272
7475411

.1706181
.1696513
.6480544
.0397000
.8226459
.6209065
.8473862
.0470284
.9872565
.8151227
.6635327
.8505724
.9995647
.0219373
.0250814
.1067782
.1905233
.1047987
.7329263
.9583326
.3491768
.2455799
.8785330

NN OORPRDNE OO

O O wWonNDN

w o wwo

.9599087
.8699088
.2758119
.1531878
.4898860
.7807363
0.
0.
0.
2.
.5715432
.5529774
.4424823
.1935954
.8847944
.0759198
. 4457787
.6347098
.6367533
.8347872
.9985137
.8148038
.2716781
.2790539
.8679982
.3448872
.8054271
.4272459
.8938761
.5346432
.8209363
.1774812
.5391237
.4544869
.5979841
.3166701
.2334426
.0392820
.4494328
.489919¢6
.1579381
.7206998
.0573633
.7225311
.0085284
.6167166
.2256543
.8172817

0101577
1204781
9969108
0089345

-2452.101612798

-2451.637427819

-2451.6455080397 (Toluene Correction)
0.3446137

746.48

-0.06671155
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Svibrational spectrum

#
#

mode

O J o Ul wdN R

GBS EDAEDLADLAEDNWWWWWWWWWWNNNNNNOMNOMNNNNRRPRPRRE R R PP
OCWO I BEWNRPOWOOJANNEWNROW®O-JAUEWNROWOIJOU S WNRFE O O

symmetry

a

ORI U VRGO U ROV OB OBV RR VR B OB OB URNU RV RO URR VR UV ER OB URR OB U R OO R U U

wave number

cm** (-1)

-101
0

o O O o

0

19.
26.
31.

40

43.
47.
53.

58

76.
88.

92

101.
115.

134
142

169.
186.
206.
229.
237.

250

261.

304

353.
390.
400.
402.
403.

432

445,

453

469.
480.
484.

491

510.
521.
532.

544

556.
572.
592.
610.

.84
.00
.00
.00
.00
.00
.00
82
78
80
.20
70
80
12
.20
82
16
.55
18
84
.32
.23
68
56
28
73
12
.38
02
.35
95
73
70
44
13
.59
95
.39
58
02
42
.23
47
15
73
.33
94
11
99
97

IR intensity

km/mol

0.
.00000
.00000
.00000
.00000
.00000
.00000
.04668
.15666
.37669
.20557
.03615
.24022
.20842
.16989
.14507
.32927
.19181
.19223
.51378
.28560
.83050
. 93431
.09386
.66894
.47084
.49147
.77895
.38600
. 70317
.54405
.44978
. 74591
.39983
.39119
.42700
.51090
.00818
.35279
.97809
.28655
.85186
.91320
.56488
.72744
.44481
.98299
.88796
.20011
.19647

D OO OO R, WONODODONHNUFF WHFR OORPR OOOOODODODODODOOOO0ODODODODOOOoOOoooo

o e e
e = R

00000

selection rules

IR
YES

RAMAN
YES
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