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Multireference character.

T,-diagnostic value is a factor to indicate how strong the multireference character is for the wavefunction of a
certain structure (see ref. 68, ref. 69 and ref. 70). If the multireference effects are strong, then the results of
single-reference WFT methods would be doubtful. It is recommended that the T;-diagnostic value should be less
than 0.05 (ref. 68) or 0.04 (ref. 69) to ignore multireference effects. The results show that all T;-diagnostic values
are small enough in this work to use CCSD(T) as a standard.

Table S1 T;-diagnostic values of some important structures. (CCSD/aug-cc-pVDZ)

Structure T;-diagnostics
11.11 0.033
11.12 0.030
11.31 0.026
11.32 0.034
11.13 0.028
11.41 0.028

TS1.12 0.028
TS1.21 0.031
TS1.31 0.030
TS1.32 0.035
TS1.33 0.025
TS1.11 0.028
TS1.42 0.027



Energy barriers of twelve elementary steps.
Table S2 Potential-energy barriers of twelve elementary steps calculated with different methods. “-” denotes that
a different step was obtained by that DFT method from that of the mPW2PLYP method so that a comparison on
energy barrier of that step does not make sense. So they would not be used in error estimations (for example,
calculating MUE for BLYP would use 10 barriers without EB4 and EB5).
DFT EB1 EB2 EB3 EB4 EB5 EB6 EB7 EB8 EB9 EB10 EB11 EB12
11.11- 11.12- 11.12- 11.21- [1.21- 11.31- 11.32- 11.33- 11.31- 11.41b- 11.41b- 11.41b-
Methods TS1.1 TS1.12 TS1.12 TS1.21 TS1.21 TS1.3 TS1.3 TS1.3 TS1.4 TS1.41 TS1.41 TS1.41

1 a b a b 1 2 3 0 a b c
B2PLYP 27.97 22.70 22.20 3437 153 2090 7.66 8.84 7.32 17.20 22.05 31.69
B97D3 24.33 19.89 22.82 - - 15.13 6.02 883 3.56 18.18 20.92 31.02
BLYP 20.41 22.64 23.76 - - 1297 6.74 931 441 1541 21.88 30.03
BPW91 2157 21.35 - - - 14.79 6.82 898 3.06 17.11 20.10 30.61

OoLYP 22.16 20.48 2435 27.84 0.01 17.22 6.16 9.00 3.54 20.48 21.21 32.07
HCTH-407 24.71 19.57 2396 2876 0.27 18.65 593 8.59 3.84 22.05 2130 32.90
PBE 22.33 21.07 - - - 1532 7.03 8.72 275 17.82 19.68 30.30
B3LYP 2493 2435 21.93 32,61 192 21.28 7.27 1030 7.15 18.87 24.47 34.21
B3PW91 2530 23.18 21.16 32.75 0.73 2259 7.35 998 572 20.28 23.09 34.46
B3LYP-GD3 25.25 24.62 22.00 33.03 194 2140 6.87 1049 6.82 18.99 24.85 34.05
B3PW91-GD3 25.31 23.50 21.16 33.02 0.70 22.67 6.90 10.21 5.33 20.43 23.54 34.27
SOGGA-11x 31.09 25.09 20.07 42.04 5.71 30.22 8.00 10.67 10.51 21.63 25.09 36.81
LC-wPBE 25.78 28.50 19.47 4147 258 28.75 10.02 11.75 7.84 1842 24.17 36.85
wB97 28.32 28.63 19.54 43.29 4.61 28.74 10.23 11.29 9.46 17.47 25.19 36.84
N12SX 22.19 26.91 23.70 - 0.52 23.84 8.13 11.66 6.21 21.21 25.36 35.90
Mo6L 25.44 19.55 18.50 31.38 1.15 1899 6.36 9.18 6.95 16.50 19.72 34.47
M11L 32,57 16.69 16.06 42.01 9.70 2890 5.34 10.22 14.93 18.84 19.11 34.73

MN12L 6.76 42.38 17.74 - - 18.99 11.99 20.20 9.83 13.37 34.79 43.79
TPSS 18.45 24.24 - - - 1452 7.81 10.04 594 13.70 19.57 30.99
rev-TPSS  16.68 26.12 - - - 14.82 8.89 10.68 6.90 13.01 19.15 32.68

tHCTHhyb 22.22 23,79 2140 30.38 0.24 19.87 7.46 10.20 3.78 18.85 23.46 33.94
MN12SX 19.26 31.15 19.72 29.37 0.74 24.70 8.00 14.65 4.66 18.22 30.47 39.15
M11 27.23 24.32 18.59 - - 28.14 8.40 11.47 8.34 19.34 26.26 36.87
MPW2PLYP 28.06 23.97 22.00 3557 166 2220 799 09.38 7.54 19.36 2492 36.49
CC/cBS  27.47 25.61 21.81 36.16 0.66 2242 866 9.76 5.83 18.79 25.79 36.73
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Figure S1 Free-energy profiles for the inter-conversion among three 11.41 intermediates.
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Figure S2 Geometries of ISs and TSs in PdCO catalyzed FAD reaction routes
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Figure S3 Free-energy profiles of the PdCO catalyzed FAD reaction pathways at room temperature
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Figure S4 Free-energy profiles of the PdCO catalyzed FAD reaction pathways at 600 K. Only the four low-energy

pathways ar

e presented.
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Figure S5 Free-energy profiles of the PdCO catalyzed FAD reaction pathways at 900 K. Only the four low-energy

pathways are presented.

Cartesian coordinates for all optimized structures.

The structures with * are structures with an open-shell singlet wavefunction.
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-1.88095100
-0.82926200

1.46634003
-1.46634003
-0.00000000

1.76152100
2.75732600
0.75830900
1.63730900
-0.19863800
-1.00621500

-1.20676800
-2.03659100
-1.34937100
-0.54312400
-0.80948100

0.65298200

-1.33137300

-2.20672000

-1.42832500
1.25543600
0.89831900
0.34294100

-1.60857900

-0.70681800
1.39522200
0.04688200

-0.28755800
0.58233700
-0.83059200
-0.70681800
1.39522200
0.04688200

0.10904300
1.06196700
-1.27332000
-0.51082400
1.09594400
-0.10621800

0.15660029
-1.05417688
0.01951253

-0.06875300
-0.78228300
-0.68612800
1.18039300
1.16703000
-0.07072300

-0.22169300
-0.70172900
-0.00525100
1.57422500
1.72282600
-0.16016000

0.12720900
0.47931400
0.08262900
1.27658700
1.89216100

-0.49689900

0.05721700

-0.37759100
-0.19457900
0.02479300

0.27138500
-0.09536800
1.20946100
-0.37759100
-0.19457900
0.02479300

-0.00004100
-0.00009500
-0.00051900
0.00011500
0.00059300
0.00000000

0.00000000
0.00000000
0.00000000

0.00368700
-0.00281800
0.01745400
-0.00025200
-0.00227900
-0.00027700

0.42114300
-0.30533100
1.48876300
0.02061300
-0.89432600
-0.01833800

0.38436900
-0.35125100
1.48488600
0.18229500
-0.46474800
-0.13427600

0.00304600
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I O T O

Pd
TS1.40a
C
0]
0]
H
Pd
H
TS1.40b
0]
H
Pd
H
C
0]
TS1.41a
C
0]
0]
H
Pd
H
TS1.41b
C
0]
0]
H
Pd
H
TS1.41c
C
0]
0]
H
Pd
H

PdCO routes:

11.51
C
0]

-2.72378500
0.87233400
2.19212000
2.50469800
0.22886400

1.16382700
1.58876700
1.76238200
2.38912300
-0.80139500

0.68289200

-1.83749900
-1.45955300
0.79072300
-0.74359500
-1.17839900
-1.54996400

1.11249800
2.19683000
0.82748100
0.98824300
-0.66725800
-1.16385500

-1.19934600
-1.73960300
-1.61997900
-0.35028900
0.73391100
0.66312500

-0.51733500
-1.28422000
1.28998200
1.75977900
0.00000000
1.29814000

2.53109900

1.75617900

0.30990300
1.22740700
0.37208100
0.57883900
-0.16533500

0.12893400
1.20582100
-1.06549900
-0.86439200
-0.02293300

0.02311300

-0.98865900
-1.76860600
-0.02233200
-0.01088200
0.13414000
1.23890200

-0.39010200
-0.77305400
1.51484000
1.81158800
-0.08401400
-1.54063900

-0.06637900

-1.14292000
1.14744300
1.53466900

-0.06070500
1.61986300

-1.03443300
-1.90136400
-1.58491900
-2.43953200
0.79661600
-0.10793200

0.15130500
-0.79341300

-0.00017700
-0.08716800
-0.10766900
0.78061400

0.00328400

0.31191500
-0.13113600
-0.03771800
-0.74707000
-0.02417600
1.33852000

-0.17805500
0.24426200
-0.02004400
1.33474800
0.29163600
-0.12279700

0.00199500
0.00120200
-0.11216200
0.79243700
0.00095700
0.03927400

-0.00000600
-0.00000500
-0.00001200
0.00002000
0.00000200
0.00007000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00003600
0.00001800
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Pd

@]

11.52a

I O T O O

ol @]

11.52b*

I O T O O

(@]

11.53a

Pd

C

0]
11.53b*

3.60887900

2.18038100

1.19002200
-0.31743500
-2.02653300
-3.08959800

2.57874400
3.70392700
2.35523400
1.50157900
-0.47314800
-0.40091600
-2.25416900
-3.37893200

2.55307400
1.73584600
0.11856900
3.39727300
-0.91281500
-0.37150500
-2.12098700
-3.22175000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.15007300
-0.67884300
1.00862800
2.24448600
2.64711600
0.30281100
-1.56857700

0.01294500
1.41237600
1.44500000
-0.33105300
0.32209000
0.74730300

0.41311400
-0.00974400
1.48964400
-0.35616600
1.40274400
-0.09722400
0.05805400
0.21002400

0.08659200
-0.75737400
1.40094300
0.86757700
-1.69003000
-0.16516300
0.29902000
0.58641000

0.39442100
-0.39442100
0.00000000
0.00000000
0.00000000

1.62607600
-1.62607600
0.00000000
0.00000000
0.00000000

1.57577600
2.28556600
1.87436200
-0.34572800
-0.11363000
-0.38011100
-0.59887900

0.00010300
-0.00002000
-0.00006100

-0.00001100
-0.00000600
0.00004000

-0.00000800
-0.00029900
0.00013300
0.00018800
0.00072400
0.00005700
-0.00012000
-0.00022900

0.00003500
-0.00005400
-0.00106500

0.00018700
0.00087800

-0.00006100

0.00008800
0.00015100

2.27824200

2.27824200

0.51451700
-1.36534500
-2.50402500

0.50716700

0.50716700

0.55569500
-1.24860400
-2.38558200

0.23663600
-0.20859000

0.85348600

0.01526900
-0.82607700
-0.00108900
0.01834100
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Pd

o 0O

11.73

TS1.52a
C

I O T O

-2.69989700

-1.91758500
-3.03821600
0.21651400
-0.62471700
-0.02043800
-0.08396100
1.91408800
3.03042700

-1.75981300
-2.73058900
-0.00011600
-0.76644900
0.00000600
1.75986200
2.73066600
0.76621000

2.17614500
3.30652300
-2.78065300
-2.44592800
0.22052800
0.23273000
-1.73342300
-1.84929800

2.57993600
3.11441500
2.96650500
1.51886800
-0.67507800
-0.34921100
-2.14107000
-3.24089700

2.31014900
3.42339100
1.40661100
1.67494700
0.41040900

-0.40607400

-0.70696700

-0.27216600
-0.42638700
1.89452500

2.35596200
-0.10763400
-1.66191100
-0.32810400
-0.48579600

-0.69408300
-1.29567300
2.51938900
2.95859300
0.06490700
-0.69399100
-1.29553700
2.95868600

0.05421000
-0.02637700
-0.74176700
-1.64448200
-0.03677100
-1.57603100
0.07640400
1.28418400

-0.03779800
0.97815800
-0.63196300
-0.59463500
-0.66564500
-0.16521800
0.27857100
0.54809900

0.39851800
0.79749200
1.38355200
-0.68120100
1.12571000

-0.32880200

0.00492500

0.00001600
0.00015800
0.00004100
0.00001900
-0.00006300
-0.00013000
0.00002200
0.00015000

0.00771000
0.02788800
-0.05884200
0.31672200
-0.01524700
0.00771200
0.02789100
0.31662600

-0.00006000
0.00004300
0.00026700
0.00037800
-0.00004400
0.00019300
0.00005600
-0.00012300

0.29555100
-0.06687200
1.13600100
-0.27691900
1.32240400
-0.05220700
0.01852000
0.10112900

0.00004200
-0.00015100
0.00011500
0.00016900
0.00006300

-0.00000300
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C
0]
TS1.52b*

-2.10942600
-3.14108100

-2.15372600
-1.72576000
-0.61913300
-2.97990300
1.06362900
0.28974300
2.01162500
3.09065400

2.33472100
3.36209400
1.27008000
1.72046400
0.35293300
-0.40634000
-2.12299300
-3.10777300

1.09058300
1.29730600
1.38213400
1.90172400
2.31244300
-0.04587400
-1.80704000
-2.85973200

1.92360500

2.89824400
-0.95340100
-0.86488600
-0.25730000

0.00735200
-1.44795300
-2.28103300

-1.73643100

-2.78636200

-0.41789400
1.13016300
1.10585100

0.38884200
0.87014500

0.25582500
-0.87764100
1.18407300
1.07546600
-1.61626500
-0.23262600
0.36961300
0.72472100

0.35395000
-0.20361800
-0.81224200

1.41385400

0.92319500

-0.46095500
0.34041900
0.90561000

1.13800500
2.02020000
1.03787300
-0.87906000
-0.86982300
-0.47600500
0.16415000
0.59826500

-0.32887300
-0.79569500
-1.21850600
1.87285500
2.30702000
0.20612600
-0.94052000
-1.44640100

0.47464200

0.91294700
-1.83449700
-2.04956400
-2.53968700

-0.00005200
-0.00001700

0.00003200
-0.00000200
-0.00006700
0.00001200
0.00022800
-0.00001700
0.00007800
-0.00001300

0.00041000
0.00203000
0.00042400
-0.00151400
-0.00278300
-0.00043400
0.00028600
0.00175200

0.41730900
-0.32918800
1.46631800
0.06815800
-0.80311700
-0.02823000
0.00765200
0.02173400

0.08008200
0.42193200
-1.14323300
0.43840400
1.04383100
-0.23252100
-0.11756800
0.51719700

0.00359300

0.01279200
-0.05964900
-0.08264600

0.74488400
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TS1.81b
C
0]
0]

Pd

-0.01831700
1.31727200
1.98989400

-2.21516100

-3.33027500
2.37567500
3.32538900

-0.26099700
0.39161300
1.74994300
2.33961900

-2.07309400
-3.20300400
1.34571600
1.61967300
-0.16727000
-0.55283900
1.78485900
2.90191400

-2.19851100

-3.32987300
2.48537700
1.34000100

-0.17607600
0.31406100
1.81092300
1.94086700

1.79154800
2.84380400
1.73509500
2.42877800
-0.25621000
0.33739000
-2.12493100
-3.20142700

-0.32490300
1.30754900
2.21494100

0.02548700
0.12949500
1.12870500
0.94458000
-0.04875900

0.38480900

-0.06509500
-1.11430600

0.10651100
0.17889900
1.40414600
1.82092800
-0.17368300
-1.65263900
-0.22411000
-0.51720300

0.08804700
0.07113800
-0.89664900
-1.50879400
-0.05691500

-1.70672100
0.17083000
1.36055400

-0.12581000
-0.60549800
1.44416700
1.89088300
-0.29284700

1.21825700

0.11401200
0.46540900

-0.00567700
0.00220200
0.01249800

0.02236400
0.19950500
0.02865600
-0.05803900
-0.10482600
1.23609600
0.11949100
0.12094200

0.02432900
0.05055500
-0.11586400
0.71085900
-0.01772900
-0.03366200
-0.00670800
0.06938700

-0.00004600
-0.00010300
0.00014100
0.00016100

0.00000900
0.00013700
0.00001600
-0.00010700

-0.02135000
0.18139100
-0.10756300
0.41250900
-0.05076800
0.09466300
0.05195300
0.13173700
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