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Figure S1: Structures with key bond lengths for gold species | — O.
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B- List of the Cartesian coordinates of the structures presented in figures 3, 6 and
S1 and discussed throughout the text:
Structure C: Au,H(PH,)," (Figure 3a)
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Structure F: Au(PH,),"HAu (Figure 3b)
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Structure G: Au(PH.),"AuH (Figure 3c)
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Structure H: Au(PH,),"HAu (Figure 3d)
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Transition state for isomerization of C to G (Figure 6)
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Structurel: Au,H" (Figure Sla)
0.006824 1.356490 0.000000
-1.078162 -0.001549 0.000000
0.006824 -1.356470 0.000000

Structure J: Au,H(PH,)" (Figure Slb)
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Structure K: (HAuUPH,), (Figure Sic)
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StructureL: HAuPH, (Figure S1d)
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StructureM: AuH (Figure Sle)
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Structure N: Au(PH,)," (Figure S1g)
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Structure O: Au(PH,)" (Figure S1f)

Au 0.441238 0.000008 0.000000
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C- Supporting Tables:
Table S1: The peak assignmentsin Figures 1, 2, 4 and 5. Note that the m/z shown are for

the strongest peak in the cluster if applicable.

m/z Assignment Comments
152 [Ph,-2H]* Product of EED
Product of EED of

183 [PPh,-2H]" [(PhsPAU)(PMe;Au)H]* and
[(Ph;PAU),H]"

263 [HPPh,]* Product of EED

459 AuPPh,*

477 AuPPh;".H,0 Reaction with background

491 AuPPh,".MeOH Reaction with background

500 AuPPh,".CH,CN Reaction with background

516 (AuPPh,)(Me,NCH,-H)"*

560 (AuPPh,)(DMG-2H)*

644 AuPPh,* Loss of Ph

721 Au(PPh,)," Most intense peak in MS of Ph;PAUCI

919 (AuPPh,),H"

953 (AuPPh,),Cl*
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977 (AuPPh,),CH,COO"

1011 Na(AuPPh,Cl),"

1119 (AuPPh,Cl)(AuPPh,CH,COO)Ag"

1020 (AuPPh,),[DMG-H]*

1095 Ag(AuPPh,Cl),"

1377 (AuPPh),"

197 Au’ Seen in the P(Me), case only
243 AUPCH," Product of EED
273 AuPMe;'

330 (AuPMe;)(Me,NCH,-H)*

333 [Au(PMe;),-CH,]* Lossof CH,
349 Au(PMe,),"

374 (AuPMe,)(DMG-2H)*

723 (AuPMe,Cl),Ag"

547 (AuPMe,),H*

581 (AuPMe,),Cl*

605 (AuPMe;),(CH,COO0)*

648 (AuPMe,),(DMG-H)*

471 AuHAUPMe;*

535 AuPPh,PMe,"
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731 (AUPPh,)(AuPMe;)(-H)*
733 (AuPPhy)(AuPMey)H"

767 (AuPPh,)(AuPMe,)CI*

791 (AuPPh,)(AuPMe;)(CH,COO0)*
834 (AUuPPh,) (AuUPMe;)(DMG-H)*
911 (AuPPh;)(AuPMe,)Cl.AgCl*

DMG = N,N-Dimethyl glycine; PMe,= trimethyl phosphine; PPh,= triphenyl phosphine
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Table S2: The calculated B3LY P/6-31G(d) energies (in Hartrees) of the various
structures used in the thermochemistry calculations in the text. The basis set used for Au
isthe LanL2DZ.

Relative isomer
species E(B3LYP) ZPE- ZPE(Scaled) | E(B3LYP Scaled) | stability (kd/mol)
Au,H(PH,)," (C) -957.66847 0.062880 0.061660 -957.60681 0

isomer F -957.62871 0.062160 0.060954 -957.56775 102.5

isomer G -957.62330 0.062000 0.060800 -957.56251 116.3

Isomer H -957.62699 0.061567 0.060373 -957.56661 105.5

TS(C > G) -957.61368 0.061679 0.060482 -957.55320 140.8
AuH* (1) -271.22467 0.005411 0.005306 -271.21936
Au,H(PH,)" (J) -614.45202 0.034144 0.033482 -614.41854
(H;PAUH), (K) -958.45986 0.069101 0.067760 -958.39210
H,PAUH (L) -479.22393 0.033706 0.033052 -479.19088
AuH (M) -136.04665 0.004785 0.0046922 -136.041958
Au(PH,)," (N) -821.57147 0.055732 0.054651 -821.51682
Au(PH,)" (O) -478.35010 0.027950 0.027408 -478.32270
PH, -343.13781 0.024242 0.023772 -343.11404

* This structure is the minimum energy structure from the output of the IRC calculation
in the forward direction.
-Zero point energy from the frequency calculation.

Table S3: Estimated thermochemistry for egs. 11-13 using the DFT calculated energies
from Table S2.

Eq.# Reactionsin text AH (kJ mol™)
11 AUH(PH.)," > PH, + AuH(PH,)" 194.9
12 AUH(PH,)," > Au(PH,)+ + AuH(PH,) 244.8
13 AUH(PH,)," > AuH + Au(PH,)," 126.1
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