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Figure S1. 'H NMR spectrum of 7 (500 MHz, C¢Dg).
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Figure S2. °C NMR spectrum of 7 (75.5 MHz, C¢Dg).
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Figure S3. "H NMR spectrum of 8 (500 MHz, C¢Ds).
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Figure S4. °C NMR spectrum of 8 (125 MHz, C¢Dg).
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Figure S5. 'H NMR spectrum of 9 (500 MHz, C¢Dg).
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Figure S6. °C NMR spectrum of 9 (125 MHz, C¢Dg).
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Figure S7. "H NMR spectrum of 4 (300 MHz, acetone-ds).
D [ 0 v 0 W= IN n o TN
@ o 0 nNmMmwoodw < 0 M
) ®F MEANRO PN NS
@ Br mR SINRRREIII
HO OH
OH |
4
J LA,
PPM
T T T 1 T T T T ‘ I T T T I T T T T [ T T T T | T T T ‘ T T T T l T T T T | T T T T [
200 175 150 125 100 75 50 25 0

Figure S8. °C NMR spectrum of 4 (75.5 MHz, acetone-ds).
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Figure S9. 'H NMR spectrum of 2 (500 MHz, C¢Dg).
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Figure $10. °C NMR spectrum of 2 (75.5 MHz, CDCls).
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Table S1. Results of DFT calculations for Ad(CH,S); on the Auyg, Au,;, and Auz; monolayers®

Optimized Sym- b ZPE, c AE s,
NI E, hart G, hart AE, hart
Structure metry » nartree hartree » nartree » nartree kcal/mol®

9 9 2

e ., o
2 yﬂ" v e 9
&2 Csy 4 -4266.9980417 0.300691 -4266.750721 -1692.7326024 24 .4

¢
L4
<

2 JJ‘F;’ Csy 1 -4266.9973090 0.300753 -4266.757075 -1692.7318697 24.9
9 ER R ]

9 @ 2
Ad(CHzS)3 on All19
J I 2

G 2 -4266.9976442 0.300762 -4266.753389  -1692.7322049 24.7

d 9 I

9 9 9

Cs 2 -4267.0014667 0.300951 -4266.756297 -1692.7360274 22.3

9 9 2

Ad(CHzS)3 on All19
D I 2

9 I I I 2

Y J%Q:JJ 9
? g: 9 Csy 0 -5350.9763973 0.301249 -5350.734258 -1692.7485788 14.4
@ & o o
2 2 9

Ad(Cst)3 on AUQ7
9 I 9 I

2 9 P @
2 )1‘,4({ 2o 0
W Cs 0 -5350.9763764 0.301151 -5350.734472 -1692.7485579 14.4
2 3 0 o

4 @ 9
Ad(Cst)3 on AUQ7

Page S7 ©ARKAT USA, Inc



Issue in Honor of Prof. Kenneth K. Laali

Table S1. Continued
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Optimized Sym-

b
Structure metry NI

E, hartree

ZPE,
hartree

G, hartree

AE, hartree®

AEads,
kcal/mol*

b D I 9

@ d e I
)
] J: 2 I
o "
J"JJJJ*)‘J Csy 4

2 9 2 0
2 9 2
Ad(CH»S)3 on Auy;
2 2 2 9
2 2 I% 0

JWJJ

2, J
JJﬁf:J C; 0

@ 2% o
2 0 90
X1°

Ad(CH»S)3 on Auy;
2 2 9 2

d 2 I
@ @ ; za 9
d HRRS 0 Cs 0
2 P I 9

? 2 2
Ad(CH»S)3 on Auy;
¢ 2 I 2

s o2
<&
9 @ & J,!JJ
+ 2
? MI°I 9 Ci 0
@ oo o
? 2 2

Ad(Cst)3 on AUQ7
> D I 9

] J aJ >
~' *«”ﬁxﬁf
f‘* J ?

J

9 2 J

= ]
Ad(Cst)3 on AUQ7

Q2 I I 2
d I 2 I 9

28

@ I 9 ) 9

2 9 & ’;;J 4 9 C3v P

QD D 2P D I

G 0

d I P 9 9

d 2 I 9
Ad(CH,S); on Aus;

-5350.9593510

-5350.9993497

-5350.9909429

-5350.9886346

-5350.9950654

-6705.9442826

0.300178

0.301954

0.301555

0.301353

0.301565

0.300534

-5350.712997

-5350.755071

-5350.747930

-5350.746771

-5350.752412

-6705.701918

-1692.7315325

-1692.7715312

-1692.7631244

-1692.7608161

-1692.7672469

-1692.7482327

25.1

©0)

53

6.7

2.7

14.6
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Table S1. Continued

AEacls,

Optimized Sym- NT® E, hartree ZPE, ;
kcal/mol

hartr AE, hartree®
Structure metry hartree G, hartree , hartree

9 9 9
> J T I B

9 J?;r#" ? 9
2 2 3 Y
22 .)J ? Csy 5 -6705.9291976 0.300072 -6705.682324 -1692.7331477 24.1

? 2 &9
3 2 9 I 9
P

Ad(Cst)3 on AU.37

g S 2 2
g 9 I 9 9
T
9 I JJ_, g 9
‘J‘Ji;,jj;s'fj C; 2 -6705.9370070 0.300870 -6705.695104 -1692.7409571  19.2
I I I 9
d I 9 9

Ad(CH,S); on Aus;

* UB3LYP/3-21G for C, H, and S atoms and LanL.2MB for Au atom. The Au-Au distance was fixed at 2.88 A
during structural optimization.

® Number of imaginary frequencies.

¢ AE = E, + E[Ad(CH,S);] = E[Ad(CH,S);/Au layer] — E(Au layer). The values of E(Au layer) are
summarized in Table S3.

4 Values are relative to the smallest Egs.

¢ In the lowest-energy structure X1, the center of the adamantane fragment lies above the center of three Au
atoms. The Ad(CH,S); unit adopts an axially twisted conformation. Distances between the S atom and its
neighboring four Au atoms were 2.70, 3.00, 3.40, and 3.61 A. The length of CH,-S bonds was 1.92 A, the bond
angle C(1)-CH,-S was 118°, and the dihedral angle C(7)-C(1)-CH,-S was 118°.

Au

°\‘\ S ’,"” o
2.70A/3<\,¢ 3.6°1A
Au .-~ 3.00 A
~“340A N Ay

Ad(CH,S")3 X1
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Table S2. Results of DFT calculations for Ad(CMe,S); on the Au,; monolayer®

Optimized Sym- b ZPE, c AE,gs,
Structure metry NI E, hartree hartree G, hartree AE, hartree Kcal/mol®
d I I 2

Jﬁ‘) 2,9

) Ji54J1£ ?

2 953N 9 C; 0 -5585.5815802 0.473559 -5585.171088 -1927.3537617 1.3
9 ),’3";"4 2
2 2 2

Ad(CMe;S); on Auy;
2 2 2 0

2 253%0 9 G 0 -5585.5836796 0.472138 -5585.177644 -1927.3558611 0)

9 9 X2e
Ad(CMCZS)3 on All27

4 UB3LYP/3-21G for C, H, and S atoms and LanL2MB for Au atom. The Au-Au distance was fixed at 2.88 A
during structural optimization.

® Number of imaginary frequencies.

¢ AE = E,s + E[Ad(CMe,S);] = E[Ad(CMe,S)s/Au layer] — E(Au layer). The values of E(Au layer) are
summarized in Table S3.

4 Values are relative to the smallest AE,q4s.

¢ In the lowest-energy structure X2, the distances between the S atom and its neighboring four Au atoms were
2.77,2.90, 3.26, and 3.71 A. Two of the distances were slightly longer than that in the Ad(CH,S); system (X1),
and the other two were slightly shorter. The length of CMe,-S bonds was 1.96 A, the bond angle C(1)-CMe;-S
was 108°, and the dihedral angle C(7)-C(1)-CMe,-S was 166°. The tripod Ad(CMe,S)s stood almost upright in a
slightly axially twisted form, due to the steric effect of the Me groups.

Au

2.77 A “X,S/'s.ﬁ A
Au .- 290A
326 A Ay

Ad(CMezs-)g X2
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Table S3. Energies of the Aujg, Auyy,

method®

Structure Symmetry

E, hartree

4 2 Q2
9 9 9P I
9 D@ I I
¢ @ 9 I

g @ D
Auyg

I I I

Den

@ P 3 2 2
@ 2 @ 9 2 0
P & 2 I 2 Dsn
2 I3 9 O
2 9 2

AUQ7
@ @ I 2

4 I I I 2
2 I A I 2 2
C I B e
2 D I I I 2
¢ 9 9 9 9
9 I 9 2

AU37

Desn

-2574.2654393

-3658.2278185

-5013.1960499

4 UB3LYP/LanL2MB for Au atom. The Au-Au distance was fixed at 2.88 A.

Page S11

ARKIVOC 2018, ii, S1-S19
and Auz; monolayers by single-point energy calculations by the DFT

©ARKAT USA, Inc



Issue in Honor of Prof. Kenneth K. Laali ARKIVOC 2018, ii, S1-S19

Table S4. Energies of infinite Au monolayers adsorbed with Ad(CH,S); by single-point energy calculations by
the DFT method under periodic boundary conditions (PBC)*

Nearest Number of E,as, kcal/mol”
Structure molecular ~ Au atoms E, hartree per per
distance, A per unit cell unit cell Au atom
8.64 9 -2911.0949984 -38.5 -4.28
7.62, 8.64,
and 10.38 9 -2910.5063241 330.9 36.76

Ad(CH,S)s
with a (3 x [7) unit cell

[}
®
J.\J‘J/J .e/
@ N o g 9.98 12 -3317.3476154 -394 -3.28
YA P
D8l s X

Ad(CH,S);
(23 x 21[3)R30°
[ ]

10.38 13 -3452.7653224 -44.8 -3.45

9
Ad(CH,S);

(/13 x A[13)R46.1°
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Table S4. Continued

Nearest Number of Eqas, kcal/mol”
Structure molecular Au atoms E, hartree per per
distance, A per unit cell unit cell Au atom
[ ]
L ]
-
e B
“ o - {«. @
® JO (_?
@ . ®
[
o 2 g g 11.52 16 -3859.0056044 -39.5 247
P ,,C"/G Ta®
] “»’ 4
4
‘s Jf A3
& 9
9
9
Ad(CH,S)3 (4 x 4)R60°
L )
ot A
T
N
12.55 19 -4265.2532868 -44.6 -2.35
Ad(CH,S);
(7 x 2A[T)R19.1°
13.20 21 -4536.0793139 -42.7 -2.03

9
Ad(CH,S);

(21 x \2DR10.9°
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Table S4. Continued

Nearest Number of Eqas, kcal/mol”
Structure molecular Au atoms E, hartree per per
distance, A per unit cell unit cell Au atom
14.40 25 -5077.7354420 -41.2 -1.65

Ad(CH,S);3 (5 x 5)R60°

* UBLYP/3-21G for C, H, and S atoms and LanL.2MB for Au atom. The Au-Au distance was fixed at 2.88 A.
The geometry of Ad(CH,S); in X1 (Table S1) was used.

® Fogs = E[Ad(CH;S)s/Au layer] — E[Ad(CH,S);] — E(Au layer). The values of E(Au layer) and E[Ad(CH;S)3]
are summarized in Tables S6 and S7, respectively.
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Table SS. Energies of infinite Au monolayers adsorbed with Ad(CMe,S)s by single-point energy calculations by
the DFT method under periodic boundary conditions (PBC)*

Nearest Number of E,as, keal/mol”
Structure molecular Au atoms E, hartree per per
distance, A per unit cell unit cell Au atom
8.64 9 -3142.6967958 1747.8 194.20
9.98 12 -3551.6618885 44.9 3.74
Ad(CMezs)3
(2\3 x 21[3)R30°
e [
@«
) |
8.64, 9.98,
and 13.20 12 -3550.7546656 614.2 51.18
Ad(CMe;S);
with a (24/3 x 3) unit cell
... 3° ‘; b ®
« ut o_,‘ L]
oy §9 L0 .7:
Yot & o
Jj“f,i)”i WO 10.38 13 -3687.1847163 -26.5 -2.04
JJ“,&(J ® o
o A q
o.®
Ad(CMCzS)g

(/13 x A[13)R46.1°
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Table S5. Continued
Nearest Number of Eaas, keal/mol”
Structure molecular Au atoms E, hartree per per
distance, A per unit cell unit cell Au atom
11.52 16 -4093.4320290 -25.6 -1.60
10.38,
11.52, and 16 -4093.4311871 -25.1 -1.57
13.20
Ad(CMezs)g
with a (4 X \/1_3) unit cell
9.98, 11.52,
and 1504 16 -4093.4027449 -7.3 -0.45

Ad(CMezs)g
with a (4 x 27/3) unit cell
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Table S5. Continued

Nearest Number of Euas, keal/mol”
Structure molecular Au atoms E, hartree per per
distance, A per unit cell unit cell Au atom
12.55 19 -4499.6755203 -28.1 -1.48
Ad(CMCzS)g
(7 x 2A[7)R19.1°
13.20 25 -4770.5044626 -28.0 -1.33
Ad(CMCzS)g
(/21 x \21)R10.9°
€ .Q
o8 ¥a Jo J
’.
L 4
L
° 3 14.40 25 -5312.1623492 -27.6 -1.10
®
N s
-] o,
~d 22
9,233 2
‘j*)’}f 2 9
J‘_‘{\:{J s
"]
=]

Ad(CMe;,S)3 (5 X 5)R60°

# UBLYP/3-21G for C, H, and S atoms and Lan.2MB for Au atom. The Au-Au distance was fixed at 2.88 A.
The geometry of Ad(CMe;S); in X2 (Table S2) was used.
b Fods = ETAd(CMe;S)s/Au layer] — E[Ad(CMe;S)s] — E(Au layer). Values of E(Au layer) and E[Ad(CMe;S)s]
are summarized in Tables S6 and S7, respectively.
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Table S6. Energies of unit cells of infinite Au monolayer by single-point energy calculations by the DFT
method under periodic boundary conditions (PBC)*

Structure E, hartree

Iy -1218.7219777

Aug (3 X 3)R60°

O
Mg u 116249732912

— o
& 4
9 9

Auy, (73 x 24[3)R30°

fe S
* o /
Y -1760.3823117

4

Aupz (13 x A[13)R46.1°

rd
y 7

ARV -2166.6309828

I I ]
2 2 2 9

Auie (4 X 4)R60°

PEL oY -2572.8705455

RN -2843.6996318
4_

* 2,
™ 3
@,
]

Auy (21 x A[21)R10.9°

/ /
/ /
Z / -3385.3581436
|

49 @ @ I 2
9 P @ I 9

Auys (5 X 5)R60°

4 UBLYP/LanL2MB was used. The Au-Au distance was fixed at 2.88 A.
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Table S7. Energy of Ad(CX,S); (X = H or Me) by single-point energy calculations by the DFT method*

Compound Spin multiplicity E, hartree AE, kcal/mol”
2 -1692.3115693 0.02
Ad(CH»S )3
4 -1692.3116050° 0)
2 -1926.7597718 0.3
Ad(CMCQS ) )3
4 -1926.7601828° 0)

* UBLYP/3-21G level. Geometry of Ad(CX,S); (X = H or Me) in X1 or X2 from Table S1 or S2 was used.
® Values relative to that of the most stable spin state.
¢ Values used for the evaluation of E,qs .
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