
Electronic Supplementary Information for

Au3-to-Ag3 Coordinate-Covalent Bonding and Other 
Supramolecular Interactions with Covalent Bonding Strength
Zhou Lu,†a Bhaskar Chilukuri,†ab Chi Yang,†*ac Abdel-Monem M. Rawashdeh,ad Ravi K. 
Arvapally,a Sammer M. Tekarli,ae Xiaoping Wang,f Christian T. Cardenas,a Thomas R. Cundari *a 
and Mohammad A. Omary *a

a Department of Chemistry, University of North Texas, 1155 Union Circle #305070, Denton, Texas 76203, United 
States
b Department of Chemistry, Washington State University, Pullman, Washington 99164, United States
c Center for Materials Research, Norfolk State University, Norfolk, Virginia 23504, United States
d Department of Chemistry, Yarmouk University, Irbid 21163, Jordan
e Department of Chemistry, Collin College, Frisco, Texas 75035, United States
f Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831-6475, United States

† Z.L., B.C., and C.Y. have contributed equally to this work (co-1st authors).

Corresponding authors: *M.A.O.: omary@unt.edu.; *T.R.C.: t@unt.edu; *C.Y.: chi.yang@unt.edu

Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2020



EXPERIMENTAL SECTION

Gold(tetrahydrothiophene)chloride [Au(THT)Cl], [Ag(µ-Tz-(n-C3F7)2)]3, and [Ag(µ-Pz-(CF3)2)]3 were synthesized 
following the literature methods without modification.1,2 Synthesis of [Au(µ-Pz-(i-C3H7)2)]3 was modified based on reported 
methods.3 Other chemicals were used as received without further treatment. Solution-state and solid-state diffuse reflectance 
UV-Vis measurements were measured on Perkin-Elmer Lambda 900 UV/Vis/NIR spectrometer. 1H and 19F NMR spectra 
were recorded by a Varian 400 MHz spectrometer. Far-infrared (far-IR) and infrared (IR) spectra were recorded using a 
Nicolet 6700 analytical FTIR spectrometer equipped with a Smart Orbit high-performance diamond single bounce accessory 
for attenuated total reflectance measurements.

Synthesis of cyclo-trimer gold(I) 3,5-diisopropylpyrazolate [Au(µ-Pz-(i-C3H7)2)]3

To the 2 mL THF solution of fresh 3,5-diisopropylpyrazole (47 mg, 0.31 mmol), 3 mL THF solution of Au(THT)Cl (100 
mg, 0.31 mmol) was added to afford clear colorless solution. After stirring for 5 minutes, 18 mg (0.31 mmol) potassium 
hydroxide dissolved in 1 mL of dry MeOH is added dropwise to the stirring solution. The resulting mixture is allowed to 
continue stirring for another one hour, after which the solvent is then evaporated to dryness under reduced pressure. The 
remaining solid is dissolved in a minimum amount of THF and participated by adding excess acetonitrile. The white powder 
(83 mg, 76% yield based on Au(THT)Cl) is obtained by filtration and drying under vacuum. 1H NMR (400 MHz, CDCl3): 
δ (ppm) = 6.13 (s, 1.00, 4H of Pz), 3.12 (sept, 2.02, -CH of i-C3H7), 1.34 (d, 11.99, -CH3 of i-C3H7). Elemental analyses for 
Au3N6C27H45, calcd (%): C 31.04, N 8.05, H 4.34; found (%): C 31.19, N 8.07, H 3.94.

Synthesis of stacked cyclo-trimer [Au(µ-Pz-(i-C3H7)2)]3•[Ag(µ-Tz-(n-C3F7)2)]3 (1)

A solution of [Ag(µ-Tz-(n-C3F7)2)]3 (30 mg, 0.02 mmol) in hot chloroform (20 mL) was added to a solution of [Au(µ-
Pz-(i-C3H7)2)]3 (21 mg, 0.02 mmol) in hot benzene (20 mL), and the resulting mixture was heated under argon for 3 h. After 
evaporation of the solvent, the residue (14 mg, 27% yield) was re-dissolved in a small amount of benzene and put for slow 
evaporation under nitrogen. Colorless prisms suitable for X-ray crystal structure analysis were obtained after one week, 
which were wrapped in paraffin oil and submitted for data collection at 100 K. 1H NMR (400 MHz, d6-DMSO): δ (ppm) = 
6.35 (s, 3.00, 4H of Pz), 3.04 (sept, 6.02, -CH of i-C3H7), 1.30 (d, 32.86, -CH3 of i-C3H7). 19F NMR (400 MHz, d6-DMSO): 
δ (ppm) = 79.95 (t, 18.00, -CF3), 109.87 (m, 11.90, -CF2CF2CF3), 126.66 (d, 11.90, -CF2CF2CF3). FT-IR (v/cm-1): 2956(w), 
2867(w), 1972(m), 1525(w), 1454(w), 1344(s), 1211(s), 1176(m), 1116(s), 1018(s), 929(s), 883(s), 750(s), 669(m). 
Elemental analyses for Au3Ag3N15C51H45F42, calcd (%): C 23.74, N 8.14, H 1.76; found (%): C 23.78, N 7.52, H 1.82.

Figure S1. Infrared spectrum of neat solid powder of 1 in the mid-IR region.



Figure S2. 1H-NMR spectrum of [Au(µ-Pz-(i-C3H7)2)]3.

Figure S3. 1H-NMR spectrum of [Ag(µ-Tz-(n-C3F7)2)]3.



Figure S4. 19F-NMR spectrum of [Ag(µ-Tz-(n-C3F7)2)]3.

Figure S5. 1H-NMR spectrum of [Ag(µ-Pz-(CF3)2)]3.



Figure S6. 19F-NMR spectrum of [Ag(µ-Pz-(CF3)2)]3.

Figure S7. 1H-NMR spectrum of 1.



Figure S8. 19F-NMR spectrum of 1.

Figure S9. Thermogravimetric analysis (TGA) curves of [Ag(μ-Tz-(n-C3F7)2)]3, [Au(μ-Pz-(i-C3H7)2)]3, and 1.



Figure S10. Solution-state UV-vis spectra for [Ag(μ-Tz-(n-C3F7)2)]3, [Au(μ-Pz-(i-C3H7)2)]3, and 1 in benzene.

Figure S11. Solution-state UV-vis spectra for [Ag(μ-Pz-(CF3)2)]3, [Au(μ-Pz-(i-C3H7)2)]3, and [Au(μ-Pz-(i-
C3H7)2)]3·[Ag(μ-Pz-(CF3)2)]3 in benzene.



Figure S12. Solid-state diffuse reflectance spectra of [Ag(μ-Tz-(n-C3F7)2)]3, [Au(μ-Pz-(i-C3H7)2)]3, and 1 (where A is 
absorbance).

Figure S13. Solid-state emission spectrum of 1.



CRYSTALLOGRAPHIC STUDIES

X-ray Structure Determination. A colorless crystal, approximate dimensions 0.39 mm × 0.26 mm × 0.14 mm, was 
used for the X-ray crystallographic analyses. Frame data were collected on a Bruker SMART APEX II CCD area detector 
system equipped with a graphite monochromator and a Mo K fine-focus sealed tube ( = 0.71073 Å). The frame data were 
integrated with the APEX2 software package4a using a narrow-frame integration algorithm and final cell refinements were 
done using SAINT.4b Data were corrected for absorption effects using the multi-scan technique (SADABS).4c The structure 
was solved in space group R3m and refinement, graphic and generation of publication materials were performed with the 
ShelxL appended in OLEX2 1.2 program package.4d-e Detailed structure refinement information was enclosed in the CIF 
file. CCDC no. 1899711. The data can be obtained free of charge from The Cambridge Crystallographic Data Centre 
https://www.ccdc.cam.ac.uk.

Table S1. Crystal data and structure refinement for [Au(µ-Pz-(i-C3H7)2)]3•[Ag(µ-Tz-(n-C3F7)2)]3 (1).

CCDC No. 1899711
Empirical formula C57 H51 Ag3 Au3 F42 N15
Formula weight 2658.58
Temperature 100(2) K
Wavelength 0.71073 Å
Crystal system Trigonal
Space group R 3 m
Unit cell dimensions a = 25.7253(8) Å, α= 90°.

b = 25.7253(8) Å, β= 90°.
c = 10.2918(6) Å, γ = 120°.

Volume 5898.5(5) Å3

Z 3
Density (calculated) 2.245 Mg/m3

Absorption coefficient 6.455 mm-1

F(000) 3762
Crystal size 0.39 × 0.26 × 0.14 mm3

2 Theta range for data collection 3.166 to 51.416°

Index ranges -31≤h≤31, -31≤k≤31, -12≤l≤12
Reflections collected 18891
Independent reflections 2661 [Rint = 0.0305, Rsigma = 0.0390]
Completeness to theta = 25.71° 99.6 %
Absorption correction Numerical
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2661 / 117 / 213
Goodness-of-fit on F2 1.047
Final R indices [I>2sigma(I)] R1 = 0.0432, wR2 = 0.1049
R indices (all data) R1 = 0.0459, wR2 = 0.1069
Flack parameter 0.010(17)
Largest diff. peak and hole 1.54 and -4.08 e.Å-3

R1 = ∑|Fo| - |Fc||/∑|Fo|. wR2 = {[∑w(Fo
2-Fc

2)2]/∑[w(Fo
2)2]}1/2; w = 1/[σ2(Fo

2) + 
(aP)2 + bP], where P = [max(Fo

2,0) + 2Fc
2]/3 for all data.



Table S2. Selected bond length (Å) and angle (°) of [Au(µ-Pz-(i-C3H7)2)]3•[Ag(µ-Tz-(n-C3F7)2)]3 (1).

Ag(1)-N(1) 2.104(16) Au(1)-Au(1)#3 3.3578(18)
Ag(1)-N(1)#1 2.104(16) Au(1)-Au(1)#1 1.6770(19)
Ag(1)-Au(1) 3.0462(18) Au(1)-Au(1)#2 2.189(2)
Ag(1)-Au(1)#1 3.0462(18) Au(1)-Au(1)#4 3.3578(18)
N(1)-N(1)#2 1.39(4) Au(1)-N(3) 1.97(3)
N(1)-Ag(1)-N(1)#1 165.1(7) Ag(1)-Au(1)-Au(1)#4 96.27(3)
N(1)#1-Ag(1)-Au(1) 113.4(3) Au(1)#1-Au(1)-Ag(1) 74.02(2)
N(1)-Ag(1)-Au(1)#1 113.4(3) Au(1)#2-Au(1)-Ag(1) 102.37(3)
N(1)-Ag(1)-Au(1) 81.4(3) Au(1)#2-Au(1)-Au(1)#3 85.63(3)
N(1)#1-Ag(1)-Au(1)#1 81.4(3) Au(1)#1-Au(1)-Au(1)#4 94.37(3)
Au(1)-Ag(1)-Au(1)#1 31.96(4) Au(1)#3-Au(1)-Au(1)#4 60
N(1)#2-N(1)-Ag(1) 120.0(5) Au(1)#2-Au(1)-Au(1)#4 25.63(3)
C(1)-N(1)-Ag(1) 134.4(17) Au(1)#1-Au(1)-Au(1)#2 120
Ag(1)-Au(1)-Au(1)#3 79.79(3) N(3)-Au(1)-Au(1)#2 143.8(10)
Au(1)#1-Au(1)-Au(1)#3 34.37(3) N(3)-Au(1)-Au(1)#4 118.2(10)
Au(1)#1-Au(1)-N(3) 23.9(10) N(4)-N(3)-Au(1) 124(3)
N(3)-Au(1)-Ag(1) 75.3(8) C(5)-N(3)-Au(1) 128(2)
N(3)-Au(1)-Au(1)#3 58.2(10)

Symmetry transformations used to generate equivalent atoms: 
#1 -x+y,y,z    #2 -y,-x,z    #3 -y,x-y,z    #4 -x+y,-x,z    #5 x,x-y,z

Scheme S1. Molecular structures of reference complexes 4a and 2a in the literature.



COMPUTATIONAL METHODOLOGY
Solid State Computational Methods. Solid state calculations are performed with density functional theory (DFT) 

using the Vienna Ab-initio Simulation Package (VASP) which uses plane wave basis sets and Projector Augmented Wave 
(PAW) methods for treating the interaction among the ions and valence electrons.5 The Kohn-Sham single electron wave 
functions are expanded by a series of plane waves with respective cutoff energies. The generalized gradient approximation 
(GGA) functional of Perdew, Burke and Ernzerhof (PBE)6 was used for all the calculations. Although pure-DFT functionals 
have well known limitations in describing localized states in wide band gap semiconductors and underestimates band gaps, 
the trend of calculated properties remains consistent with hybrid-DFT methods.7 Considering the size of the unit cell lattice 
parameters and the number of atoms in each unit cell, the electronic wave functions are sampled in the first Brillouin zone 
on a k-point mesh size of 1 × 1 × 3 using the Monkhorst-Pack method.8 The cut off energies used for the Ag/Au, Au, Ag 
trimers were 400, 750, 750 eVs, respectively, as determined from corresponding energy convergence plots. Charge densities 
are viewed using Molekel.9

Molecular Modeling Methods. Geometry optimizations and single point calculations were performed using the 
Gaussian 16 program10, with the level of B97D3 functional11, with built-in Grimme dispersion correction (D3) and Becke-
Johnson damping functions (BJ), and the CEP-31G(d) valence basis set12, where (d) signifies addition of a d-polarization 
function to main group elements. No imaginary frequencies were found to assure optimized structures were minima. 
Potential energy surface (PES) scans were conducted on the B97D3 and M0613 optimized structure 1 with co-crystallized 
benzene and separating Au3 and [Ag3•benzene] fragments into two parts, with the functionals of B97D3, M06, and M06-D3 
along with the CEP-31G(d) pseudopotential/valence basis sets. The monomers of Au3 and [Ag3•benzene] remained the same 
as those in the optimized dimer-of-trimer of Au3/Ag3 stacking; the only variable in the scan calculations was the separation 
distance between centroids of Au3 and Ag3 along the z-axis.

Wavefunction analysis were performed using the B97D3 functional and triple-zeta all-electron relativistic basis sets, 
which is Sapporo-DKH3-TZP-2012 for metal atoms and cc-pVTZ-DK for light atoms.14 Reduced density gradient (RDG) 
maps were generated by the Multiwfn 3.6 (dev) and Visual Molecular Dynamics (VMD) programs while scatter plots were 
visualized by gnuplot software, using wavefunction (.wfn) files produced by Gaussian.15 RDG analysis, developed by Yang 
et al.,16 is a useful tool to understand weak interactions and spatial distribution of non-covalent interactions (Equation S1). 
The second largest eigenvalue of the electron density Hessian matrix of low-density regions and the value of product of 
electron density (r) × sign(𝜆2) are calculated to determine the nature of attractive or repulsive interactions. As a consequence, 
if the value of sign(𝜆2) × r is ca. zero, van del Waals forces, like hydrogen bonding, can be characterized, while for a positive 
value, steric repulsion would be expected in the region.
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Energy decomposition analysis (EDA)17 was performed by the ADF201818 program package. Slater type triple-zeta 
double-polarization basis sets (TZ2P) and no frozen core were adapted with relativistics effect considered by applying the 
zeroth-order regular approximation (ZORA) in the Dirac equation.19 B3LYP functional20 with D3-BJ dispersion correction 
was employed for the study of metal-metal interactions and van der Waals interactions. Developed by Ziegler et al., 
quantitative interpretation of chemical bonds and interactions in terms of four expressions may be obtained from EDA, as 
depicted in Equation S2. The interaction energy (ΔEint) between fragments A and B in a complex A-B is decomposed into 
electrostatic interaction (ΔEelstat), Pauli repulsion between electrons of different fragments with the same spin multiplicity 
(ΔEPauli), orbital interaction (ΔEOrbInt) and dispersion correction (ΔEdisp).

ΔEint = ΔEelstat + ΔEPauli + ΔEOrbInt + ΔEDisp (S2)

With the EDA-NOCV (EDA-Natural orbital for chemical valence) method,21 deformation density is quantitively 
partitioned into the different components of the chemical bonds that are being analyzed. The energy contribution of each 
bond to the total bond energy is calculated to evaluate and discuss the orbital interactions. By visualizing the deformation 
electronic density, the directions of electron flow could be clearly deciphered to gain insight into orbital interactions.

Binding energies and some thermodynamic chemistry parameters were calculated as well to evaluate the complexation 
between two different cyclic trinuclear d10-metal complexes (CTCs). The computational studies were performed by Gaussian 
16, with the level of theory being the B97D3 functional and CEP-31G(d) basis sets. The models we chose here were from 
this work, and previous work that attempted to synthesize mixed-metal complexes from CTCs. For details, refer to Table 
S5.



Figure S14. Reduced Density Gradient (RDG) maps of (a) Au–Ag interaction region and (b) Ag-Benzene interaction region 
(isosurface = 0.5 a.u.). (c) Scatter plots of RDG analysis. Blue-green-red colouring scale (from -0.035 a.u. to 0.02 a.u.) reflects 
attractive through repulsive interactions, for example, green regions indicating van der Waals interactions while orange/brown 
regions showing weak steric hindrance. The atoms are coloured light brown (Au, Ag), grey (C), blue (N), cyan (F) and white (H).

Figure S15. EDA-NOCV calculated main deformation densities (Δ𝜌) of [Au(µ-Pz-(i-C3H7)2)]3·Ag(µ-Tz-(n-C3F7)2)]3 (1) (a,c) 
without benzene and (b,d) with benzene. Electrons flow from red regions to blue regions during the formation of orbital interactions. 
The atoms are coloured yellow (Au), light grey (Ag), dark grey (C), blue (N) and green (F). Hydrogen atoms are omitted from the 
figure for clarity purposes.



Table S3. Energy decomposition analysis (EDA) results of [Ag(NH3)2]+. Fragments are decomposed of silver cation and 
two ammonia molecules. (unit: kcal/mol)

ΔEelstat ΔEPauli ΔEOrbInt ΔEDisp ΔEint

[Ag(NH3)2]+ -155.9 (68%) 132.9 -67.9 (30%) -4.2 (2%) -95.1

Symmetry-Adapted Perturbation Theory (SAPT) implemented via the program PSI422-26 provides a means for computing 
the noncovalent interaction between two molecules or fragments, and offers an instructive decomposition of the overall 
interaction energy into electrostatic, induction, exchange, and dispersion components. Simplest truncation of SAPT is 
denoted as SAPT0 to deal with large system containing over one hundred atoms. A recipe for scaled sSAPT0, simply treating 
the monomers at the Hartree-Fock level and appending explicit dispersion terms emerging from second-order perturbation 
theory to other terms inherited from a HF dimer treatment, is also presented.27 The subscripts “elstat,” “exch”, “ind”, and 
“disp” refer to electrostatics, exchange, induction, and dispersion, respectively; the total energy of SAPT0 is defined in 
Equation S3. The total SAPT0 and sSAPT0 interaction energy is the sum of all energy terms listed in Table S3, calculated 
with the def2-TZVP basis set.28

SAPT0 (S3)𝐸𝑆𝐴𝑃𝑇0 = 𝐸𝑒𝑙𝑠𝑡𝑎𝑡 +  𝐸𝑒𝑥𝑐ℎ +  𝐸𝑖𝑛𝑑 + 𝐸𝑑𝑖𝑠𝑝

Table S4. SAPT values and contribution for [Au(µ-Pz-(i-C3H7)2)]3•[Ag(µ-Tz-(n-C3F7)2)]3 alone and with a co-
crystallized benzene molecule. (unit: kcal/mol)

Au3•Ag3 Au3•Ag3•Benzene
SAPT0 sSAPT0 SAPT0 sSAPT0

E -60.4 -59.9 -60.5 -60.0
Eelstat -37.6 29% -37.6 29% -37.4 29% -37.4 29%
Eexch 67.8 67.8 68.0 68.0
Eind -14.4 11% -14.1 11% -13.5 11% -13.1 10%
Edisp -76.1 60% -76.0 60% -77.6 60% -77.5 61%

Eind / Eelstat 38% 38% 36% 35%



Table S5. Comparisons of binding energies and thermodynamic parameters of complexations between different 
CTCs. (T = 298 K, unit: kcal/mol)

Entry Type ΔE ΔH TΔS ΔG

Au3 = [Au(µ-Pz-(i-C3H7)2)]3, Ag3 = [Ag(µ-Tz-(n-C3F7)2)]3, This work

i Au3 + Ag3 = Au3Ag3 -62.6 -60.8 -22.2 -38.6

monomer of (ii) 2/3 Au3 + 1/3 Ag3 = Au2Ag 2.4 2.4 2.6 -0.2

ii 4/3 Au3 + 2/3 Ag3 = Au2Ag_dimer -54.6 -52.6 -20.6 -32.1

monomer of (iii) 1/3 Au3 + 2/3 Ag3 = AuAg2 -1.1 -1.1 0.4 -1.5

1

iii 2/3 Au3 + 4/3 Ag3 = AuAg2_dimer -48.4 -46.8 -19.1 -27.6

Au3 = [Au(µ-Im-(N-Et))]3, Cu3 = [Cu(µ-Pz-(CF3)2)]3, Proc. Natl. Acad. Sci. U.S.A. 
2017, 114, E5042–E5051.29

i Au3 + Cu3 = Au3Cu3 -51.4 -50.2 -20.0 -30.2

monomer of (ii) 2/3 Au3 + 1/3 Cu3 = Au2Cu -3.4 -3.3 -0.5 -2.8

ii 4/3 Au3 + 2/3 Cu3 = Au2Cu_dimer -49.7 -48.3 -17.7 -30.6

monomer of (iii) 1/3 Au3 + 2/3 Cu3 = AuCu2 -3.5 -3.5 -0.7 -2.9

2

iii 2/3 Au3 + 4/3 Cu3 = AuCu2_dimer -45.0 -43.6 -20.0 -23.6

Au3 = [Au(µ-Im-(N-Bz))]3, Ag3 = [Ag(µ-Pz-Ph2)]3, Inorg. Chem. 2006, 45, 7770–
7776.30

i Au3 + Ag3 = Au3Ag3 -71.5 -69.4 -23.1 -46.2

monomer of (ii) 2/3 Au3 + 1/3 Ag3 = Au2Ag -2.1 -2.3 -1.7 -0.6

ii 4/3 Au3 + 2/3 Ag3 = Au2Ag_dimer -67.2 -65.3 -23.0 -42.3

monomer of (iii) 1/3 Au3 + 2/3 Ag3 = AuAg2 -2.8 -2.9 -1.2 -1.7

3

iii 2/3 Au3 + 4/3 Ag3 = AuAg2_dimer -81.1 -78.5 -22.5 -56.1

Au3 = [Au(µ-(p-Tol)N=C(OEt))]3, Ag3 = [Ag(µ-Pz-Ph2)]3, Inorg. Chem. 2006, 45, 
7770–7776;30 J. Am. Chem. Soc. 2005, 127, 5012–5013.31

i Au3 + Ag3 = Au3Ag3 -78.4 -75.4 -26.8 -48.7

monomer of (ii) 2/3 Au3 + 1/3 Ag3 = Au2Ag -1.0 -0.9 -0.1 -0.8

ii 4/3 Au3 + 2/3 Ag3 = Au2Ag_dimer -79.2 -75.9 -29.0 -46.9

monomer of (iii) 1/3 Au3 + 2/3 Ag3 = AuAg2 -1.4 -1.4 0.4 -1.8

4

iii 2/3 Au3 + 4/3 Ag3 = AuAg2_dimer -86.9 -83.7 -28.6 -55.0



Figure S16. Potential energy surface (PES) plot upon varying the vertical intertrimer separation in the M06 fully-optimized 
structure of 1•Benzene at the M06/CEP-31G(d) level of theory. The inserted illustration shows the direction of separation of the 
dimer-of-trimer model. Bonding and spectroscopic constants are given for ωe and ωexe values (in cm-1) given based on the reduced 
masses of Au-Ag metal atoms versus (values in parentheses use the entire molecule for calculating the reduced masses).

Figure S17. Potential energy surface (PES) plot upon varying the vertical intertrimer separation in the M06 fully-optimized 
structure of 1•Benzene at M06-D3/CEP-31G(d) level of theory. The inserted illustration shows the direction of separation of the 
dimer-of-trimer model. Bonding and spectroscopic constants are given for ωe and ωexe values (in cm-1) given based on the reduced 
masses of Au-Ag metal atoms versus (values in parentheses use the entire molecule for calculating the reduced masses).



Figure S18. Kohn-Sham contours of frontier molecular orbitals with significant electron density on inter-trimer metal-metal 
interaction/bonding of 1 at the level of B97D3/CEP-31G(d) method. The iso-density is 0.02 a.u. for all contours.

Figure S19. Kohn-Sham contours of frontier molecular orbitals with significant electron density on inter-trimer metal-metal 
interaction/bonding of 1 at the level of M06/CEP-31G(d) method. The iso-density is 0.02 a.u. for all contours.



Table S6. PW-DFT calculated Fermi energies (Ef) and total energies of the D•A materials at respective distances 
between the trimers. *Experimental distance.

Distance (Å) Ef (eV) E-Total (eV)
2.7 -5.3443 -908.84
2.8 -5.3436 -909.28
2.9 -5.3126 -909.73
3.0* -5.2820 -910.03
3.1 -5.2595 -910.10
3.2 -5.2291 -910.12
3.3 -5.1733 -910.06
3.4 -5.1570 -910.00
3.6 -5.0713 -909.45

Figure S20. Calculated density of states (DOS) of D·A in the other disordering orientation. The dotted line denotes the Fermi 
energy (EFermi = -5.6 eV).

In the Solid-State Modeling Section, we calculated density of states (DOS) of 1 by omitting one set disordering of Au3 trimer. To 
eliminate the influence of disordering, DOS of the other disordering orientation was calculated and both DOS distribution indicated 
that the disordering Au3 trimer would not influence the charge-transfer property and our conclusion in the main text.



Figure S21. Charge density difference (CDD) maps (isovalue = 0.0005 a.u.) for charge-transfer dimer-of-trimers (DOT). The upper 
fragments are gold trimers and the below fragments are silver trimers. CDD maps could clearly reflect the uneven charge 
distribution in the spatial space and show the electron flow before and after the formation of charge-transfer complexes. Orange 
regions denote a decrease of electron density while cyan regions denote an increase of electron density versus separated fragments.
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