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Structural descriptions

Single crystal X-ray diffraction (SC XRD) measurements

All data for 1-CN- system are taken from Ref. S1 unless stated otherwise.

Table S1. Crystal data and structure refinement for (PPhy), {[PtCl4][HAT(CN)¢]}-3MeCN (1-

Cl), (PPhy), {[PtBr;]JHAT(CN)s]} - 3MeCN (1-Br) and
(PPhy), {[Pt(CN)4]JHAT(CN)s]}-3MeCN (1-CN-).
Identification code 1-CI- 1-Br- 1-CN-
Empirical formula C72H49C14N15P2Pt C72H49BT4N15P2Pt C76H49N19P2Pt
Formula weight 1523.09 1700.93 1485.37
Temperature /K 120 100.0 120
Crystal system orthorhombic orthorhombic orthorhombic
Space group Pnma Pnma Pnma
a/A 12.7351(4) 12.8291(6) 12.7314
b/A 29.6484(10) 30.0209(15) 30.6723
c/A 17.6754(5) 17.6145(9) 17.5126
a/° 90 90 90
B/° 90 90 90
y/° 90 90 90
Volume /A3 6673.8(4) 6784.1(6) 6838.7
Z 4 4 4
Pealc /g/cm? 1.516 1.665 1.443
i /mm-! 2.367 4.527 -
F(000) 3048 3336 -
Crystal size /mm? 0.25x0.19x0.09 0.38 x0.09 x0.04 -
. MoKa MoKa
Radiation /A (= 0.71073) (h=0.71073) -
/20® range for data collection 4 g 105005 4.6241050.052 -
-15<h<15 -15<h<13
Index ranges -35<k<26 -35<k<34 -
-20<1<20 -20<1<20
Reflections collected 25256 30430 -
5994 6098
Independent reflections [Rine =0.0348, [Rine = 0.0521, -
Ryigma = 0.0274] Rgigma = 0.0350]
Data/restraints/parameters 5994/0/436 6098/12/436 -
Goodness-of-fit on F? 1.031 1.057 -
Final R indexes [[>=2c (1)] vvaRz 28204297’0 \1){le2 :08416029’3 -
Final R indexes [all data] vRvi{; 28304516 ) Svi{; (2).8.710210’65 -
Largest diff. peak/hole 0.57/-0.37 1.79/-2.70 }
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Figure S1. The asymmetric units of 1-CI- (a), 1-Br~ (b) and 1-CN- (¢). Colors: Pt — pale grey,
P —blue, Cl — green, Br — brown, N — violet, C — dark grey, H — grey, nitrile group: C — orange,
N —red. Thermal ellipsoids are drawn at the 50% probability level.
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Figure S2. Crystal packing of 1-CI-, 1-Br~ and 1-CN- (columns) along the crystallographic
axes a, b and ¢ (rows). Colors: light grey — [PPH,4]", blue — HAT(CN)g, orange — MeCN, red —
[Pt(CN)4]*, pink — [PtBr4]*, green — [PtCl4]*".

Figure S3. Dihedral angles describing deformation of HAT(CN)s molecules in
(PPhy), {[PtCI4][HAT(CN)¢]} -3MeCN  (1-CI") (a), (PPhy),{[PtBrs][HAT(CN)¢]}-3MeCN
(1-Br) (b) and (PPhy), {[Pt(CN)4][HAT(CN)¢]} -3MeCN (1-CN-) (¢).



Table S2. Comparison of the selected analogous angles and distances in structures 1-CI-, 1-Br-

and 1-CN~.
1-CI- 1-Br- 1-CN-
No.
Name Angle/°  Name Angle/® Name Angle/°
1 CI/Pt/CI3  178993) Brl/Pt/Br3  178.42(4) conrCINL/PU 06 o6
/centr.C3 N3
2 CI2/Pt/CI2> 178.76(3) Br2/Pt/Br2’ 177.48(4) centr. (2 1?12 / Ft 175.16
/ centrC2” N2
planeRing C®’ planeRing C8’ planeRing C8’
CO’ N7’ C7T C9’ N7’ C7T’ C9’ N7 CT
3 C6” N6’/ C6> N6’/ C6’ N6’
planeRing Cc9 10.22 planeRing Cc9 9.05 /planeRing C9 9.73
C8 N6 C6 C7 C8 N6 C6 C7 C8
N7 N7 N6 C6 C7 N7
1-CI- 1-Br- 1-CN-
No.
Name Length/A Name Length/A  Name Length/A
Pt --- centr.C1 2 578
1 Pt --- ClI 2.3109(9) Pt--- Brl 2.4268(11) N1 :
(Pt - N1) (3.152)
Pt --- centr.C2 2.572
2 Pt--- CI2 2.3166(6) Pt--- Br2 2.4275(7) N2 '
(Pt - N2) (3.145)
Pt --- centr‘C3 2.571
3 Pt--- CI3 2.3175(9) Pt---Br3 2.4003(13) N3 '
(Pt - N3) (3.149)
centr.C1 N1---Pt 5148
4 Cl1---Pt---C13  4.628 Brl---Pt---Br3  4.827 -—-centr. C3 N3 ( 6 301)
(N1---Pt---N3) '
centr. C2 N2---Pt
, Br2---Pt--- —eentr.C2° N27  5.140
5 CI2---Pt---C12°  4.633 Br2’ 4.854 (N2ow-Ptes (6.282)

N2”)




Powder X-ray diffraction (PXRD) measurements
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Figure S4. PXRD patterns for 1-Cl- and 1-Br- in 3-50° range of 20 angle: experimental,

sample immersed in mother solution (red lines) and dried samples (black lines), RT; calculated
from single crystal X-ray model, 120 K (blue lines).

100 ,

\ 100 -\\ .
1-ClI- 1-Br-

o5 | | o] |\ | |

8 — 2 N

B 91 “\M«\ @ 90 %H_\

3 \ 3

» \ =

é 85 ' é 85 \
804 80 \
75 . 75

T T T T T T T
50 100 150 200 250 300 350 50

100 150 200 250 300 350
Temperature /°C

Temperature /°C

Figure S5. Thermogravimetric analysis for 1-CIl- and 1-Br~. The exact quantitative analysis of

TGA curves is hampered due to the observed removal of the crystallization solvent molecules
at RT in the ambient conditions.



Structural description of (PPhy),[PtBr,] salt
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Figure S6. Crystal packing along the crystallographic period a (a), b (b) and ¢ (c) and
asymmetric unit (d) of (PPhy),[PtBr,] salt. Color code: Pt — pale grey, P — orange, Br — brown,
C — dark grey, H — grey. Thermal ellipsoids are drawn at the 50% probability level. In (d)
hydrogen atoms are omitted for clarity. The crystal structure of organic salt is composed of
[PPh,]" cations and [PtBry]* anionic complexes. The asymmetric unit contains 2 halves of
[PtBry]> and 2 [PPhs]" moieties. In contrast to its analogs ([Pt(CN)4]?> 8! and [PtCl4]> $2),
(PPhy),[PtBr1,4] crystalizes in triclinic crystal system (see Table S3).



Figure S7. Comparison of crystal packing between (PPhy),[PtBry4],this pare) (cold color palette)
and (PPhy),[PtCly], 52 (warm color palette) salts. Color code: blue — [PtBr,]*, light green — front
cations, green — rear cations, orange — [PtCl4]*, light red — front cations, red — rear cations.
Despite different space groups and even crystal systems, both salts show almost identical
supramolecular topology. The molecules possess slightly different arrangements.



Table S3. Crystal data and structure refinement for [PPh,]" salts of [PtBr4]>, [PtCl4]* 52, and

[P(CN)4J> >

Identification code PtBr, PtCl, (VAZBIK) Pt(CN)4 (TUNCEN)
Reference This paper 2 1

Empirical formula C,3H,oBr,P,Pt C,sH,oCl,P,Pt Cs,H4,N,OP,Pt
Crystal system triclinic monoclinic monoclinic
Space group P-1 P2;/mn P2;/m

a/A 10.165(6) 10.3287 10.4893

b/A 14.041(9) 15.8891 15.9398

c/A 14.832(8) 12.9799 12.9612

o/° 91.767(18) 90 90

p/e 92.28(2) 95.077 94.7400

v/° 101.670(14) 90 90

Volume/A3 2070(2) 2121.82 2159.67

V4 2 2 2

Formula weight 1193.47 - 995.92
Temperature/K 100.0 100.0 100.0
Pealcg/cm? 1.915 - -

wmm! 7.362 - -

F(000) 1152.0 - -

Crystal size/mm?

0.45 % 0.44 x 0.38

Radiation MoKa (A=0.71073) - -
20 range for data 4.826 to 50.364 - -
collection/®
Index ranges -12<h<12 - -
-l6<k<16
-17<1<17
Reflections collected 16523 - -
Independent 7254 - -
reflections [Rine = 0.0420,
Rigma = 0.0551]
Data/restraints/parame  7254/18/499 - -
ters
Goodness-of-fiton F2  1.046 - -
Final R indexes [[>=26 R; =0.0487 - -
(D] wR, = 0.1245
Final R indexes [all R;=0.0651 - -
data] wR, =0.1340
Largest diff. peak/hole 3.35/-2.53 - -
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Spectroscopic characterization

Electronic absorption spectroscopy
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Figure S8. UV-Vis studies on {[PtCl4]>;HAT(CN)s} adduct in MeCN solution. Top panel:
determination of the molecular ratio 1:1 for the CT chromophore: (a) the spectra of the mixtures
of (PPhy),[PtCl4]?> and HAT(CN) for different x = cyat/(cuat + cpy) (the denominator has the
constant value along the series) (7 = 298 K); (b) the Job plot constructed based on the
absorbance values at A = 600 nm, Ay, after the appropriate correction with the absorbance of
components (mainly HAT(CN)y) (the solid line is for eye-guide only). The similar contour was
obtained looking at the Agsp and A7, series. Bottom panel: deconvolution of the absorption
spectrum.



Nuclear Magnetic Resonance 3C experiments
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Figure S9. 3C NMR spectra of HAT(CN)g (blue), {[PtCl4];HAT(CN)s} adduct (green) and
(PPhy),[PtCl,] salt (red) in CD3CN solution. Concentrations: HAT(CN)s — 0.009 mol dm3,
(PPhy),[PtCl4] — 0.013 mol dm3, adduct — 4.5 x 10 mol dm= (7 = 298 K). All samples were
prepared by dissolving solids in CD3;CN. Significant changes in chemical shifts of HAT(CN)g
carbon atoms are marked by shaded regions.

Table S4. 13C NMR chemical shifts of HAT(CN)4 carbon atoms in 1-CI- in comparison to 1-
CN-and pristine HAT(CN)s. Compare with Figure S9.

6 (ppm)
HAT(CN), 1-CI- 1-CN- 8!
Cint 143.10 143.50 143.33
Cext 136.38 136.00 136.24
Citrile 113.90 114.01 114.02




Quantum-chemical calculations

Computational details

All calculations were performed using density functional theory (DFT)33 or its time-
dependent variant (TD-DFT),5* following in general the computational protocol established in
the previous studies on anion-m supramolecular systems with polycyanidometalates and
reported in References S1, S5, S6 and S7. The computations involved periodic and molecular
cluster approaches and were carried out for both the novel [PtBry]>/HAT(CN)q (X = Cl, Br)
systems and for the previously reported [Pt(CN);]>/HAT(CN)s assemblies.S! Note that
Reference 1 presents some results of the computational analysis of the electronic structure of
the latter compound; such analysis was repeated (and profoundly extended) here to ensure a
direct comparison with the systems with the halogeno-complexes.

Periodic network calculations utilized the Vienna ab initio simulation package, version 5.4.4.
(VASP 5.4.4.).58 In such computations, a plane-wave basis set was used with an energy cutoff
of 400 eV, core electronic states were described by means of the projector augmented wave
(PAW) method,® and valence electronic shells were treated explicitly. The calculations
involved: (i) the Perdew-Burke-Ernzerhof (PBE)S!? density functional of gradient generalized
approximation (GGA) type with the third-generation Grimme’s set of semiempirical dispersion
corrections D35!! (as implemented in VASP upon using IVDW = 12 tag)S!? and a Hubbard
correction potential (with U-J = 2) defined within GGA+U method framework without LSDA
exchange splitting,S!3 referred to as PBE+D3+U, and (if) the HSE063'4 range-separated hybrid
density functional. The results obtained with the latter functional were used to analyse densities
of states for 1-CI, 1-Br- and 1-CN-. Bader charges were calculated by partitioning the valence
electronic charge density by means of a non-commercial script.S!3

ETS-NOCVS!6 analysis was performed using the Amsterdam Density Functional program,
version 2017.106 (ADF 2017.106),5'7 with PBE+D3 and Becke, 3-parameter, Lee-Yang-Parr
(B3LYP)S!® +D3 density functionals and the TZ2P basis set, as implemented in the ADF
package. Relativistic effects were addressed via the scalar zeroth-order regular approximation
(ZORA) formalism.5"” These calculations were performed on molecular clusters of [PtL,]*~
/HAT(CN)g/[PtL4]* sandwich structure (L = Cl, Br, CN), extracted from the optimized
(PBE+D3+U) geometries of the crystals. For such clusters, HOMO-LUMO gap values were
also calculated with the PBE, B3LYP, and HSEO06 density functionals.

[PtL4]*/HAT(CN)s adducts of the 1:1 stoichiometry (L = Cl, CN) were optimized using the
Turbomole program, version 7.3 (TM7.3),52° and employing the Becke88-Perdew86 (BP86)52!
GGA density functional and the SVP52? basis set along with a 60-electron scalar relativistic
effective core potential (ECP) for platinum atom to take into account relativistic effects.S?3
Conductor-like screening model (COSMO)S?4525 method was used here to model effects of the
acetonitrile solvent by representing it as a continuum medium defined by its dielectric constant
(e =35.688). The UV-Vis absorption (covering the 100 lowest singlet excitation energies along
with the associated dipole strengths) was computed using the Gaussian program, version
16.C.01 (G16.C.01),5%¢ with the Coulomb-attenuated method B3LYP (CAM-B3LYP)S?’
density functional, the TZVP5?! basis set along the corresponding ECP for Pt, and incorporating
polarizable continuum model (PCM)324528 to account for a presence of acetonitrile solvent. The
corresponding UV-Vis spectra were generated utilizing the GaussView 5.0.952° graphical user
interface, as the sums of Gaussian functions centred at the vertical singlet excitation energies
and scaled using the calculated oscillator strengths with the default value (0.333 eV) of the
implemented half-width at half-height (HWHH) parameter.



Additional calculated results

Table S5. HOMO (HO) and LUMO (LU) orbital energies along with the corresponding
HOMO-LUMO gaps (all values in eV) calculated for the [PtL4]>/HAT(CN)g/[PtL4]*"
molecular clusters extracted from the optimized coordinates of 1-CI-, 1-Br- and 1-CN-.

PBE B3LYP HSE06 (0= 0.11) ¢ | HSE06 (0 = 0.2) @

gas-phase

L HO |LU |gap |HO |LU |gap [HO |LU |gap |HO |LU | gap

Cl 475 |5.05 [ 029 [4.07 |543 |136 |4.12 |5.10 | 098 [4.29 |5.00 |0.71

Br 449 490 (041 |3.74 | 529 |154 |3.80 |497 |1.17 |3.98 |4.87 | 0.89

CN [299 (422 | 123 |2.07 |479 |2.72 |2.12 [ 448 |236 |236 434 | 198

acetonitrile

L HO |LU |gap |HO |LU |gap |HO |LU |gap |HO |LU | gap

Cl -4.71 | -4.05 | 0.66 | -5.66 | -3.50 | 2.15 | -5.66 | -3.86 | 1.80 | -5.41 | -3.99 | 1.42

Br -4.70 | -3.98 | 0.72 | -5.58 | -3.47 | 2.11 |-5.58 |-3.83 | 1.75 |-5.34|-3.95|1.39

CN |-6.17|-440|1.77 |-7.14 | -3.77 | 3.37 | -7.11 | -4.11 | 3.00 | -6.87 | -4.26 | 2.61

@ Note that for the HSE06 short range-separated hybrid functional two values of the range-
separation (switching) parameter ® was examined here, with the value of 0.11 / 0.2
corresponding to the standard / VASP functional parametrization.
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Figure S10. Electronic properties of HAT(CN)s computed with periodic network models for 1-
CI, 1-Br and 1-CN: a) Plots of Ap mapped onto the isosurface (0.02 au) of the electron density
of'asingle HAT(CN)s molecule. Red / blue regions correspond to an inflow / outflow of electron
density. b) Electrostatic potential (ESP) mapped onto the isosurface (0.02 au) of the electron
density for HAT(CN)s. Red / blue color indicates electron-rich / electron-deficient area. c¢) Plots
of AESP mapped onto the isosurface (0.02 au) of the electron density for HAT(CN),. In all
panels both ‘sides’ of HAT(CN)s molecule are shown with the location of the adjacent metal
complex marked with the black cross.



Table S6. Values of total interaction energy between platinum complexes and HAT(CN)g along with its components as obtained from the ETS-
NOCYV analysis performed with PBE+D3 and B3LYP+D3 for the [PtL,4]> /HAT(CN)g/[PtL4]?> molecular clusters extracted from 1-CI-, 1-Br- and 1-
CN-. Energies listed correspond to: AE;, — total interaction, AEg.;. — steric interaction (representing a sum of AE.., — electrostatic interaction and
AEp,yii — Pauli repulsion), AE, — orbital interaction, and AEg;, — dispersion interaction. AE; and q; (1 = 1, 2, 3) correspond to orbital interaction
energy and charge measures for largest ETS-NOCYV contributions to Ap. All energies are in kcal/mol, charge, given in parentheses, is in e.

AEin AEteric AEcistat AEpaui AEorn AEqgisp AE; (qu) AE; (q2) AE; (g3)
PBE+D3
1-CI' -144.75 -48.58 -103.35 54.77 -72.17 -24.00 -13.81 (-0.776)  -10.03 (-0.688) -7.97 (-0.444)
1-Br -132.63 -33.55 -110.42 76.87 -71.42 -27.67 -12.57 (-0.733) -9.41 (-0.664) -8.81 (-0.509)
1-CN” -103.59 -40.76 -83.29 42.52 -38.88 -23.94 -4.62 (-0.361) -3.24 (-0.280) -3.29 (-0.244)
B3LYP+D3
1-CI’ -143.24 -44.66 -106.85 62.19 -58.80 -39.77 -8.56 (-0.542) -5.63 (-0.434) -6.10 (-0.340)
1-Br -134.08 -27.12 -114.28 87.16 -59.66 -47.30 -8.28 (-0.523) -5.75 (-0.445) -6.73 (-0.396)
1-CN° -109.79 -36.24 -86.64 50.60 -35.63 -37.92 -3.70 (-0.266) -2.61 (-0.202) -2.76 (-0.191)
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a) Ap = p(HAT(CN), --- 2 [PtCL]") - p(HAT(CN),) - p(2 [PtCL]")
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Figure S11. Results of ETS-NOCV analysis describing the interaction between [PtCl;]*
complexes and HAT(CN)g in the molecular cluster extracted from the optimized (PBE+D3+U)
crystal structure of 1-CI- (see panel a of the figure for a visualization of the cluster structure):
a) Isosurface of differential electron density Ap (£0.001 au) along with the energy values of
AE; — total interaction, AEg.;. — steric interaction (representing a sum of AE . — electrostatic
interaction and AEp,; — Pauli repulsion), AE.4, — orbital interaction, and AEg, — dispersion
interaction. b) Isosurfaces of six dominant ETS-NOCYV contributions to Ap, marked as Ap, with
n = 1-6 (£0.0003 au), along with the corresponding charge (q,) and orbital interaction energy
(AE,) measures (in e and kcal/mol, respectively). Red / blue color indicates gain / loss of
electron density.
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a) Ap = p(HAT(CN), --- 2 [PtBr.]") - p(HAT(CN),) - p(2 [PtBr.]")
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Figure S12. Results of ETS-NOCV analysis describing the interaction between [PtBry]*
complexes and HAT(CN)g in the molecular cluster extracted from the optimized (PBE+D3+U)
crystal structure of 1-Br- (see panel a of the figure for a visualization of the cluster structure):
a) Isosurface of differential electron density Ap (£0.001 au) along with the energy values of
AE; — total interaction, AEg.;. — steric interaction (representing a sum of AE . — electrostatic
interaction and AEp,; — Pauli repulsion), AE.4, — orbital interaction, and AEg, — dispersion
interaction. b) Isosurfaces of six dominant ETS-NOCYV contributions to Ap, marked as Ap, with
n = 1-6 (£0.0003 au), along with the corresponding charge (q,) and orbital interaction energy

(AE,) measures (in e and kcal/mol, respectively). Red / blue color indicates gain / loss of
electron density.
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a) Ap = p(HAT(CN); --- 2 [Pt(CN),]") - p(HAT(CN),) - p(2 [PH(CN).]")

|Ap| = 0.001 au
AE.. -103.59
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Figure S13. Results of ETS-NOCYV analysis describing the interaction between [Pt(CN),]*
complexes and HAT(CN), in the molecular cluster extracted from the optimized (PBE+D3+U)
crystal structure of 1-CN- (see panel a of the figure for a visualization of the cluster structure):
a) Isosurface of differential electron density Ap (£0.001 au) along with the energy values of
AE; — total interaction, AEg.;. — steric interaction (representing a sum of AE . — electrostatic
interaction and AEp,; — Pauli repulsion), AE.4, — orbital interaction, and AEg, — dispersion
interaction. b) Isosurfaces of seven dominant ETS-NOCYV contributions to Ap, marked as Ap,
with n = 1-7 (£0.0003 au), along with the corresponding charge (q,) and orbital interaction
energy (AE,) measures (in e and kcal/mol, respectively). Red / blue color indicates gain / loss
of electron density.
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a) Ap = p(HAT(CN), - 2 [PEX.J") - p(HAT(CN)) - p(2 [PEX.T) -

|Ap|=0.001 au

WA <0

b) Ap;  |Ap|=0.0003 au

Ap,

q: =0.776
AE, =-13.81

Figure S14. Comparison of the results of ETS-NOCV analysis describing the interaction
between platinum complexes and HAT(CN)¢ in the molecular clusters extracted from the
optimized (PBE+D3+U) crystal structures of 1-Cl, 1-Br- and 1-CN-: Isosurfaces of a)
differential electron densities Ap (£0.001 au) and b) three dominant ETS-NOCYV contributions
to Ap, marked as Ap;, Ap, and Ap; (£0.0003 au), along with the corresponding charge (q;) and
orbital interaction energy (AE;) measures (in e and kcal/mol, respectively). Red / blue color
indicates gain / loss of electron density.
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Figure S15. Optimized molecular structures computed for [Pt(CN),;]>/HAT(CN); (top) and for
[PtC1;]>/HAT(CN)s (bottom) adducts of 1:1 stoichiometry with the corresponding energies
calculated relative to the lowest-energy structure (in kcal/mol). For [Pt(CN),]>/HAT(CN)¢ a
full set of starting geometries is also shown, the analogous set was used in the conformation
analysis for [PtCl;]>/HAT(CN)s.
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Figure S16. Simulated (TD-DFT CAM-B3LYP/TZVP/PCM(acetonitrile)) UV-Vis spectra for
Pt(CN)4]*/HAT(CN)g and [PtCl4]>/HAT(CN)g adducts of 1:1 stoichiometry as shown Figure
S15 and for their respective parent metal complexes and the pristine HAT(CN)s molecule. In
b) and c) spectra computed for all optimized structures of [PtCl;]>/HAT(CN)g and of Pt(CN)4]*
/HAT(CN)g are shown, while in a) a comparison between spectra obtained for representative
[PtCl4]*/HAT(CN)g and Pt(CN)4]>/HAT(CN)g structures with the parallel and perpendicular
arrangement of the metal complex and HAT(CN)y is presented.
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Figure S17. Isosurfaces (+0.04 au) of the frontier molecular orbitals for the structure a) I of
the [PtCl4]>/HAT(CN)g system and b) Icy of the [Pt(CN)4]>/HAT(CN)g system (see Figure
S15), and for ¢) the pristine HAT(CN)s molecule. The corresponding orbital energies (in eV)
are listed in the parentheses. Orbitals presented in a) and b) are involved in electronic transitions
that are responsible for appearance of additional low-energy intensities visible in the UV-Vis
spectra shown in Figure S16.
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Crystalline composites characterization

X-ray diffraction experiments, scanning electron microscopy (SEM) /energy
dispersive X-ray spectroscopy (EDS)

1-Cl

(C) Cell parameter 1-CI- (dark) 1-CN- (yellow)
alA 12.71 12.73
b/A 29.61 30.51
cfA 17.62 17.44
a,B,y/deg 90,90,90 90,90,90
V/A3 6630 6826

Figure S18. SC XRD measurement for the representative 1-Cl@1-CN crystalline composite.
(a) The X-ray beam focusing on the 1-CI- (seed, core, dark color) part (left) and on the 1-CN-
(shell, yellow color) part (right). (b) The representative diffraction frames. (c) The
corresponding crystallographic cell parameters. Compare with those for the pristine crystals in
Table S1.
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Poa Element Net Counts  Weight % Atom % Formula
1500 i Line Counts Error
Pt PK 9703 +f- 684 16.05 +/-1.13 25.48 +/-1.80 5 16.05
1000 K 17607  +/- 213 47.04 +/-0.57 65.22 +-0.79 cl 47.04
PtL 1760 +/- 170 36.91 +/-3.57 9.30 +/-0.90 Pt 36.91
5004 Total 100.00 100.00 100.00
a R Pt
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0 2 4 3 8 10 12 1
keV
1200 I';t ;
Element Net Net Counts  Weight % Atom % Formula
19001 Line Counts Error
800 PK 6059 +/- 532 19.67 +/-1.73 38.91 +/-3.42 P 19.67
600 cl aK 4321 +- 121 25.35 +/-0.71 43.82 +/-1.23 cl 25.35
el Pt PtL 1455 +[- 147 54.99 +/-5.56 17.27 +/-1.75 Pt 54.99
Total 100.00 100.00 100.00
207 Pt Pt
Pt Pt Pt_Pt Pt Pt
o T T T T T T T
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P
< Element Net Net Counts Weight %  Weight %  Atom %
15001 Line Counts Error Error
PK 10694 +/[- 673 33.66 +/-2.12 75.20 +/-4.73 P 33.66
10004 oK 122 - 51 0.79 +/-0.33 1.54 +/-0.64 cl 0.79
Pti 1861 +/- 168 65.55 +/-5.92 23.26 +/-2.10 Pt 65.55
500 Total 100.00 100.00 100.00
a Pt Pt
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keV

Figure S19. Representative results of SEM/EDS analysis for the 1-Cl@1-CN composite. (a)
The SEM image (magnification of 1500 x) of 1-Cl@1-CN in the vicinity of the interface
(appearing as the cracking line due to the fragility of this particular composite) together with
SEM/EDS elemental CI (red dots), Pt (magenta dots) and P (blue dots) mapping. The significant
density of Cl in the upper part indicates the presence of [PtCl4]> in the composite (1-CI),
whereas the negligible amount of Cl in the lower part is in agreement with the presence of
[Pt(CN)4]* in the composite (1-CN-). (b) Representative EDS spectra collected from the phase
1-CI- (top), from the interface (middle) and from the phase 1-CN- (bottom).
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(C) Cell parameter 1-Br (dark) 1-CN- (yellow)
alA 12.75 12.75
b/A 30.31 30.59
c/A 17.54 17.50
a,B,y/deg 90,90,90 90,90,90
V/IA3 6778 6826

Figure S20. SC XRD measurement for the representative 1-Br@1-CN crystalline composite.
(a) The X-ray beam focusing on the 1-Br~ (seed, core, dark color) part (left) and on the 1-CN-
(shell, yellow color) part (right). (b) The representative diffraction frames. (c) The
corresponding crystallographic cell parameters. Compare with those for the pristine crystals in
Table S1.
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Figure S21. Representative results of SEM/EDS analysis for the 1-Br@1-CN composite. The
SEM image (magnification of 1500 x) of 1-Br@1-CN in the vicinity of the interface together
with SEM/EDS elemental Br (magenta dots), Pt (yellow dots) and P (cyan dots) mapping. The
significant density of Br in the right part indicates the presence of [PtBr,]*~ in the composite (1-
Br-), whereas the negligible amount of Br in the left part is in agreement with the presence of
[Pt(CN)4]* in the composite (1-CN-).
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FT IR characterization

(a) HAT(CN)g

HAT(CN)g

[PH(CN)4]*
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Figure S22. IR spectra for HAT(CN)g, 1-CI-, 1-Br~ and 1-CN- (a), composites 1-Cl@1-CN (b),

and 1-Br@1CN (c) in range of the stretching v(C=N) vibrations.
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Mixed 1-CI/1-CN- crystals — DFT predictions

The comparable lattice parameters of 1-CN~ and 1-CI- suggest that they may, to some extent,
be coaxed to co-exist within a common crystal lattice, although it must be cautioned that the b
lattice parameter does vary substantially (up to 3%) and the higher CT character of the 1-CI~
anion-7 interaction leads to a much increased binding energy of its anion-n adducts in solution.
As an exploration of the potential thermodynamic stability and electronic properties of mixed
solid solution crystals, DFT-GGA calculations were run on analog structures of 1 that contain
both [PtCN4]*> and [PtCl4]> complexes, denoted as 1-[(1-x)CN-][(x)CI] in Table S7. The
computed DFT energies indicate that all of the mixed composite structures are less energetically
stable than the parent single-complex structures, but the small magnitude of the reaction
energies (always less than 0.1 eV per substituted complex) suggests that the complexes ‘fit’
into each other’s lattice fairly well. The computed band gap of the crystals are always
comparable or less than the band gap of 1-Cl, which indicates that the frontier occupied

molecular orbitals are localized on the [PtCl4]>~ complexes.

Table S 7. Computed (PBE+D3+U) reaction energies, E,, of (1-x)1-CN- + (x)1-ClF — 1-
[(1-x)CN][(x)CI], where 1-[(1-x)CN-][(x)CI'] denotes a crystal structure that contains a 1-x
fraction of [Pt(CN)4]*> complexes and an x fraction of [PtCl4]*> complexes (accordingly a
structure with x = 0.00 / 1.00 corresponds to pure 1-CN-/ 1-CI"). Note that the simulation cell
contains four metal complexes.

X structure | E.,/€eV 18 A
0.00 1 0.000 2.017
0.25 1 0.081 0.740

1 0.163 0.567
0.50

2 0.122 0.865
0.75 1 0.050 0.753
1.00 1 0.000 0.893
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