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Coinage metal cyanides (MCN) form photoluminescent 1D coordination polymers.  The decoration of 

these chains with amine and phosphine ligands shifts the wavelength for photoluminescence into the 

visible region.  Density-functional theory (DFT) and time-dependent DFT (TD-DFT) calculations of 

zigzag and helical models of decorated chains are used to show that the transitions that contribute to the 10 

experimental spectra are related to the π-π excitations previously shown for coinage metal cyanide chains.  

 

Introduction 

 Coinage metal cyanides (MCN) form photoluminescent 1D 
coordination polymers1–6 that readily react with Lewis bases, 15 

such as aliphatic and aromatic amines and phosphines, to form 
1D, 2D or 3D decorated coordination polymers or molecular 
compounds.7 MCN itself consists of infinite chains of MCN 
units, often with disorder in the orientation of the CN units. A 
wide variety of ligand-decorated MCN compounds and materials 20 

have been synthesized, with the 1:1 ratio of metal to ligand (L) 
being most common.8–26 For decorated Cu(I) networks, the metal 
centres tend to be three-coordinate with one ligand bonded to 
each metal centre, although examples of alternating 2/4-
coordination of CuCN(P(OPh)3), AgCN(PAr3) and 25 

{Ag,Cu}CN(PAr3) materials have been reported.27,28 Fewer 
examples of ligand-rich (M:L < 1:1) and ligand-deficient (M:L > 
1:1) materials have been synthesized. The former tend to be 
found for L = aromatic amine or mixed phosphine/aromatic 
amine due to the low stabilization energy for coordination of a 30 

fourth ligand to Cu(I).10,14 Ligand-deficient networks include both 
2- and 3-coordinate metal centres and have been reported for 
pyridine derivatives, nitriles, and bulky phosphines.29,30 
Relatively fewer molecular compounds are known; an example is 
CuCN(MeIm)3,

10 which contains a terminal CN ligand. 35 

Molecular AgCN-derived compounds sometimes include short 
undecorated fragments of the MCN polymer.31 More complex 
materials containing both decorated and undecorated MCN 
chains are also known, e.g. 4[CuCN(Pyr)]·3[CuCN] (Pyr = 
pyridine).10 CuCN coordination polymers have been recently 40 

reviewed.7  
 Interestingly, many of these MCN-L complexes are 
photoluminescent, showing red-shifted emission versus that of 
the undecorated materials (CuCN: 392 nm; AgCN: 399 nm).32 A 
few MCN-L complexes, including certain ligand-rich species, 45 

such as CuCN(Pyr)2 and those with p-substituted-Pyr ligands, are 
non-emissive. Our experimental studies have shown that simple 
exposure of liquid or gaseous amine causes the emission of bulk 
CuCN to move into the visible region (see Fig 1).33 Remarkable 
differences in emission wavelengths are found for closely related 50 

ligands in some cases. X-ray diffraction studies have 
demonstrated that short-duration ligand exposure of CuCN 
produces CuCN-L as a surface phase with the bulk material 
remaining unchanged. The fact that CuCN spontaneously reacts 
with a wide range of nucleophiles producing emissive products at 55 

a variety of response wavelengths is suggestive of the potential 
that CuCN could function as a luminescence detector for 
nucleophiles.33 

Fig 1. Luminescence of CuCN + liquid L under 254 nm light at 
room temperature. A: Piperidine (Pipd) B: N-MePipd, C: N-Et-60 

Pipd, D: N-MePyrrolidine, E: Me2NCy, F: NEt3, G: N-
methylmorpholine, H: N-methylpiperazine (N-MePipz), I: N,N'-
Me2Pipz, J: Pyr, K: 2-MePyr, L: 3-MePyr, M: 4-MePyr, N: 2-
EtPyr, O: 3-EtPyr, P: 4-EtPyr, Q: 4-tBuPyr. (reprinted with 
permission from Chemical Communications 2010, 46, 4565–65 

4567; copyright 2010 Royal Chemical Society). 
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Fig.2 Selected DFT(BLYP)-optimized bond distances (Å) and angles (°) for the decorated MCN models {K2[Cun(CN)n+1(L)n]}

+ (n = 3, L = NH3 (1), NMe3 
(2), PMe3 (3), Pyr (11) and 3,5-Cl2Pyr (12); n = 5, L = NH3 (4), NMe3 (5), PMe3 (6)) and {K2[Agn(CN)n+1(L)n]}

+ (n = 3, L = NMe3 (7), PMe3 (8); n = 5, L 5 

= NMe3 (9), PMe3 (10)).  Bond distances and angles for the twisted models are similar to those of the planar zigzag. 

 In our previous study of CuCN,34 and later AgCN and 
AuCN,32 we used short lengths of the MCN coordination polymer 
capped by K+ ions to model the electronic structure of the bulk 
material. Time-dependent DFT (TD-DFT) calculations on these 10 

chains showed that the excitation spectrum could be attributed to 
transitions between π-type MOs. The emission spectrum was 
consistent with the singlet-triplet (S-T) gap between the ground 
state and a non-linear excited state. The fact that the excited state 
contained a bend at one of the metal ions suggested that the shift 15 

into the visible region for decorated chains could be due to a 
reduction in reorganization energy as the system relaxes to the 
ground state. Further, the experimental excitation and emission 
spectra for MCN were in agreement with the theoretical 
wavelengths.32 In this study, we extend these models to examine 20 

the effect of amine- and phosphine-decoration of the MCN (M = 

Cu, Ag) backbone using DFT methods to determine the changes 
in electronic structure that lead to the shift in emission 
wavelength. 

Methods 25 

Models of decorated Cu(I) and Ag(I) cyanide chains were 
optimized with Gaussian 0935 at the DFT level using the BLYP36–

38 exchange-correlation (xc) functional. Triplet geometries were 
optimized using unrestricted Kohn-Sham orbitals. Bond distances 
for linear ground-state MCN model species are consistent with 30 

other theoretical studies.39 Various authors have shown that pure 
DFT methods perform better than hybrid methods for some 
extended π systems. In our study of CuCN model systems,34 
various functionals were tested and BLYP was shown to produce  
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Fig. 3 Comparison of the MOs of the undecorated {K2[Cu3(CN)4]}

+ (A), the planar zigzag NH3-decorated model 1 (B), and the twisted NH3-decorated 
model 1tw (C). Selected transitions that are predicted to contribute to the excitation spectrum are shown for 1 and 1tw. The inset shows the unoccupied MO 

of the NMe3-decorated model 2 equivalent to LUMO+7 in 3B.  5 

the best agreement with experimental data. Although hybrid 
functionals produced reasonable bond distances within the model 
chains, the excitation energies calculated by TD-DFT for these 
functionals were consistently over-estimated relative to BLYP 
and other pure functionals.34 Test calculations of the ammine-10 

decorated model chains presented in this study using the 
mPW1PW91 xc functional produced similar structures to the 
BLYP functional. The copper atoms were represented by the 
Ermler-Christiansen relativistic effective core potential (RECP) 
basis set40 modified to include the 4p contractions of Couty and  15 
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Fig. 4 Simulated excitation spectra (TD-DFT(BLYP)) for 1 (A), 1tw (B), 2 (C), 4 (D), and 7 (E). Transitions with oscillator strengths < 0.01 are omitted.

Hall.41 Basis sets for the carbon and nitrogen atoms of the MCN 
chain were the split-valence triple-ζ plus polarization functions 
(TZVP) representations of Dunning.42 Methyl groups were 10 

represented by the Dunning’s double-ζ basis set.43 The potassium 
atoms were represented by the Hay-Wadt RECP basis set. The 
excitation spectra of the model chains were simulated using TD-
DFT to generate all singlet excitations up to 250 nm. 

Results and Discussion 15 

Models of MCN·L (M = Cu, Ag; L = NH3, NMe3, PMe3).  Short, 
decorated chains of {K2[Cun(CN)n+1(L)n]}

+ (n = 3, L = NH3 (1), 
NMe3 (2), PMe3 (3); n = 5, L = NH3 (4), NMe3 (5), PMe3 (6)) 
were optimized as a planar zigzag structure (pseudo-C2v (Cs) 
symmetry) with C-Cu-C and C-Cu-L angles constrained to be 20 

equal to prevent significant distortions in the CuCN backbone. 
These constraints result in deviations of less than 1 kcal/mol 
versus the fully-optimized Cs structure. Cyano ligands were 
oriented such that the carbon ends face the central Cu centre. The 
ends of the chains were capped by K+ to maintain a symmetric 25 

environment and neutralize the negative charge of the 
[Mn(CN)n+1]

– complex ions. Capping of the models with a cation 
was used to prevent underestimation of the electron binding 
energy known for anions within DFT, but may shift the excitation 
energies to shorter wavelengths due to the overall positive charge. 30 

Potassium was selected as the counterion because it is commonly 

used as a mineralizing agent for CuCN. 
 The DFT-optimized structures (Fig 2) of 1–6 are generally 
consistent with the X-ray structure of the NEt3-substituted 
chain.26 [Note that CuCN(NH3) is a known material that forms a 35 

2D sheet through µ3-C,C,N-bridging of the cyano ligand.44] The 
DFT Cu-NC bond distances (1.89–1.90 Å) are in agreement with 
those seen in the crystal structure (Cu-NC 1.892 Å; Cu-CN 1.865 
Å; Cu-NEt3 2.205 Å), but the Cu-CN (1.88 Å) and Cu-NH3 
(2.29–2.32 Å) distances are longer by 0.02–0.1 Å. The largest 40 

deviations are for the Cu-NR3 distances which are more 
influenced by interactions between the chains within the solid 
material. The X-Cu-X bond angles (X designates either C or N on 
the MCN backbone) for 1 and 4 are slightly more obtuse relative 
to the X-ray structure for CuCN(NEt3) (148.9°)26 and the NMe3-45 

decorated model (150.3°) due to the lack of steric interactions 
between the R groups and the CuCN backbone. The stronger 
donating PMe3 ligand led to greater distortions in the CuCN 
backbone, reducing the X-M-X bond angle to 131.8°. Cu-P bond 
distances are shorter than those found in the X-ray structures for 50 

CuCN substituted with PCy3.
31 When the Cs constraint is 

removed, the CuCN-L chains tend toward a helical structure (e.g., 
1tw) similar to that experimentally observed for Et2NH-decorated 
CuCN (DFT: X-Cu···Cu-X 124.9°; exp: 123.6°).26 The small 
energy difference between the planar zigzag and the helix 55 

formation (< 1 kcal/mol) is consistent with the influence of 
crystal packing forces on the conformation of the decorated 
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coordination polymers.10   
 For comparison, decorated AgCN chains {K2[Agn(CN)n+1-

(L)n]}
+ (n = 3, L = NMe3 (7), PMe3 (8); n = 5, L = NMe3 (9), 

PMe3 (10)) were modelled using a similar approach (Fig 2). 
Unlike the CuCN models, the AgCN model chains prefer the 5 

zigzag structure and do not form helixes. These Ag models have 
more obtuse angles (X-Ag-X = 163°) along the backbone, 
potentially due to the greater stability of the Ag d10 orbitals. The 
more linear X-Ag-X bond angles indicate that AgCN has less 
affinity than CuCN for the binding of additional ligands although 10 

coordination of the more basic PMe3 decreases the angle to 143°. 
This weaker binding may explain why AgCN often forms 
materials in which every other metal centre is decorated. For 
example, the 1:1 product observed for AgCN and PCy3 represents 
an unusual case in which the phosphine coordinates to alternate 15 

Ag(I) centres on a highly ordered –Ag(PR3)2–NC–Ag–CN– 
backbone.31 The phosphines bond to the N-coordinated Ag(I) due 
to the weaker coordination of the isocyanide linkage. Thus, the 
polymer consists of [Ag(PCy3)]

+ units bridged by 
dicyanoargentate(I) anions. A related (PCy3)2Ag-NC-Ag-CN 20 

molecular form has also been synthesized.31 
 
Models of the CuCN-L excitation and emission spectra. The 
excitation spectrum of MCN has been attributed to transitions 
from π-type MOs with antibonding character between M dπ AOs 25 

and πCN fragments to unoccupied MOs with bonding character 
between M 4p AOs and πCN* fragments (Fig 3A).32,34 Because the 
occupied π-type MOs lie below the σ-type orbitals, the longest 
wavelength transitions are not HOMO-LUMO, but rather 
between the highest occupied π-type MOs and the lowest 30 

unoccupied π-type MOs (HOπMO-LUπMO). Upon coordination 
of the ammine ligands, these degenerate pairs of MOs split into 
sets of in-plane (A’) and out-of-plane (A’’) MOs with respect to 
the zigzag backbone (Fig 3B). For example, for the three-Cu 
model chain 1, the degenerate MO pair 6πg corresponds to 35 

HOMO-3 (a’) and HOMO-4 (a”). In many cases, there is also a 
large degree of mixing of the MCN MOs due to the zigzag 
structure of the decorated chain.  For example, HOMO-2 is a 
mixture of the π-character of 6πg with the δ-character of 1δu. In 
forming the Cu-NH3 bond, the ammine ligand donates electron 40 

density to the in-plane combination of unoccupied π-type MOs 
(e.g., 7πu) to form a bonding MO (not shown) and an antibonding 
MO (e.g., LUMO+7). Ammine-coordination destabilizes the 
backbone MOs to reduce the HOMO-LUMO+2 gap from 4.09 eV 
to 3.21 eV. [Note:  In 1, the LUMO and LUMO+1 are the K 4s 45 

AOs and are artefacts of the capped models.  LUMO+3, 4, +5, +6 
are K 4p-based (not shown).] In the NH3-decorated chains, the in-
plane π-type unoccupied MOs (i.e., LUMO+7) appear to be 
delocalized over the ligand, but this effect is attributed to the 
overlap of the backbone lobes with the hydrogens of the amine. 50 

The NMe3 models more clearly show these MOs to have Cu-N 
antibonding character (see inset to Fig 3). The MOs of the twisted 
models retain many of the features of the zigzag structures, 
mixing the in- and out-of-plane lobes and localizing the MOs to 
the CuCN backbone, giving them an appearance more similar to 55 

that of undecorated CuCN (Fig 3C).  
 TD-DFT calculations on the model zigzag chains 1-6 show 
that the major transitions are red-shifted by 40-70 nm relative to 

the CuCN models due to the destabilization of the π-type MOs 
through decoration of the chain (Fig 4). As the chain length 60 

increases from n=3 to 5, the wavelength of the excitations 
increases by ~20 nm, similar to what was observed for 
undecorated CuCN models.34 The wavelengths of the excitations 
will approach a constant value as n is increased, but the trends in 
MO structure for these short models are expected to be consistent 65 

with those of the longer chains.  

 
Fig. 5 Selected DFT(BLYP)-optimized bond distances (Å) and angles (°) 

for (A) the ground state of 1–, (B) the 3A’ state arising from an a’→a’ 
transition, (C) the 3A’ state arising from an a’’→a’’ transition , and (D) 70 

the 3A’’ state. 

 The principle excitations for 1-6 were characterized as those 
involving a’→a’ and a’’→a’’ transitions between the in-plane 
and out-of-plane MOs localized on the CuCN backbone, 
respectively. Oscillator strengths, a measure of the intensity of an 75 

excitation, are generally one order of magnitude lower than the 
CuCN model chains.34 The first significant transition for 1 is 
calculated to occur at 334 nm (Fig 4A) as the excitation from the 
HOMO to the lowest unoccupied a’ MO (LUMO+7). The most 
intense transition (307 nm) corresponds to an excitation from the 80 

highest occupied to the lowest unoccupied a” MOs (HOMO-4 to 
LUMO+2). Bending of the chain destabilizes the occupied π MOs 
in the plane of the chain so as to reduce the excitation energy.  
The twisted models tend to have a dominant excitation (HOMO-
3(4) to LUMO+8) shifted to a shorter wavelength (284 nm). 85 

These results for 1 and 1tw are consistent with experimental 
studies of CuCN(NEt3) and CuCN(NHEt2) for which λmax is 315 
and 290 nm, respectively.10 This blue-shifting of the helical 
structures can be attributed to the greater localization of the MOs 
to the CuCN backbone which stabilizes the highest occupied 90 

MOs and destabilizes the lowest unoccupied MOs to increase the 
band gap for helical chains. The character of the MOs that 
contribute to the transitions for the NMe3- and PMe3-decorated 
CuCN and AgCN model chains, as well as the longer n=5 chains, 
are consistent with the results for 1. Additionally, as observed for 95 

undecorated AgCN models, the excitations for {K2[Agn(CN)n+1-

(L)n]}
+ (7-10) are found at shorter wavelengths than the Cu(I) 
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models (Fig 4E).  
 The emission spectrum is assumed to originate from the 
relaxation of an excited state triplet state which results from 
intersystem crossing (ISC) from an excited state singlet. 
Adiabatic singlet-triplet gaps were determined from the 5 

unrestricted DFT-optimized geometries of the triplet state relative 
to the ground-state singlet structures of uncapped 1− (constrained 
to Cs symmetry) and corrected for the zero-point vibrational 
energy (∆E+ZPE). The K+ ions were removed due to the 
interference of the low-lying artefact K-type virtual MOs in the 10 

calculation of the triplet states. The optimized structure of the 
ground state of 1− is similar to that of 1 (Fig 5), except that the X-
Cu-X angles are more obtuse (159.9°) and NH3 has a longer bond 
distance to Cu(I). Due to the lowering of symmetry resulting 
from chain decoration, excitations can either be into unoccupied 15 

MOs that are in the plane of the CuCN chain (a’→a’), or out of 
the plane (a’’→a’’). The MOs for the former transitions are 
antibonding with respect to the ligands, whereas the latter are 
very similar to those of the undecorated chain. The S-T gap for 
the 3A’(a’→a’) state (380 nm) is lower in energy and red-shifted 20 

relative to the undecorated CuCN models (328 nm). The unpaired 
electrons occupy the MOs analogous to the HOMO and 
LUMO+7 for 1 (Fig 3B) consistent with low energy a’→a’ 
excitations between MOs in the plane of the backbone (Fig 3). 
The C-Cu-C central bond angle decreases to 156°, a 3° difference 25 

with respect to the ground state (Fig 4).  In contrast, the bend in 
the CuCN model chains is more significant (~85°). The smaller 
difference in this angle for the decorated triplet is due to the 
constraints of 3-coordination and contributes to the longer 
emission wavelength for the decorated triplets because there is 30 

less reorganizational energy. A higher energy 3A’(a’’→a’’) state 
of 1− (343 nm) with unpaired electrons in MOs analogous to 
HOMO-4 and LUMO+2 in 1 (Fig 3B) originates from ISC from 
the excited state singlet resulting from transition from the highest 
out-of-plane a’’ MO to the lowest unoccupied a’’ MO 35 

perpendicular to the zigzag plane. This excitation transfers 
electron density from an MO that is antibonding between the 
metal centres and the CN ligands to one that is bonding. As a 
result, the backbone X-Cu-X bond angles become more linear 
(160.1°) in order to increase the overlap between copper and the 40 

X centres.  
 For the helical models, the triplet state optimizes to a planar 
zigzag structure similar that of the higher energy 3A’ state (Fig 
4D), but with a lower S-T gap (423 nm). Further examination of 
the possible triplet states of the planar zigzag structure showed 45 

that the unpaired electrons in this lower energy triplet were 
located in MOs analogous to LUMO+2 (a’’) and a linear 
combination of HOMO and HOMO-1 (a’) for 1 (Fig 3B), 
consistent with a 3A’’ state. Although the a’→a’’ transition is 
forbidden in Cs symmetry, vibrations or twisting upon excitation 50 

in the bulk materials could lower the symmetry to allow for 
relaxation of the 3A’ state to this lower energy triplet. The 
structure of the 3A’’ species is similar to that of the high-energy 
3A’ with a near linear CuCN backbone (∠X-Cu-X = 160.7°). The 
S-T gap for relaxation of this species to the ground state is 55 

consistent with the low-energy emission observed in many 
aliphatic CuCN-L materials (~450 nm) including CuCN(NMe3) 
(zigzag) and CuCN(NHMe2) (helical).   

  

 60 

 

 
Fig. 6 (A) Simulated excitation spectra (TD-DFT(BLYP)) for 11; (B) 

Selected MOs and representative transitions for the Pyr-decorated model 
11. 65 

Models of CuCN·L (L = Pyr, 3,5-Cl2Pyr). In order to explore the 
effect of decoration by aromatic ligands, we optimized short 
lengths of {K2[Cun(CN)n+1(L)n]}

+ (L = Pyr, (11) and 3,5-Cl2Pyr 
(12); Fig 2). The optimized structure in C2v symmetry prefers a 
planar zigzag with the Pyr rings planar with the CuCN backbone. 70 

Structures were also obtained by varying the dihedral angle for 
rotation about the Cu–NPyr bond between 0° to 90°. The energy 
required to twist the Pyr to 90° is low for either Pyr or 3,5-Cl2Pyr  
 (~4.5 kcal/mol). Experimental structures of Pyr-decorated CuCN 
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networks show that the Pyr ring is not coplanar with the CuCN 
chain due to steric interactions and crystal packing forces. The 
Cu–NPyr bond distance increases slightly for Pyr because it is 
twisted out of the plane of the CuCN backbone, but this distance 
increases by 0.1 Å for weaker 3,5-Cl2Pyr ligand, due to the loss 5 

of delocalization of the backbone π system over the ring. Often 
more than one Pyr ligand coordinates to the metal centres. For 
CuCN(Pyr)2

45 and (CuCN)2(4-MePyr)3, which maintain the 
roughly planar zigzag with decoration of the second equivalent of 
Pyr above the ring, the Cu(I) centres do not distort toward 10 

tetrahedral coordination, but bond out-of-plane at roughly 90° to 
the in-plane Pyr. In these materials, the second equivalent of Pyr 
ligands forms bonding interactions through the out-of-plane 
unoccupied MOs. The added ligands interact more weakly due to 
the preference for the in-plane Pyr to remain planar with the 15 

backbone, preventing steric interactions. The out-of-plane Pyr are 
also stabilized by CH···π interactions between the rings forming a 
herringbone configuration. Other 1:2 and 2:3 networks, such as 
CuCN(3-ClPyr)2, CuCN(3-MeOPyr)2, (CuCN)2(2-MePyr)3, and 
(CuCN)2(3-EtPyr)3, form more nearly tetrahedral arrangements 20 

along a helical backbone.10 Materials having more than one, but 
less than two L, per Cu alternate 3- and 4-coordination,7 probably 
due to steric interactions with the backbone and neighbouring 
groups preventing these CH···π interactions. 
 TD-DFT calculations were performed for each of the 25 

structures in which the dihedral angle for the Pyr was varied 
between 0 and 90°. The predicted excitation spectra are 
dominated by two features: a weak band at ~400 nm and a much 
stronger band starting at ~300 nm (Fig 6A). These bands are red-
shifted for 3,5-Cl2Pyr (415 and 350 nm, respectively). For the 30 

minimum 0° structure, the long wavelength band consists of 
excitation from out-of-plane π-type MOs on the CuCN backbone 
to the π* of the Pyr ligands (A: a1→b1). At 90°, the excitation 
from an in-plane CuCN MO to a different Pyr π* combination (B: 
a1→a2) contributes to the long wavelength excitation. At 0° 35 

angle, the former is symmetry allowed and the latter is forbidden, 
and vice versa at 90°. As the dihedral angle for twisting Pyr 
increases from 0°, the intensity of excitation A decreases as the 
dihedral increases and intermediate angles show contributions 
from both transitions. The change in the MO from which the 40 

electron is excited may affect the geometry of the resulting 
triplet. The shorter wavelength band consists of transitions 
between MOs localized on the CuCN backbone (Fig 6B). Etaiw 
et al. compared the excitation spectrum of 3,5-Cl2Pyr to 
CuCN(3,5-Cl2Pyr) in order to assign the bands as MLCT (285 45 

and 310 nm) and CN ligand π-π* (350 nm).24 From the results of 
our model calculations, the major band observed experimentally 
is likely due to transitions between MOs on the CuCN backbone, 
with any MLCT transitions lying at higher wavelengths and being 
much lower in intensity. The low-energy (LE) emission feature 50 

observed in the emission spectra of many CuCN-L (L = aromatic 
amine) materials10 could be due either to transitions between 
different types of CuCN backbone MOs or ISC to a MLCT state 
which emits at a longer wavelength. The high energy (HE) 
emission bands are due to transitions on the CuCN backbone. In 55 

the experimental spectra, distinct LE excitation bands are not 
observed. The HE excitation band for (CuCN)2(2MePyr)3 was 
found to consist of two portions, producing separate emission 

bands. However, these are the probable result of the two distinct 
coordination environments for Cu(I) within the chains. The 60 

results presented herein suggest that a true LE excitation band 
associated with MLCT to an aromatic ligand would probably be 
found at wavelengths >400 nm. 

Conclusions 

 Decorating Cu(I) and Ag(I) with amines and phosphines alters 65 

both the geometry and electronic structure of MCN materials. 
The choice of zigzag versus helical structures for these materials 
is likely controlled by crystal packing forces and interactions 
between the ligands. The excitation spectra of these materials 
(whether zigzag or helical) are related to those of the undecorated 70 

MCN insofar as transitions are between π-type MOs are located 
on the backbone. The shifts in the wavelengths can be attributed 
to destabilization of the MOs upon coordination of the ligand. 
Contrary to our previous calculations for the simple 
{K2[CuCN(Pyr)]}+ model,10 excitations for CuCN decorated with 75 

aromatic amines to π* orbitals localized on the aromatic ring 
(MLCT) do not appear to contribute to the excitation spectrum of 
1:1 CuCN materials with Pyr derivatives.  
 The drawback to modelling single chains is that the effect of 
steric interactions with nearby chains is omitted in the triplet 80 

calculations. These interactions should restrict significant 
changes in the chain structure. We would expect that the 
calculations, which allow more flexibility in the optimization of 
the structure, may overestimate the reorganization energy of the 
chains and give shorter wavelengths than are seen in the solid-85 

state systems, especially for helical systems. Furthermore, the 
lack of M···M interactions found in the solid-state for some 
materials can result in the omission of some spectroscopic 
features from our small models.46 Nonetheless, the synergy 
between experimental spectroscopy, structure determination and 90 

DFT calculations on isolated model systems have proven to be 
highly successful for the prediction of luminescent properties of 
MCN and decorated MCN materials.   
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Ligand decoration shifts the excitation and emission spectra of coinage metal cyanides. DFT and TD-DFT 
calculations are used to identify the MOs involved the transitions that contribute to photoluminescence.  
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