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Abstract
A two-dimensional, mixed-valence [Ni(dmit),] compound, [Cs-Apy]2[Ni(dmit),]s

(1) (where dmit®" = 2-thioxo-1,3-dithiole-4,5-dithiolate and Apy" =
4-amino-1-alkylpyridinium) was prepared and its structure fully characterized. The
molecular solid displays a layered structure along the crystallographic c-axis with a
[Ni(dmit),] layer constructed from alternating straight chains of [Ni(dmit);]° and
two-legged ladder chains of [Ni(dmit),]'". Compound 1 shows antiferromagnetic,
spin-dimer with pairwise interaction magnetic behavior and semiconducting nature in
addition to a rapid, clear and stable response of photoconductivity under UV
irradiation. The magnetic coupling nature of 1 was analyzed using the
‘broken-symmetry’ density functional theory (DFT) approach. The electronic band
structure was calculated using the CASTEP program and was used to investigate the
theoretical transport and photoconductive behavior of 1. This work suggests
mixed-valence [Ni(dmit),] compounds have great potential as the building blocks for

new photoconductor based materials.

Keywords: Metal-dithiolene ~ complex, mixed-valence,  two-dimensional,

photoconductivity, magnetism
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Introduction

The metal salt [M(dmit),] (dmit>~ = 2-thioxo-1,3-dithiole-4,5-dithiolate) displays
an interesting molecular architecture, with its ten peripheral S atoms enabling a
multidimensional electrical network via intermolecular S-S bonding interactions in
the solid state." The electronic structure and physical properties of these metal salts
depend on the molecular arrangement of [M(dmit);] in the solid state, which is also
related to the shape and size of the metal counter ions present. Therefore, considerable
research effort towards the development of [M(dmit),] compounds with unique
electronic structures and physical properties using rational design of the counter ion
structure has been reported."® Nakamura and co-workers’ reported the
supramolecular M—crown ether cation (where M = alkaline metal ion, alkaline earth
metal ion or organic ammonium ion) into the [Ni(dmit),] system to give a molecular
metal compound with Li* ion conducting channels and a supramolecular rotator that
achieved ferroelectricity and polarity control via a switching flip-flop motion of the
rotator unit using an external electric field. Kusamoto and co-workers® reported the
novel bilayer Mott salt, (ethyl-4-bromothiazolium)[Ni(dmit),],, in which the
coexistence of antiferromagnetic (AFM) and ferromagnetic (FM) anionic layers
displayed an unusual ferromagnetic anomaly and large negative magnetoresistance.
Fourmigué and co-workers® prepared the first chiral, mixed-valence conducting
[Ni(dmit),] salt incorporating a chiral counter ion with an unusual 2:5 stoichiometry
between the cationic counter ion and [Ni(dmit),] units.

The conductivity of the [Ni(dmit),] metal salts has been extensively studied and
shows a diverse range of behavior from use as Mott insulators,® semi-conductors’ to
metal-like conductors.® However, investigation into the photoconductivity of
[Ni(dmit),] metal salts is limited.” There has been an ever-growing use of
photodetectors in a wide range of everyday and high-end applications, for example, the
use of UV-visible light photoconductors in environmentally-based detectors, space

research and optical communications.*
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Our research has involved the incorporation of flexible cations, such as
4-amino-1-alkylpyridinium (C,-Apy") to the [Ni(dmit),] metal salt system in an effort
to control the stacking pattern and physical properties. We now report the synthesis of a
novel, two-dimensional mixed-valence [Ni(dmit),] metal salt, [Cs-Apy]2[Ni(dmit),]s

(1), which displays an unusual 2:3 stoichiometry between Cg-Apy* and [Ni(dmit),], in

addition to a rapid, clear and stable response of photoconductivity under UV irradiation.

The crystal structure, magnetism, conductivity and photoconductivity of 1 were also

investigated.

Experimental
Materials

All chemicals and reagents were purchased from commercial sources and used
with no further purification. 4, 5-di(thiobenzoyl)-1, 3-dithiole-2-thione was prepared
according to the procedure reported by Steimecke et al."* [Cs-Apy]Br was prepared

using the procedure reported for the synthesis of [Cs-Apy]Br.*
Synthesis of [Cg-Apy]2[Ni(dmit),]s (1)

A suspension of 4, 5-di(thiobenzoyl)-1, 3-dithiole-2-thione (812 mg, 2.0 mmol) in
methanol (10 mL) was added to a solution of sodium methoxide [prepared from sodium
(184 mg, 8.0 mmol) in methanol (10 mL)] at room temperature under an atmosphere of
argon. The reaction mixture was stirred at room temperature for 30 min resulting in a
dark red solution. NiCl,-6H,0 (238 mg, 1.0 mmol), a solution of [Cg-Apy]Br (287 mg,
1.0 mmol) in methanol (20 mL) followed by a solution of I, (127 mg, 0.5 mmol) and
Nal (150 mg, 1.0 mmol) in methanol (20 mL) were added to the reaction mixture, the
resulting mixture stirred at room temperature for 2 h and allowed to stand overnight
(~16 h). The microcrystalline crude product was collected by filtration, washed with
MeOH (20 mL) and dried in vacuo. The crude product was recrystallized from acetone
to give the title compound 1 as dark green crystals with ca. 80% yield. Anal.Calc. for

Cu4HasN4S3oNis: C, 29.88; H, 2.62; N, 3.17%. Found: C, 29.85; H, 2.77; N, 3.01%. IR
4
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(KBr disc,) v = 1367, 1323 (vc=c), 1068, 1054 (vc=s), 514, 499 (8s.c.s) cm ™. It is noted
that the oxidation of ostensibly 1 mmol of [Ni(dmit),]* into [Ni(dmit);]**" requires
theoretically 1.33 "electron-equivalents” of the oxidant. Even accounting for the "only"
80% vyield, this would have required > 0.5 mmol of I, however, only 0.5 mmol of I,
(i.e., 1 mmol of oxidant "electron-equivalents™) was used in the preparation procedure.

Such a stoichiometric discrepancy is due to the overoxidation by air.
Physical Measurements

Elemental analyses (C, H and N) were performed using a Vario EL Il elemental
analyzer. Powder X-ray diffraction (PXRD) data were collected using a Bruker D8
Advance powder diffractometer with Cu Ka radiation (A = 1.5418 A). FT-IR spectra
were recorded using a IF66 V FT-IR (4000-400 cm ') spectrophotometer on KBr
discs. Magnetic susceptibility data were measured for polycrystalline samples using a
Quantum Design MPMS-5S superconducting quantum interference device (SQUID)
magnetometer over a temperature range of 1.8-400 K. Electrical conductivity
measurements were made using a Keithley 2440 5A SourceMeter for the compressed
powder pellet using a two-probe method. Photoconductivity was measured for a
single crystal using a Zahner Zennium IM6 Electrochemical Workstation. The
photocurrent | response to UV irradiation (A = 375 nm; 3.3 eV) was measured using a
needle-shaped single crystal at room temperature and two gold wires with a diameter of

80 wm attached on the two opposite surfaces of the cross section of the needle crystal.
X-Ray single crystallography

Single crystal X-ray diffraction data was collected using a Bruker Smart Apex Il
CCD detector with graphite-monochromated Mo Ka radiation (A=0.71073 A) at 296 K
using the m-scan technique. Data was integrated using the SAINT program and
subsequently used for the intensity corrections of the Lorentz and polarization effects.
An empirical absorption correction was applied using the SADABS program.™ The

structure was solved by direct methods and all non-hydrogen atoms were

5
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anisotropically refined on F? by the full-matrix least-squares technique using the
SHELXL-97 crystallographic software package.** All hydrogen atoms were placed at
the calculated positions and refined as riding on the parent atoms. The experimental
details for data collection, structure refinement and crystallography are summarized in

Table 1.

Table 1 Crystallographic data and refinement parameter for compound 1

Temp. (K) 296(2)

Wavelength (A) 0.71073

Formula Cu4H46N4S3Ni3

Formula weight 1769.02

Space group P-1

CCDC no. 956073

Crystal system Triclinic

a(A) 11.6986(12)

b (A) 12.1197(12)

c(A) 14.0622(14)

a (°) 109.910(3)

B) 105.249(3)

7 (°) 103.361(3)

V(A% 2) 1691.9(3)/1

p(gem™) 1.736

w(mm™) 1.790

F(000) 902

6 Range for data collection (°) 1.92-27.55
-15<h<15

Index ranges -15<k<15
-18<1<18

Rint 0.0452

Independent reflect. / restraints / parameters 7788/0/369

Refinement method The least square refinement on F?

Goodness-of-fit on F? 1.052

Ry, WR; [I > 24(1)] 2 0.0423, 0.0760

Ry, WR; [all data] ® 0.0827, 0.0894

Residual (e A™) 0.337/-0.424

“Ri = Y|Fo| — [F|F,| and wRy = [Sw(SF,” = F2YTEw(F,*)]".
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Density functional theory (DFT) calculations for magnetic coupling constants

and electronic band structures

All DFT calculations for magnetic coupling constants were carried out using the
Gaussan09 program.™ The single point energies of the high-spin triplet and the
low-spin broken-symmetric states for the [Ni(dmit),],>" spin dimer or [Ni(dmit),]s*
sandwich trimer present in compound 1 were calculated using the DFT approach on
the non-modelized molecular geometry obtained from our X-ray single crystal
structure analysis (the spin coupling interaction is sensitive to any changes in
molecular structure, therefore no simplification or optimization of the molecular
structure was made in our calculations). The popular hybrid exchange-correlation
functional B3LYP, was composed of the Becke’s three-parameter hybrid exchange
functional,’® LYP correlation functional'’ and lanl2dz relativistic effective core
potential basis set'® for the Ni elemental and 6-311+g(d,p) basis set for C, S elements
used in our calculations. The SCF convergence criterion was 10 °.

Electronic band structure calculations were performed using the CASTEP
program®® for compound 1 on the non-modelized crystal structure obtained from our
X-ray single crystal structure analysis. The cations in the crystal structure were
removed in the calculations since the conductivity of this molecular solid is related to
the anionic [Ni(dmit),]” and neutral [Ni(dmit),]° species. The generalized gradient
approximation (GGA) of the Perdew—Burke—Ernzerhof (PBE)* potentials have been
incorporated in our calculations. The k-points sampling in the Brilliouin zone were set
at 4 x4 x3 according to the Monkhorst—Pack scheme.” For all relevant calculations
the plane wave basis set cut-off was fixed at 240 eV and the convergence criterion
fixed at 1.0 < 10~ eV/atom. The other calculating parameters were set at the default

values in the CASTEP code.

Results and discussion

Crystal structure
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[Cs-Apy]2[Ni(dmit),;]s (1) crystallizes in the triclinic space group P-1. An
asymmetric unit was comprised of one Cg-APy" cation together with one and a half
planar [Ni(dmit);] units (Figure 1a). The bond lengths and angles observed in the
Cg-APy" cation are within that expected. All atoms are located in the general positions
of the [Ni(dmit),] moiety containing Ni(1), whilst the Ni(2) atoms coincide with an
inversion center to give a corresponding [Ni(dmit);] moiety with C; symmetry. The
typical bond lengths observed in the two different [Ni(dmit),] moieties are summarized
in Table S1. The total charge of one and a half [Ni(dmit),] moieties is —1 because the
Cg-APy" cation has a +1 charge. Therefore, the average oxidation state of the
[Ni(dmit),] moieties in the asymmetric unit is —2/3. The theoretical analysis based on
DFT calculations at the b3lyp/lanl2dz level of theory predicted that the lowest
unoccupied molecule orbital (LUMO) of the neutral complex [Ni(dmit),]° consists of
the 3d orbitals of Ni and the = (C=C) orbital of ligand (Figure 1b). In the anionic
complex [Ni(dmit),]*", the LUMO is bonding with respect to the ©(C=C) bond and
antibonding with respect to the o(C-S) and o(Ni-S) bonds. The addition of one
electron to the LUMO was expected to strengthen the ©(C=C) bond and weaken the
o(C-S) and o(Ni-S) bonds. As a result, the bond distance of the n(C=C) bond is
reduced and the bond distances of both o(C-S) and o(Ni—S) bonds are increased with
increasing n value in the series [Ni(dmit),]" (n =0, 1 and 2). Upon careful analysis of
the ©(C=C), o(C-S) and o(Ni-S) bond distances in compound 1, we can conclude that
the [Ni(dmit),] moiety containing Ni(2) is a neutral species and the [Ni(dmit),] moiety
containing Ni(1) has a —1 charge (Table S1). The assignments for Ni(1) and Ni(2) in
compound 1 was further confirmed by (1) IR spectra analysis (Table S2 and Figure S2
where the vibration bands of ve-c, ve=s and vc.s contributed from both [Ni(dmit),]"
and [Ni(dmit),]° species are observed, respectively) and (2) the energy band structure
calculation (see Figure S4, where the two band structures with different situations,

namely, presence/absence of neutral [Ni(dmit),] molecule (with Ni(2)), are shown, and
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the comparison between two band structures provided the information about the

inhomogeneity of the valence state between the three molecules in a trimer).

c11
c13 N2 (a) (b)
C22 c20 C17 Ci5 (:zeﬂj s 52 54
Mﬁ\“m 8 s @A
c21 C18 ci6 Cl4 : &\“
512 gq3
v % C8 %
¢ Ii\ ° B4 sis
1 Ni2 o
s11 S14

Figure 1 (a) Molecular structure of compound 1 with all non-hydrogen atoms labeled.
(b) LUMO of neutral [Ni(dmit),]° obtained from DFT calculations at the

B3LYP/lanl2dz level of theory.

The Cg-APy" cation and the mixed-valence [Ni(dmit),] species form alternating
layers along the crystallographic c-axis direction as shown in Figure 2a. The
neighboring cations adopt a parallel arrangement along b-axis direction and an
anti-parallel alignment along the a-axis direction (Figure 2b) within the cationic layer.
The anionic layer is constructed of the n-type anion trimers adopting an alignment in
the [Ni(dmit)2]* /[Ni(dmit),]%/[Ni(dmit),]*~ sandwich in which two anions are related
to each other through an inversion center (Figure 2c¢). The [Ni(dmit),] anions located
between neighboring trimers are arranged into a two-legged ladder chain via shorter
lateral to lateral S'S bonding interactions along the crystallographic a- and b-axes
(Figure 2d). The neutral [Ni(dmit),]° species between adjacent trimers form a
one-dimensional straight chain through head to tail S-S bonding interactions along
the crystallographic b-axis direction within the mixed-valence [Ni(dmit);] molecule
layer (Figure 2e). The short interatomic distances are less than the sum of van der
Waals radii of two S atoms (3.7 A) and are listed below: dgw). s@u = 3.619(1),
ds2). s = 3.480(1), dse)...sepe = 3.461(1) and dse). saope = 3.450(1) A within a
ladder chain; ds13)._sa3ys = 3.469(1) A within a [Ni(dmit),]° chain and diq)...sayu =

3.561(1) and iy, sa2) = 3.588(1) A between the longitudinal offset [Ni(dmit),]°
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and [Ni(dmit),]*" species (symmetric codes #1 =1 —x, -y, 1 —z; #2=x, —1 +vy, z; #3

=—x1-y,1-zand#4=x,1+Y,2).
) (b)

(
\'; H\wx \'Cx

0
. o
N S :Q\,}}* X
c *\~E ‘xgh}% ‘{j \SE A
B Mt AL Sa L
g S

—

(e)
Figure 2 (a) Alternating layers of Cg-APy" cations (H atoms are omitted for clarity) and
mixed-valence [Ni(dmit),] species (where blue = neutral species and red = anionic
species) viewed along the crystallographic a-axis in compound 1; (b) the cationic layer;
(c) the [Ni(dmit),] species layer; (d) the two-legged [Ni(dmit),]*~ ladder chain and (e)
the one-dimensional [Ni(dmit),]° chain (where the dotted lines represent S-S bonding

interactions < 3.7 A).
Relationship of magnetic property and structure

The magnetic susceptibility (ym) of compound 1 as a function of temperature (in a
range of 1.8-400 K) is shown in Figure 3. A broad maximum centered at ~120 K,
followed by an exponential drop is observed in the yn-T curve upon cooling,
indicating the existence of a gap in the spin excitation spectrum and is characteristic
of a low-dimensional AFM exchange system. In addition, the Curie-Weiss type

magnetic behavior dominates in the low temperature region (< 20 K).
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Figure 3 Temperature dependence of the molar magnetic susceptibility (ym) with one
[Ni(dmit);]*~ species per formula unit in compound 1 (where solid line = fit plot and

open circles = experimental data).

To understand the magnetic coupling between neighboring [Ni(dmit),] anions in
compound 1, a broken symmetry DFT approach?’ was employed to evaluate the
magnetic coupling constants.

The magnetic coupling between neighboring [Ni(dmit);,] anions can be
transmitted through non-bonding interactions, especially through S atoms, due to the
delocalization of the unpaired electron over the whole skeleton of the [Ni(dmit),]
anion. Using the X-ray crystal structure analysis (Figure 2¢ and 2d), three types of
magnetic couplings were identified, one within the trimer with the magnetic coupling
constant J; and the other two within the two-legged ladder chain, with the magnetic
coupling constant .J, corresponding to the ladder rung and J5 the ladder rail direction.

The <S%>ps, <S*>gs and J values for compound 1 were calculated using Equations
2-4 (see the ESI) and are summarized in Table 2. These results show: (1) a strong
AFM interaction exists within a trimer, a weak AFM interaction along the rail
direction and a negligible magnetic coupling along the rung direction within the
two-legged ladder chains is observed. This indicates that the magnetic behavior of
compound 1 is dominated by the magnetic coupling within the trimer. (2) The

calculated <S*>ys values in the three types of magnetic couplings are close to the

11
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angular momentum eigenvalue found in the high-spin triplet state, St(St+1) = 1(1+1)
= 2, whilst the calculated <S?>gs values for J; (1.1294), J, (1.0096) and J; (1.0091)
show relatively high spin contamination. (3) The calculated magnetic coupling
constants, using Equations S2 and S4 (see the ESI), are similar to each other
demonstrating the existence of ‘weak bonding’ within the spin dimer. The frontier
molecular orbitals of the BS states of J; and Js, indicate the existence of a partial
overlap between the two SOMOs within the sandwich trimer and spin localized in an
individual [Ni(dmit),] anion for the magnetic exchange pathway of J; (Figure 4). In
combination with the spin density distribution analysis, we can conclude that the
magnetic couplings between the neighboring [Ni(dmit),] anions are achieved through
orbital overlap together with a weak spin polarization mechanism within the sandwich
trimer. In addition, only a spin polarization mechanism is observed for the ladder

chain along the rail direction in compound 1.

Table 2 Calculated <S*>us and <S?>gs and J values for each magnetic coupling

pathway in compound 1

Coupling pathway Jiks (K)  Jofks (K)  Jg/ks (K) <S%>s <$%>qq
J; (within a trimer) -96.8 —48.4 -109.5 2.0134 1.1294
J, (along ladder rung) 0.098 0.049 0.098 2.0097 1.0096
Js (along ladder rail) -1.8 -0.9 -1.8 2.0095 1.0091

Notes: Ji/kg, Jo/kg and J3/kg were obtained using Equations 2—4 (see the ESI).

(b)
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Figure 4 SOMOs in the BS states for J; (a, b) and J; (c, d), respectively.

On the basis of the analysis described beforehand, a simple S =%z spin dimer model
was chosen to fit the magnetic susceptibility over the whole temperature range. In
addition, to take into account the Curie—-Weiss and temperature independent magnetic
susceptibilities, the experimental molar magnetic susceptibility is expressed in

Equation 1.

_ Ng 2, 1 C

X + +
kT 3+exp(23/kgT) T-6

Zo (Equation 1)

In Equation 1, the first term represents the magnetic susceptibility contribution from a
spin dimer with two S =% monomers, deduced from spin Hamiltonian H = -2S,S, and
J is the intra dimer magnetic coupling constant. The C/(T—0) term arises from the
magnetic impurity and yxo iS the sum of diamagnetism and possible van Vleck
paramagnetism related to the coupling of ground and excited states via a magnetic
field.”® The T plot in the temperature range 1.8-400 K (Figure 3) was reproduced
using Equation 1 with the parameters: J/kg = —99.7(0) K (corresponding A/kg = 199.4
K), o =—6.8(2) x 10 * emu mol ™, C = 4.03(3) x 10 emu K mol* and 6 = —1.19(3) K
with a g-factor = 2.045(1). The fitted J value is close to the calculated J; value. In
addition, on the basis of the fitted Curie constant, the amount of S = % magnetic

impurities were estimated to be ~1.1%.
Conductivity and photoconductivity

Compound 1 displays semi-conductor character, the 5 = 1.5 <10° S €m ' at 303 K
(30 °C) as shown in Figure 5a. The activation energy was estimated to be 0.33 eV by
fitting the variable temperature conductivity in the temperature range of 300-420 K

using the Arrhenius equation (Equation 2).

c=0, exp(kEi‘r ) (Equation 2)

B
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The photoconductivity for compound 1 was investigated and the photocurrent
monitored as a function of time with an alternating ON and OFF UV irradiation (Figure
5b). After a few seconds of irradiation, the current increases sharply, to reach a
saturation value. The relaxation back to the original dark current was observed after

switching off the illumination.

7 (a) 1.65- (b)
ON ON ON
6 1504 | | |
_ 59 < 1354
E = 1
3 4 o 1204
g 3 = 1054
: 3 0904
0.75 I | |
0- ] OFF OFF OFF
T T T T 060 T T T T T T T T T 1
300 330 360 390 420 0 15 30 45 60 75 90 105 120 135
TIK time/s

Figure 5 (a) Plot of electrical conductivity (o) of compound 1 versus temperature from
303-423 K (Red line = theoretically produced plot using Equation 2). (b) The
photocurrent I response to UV irradiation (Ayy = 375 nm; 3.3 eV) was measured using a
needle-shaped single crystal at 300 K with the applied voltage = 0.1 V and light
intensity = 45 mW-cm™, and two gold wires with a diameter of 80 um were attached on

two opposite surfaces of the cross section of needle crystal.

For photoconductivity, several different mechanisms have been reported to occur
in [M(dmit)2] (M = Ni or Pd) molecular solids. Ishikawa and co-workers” reported the
compounds Et,Me,Sb[Pd(dmit),], and Cs[Pd(dmit),], that display ultrafast
photoconductive response. These molecular solids possess two different crystalline
phases with distinct conductivity and their photoinduced phase transition leads to the
ultrafast photoconductive response. Naito and co-workers® reported a novel
charge-transfer (CT) photoconductor, BPY[Ni(dmit);], (where; BPY = N,
N'-ethylene-2, 2'-bipyridinium), in which the molecular orbitals of BPY?" and
[Ni(dmit),] mix to form energy bands. The interband transitions occur in the UV

spectroscopic region corresponding to the CT bands between BPY?* and [Ni(dmit),] ,

14
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generating new carriers of holes and electrons and is responsive to the
photoconductivity of BPY[Ni(dmit),],. On the basis of the variable temperature
magnetic susceptibility measurements (Figure 3) and the DSC analysis over the
temperature range of 293-473 K, no phase transition was observed for compound 1.
Therefore, a photoinduced phase transition mechanism for photoconductivity can be
excluded for compound 1.

The energy band structures for the two-dimensional, mixed valence layer in
compound 1 were analyzed and the calculated bands along the high symmetry
directions of the Brillouin zone are shown in Figure 6. The valence band (VB) was
observed near the Fermi level and a small dispersion along the c-axis (approximately
from G to Z in k-space) indicative of weak bonding interactions between the mixed
valence layers and the two-dimensional electronic nature of this molecular solid.
These results are in agreement with the X-ray crystal structure analysis in which
neighboring mixed valence layers are separated by a cationic layer. The VB is
relatively sharp along the direction from G to Y in the k-space, indicating the
existence of stronger bonding interactions in the mixed valence layer. The calculated
energy gap between the highest occupied and the lowest unoccupied bands is 0.519
eV, a value almost double that obtained from the conductivity measurements and
attributed to the limitations of DFT methods.” The orbitals of the [Ni(dmit);]” and
[Ni(dmit),]® species mix to form energy bands in compound 1 and the
photoconductivity of 1 arising due to interband transitions in the UV spectroscopic
region corresponding to the CT bands between the [Ni(dmit),]” and [Ni(dmit),]°
species. However, further investigation is needed to understand the novel

photoconductivity of compound 1 (Figure 6a).
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Figure 6 (a) Dispersion relations of the mixed valence layer in compound 1 [where;
Fermi levels are shown by dashed lines and the k-points: G = (0, 0, 0), X = (0.5, 0, 0),
Y =(0,0.5,0),Z=(0,0,0.5) and Q = (0, 0.5, 0.5)]. (b) Magnified view of the highest

occupied band and several lowest unoccupied bands.
Conclusion

In summary, a novel, two-dimensional, mixed-valence [Ni(dmit),] compound,
[Cs-Apy]2[Ni(dmit),]s (1) has been prepared possessing an unusual 2:3 stoichiometry
between the monocation C8-Apy* and [Ni(dmit),] species. The [Ni(dmit),] layer is
constructed from alternating straight chains of [Ni(dmit),]° and two-legged ladder
chains of [Ni(dmit),]'". Compound 1 displays semi-conductor character and AFM
dimer magnetic behavior in addition to a rapid, clear and stable response of
photoconductivity under UV irradiation. The magnetic coupling nature was analyzed
using the ‘broken-symmetry’ DFT approach and the novel photoconductivity

attributed to the electronic transitions between the [Ni(dmit),]*” and [Ni(dmit),]°
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species in 1. This work suggests mixed-valence [Ni(dmit);] compounds have great

potential as the building blocks for new photoconductor based materials.
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A novel, two-dimensional mixed-valence [Ni(dmit),] molecular solid shows a rapid,

clear and stable response of photoconductivity under UV irradiation.
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