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Two highly unstable copper(]) salts, i. e. copper(I) bisulfate tetraacetonitrile, [Cu(CH3CN)4]JHSOyq,
and dicopper(I) sulfate octaacetonitrile, [Cu(CH3CN)4],SOy4, and their stable derivatives with 2,9-
dimethyl-1,10-phenanthroline (DMPhen) have been prepared in pure form and characterized by ele-
mental, spectral and chemical analysis. Single-crystal X-ray studies of [Cu(CH3CN)4]HSO, and its
derivative [Cu(DMPhen), JHSO4 have been carried out. The solution behavior of both of these salts
and their derivatives have been investigated using UV/Vis, IR, 93Cu NMR spectroscopy and molar
conductance in a number of non-aqueous solvents. Furthermore, a simple method for the preparation

of Cuy SOy is presented.
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Introduction

Highly ionic copper(I) salts (salts with very large
non-coordinating anions and devoid of ion-association
in solution) are known to be unstable in the solid
form as well as in the solution state [1,2]. The sta-
bility of copper(I) complexes depends upon the na-
ture of the anion, the ligands, the neighboring atoms,
and considerably upon the choice of solvent. Concen-
trated copper(I) solutions find applications in the hy-
drometallurgical purification of copper and silver [2—
4], therefore stabilization of copper(l) is an indus-
trially important subject. Some highly ionic cop-
per(I) salts like the tetraacetonitrile copper(I) per-
chlorate [Cu(CH3CN)4]ClO4 and the related nitrate,
tetrafluoroborate and hexafluorophosphate, as well as
the more stable bis(2,9-dimethyl-1,10-phenanthroline)
copper(]) salts [Cu(DMPhen),]" with anions ClO4~,
NO;3;~, BF;~ and PFg¢ ™, have been prepared and ex-
tensively investigated in solution [5—11]. Whereas N-
donor ligands stabilize the above copper(I) salts, those
with the anion Cl-, Br™, ", and CN™ gain stabil-
ity from more covalent bonding interactions with the
counterions. Such “covalent copper salts” can also
form polynuclear species [1, 12— 15]. As we are inter-

ested in solid and solution properties of only highly
ionic copper(I) salts, we investigated Cu(I) in com-
bination with sulfates as weakly coordinating coun-
terions. Copper(I) bisulfate and copper(I) sulfate are
both highly ionic, however, have never been prepared
in the solid form [2]. We report here a simple and
quick method for the preparation of the acetonitrile sol-
vates [Cu(CH3CN)4]HSO4, [Cu(CH3CN)4],SO4 and
their derivatives with DMPhen as a bidentate ligand,
as well as for the solvent-free CuySQOy.

Experimental Section

All organic solvents were AR grade and obtained from
various sources already reported [16]. They were further pu-
rified by literature methods [17]. Copper(]) bisulfate tetraace-
tonitrile and copper(l) sulfate octaacetonitrile were prepared
by adopting methods reported by Hathaway et al. [5] and Gill
et al. [18] for the preparation of [Cu(CH3CN)4]ClO; (details
are given below).

Preparation of [Cu(CH3CN)4JHSO4

10.0 g (40.0 mmol) of copper(Il) sulfate pentahydrate
(CuSOy4 - 5H,0) was dissolved in a minimum quantity of hot
water (5 mL) containing 3—5 mL of concentrated HySOj.
The solution was stirred at 70 — 80 °C, and 40 mL of acetoni-
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trile was added. Excess of pure copper powder (10—12 g,
99.5 % purity) was then added to the vigorously stirred solu-
tion. Completeness of the reaction was indicated when the
solution became colorless (occasionally the excess copper
metal powder was allowed to settle). The solution was then
filtered and cooled at —10 to —20 °C, but no solid sepa-
rated out. To increase the concentration of the solution, there
were two alternatives. One was to concentrate the solution
by evaporating the solvent by heating. This method was not
preferred because on heating most of the acetonitrile evap-
orates, thus destabilizing the solution. The second alterna-
tive which we followed was to reduce copper(Il) to copper(I)
by adding increasing amounts of copper(Il) sulfate pentahy-
drate (10 g was added in five installments of 2 g each along
with 2-3 g of Cu powder at regular intervals) to the solu-
tion (50 mL, 47 mL solution + 3 ml added acetonitrile) till
a very concentrated (> 3 M) solution of copper(I) salts was
obtained. To know the exact copper(I) concentration, the so-
lution was titrated against KMnO, or cerium ammonium sul-
fate. On cooling this solution, crystalline copper(I) bisulfate
separated out as the acetonitrile complex. By repeated recrys-
tallization (three times) of this crude product from acetoni-
trile (dissolution by heating and crystallization upon cool-
ing), pure copper(l) bisulfate tetracetonitrile with composi-
tion [Cu(CH3CN)4]JHSO4 was obtained as a crystalline solid
(yield: 42 g, 81 %). The salt was found to be very stable in
absence of air (but could be handled in air for a few min-
utes) and could be stored for a long time in a dry box. Its
m. p. is 78 — 80 °C, which is similar to that of the correspond-
ing nitrate, i. e., m.p. 79—81 °C [5]. Elemental analysis for
CgH3CuN4O4S (324.8): caled. C 29.56, H 4.00, N 17.24;
found C 29.25, H4.23, N 17.52.

Preparation of [Cu(CH3CN)4],804 and CuySOy

For the preparation of [Cu(CH3CN)4],SO4 the same
method as for the preparation of [Cu(CH3CN)4]JHSO4 was
applied, the only alteration being the use of only a few
drops of concentrated HySO,4 just to keep the solution
highly acidic. The amount of H,SO4 used was not suf-
ficient to form a significant fraction of [Cu(CH3CN)4]-
HSO,. The resulting solution, on cooling at low tempera-
ture (—10 to —20 °C), gave a colorless solid mass, which
was rich in [Cu(CH3CN)4]»SO4. The compound was pu-
rified by three repeated cycles of dissolving in acetonitrile
and then separating out the solid mass by cooling under
the same conditions as mentioned above. The final prod-
uct was briefly exposed to a vacuum. Yield: 17.3 g, 78.5 %,
m.p. 163—165 °C. This melting point is comparable with
that of the corresponding perchlorate (164—166 °C) and
tetrafluoroborate salt (159 —161 °C) [5]. In order to remove
traces of [Cu(CH3CN)4]HSOy, this fraction was recrystal-
lized once again (from acetonitrile), and the precipitate was
dried under vacuum to give a colorless non-crystalline mass

(microscopy at a 100-fold magnification did not reveal any
crystals) of [Cu(CH3CN)4],SO4. When the purified fraction
was dried under vacuum at 70—-80 °C, it lost all the ace-
tonitrile molecules and changed into a powdery mass with
composition CupSOy4 (caled. Cu 56.95, SO4 43.05; found
Cu 56.90, SO4 43.00 by volumetric and gravimetric estima-
tion of Cu™ and SO42~ [19], respectively), which was ex-
tremely unstable in the solid form, but remained stable in
solutions of dried acetonitrile for a relatively long time and
could be handled for further studies. Elemental analysis for
C16Hoa Cuy NgO4S (551.6): caled. C 34.81, H 4.35, N 20.30;
found C 33.98, H 4.22, N 20.51.

Preparation of [Cu(DMPhen), ]HSO4
and [Cu(DMPhen), ],S04

Bis(2,9-dimethyl-1,10-phenanthroline) copper(I) bisul-
fate and bis(2,9-dimethyl-1,10-phenanthroline) copper(I)
sulfate were prepared by mixing hot solutions of DM-
Phen (5.00 g, 24.0 mmol) and [Cu(CH3CN)4]HSO4 (3.90 g,
12.0 mmol) or [Cu(CH3CN)4],SO4 (6.60 g, 12.0 mmol), re-
spectively, in acetonitrile and heating at 70—80 °C for half
an hour. The solution was then cooled to r. t. Both derivatives
were separated out by adding anhydrous toluene. The salts
were crystallized from acetonitrile and dried under vacu-
um. The details of the method are given elsewhere [20].
Elemental analysis for C3gHpg3CuNs5O4S (618.2): calcd.
C 58.25, H 4.50, N 11.33; found C 58.22, H 4.26, N 11.22.
Yield: 5.6 g, 75.3 %. Elemental analysis for CogHpg Cus-
N4O04S (1055.0): caled. C 31.85, H 2.27, N 5.31; found
C31.23, H2.29, N 4.89. Yield: 9.0 g, 71.4 %.

Measurements

Molar conductances were measured immediately after
preparation of very dilute solutions, at 1 kHz frequency us-
ing a conductometer supplied by Naina Electronics, Chandi-
garh with an accuracy of 0.2 %. %3Cu NMR spectra were
recorded on a Jeol FT NMR (AL 300 MHz) broad band spec-
trometer at 79.585 MHz. For achieving better sensitivity, the
measurements were performed in 10 mm sample tubes. IR
spectra were recorded on a Perkin Elmer RX-I FT IR spec-
trophotometer. UV/Vis measurements were performed on a
Hitachi 330 double beam spectrometer with 1 cm?® quartz
cells. All solutions of copper(I) salts for chemical analyses
were prepared in acetonitrile. For the quantitative estima-
tion of the copper(l) contents, a sample of the salt (of known
weight, range 0.2 -0.4 g) was dissolved in 5 mL of acetoni-
trile and then 2 mL of dilute H,SO,4 was added to the solu-
tion. This solution was titrated against standard N/50 aque-
ous KMnQOy4 or aqueous ceric ammonium sulfate using N-
phenylanthranilic acid as indicator in the second case. The
titration with ceric ammonium sulfate was found to be highly
sensitive and more suitable for the estimation of copper(I)
salts [19, 21, 22].
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Crystal structure determination

Single-crystal X-ray structure analyses were carried out
on a Stoe IPDS-2 diffractometer using MoK, radiation (4 =
0.71073 A). The structures were solved by Direct Methods
(SHELXS-97 [23]) and refined with full-matrix least-squares
methods (refinement on F2 of all reflections using SHELXL-
97 [23]). All non-hydrogen atoms were refined anisotropi-
cally; C-bound H atoms were refined in idealized positions,
the H atoms of the HSO4~ ions were located from residual
electron density peaks.

CCDC 826964 and 826965 contain the supplementary
crystallographic data for [Cu(CH3CN)4]HSO4 and [Cu-
(DMPhen); JHSOy, respectively. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Results and Discussion

The formation of copper(I) salts takes place in wa-

ter/acetonitrile mixtures by the reaction
c’ +cu’ = 20u*

This reaction yields a mixture of copper(I) bisulfate
and copper(I) sulfate in different ratio, depending on
the quantity of H,SO4 added. When H,SO4 was used
in excess, the bisulfate was predominantly formed and
vice versa. Parker and co-workers [2] have also found
that in the presence of H,SO4, both copper(I) bisulfate
and copper(l) sulfate were formed in the same solu-
tion, but they were not able to separate these two salts
and obtain them in the pure solid form due to the fol-
lowing difficulties: (i) because of extremely high solu-
bilities of copper(I) bisulfate and copper(I) sulfate, the
solid samples of bisulfate and sulfate could not be sep-
arated out from the solution even from rather highly
concentrated solutions on cooling or by adding an inert
solvent; (ii) the concentrated copper(I) solutions could
not be stored even for a short time because they un-
dergo disproportionation rather quickly to give copper
powder and copper(Il) salts; (iii) the solution was to be
maintained acidic in all cases to suppress the hydroly-
sis of copper(I) salts under formation of CuOH which
separates out as a yellow mass; (iv) while preparing the
concentrated copper(I) solutions from dilute solutions
by heating, most of the acetonitrile was lost, and thus
copper(I) solutions became unstable. In the present
work we took care of all these difficulties by prepar-
ing copper(]) bisulfate or sulfate solutions by following
a different protocol for obtaining highly concentrated

copper(I) solutions, i. e., by adding increasing amounts
of solid copper(Il) sulfate pentahydrate and H,O an
acetonitrile mixture and HySO4 proportionately to the
same solution till a very concentrated (nearly 3 M) so-
lution of the mixture was obtained from which a solid
mass was separated out on cooling. Whereas the iden-
tities of the bisulfate-containing products were con-
firmed crystallographically, we were not able to ob-
tain single-crystals of Cu(I) sulfate or its acetonitrile
complex for X-ray studies. Chemical analyses, how-
ever, are in support of their composition.

Using this method, two novel copper(l) salts,
namely [Cu(CH3CN)4]HSO4 and [Cu(CH3CN)4]2—
SOy, have been prepared and isolated in pure form.
Both have been isolated from the concentrated solu-
tions and purified by repeated cycles of dissolving and
separating out from acetonitrile. The more stable com-
plexes [Cu(DMPhen);JHSO4 and [Cu(DMPhen);],-
SO4 have also been prepared and characterized.

As the diamagnetism of copper(I) salts allows
for determination of their ©3Cu NMR properties, we
recorded the spectra of solutions of [Cu(CH3CN)4]-
HSO4 and [Cu(CH3CN)4],S0Oy4, each of which shows a
signal of rather narrow line width (found 500 Hz, com-
parable to a signal width of 480 Hz found for 0.064 M
[Cu(CH3CN)4]ClIO4 solution in acetonitrile taken as
a reference in all of our previous NMR measure-

Cl4)
Ci6)
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N3) N(2)

c
N1

C(8)
012) 0(4)

’@ o

0(3)

Fig. 1 (color online). Molecular structure of [Cu(MeCN)4]-
HSOy in the crystal (ellipsoids with 50 % probability). The
anions form O-H---O-bridged dimers (not shown) about a
crystallographic center of inversion, thus underlining the po-
sition of the H atom. The anions are two-fold disordered
(only predominant site depicted).
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Fig. 2 (color online). Molecular structure of the acetonitrile
solvate of [Cu(DMPhen);]HSOy4 in the crystal (ellipsoids
with 50 % probability). The anions form O-H---O-bridged
dimers (not shown) about a crystallographic center of inver-
sion, thus underlining the position of the H atom. The anions
are two-fold disordered (only predominant site depicted).

ments) [24—28]. This line width confirms the sym-
metrical (tetrahedral) geometry of the copper coor-
dination sphere in solution. In sharp contrast, the
63Cu NMR signals of the complexes [Cu(DMPhen),]-
HSO4 and [Cu(DMPhen);]>SOy4 in acetonitrile were
much broader (> 3 kHz), thus indicating lower sym-
metry of the Cu coordination sphere. These results
are further supported by single-crystal X-ray stud-
ies of [Cu(CH3CN)4]JHSO4 and [Cu(DMPhen),]JHSO4
(Figs. 1 and 2), which underline the less and more
distorted CuNy tetrahedral coordination of the two
cations, respectively.

Both copper(I) salts and their DMPhen deriva-
tives can be dissolved in acetonitrile giving color-
less and orange-red solutions, respectively. The col-
orless solutions do not show any absorption band
at 760 nm for the copper(Il) ion. If this solution is
stored for a long time it turns blue and shows an ab-
sorption band at 760 nm. The UV/Vis spectra of the
[Cu(DMPhen);|JHSO4 and [Cu(DMPhen),],SO4 com-
plexes, which gave orange-red solutions in acetoni-
trile, showed a strong absorption band at 460 nm (€ =
12500 dm? mol~! in acetonitrile; also see Table 1),
which is a typical charge transfer band for this kind
of copper(I) complexes in various non-aqueous sol-

Table 1. Molar extinction coefficients € and wavelengths at
maximum absorption Apax of [Cu(DMPhen), JHSOy in vari-
ous organic solvents.

Parameter AN AC MeOH DMA DMF DMSO
e,dmZmol-T 12500 11104 15732 13106 14310 13394
Amax, M 460 460 450 456 456 457

Table 2. Molar conductance A, (S cm? mol~!) of copper(l)
salts/complexes in organic solvents at 298 K.

Complex AN AC MeOH DMA DMF DMSO
[Cu(CH3CN)4]HSO4 1799 2282 132.0 923 982 435
[Cu(DMPhen), JHSO4 150.6 185.2 109.5 64.5 834 32.7
[Cup(CH3CN)g[SO4  199.9 2489 142.0 97.2 1042 455
[Cu(DMPhen),;1,S04 170.5 212.3 1287 842 93.8 41.8
[Cu(CH3CN)4]C104* 168.0 202.2 115.7 62.8 81.8 34.6
[Cu(CH3CN)4]NOs*  176.7 202.3 1157 684 873 345
[Cu(DMPhen);]C104* 152.6 176.6 104.1 67.6 76.6 353

2 The values for these salts for comparison with the present
values have been taken from ref. [11].

vents (usually found in the range 420—-460 nm) [29].
IR spectra confirmed the presence of the O—H group
of bisulfate at v(OH) = 3414 cm~! and an acetonitrile
band for v(C=N) at 2271 cm~! in [Cu(CH3CN)4]-
HSO,4, whereas the v(OH) band was absent in sulfate
complexes [30].

Molar conductances of very dilute solutions
(1-100) x10™* M of [Cu(CH3CN);]HSOy4, [Cu-
(CH3CN)4]ZSO4, [Cu(DMPhen)z]HSO4 and [Cu—
(DMPhen);],S0O4 were measured in a number of or-
ganic solvents like acetonitrile (AN), acetone (AC),
methanol (MeOH), N,N’-dimethylacetamide (DMA),
dimethylformamide (DMF), and dimethylsulfoxide
(DMSO). Copper(I) salts with tetraacetonitrile solvates
are relatively less stable in organic solvents while cop-
per(I) complexes with DMPhen are very stable and
were studied in many organic solvents without get-
ting converted to copper(Il) salts [11]. At high cop-
per(I) concentrations, in the case of [Cu(CH3CN)y4]-
HSO4 and [Cu(CH3CN)4]2SOy4, the solution turned
slightly bluish in all of the solvents. The formation
of copper(Il) was very small as confirmed by UV/Vis
and ®3Cu NMR spectra in which no absorption band
at 760 nm and not much line broadening was observed.
In the cases of the colored complexes, the orange-
red solution remained stable, and there was no cop-
per(Il) formation observed in all the solvents. Conduc-
tivity measurements of the two salts and their DM-
Phen complexes in different solvents delivered high
values of molar conductance which indicate that the
salts are very strong electrolytes. For comparison, the
A, values for various salts in different solvents are re-
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Table 3. Crystal data and numbers pertinent to data collection
and structure refinement of [Cu(CH3CN)4]HSO4 and [Cu-
(DMPhen), JHSOy4.

[Cu(CH3CN)4]JHSO4 [Cu(DMPhen), JHSO4

Empirical formula C8H13CUN4 04S C30H23CUN5 O4S
Formula weight 324.82 618.17

T,K 180(2) 150(2)

Crystal size, mm 0.25x0.20x0.17 0.22x0.18 x0.14
Crystal system monoclinic triclinic

Space group P2)/c P1

a, A 8.7309(4) 10.1693(4)

b, A 15.2187(5) 10.7454(4)

¢, A 10.3702(4) 13.3051(5)

o, deg 90 90.729(3)

B, deg 92.611(3) 104.066(3)

Y, deg 90 98.583(3)

v, A3 1376.49(9) 1392.68(9)

Z 4 2

Peale., mgm ™3 1.57 1.47

U(MoKg), mm™! 1.8 0.9

F(000), e 664 640

Limiting indices hkl  +12, +21, £14 +14, +£15, -17/+ 18
Refl. collected / unique 21483 / 4006 33508 / 8129

Rint 0.0309 0.0328

Omax, deg 30.0 30.0
Completeness, % 99.8 99.9

Absorption correction integration integration

Data / restraints 4006 / 4 8129/4

Refl. parameters 208 390

R1/wR2 [I>205(I)] 0.0332/0.0828 0.0417 / 0.1007

R1/wR2 (all data)  0.0399 / 0.0857 0.0515/0.1061

GoF on F? 1.078 1.069

Largest diff. peak /  0.30/ —0.46 0.48 / —0.68
hole, e A3

ported in Table 2. In general, the differences of the con-
ductivities between the different Cu(I) complexes and
in different solvents can be attributed to the different
ionic sizes for [Cu(CH3CN)4]" and [Cu(DMPhen),]*
(0.49 and 0.61 nm, respectively) [11], which may also
change from one solvent to the other. It is evident from
Table 2 that the ranges of molar conductance of various
copper(I) complexes are comparable to the values for
other categories of salts like alkali metal halides and
tetraalkylammonium salts which behave as 1:1 elec-
trolytes in various solvent systems, while in the cases
of [Cu(CH3CN)4],SO4 and [Cu(DMPhen);],SO4
salts, the values indicate 1:2 electrolyte characteris-
tics [31]. From Table 2 it becomes clear that HSO4 ™
has a similar influence on conductivity as ClO4~ and
NOs3~. This hints at mono-anionic HSO4~ as the
predominant contributor to the conductivity, whereas
its dissociation into sulfate and protons would pro-
voke dramatically increased conductivity. Moreover
the chances of ionization of HSO,~ into SO42~ can
occur only in water but not in dipolar aprotic solvents.

Table 4. Selected bond lengths (A) and angles (deg) of [Cu-
(CH3CN)4]HSOy4.

Cu(D-NQ3) 1.9808(16) Cu(1)-N() 1.9922(15)
Cu(1)-N(1) 2.0052(15)  Cu(1)-N(2) 2.0147(15)
N(1)-C(1) 1.137(2) N(@2)-C(3) 1.135(2)
N@3)-C(5) 1.136(2) N@)-C(7) 1.137(2)
S(1-0(3) 1.414(4) S(1)-0(1) 1.442(4)
S(1)-0(4) 1.477(4) S(1)-0(2) 1.540(2)
N@3)-Cu(1)-N@) 110.50(7)  N(3)-Cu(1)-N(1)  107.76(7)
N@)-Cu(1)-N(1)  112.486)  N@3)-Cu(1)-N(@2) 114.72(7)
N@)-Cu(1)-N@2) 106.696)  N(1)-Cu(1)-N(2)  104.66(6)
C()-N(D)-Cu(l)  169.32(14) C(3)-N(@2)-Cu(l)  172.35(15)
C(5)-N(3)-Cu(1)  169.90(16) C(7)-N@)-Cu(l)  179.18(15)

Table 5. Selected bond lengths (A) and angles (deg) of [Cu-
(DMPhen),; JHSOy4.

Cu(1)-N4) 2.0147(14) Cu(1)-N(1) 2.0355(15)
Cu(1)-N(2) 2.0415(14) Cu(1)-N(3) 2.0708(14)
S(1)-0(3) 1.429(2) S(1)-0(4) 1.4413(18)
S(1)-0(2) 1.4675(19)  S(1)-0O(1) 1.5694(16)
N@#)—Cu(1)-N(1)  130.11(6)  N(4)—-Cu(1)-N(2) 127.31(6)
N(1)-Cu(1)-N(2)  82.59(6) N@#4)-Cu(1)-N(3)  82.22(6)
N()—Cu(1)-N@3)  112.41(6) N(2)-Cu(1)-N(3) 127.32(6)
C(1)-N(1)-C(12)  118.63(16) C(1)-N(1)-Cu(l)  130.01(13)
C(12)-N(1)-Cu(1) 111.03(12) C(10)-N(2)-C(11) 118.28(14)
C(10)-N(2)-Cu(1) 131.10(11) C(11)-N(2)-Cu(l) 110.62(11)
C(15)-N(3)-C(26) 118.32(14) C(15)-N(3)-Cu(l) 130.86(12)
C(26)-N(3)-Cu(1) 110.81(11) C(24)-N(4)—-C(25) 118.54(14)

Single crystal X-ray studies (Figs. 1 and 2, Ta-
bles 3—-5) of [Cu(CH3CN)4]JHSO4 have shown that
each copper(I) ion is interacting with four acetoni-
trile molecules. Despite some deformation, most likely
caused by packing effects, the environment of Cu
is rather tetrahedral (N-Cu-N angles ranging be-
tween 104.7(1)° and 114.7(1)°), with the bisulfate
anion being well separated from the Cu(I) complex
(Fig. 1). As to deformation phenomena, we need to
point out that only one of the Cu-N-C bond an-
gles is nearly linear, i.e. 179.18(15)° whereas the
other three Cu—-N-C angles range from 169.32(14)
to 172.35(15)°, while in case of the benzonitrile com-
plex [Cu(PhCN)4]ClO4 such values are reported to be
almost equal. Hence, fluxional behavior of these nitrile
ligands can be expected for [Cu(RCN)4]* in solution,
thus generating an average tetrahedral CuNy4 coordina-
tion sphere. Some X-ray diffraction studies of similar
highly ionic copper(I) complexes have been reported in
the literature where the tetrahedral geometry is main-
tained around the Cu™ ion [10,32,33].In the 1 : 2 com-
plex with the bidentate ligand 2,9-dimethyl-1,10-phen-
anthroline (Fig. 2) the tetracoordination of copper(I) is
maintained. The N-Cu-N angles, however, clearly de-
viate from tetrahedral (Table 5). As the five-membered
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DMPhen chelate rings cause the sharp bite angles of
ca. 82° (which are similar to intra-chelate N-Cu—N an-
gles of other phenanthroline and bipyridine Cu(I) com-
plexes) [34,35], this deformation is retained in solu-
tion, thus rendering the 63Cu NMR line width of these
chelate complexes much broader than that for the ace-
tonitrile complex.

Conclusion

Copper(I) bisulfate and sulfate are two unstable and
sensitive salts which suffer oxidation in air and dispro-
portionation in aqueous solution. They can, however,
form very stable derivatives with 2,9-dimethyl-1,10-
phenanthroline. The crystal structures of the bisulfate
salt and its DMPhen complex have been determined.

The rather soft N-donor atoms of both acetonitrile and
2,9-dimethyl-1,10-phenanthroline set up a more or less
distorted tetrahedral coordination sphere around the
Cu™ ion. Higher symmetry is found in the case of [Cu-
(CH3CN)4]HSOy than in its derivative. Both salts and
their derivatives with 2,9-dimethyl-1,10-phenanthrol-
ine behave as strong electrolytes. Most notably, the
acetonitrile solvate of [Cu(CH3CN)4],SO4 can be con-
verted into pure Cup SOy, thus providing an easy route
for the preparation of this otherwise hardly accessible
salt.
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