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Treatment of Ru(acac)3 with 2-cyano-pyridine and 3,5-dimethyl-pyridine in the presence of zinc
dust as reducing agent in refluxing THF afforded the ruthenium(II) complexes cis-[RuII(acac)2(2-
CN-py)2] (1) and cis-[RuII(acac)2(3,5-Me2-py)2] (2), respectively. Interaction of Ru(acac)3 with 3-
Me-pyridine and 3,5-Me2-pyridine in the presence of Br2 in refluxing THF gave the ruthenium(III)
complexes [RuIII(acac)Br2(3-Me-py)2] (3) and [RuIII(acac)Br2(3,5-Me2-py)2] (4), respectively. The
four complexes have been spectroscopically and electrochemically characterized, and their crystal
and molecular structures have been established by X-ray crystallography.
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Introduction

Tris(acetylacetonato)ruthenium(III), Ru(acac)3, be-
longs to a wide series of typical M(acac)3 complexes
which have been intensively studied by physical tech-
niques since they are representative in their proper-
ties of many complexes [1]. Recently, single-crystal
X-ray structure determinations at room and lower tem-
peratures for Ru(acac)3, together with powder neu-
tron diffraction experiments, have provided auxiliary
data allowing magnetic structures/factors to be de-
duced from the polarized neutron diffraction experi-
ments [2]. From the view point of synthetic chem-
istry, Ru(acac)3 has proven to be a versatile precursor
for a variety of organometallic complexes [3−6]. For
example, catalytic hydrogen reduction of Ru(acac)3
gave the diacetonitrile-bis(β -diketonato)ruthenium(II)
complex [RuII(acac)2(CH3CN)2] [7]; the acetonitrile
ligands of the resulting species could be substi-
tuted by more electron-donating ligands, e. g., phos-
phines [8, 9], pyridine [10−12], o-aminoquinone [13],
and β -ketiminates [14]. The reaction of Ru(acac)3

with an excess of diene in the presence of zinc
as reducing agent afforded a series of pseudo-
octahedral Ru(acac)2(diene) complexes [6]. The
reflux of [RuII(acac)2(CH3CN)2] in 2-methyl-2-
propanol gave the novel diamagnetic tetranuclear
β -diketonato ruthenium complex [Ru(µ-acac)2(µ3-
O)2Ru3(acac)6] [15]. Alcoholic solutions of Ru(acac)3
were saturated by bubbling CO under radiolysis, lead-
ing to the isolation of the ruthenium(II) carbonyl
complexes [Ru(acac)2(CO)L] (L = MeOH, EtOH or i-
PrOH) in which the alcohol molecules are readily dis-
placed by stronger donors [16]. It is prospected that
compounds [Ru(acac)2(CO)L] may be good precursors
for a wide range of ruthenium(II) complexes contain-
ing oxygen, nitrogen or sulfur donor ligands. To fur-
ther understand the ligand effect of Ru(acac)3 owing
to the delocalization of negative charge over five atoms
in acac−, we were interested to investigate the reactiv-
ity of Ru(acac)3 with pyridine under reducing or ox-
idizing conditions, which results in the formation of
[RuII(acac)2] and [RuIII(acac)] species with substituted
pyridine ligands. The results including the structural
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characterization and electrochemical properties of the
ruthenium-acac-pyridine complexes are presented in
this paper.

Experimental

General

All synthetic manipulations were carried out under dry ni-
trogen by standard Schlenk techniques. Ru(acac)3 was pre-
pared according to the literature [17]. RuCl3·3H2O was used
as purchased from Pressure Chemical Co. Ltd. NMR spec-
tra were recorded on a Bruker ALX 300 spectrometer op-
erating at 300 MHz for 1H, and chemical shifts δ (in ppm)
were reported with reference to SiMe4 (1H). Infrared spectra
were recorded on a Perkin-Elmer 16 PC FT-IR spectropho-
tometer with use of KBr pellets, and positive FAB mass
spectra were recorded on a Finnigan TSQ 7000 spectrom-
eter. The magnetic moment of the solid samples was mea-
sured by a Sherwood magnetic susceptibility balance at room
temperature. Cyclic voltammetry was performed on a CHI
660 electrochemical analyzer. A standard three-electrode cell
was used with a glassy carbon working electrode, a plat-
inum counterelectrode and an Ag/AgCl reference electrode
under nitrogen atmosphere at 25 ◦C. Formal potentials (Eo)
were measured in CH2Cl2 solutions with 0.1 M [n-Bu4N]PF6
as supporting electrolyte and reported with reference to the
ferrocenium-ferrocene couple (Cp2Fe+/0). In the −2.0 to
+1.5 V region, a potential scan rate of 50 mV s−1 was used.
Elemental analyses were carried out using a Perkin-Elmer
2400 CHN analyzer.

Synthesis of
cis-[RuII(acac)2(2-CN-py)2]·1/4H2O (1·1/4H2O)

To a THF (10 mL) solution of Ru(acac)3 (80 mg,
0.2 mmol) were added 2-CN-py (124 mg, 1.2 mmol) and zinc
dust (1.0 g) under nitrogen. The reaction mixture was re-
fluxed for 4 h, developing a bright-red color. The solvent
was removed in vacuo, and the residue was extracted with
CH2Cl2 (3× 5 mL) and filtered through a coarse funnel frit
padded with celite. The resulting red solution was concen-
trated to ca. 1 mL. Column chromatography of the red con-
centrated solution on silica gel using CH2Cl2-hexane (1 : 9,
v/v) as eluant gave a bright-red band, which was eluted
and evaporated to dryness. The sticky residue was washed
with diethyl ether to give pure cis-[RuII(acac)2(2-CN-py)2]
(1) as a red solid. Yield: 49 mg, 48% (based on Ru). Sin-
gle crystals of 1·1/4H2O were obtained by recrystallization
from CH2Cl2-hexane containing traces of water within three
days. −1H NMR (300 MHz, CDCl3): δ = 1.51 (br, H2O),
1.71 (s, 3H, CH3(acac)), 1.76 (s, 3H, CH3(acac)), 1.93 (s, 3H,
CH3(acac)), 2.02 (s, 3H, CH3(acac)), 4.83 (s, 1H, CH(acac)),
4.97 (s, 1H, CH(acac)), 7.76 (dd, J = 6.8 Hz, 2H, py), 7.89

(dd, J = 6.4 Hz, 2H, py), 8.13 (dd, J = 6.7 Hz, 2H, py),
8.21 (dd, J = 6.3 Hz, 2H, py) ppm. – IR (KBr disc, cm−1):
ν(C≡N) 2163 (vs), ν(C=N) 1591 (s), ν(C=O) 1422 (s),
ν(C−O) 1086 (s) and 1025 (s). – MS (FAB): m/z = 507
[M]+, 309 [Ru(2-CN-py)2]+, 299 [Ru(acac)2]+. – Anal. for
C22H22N4O4Ru·1/4H2O: calcd. C 51.61, H 4.23, N 10.94;
found C 51.42, H 4.21, N 10.78.

Synthesis of cis-[RuII(acac)2(3,5-Me2-py)2] (2)

The method was similar to that used for complex 1, em-
ploying 3,5-Me2-py (128 mg, 1.2 mmol) instead of 2-CN-
py. Yield: 51 mg, 50% (based on Ru). Single crystals of
2·1/3NaBr·4.5H2O were obtained by recrystallization from
MeOH-Et2O in the presence of aqueous sodium bromide
within two days. Its composition resulted from the refined
crystal structure (see below).−1H NMR (300 MHz, CDCl3):
δ = 1.29 (s, 6H, CH3py), 1.32 (s, 6H, CH3py), 1.55 (br,
H2O), 1.75 (s, 3H, CH3(acac)), 1.79 (s, 3H, CH3(acac)),
1.92 (s, 3H, CH3(acac)), 2.7 (s, 3H, CH3(acac)), 4.92 (s,
1H, CH(acac)), 5.06 (s, 1H, CH(acac)), 7.81 (dd, J = 7.1 Hz,
2H, py), 7.94 (dd, J = 7.2 Hz, 2H, py), 8.11 (dd, J = 6.9 Hz,
2H, py), 8.21 (dd, J = 6.3 Hz, 2H, py) ppm. – IR (KBr
disc, cm−1): ν(C=N) 1597 (s), ν(C=O) 1436 (s), ν(C−O)
1091 (s) and 1037 (s). – MS (FAB): m/z = 505 [M]+,
307 [Ru(3,5-Me2-py)2]+, 299 [Ru(acac)2]+. – Anal. for
C24H32N2O4Ru·1/3NaBr·4.5H2O: calcd. C 45.86, H 6.57, N
4.46; found C 46.42, H 6.33, N 4.48.

Synthesis of [RuIII(acac)Br2(3-Me-py)2] (3)

To a THF (10 mL) solution of Ru(acac)3 (80 mg,
0.2 mmol) were added 3-Me-py (112 mg, 1.2 mmol) and Br2
(0.35 g) under nitrogen. The reaction mixture was refluxed
for 8 h, developing a dark-red color. The solvent was evap-
orated in vacuo, and the residue was washed with hexane
(2× 5 mL). Recrystallization from CH2Cl2-hexane afforded
red crystals of 3 within a week. Yield: 73 mg, 67% (based
on Ru). – IR (KBr disc, cm−1): ν(C=N) 1583 (s), ν(C=O)
1427 (s), ν(C−O) 1096 (s) and 1032 (s). – MS (FAB):
m/z = 786 [M]+, 707 [M–Br]+, 628 [M–Br]+, 307 [Ru(3-
Me-py)2]+, 200 [Ru(acac)]+. – µeff = 1.97 µB. – Anal. for
C17H21N2O2Br5Ru: calcd. C 25.98, H 2.69, N 3.56; found
C 25.84, H 2.63, N 3.51.

Synthesis of [RuIII(acac)Br2(3,5-Me2-py)2] (4)

The method was similar to that used for complex 3, em-
ploying 3,5-Me2-py (128 mg, 1.2 mmol) instead of 3-Me-py.
Yield: 52 mg, 45% (based on Ru). – IR (KBr disc, cm−1):
ν(C=N) 1581 (s), ν(C=O) 1424 (s), ν(C−O) 1089 (s) and
1023 (s). – MS (FAB): m/z = 574 [M]+, 495 [M−Br]+,
416 [M−Br]+, 287 [Ru(3-Me-py)2]+, 200 [Ru(acac)]+. –
µeff = 1.93 µB. – Anal. for C19H25N2O2Br2Ru: calcd. C
39.74, H 4.39, N 4.88; found C 39.82, H 4.35, N 4.81.
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Table 1. Crystallographic data and numbers pertinent to data collection and structure refinement for cis-[RuII(acac)2(2-CN-
py)2]·1/4H2O (1·1/4H2O), cis-[RuII(acac)2(3,5-Me2-py)2]·1/3NaBr·4.5H2O (2·1/3NaBr·4.5H2O), [RuIII(acac)Br2(3-Me-py)2]
(3), and [RuIII(acac)Br2(3,5-Me2-py)2] (4).

Compound 1·1/4H2O 2·1/3NaBr·4.5H2O 3 4
Empirical formula C22H22.5N4O4.25Ru C24H41N2O8.5Ru·Na0.33Br0.33 C17H21N2O2Br5Ru C19H25N2O2Br2Ru
Formula weight 512.01 617.7 546.25 574.30
Crystal system monoclinic trigonal monoclinic monoclinic
Space group C2/c R3̄c P21/c C2/c
a, Å 35.230(11) 22.749(4) 14.789(8) 30.85(3)
b, Å 8.465(3) 22.749(4) 9.114(5) 9.131(8)
c, Å 16.806(5) 30.05(1) 15.404(8) 15.718(3)
β , deg 115.172(5) 109.085(10) 94.12(2)
V , Å3 4536(2) 13468(5) 1962.1(18) 4417(7)
Z 8 18 4 8
Dcalcd., g cm−3 1.50 1.40 1.85 1.73
Temperature, K 296(2) 296(2) 296(2) 296(2)
F(000), e 2084 5886 1068 2264
µ(MoKα), mm−1 0.7 1.0 4.9 4.3
Total refls. 11449 27271 12044 13859
Independent refls. / Rint 4890 / 0.0228 3370 / 0.0681 4422 / 0.0489 5057 / 0.0672
Ref. parameters 294 185 221 241
R1a / wR2b [I >2 σ(I)] 0.0274 / 0.645 0.0464 / 0.0789 0.0519 / 0.1072 0.0491 / 0.1002
R1 / wR2 (all data) 0.0381 / 0.695 0.0663 / 0.1278 0.0677 / 0.1213 0.1065 / 0.1223
Goodness of fit (GoF)c 1.5 1.1 1.2 0.97
Final max / min difference peaks, e Å−3 +00.39 / −0.26 +0.73 / −0.39 +10.40 / −1.63 +0.71 / −0.82

a R1 = Σ||Fo| − |Fc||/Σ|Fo|; b wR2 = [Σw(F2
o − F2

c )2/Σw(F2
o )2]1/2, w = [σ2(F2

o ) + (AP)2 + BP]−1, where P =(Max(F2
o ,0) + 2F2

c )/3;
c GoF = [Σw(F2

o −F2
c )2/(nobs−nparam)]1/2.

X-Ray crystallography

Crystallographic data and experimental details for
cis-[RuII(acac)2(2-CN-py)2]·1/4H2O (1·1/4H2O), cis-
[RuII(acac)2(3,5-Me2-py)2]·1/3NaBr·4.5H2O (2·1/3NaBr·
4.5H2O), [RuIII(acac)Br2(3-Me-py)2] (3), and [RuIII

(acac)Br2(3,5-Me2-py)2] (4) are summarized in Table 1.
Intensity data were collected on a Bruker SMART APEX
2000 CCD diffractometer using graphite-monochromatized
MoKα radiation (λ = 0.71073 Å) at 296(2) K. The collected
frames were processed with the software SAINT [18].
The data were corrected for absorption using the program
SADABS [19]. The structures were solved by Direct Methods
and refined by full-matrix least-squares on F2 using the
SHELXTL software package [2, 21]. All non-hydrogen atoms
were refined anisotropically. The positions of all hydrogen
atoms were generated geometrically (Csp3−H = 0.97 and
Csp2−H = 0.93 Å), assigned isotropic displacement parame-
ters, and allowed to ride on their respective parent carbon or
nitrogen atoms before the final cycle of least-squares refine-
ment. The interstitial water molecules in 2·1/3NaBr·4.5H2O
were anistropically refined without hydrogen atoms.

CCDC 917003−917006 contain the supplementary crys-
tallographic data for this paper. 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 reaction of Ru(acac)3 with an excess of the sub-
stituted pyridines and zinc as reducing agent in re-
fluxing THF followed by chromatographic work-up
of the initial product using a silica gel column re-
sulted in the diamagnetic ruthenium(II) complexes cis-
[RuII(acac)2(2-CN-py)2] (1) and cis-[RuII(acac)2(3,5-
Me2-py)2] (2). One acac− ligand in the starting com-
plex dissociated from the ruthenium atom, and two
pyridine ligands coordinated to the ruthenium cen-
ter, six-coordinated cis-complexes being formed. Al-
though the solids of both complexes are air-stable for
months, partial air oxidation of the solutions occurs
over a period of hours and results in shifting and broad-
ening of the NMR peaks due to the presence of param-
agnetic ruthenium(III) species. Treatment of Ru(acac)3
with an excess of the substituted pyridines in the pres-
ence of Br2 in refluxing THF afforded the neutral para-
magnetic ruthenium(III) complexes [RuIII(acac)Br2(3-
Me-py)2] (3) and [RuIII(acac)Br2(3,5-Me2-py)2] (4) as
dark-red solids, as illustrated in Scheme 1. Both com-
plexes are formed by displacement of two acac− lig-
ands in the ruthenium starting material by two pyri-

www.ccdc.cam.ac.uk/data_request/cif
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dine molecules and two bromide anions. No oxi-
dation and reduction occurs in this reaction. Com-
plexes 3 and 4 are of high solubility in most organic
solvents and air-stable in both solid state and solu-
tion.

The IR spectrum of 1 clearly shows a strong band at
2163 cm−1 which may be attributed to the ν(C≡N) ab-
sorption. The bands at 1020−1440 cm−1 for ν(C=O)
and ν(C−O) in the IR spectra indicate the presence of
acac in all four complexes, complemented by a strong
band at 1580−1600 cm−1 indicative of the ligand pyri-
dine. The effective magnetic moments µeff of 1.97 and
1.93 µB at room temperature are consistent with the
ruthenium(III) formulation for 3 and 4, respectively.
The two complexes are paramagnetic with one un-
paired electron, consistent with the trivalent state of
ruthenium (low-spin d5, S = 1/2) [22]. The 1H NMR
spectra of 1 and 2 show four signals at 1.3−2.1 ppm
and two signals at 4.8−5.1 ppm corresponding to the
methyl groups and the methyne protons of the acac
ligands, respectively, indicating that the two substi-
tuted pyridines are cis to each other which makes
the Me groups of acac inequivalent. The positive ion
FAB mass spectra of the four complexes display the
expected peaks which correspond to the molecular
ions [M]+, and to [Ru(Rpy)2]+ and [Ru(acac)2]+ /
[Ru(acac)]+ with the characteristic isotopic distribu-
tion patterns.

The molecular geometries of cis-[RuII(acac)2(2-
CN-py)2] (1), cis-[RuII(acac)2(3,5-Me2-py)2] (2),
[RuIII(acac)Br2(3-Me-py)2] (3), and [RuIII(acac)
Br2(3,5-Me2-py)2] (4) are shown in Figs. 1–4,

together with their atom numbering. Single
crystals of 2 were obtained in the form of
2·1/3NaBr·4.5H2O by recrystallization from MeOH-
Et2O in the presence of aqueous sodium bro-
mide. Repeated cyrstallization attempts without

Fig. 1. Molecular structure of cis-[RuII(acac)2(2-CN-py)2]
(1). The ellipsoids are drawn at the 35% proba-
bility level. Selected bond lengths (Å) and angles
(deg): Ru(1)–O(1) 2.0412(17), Ru(1)–O(2) 2.0446(17),
Ru(1)–O(3) 2.0459(16), Ru(1)–O(4) 2.0491(17), Ru(1)–
N(1) 2.0328(18), Ru(1)–N(2) 2.0436(19); O(1)–Ru(1)–
O(2) 92.57(7), O(3)–Ru(1)–O(4) 92.42(7), N(1)–Ru(1)–
N(2) 94.68(7).
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the presence of aqueous sodium bromide failed,
however.

In all cases, the ligand environment about the ruthe-
nium center is close to octahedral, and the con-
figurations and compositions agree with those de-
duced on the basis of spectroscopic and microan-
alytical data. The bond lengths for Ru(III)−N(py)
(av. 2.098(4) Å for 3 and av. 2.091(4) Å for 4)
are slightly longer than those for Ru(II)−N(py) (av.
2.038(2) Å for 1 and av. 2.081(4) Å for 2). The
Ru−O(acac) bond lengths of complexes 1−4 are
generally in the range 2.01−2.09 Å, and thus sim-
ilar to those in other RuII(acac)2- and RuIII(acac)2-
containing complexes [5−14]. The cis angles in-
volving the two pyridine ligands, N(py)−Ru−N(py),
are 92.57(7) and 92.45(19)◦ in 1 and 2, respec-
tively, while the trans angles N(py)−Ru−N(py) are
173.24(16) and 173.70(17)◦ in 3 and 4, respec-
tively. The average cis angles between the interchelate
donor centers, O(acac)−Ru−O(acac), are 92.50(7)◦

in 1 and 91.98(14)◦ in 2, and thus more obtuse

Fig. 2. Molecular structure of cis-[RuII(acac)2(3,5-Me2-
py)2] (2) (ellipsoids at the 35% probability level). Selected
bond lengths (Å) and angles (deg): Ru(1)–O(1) 2.020(3),
Ru(1)–O(2) 2.007(3), Ru(1)–N(1) 2.081(4); O(2)#1–Ru(1)–
O(1) 91.98(14), O(2)–Ru(1)–O(1)#1 91.99(14), N(1)#1–
Ru(1)–N(1) 92.45(19) (#1 y + 1/3, x− 1/3, −z + 1/6).

than those of 90.58(15)◦ in 3 and 90.39(17)◦ in
4. The average Ru−Br bond lengths of 2.470(1) Å
in 3 and 2.487(2) Å in 4 are significantly shorter
than that of 2.5524(4) Å in trans-[(RuBr(py)2(µ-
pz)]2[PF6]2 (pz = pyrazine) owing to the strong σ -
donor capacity of the pyridine ligands [23]. The av-

Fig. 3. Molecular structure of [RuIII(acac)Br2(3-Me-py)2]
(3) (ellipsoids at the 35% probability level). Selected bond
lengths (Å) and angles (deg): Ru(1)–O(1) 2.010(3), Ru(1)–
O(2) 2.023(3), Ru(1)–N(1) 2.103(4), Ru(1)–N(2) 2.093(5),
Ru(1)–Br(1) 2.4704(11), Ru(1)–Br(2) 2.4698(12); O(1)–
Ru(1)–O(2) 90.58(15), N(2)–Ru(1)–N(1) 173.24(16), Br(2)–
Ru(1)–Br(1) 91.86(5), N(2)–Ru(1)–Br(2) 91.46(12), N(1)–
Ru(1)–Br(2) 93.28(12), N(2)–Ru(1)–Br(1) 93.06(12), N(1)–
Ru(1)–Br(1) 91.60(11).

Fig. 4. Molecular structure of [RuIII(acac)Br2(3,5-Me2-py)2]
(4) (ellipsoids at the 35% probability level). Selected bond
lengths (Å) and angles (deg): Ru(1)–O(1) 2.028(4), Ru(1)–
O(2) 2.011(4), Ru(1)–N(1) 2.089(4), Ru(1)–N(2) 2.093(4),
Ru(1)–Br(1) 2.4706(17), Ru(1)–Br(2) 2.5025(18); O(2)–
Ru(1)–O(1) 90.39(17), N(1)–Ru(1)–N(2) 173.70(17), Br(1)–
Ru(1)–Br(2) 92.80(7), N(1)–Ru(1)–Br(2) 91.47(13), N(2)–
Ru(1)–Br(2) 92.68(14), N(1)–Ru(1)–Br(1) 93.24(14), N(2)–
Ru(1)–Br(1) 91.29(13).
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erage Br−Ru−N(py) angles are 92.42(12)◦ in 3 and
92.17(3)◦ in 4, consistent with the two cis terminal
bromide atoms.

Each of the cyclic voltammograms of complexes
1 and 2 shows one oxidation peak (E1/2 = 0.82 V
for 1, E1/2 = −0.42 V for 2) and one reduction peak
(E1/2 = 0.23 V for 1, E1/2 = 0.47 V for 2), which
are assigned to the RuIII-RuII couple and ligand-
centered oxidation, respectively. It is also noted that
each of the cyclic voltammograms of complexes 3
and 4 reveals two reversible couples (E1/2 = −0.59 V
and −1.23 V for 3, E1/2 = −0.42 V and −1.27 V
for 4) assigned to the metal-centered oxidation of
RuIV-RuIII and the metal-centered RuIII-RuII cou-
ple, respectively, which are shifted to negative po-
tential compared with that of Ru(acac)3 (oxidation:
0.60 V, reduction: −1.16 V) [24]. All peaks are cor-
responding to reversible one-electron transfer pro-
cesses [25]. This may reflect mainly the different
redox sites between the reduction and the oxida-
tion in [Ru(acac)2(Rpy)2]/[Ru(acac)(Rpy)2]2+ moi-
eties: a ligand acac-based electron transfer takes place
in the reduction of Ru-acac-Rpy complexes, while the
site of the oxidation is believed to be mainly the central
ruthenium atom [26].

In summary, the bis(acetylacetonato)ruthenium(II)
complexes cis-[RuII(acac)2(Rpy)2] (Rpy = 2-CN-py
(1), Rpy = 3,5-Me2-py (2)) and the mono(acetyl-
acetonato)ruthenium(III) complexes [RuIII(acac)Br2
(Rpy)2] (Rpy = 3-Me-py (3), Rpy = 3,5-Me2-py (4))
with substituted pyridine ligands were synthesized and
structurally characterized including spectroscopic and
electrochemical analyses. Formation of complexes
1 and 2 involved the reduction of ruthenium(III) to
ruthenium(II) by zinc as reducing agent. Isolation of
complexes 3 and 4 involved the displacement of two
acac− ligands in the starting complex by two pyridine
molecules and two bromide anions at the [Ru(acac)]2+

species. In previous reports on bis(acac)-ruthenium
complexes, relatively few mono(acac)-ruthenium
complexes such as 3 and 4 have been described.
The catalytic properties of these ruthenium-acac-
pyridine complexes will be investigated in our labora-
tory.
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