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Synthesis, Spectroscopy, and Magnetic Properties of Fe'' and Co" Quinoline-2-
carboxylates — Crystal Structure of trans-Bis(quinoline-2-
carboxylato)bis(propanol)iron(ir)

Danuta Dobrzynska,*2l Marek Duczmal,®! Lucjan B. Jerzykiewicz,”! Jolanta Warchulska,!!
and Krzysztof Drabent!™
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The new coordination compounds, [Fe(quin-2-c),(EtOH),]
(1), [Co(quin-2-c),(EtOH),] (2), and [Fe(quin-2-c),(PrOH),]
(3) (where quin-2-c = quinoline-2-carboxylate) have been
synthesized and investigated by ligand field, IR, Raman, and
Mossbauer spectroscopy and by magnetic measurements.
The X-ray analysis of the structure of 3 has been performed
and refined to an R factor of 0.0377. The compound crystal-
lizes in the monoclinic space group P2;/n with a = 6.104(1),
b = 10.515(2), ¢ = 19.339(4) A, B = 92.57(3)°. The trans N,O4
environment around the Fe!! ion has a distorted octahedral

geometry and the quin-2-c ion coordinates to iron in the
equatorial plane in a chelating mode. The axial positions are
occupied by propan-1-ol molecules. The spectral studies in-
dicate the same molecular structure for all three compounds.
The magnetic susceptibility and the magnetization of 2 were
calculated for Co?* ions in an octahedral crystal field with a
rhombic zero field distortion (IDI = 34 cm™?, E = 0, gjs, = 2.35
and N = 6.9:10™* emu-mol™).

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Carboxylate ligands are ubiquitous in biological materi-
als and common in systems of catalytic utility. The car-
boxylate group offers a variety of coordination modes and
many types of complexes are known.!'! Many of them, with
interesting magnetic properties, have been obtained and
characterized.?!

Quinoline-2-carboxylic acid is a strong chelating agent
and has been used as a reagent for the gravimetric determi-
nation of copper, cadmium, zinc and palladium.B** In com-
pleXeS Wlth Rhl,[578] RhIII,[9] MnII’[IO,ll] CuIl’[IZ] GaIII’[B]
and Zn'.['¥ X-ray studies have revealed an N,O coordi-
nation mode of the quinoline-2-carboxylate ion. In chloro-
triphenyl(quinolinium-2-carboxylato-O)tin(iv) monohydr-
ate a quinoline-2-carboxylic acid binds to tin in its zwit-
terionic form.['! The neutral acid molecule is demonstrated
in the structure of bis(quinoline-2-carboxylic acid)tetra-
bromogold(ir) monohydrate.['8! In the Nd,L¢3H,O dimer,
the coordinated quinoline-2-carboxylate ions display three
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modes of bonding: a bidentate carboxylate bridge, an O,0
and an N,O chelating mode.!'”]

It is interesting that the carboxylate group in the position
ortho to the quinoline nitrogen, present in quin-2-c, is essen-
tial for binding Ca®* and Fe?* in PQQ (pyrroloquinilne-
quinone) which is involved as co-factor in enzymes of the
quinoprotein group.!'8!

In this paper, we describe the synthesis, spectroscopic and
magnetic studies of low molecular weight, neutral com-
plexes of iron(i) and cobalt(i) with the quionoline-2-car-
boxylate ion. The crystal structure of the ferrous compound
is also presented.

Results and Discussion

Description of the Structure

The molecular geometry of [Fe(quin-2-¢),(PrOH),] (3) is
shown in Figure 1, and Figure 2 (a) shows the crystal pack-
ing. Table 1 lists selected bond lengths and angles.

In the molecule of 3, the iron(1) is six-coordinate with an
O4N, donor set. The coordination sphere can be described
as distorted ocahedral. Two quin-2-c ligands coordinate to
iron in the O,N chelating mode in the equatorial plane. The
axial positions are occupied by the propanol molecules. The
complex has an inversion center at the Fe' ion. The
Fe—O(1) bond length of 2.033(2) A is short in comparison
with the data found for iron(ir) dipicolinates,['”~2! picolin-
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Figure 1. The molecular structure of [Fe(quin-2-c),(PrOH),] with atom numbering scheme; the displacement ellipsoids are drawn at the

50% probability level

®)

Figure 2. (a) The crystal packing of 3 viewed down the a axis;
(b) the 1D-chains of [Fe(quin-2-c),(PrOH),] molecules connected
through the O(2)"+-H(30)—0(3) hydrogen bonds (indicated by the
dashed lines)
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ates,*? and bis(isonicotinato)iron(ir),>*! which cover the
range 2.05(1)—2.37(1) A. The Fe—N distance of 2.246(2)
A is similar to those found in ferrous dipicolinates®! and
picolinates®? and is characteristic of high-spin Fe'' com-
plexes.?*! The Fe—O(3) bond length is 2.170(3) A. This dis-
tance is slightly shorter than the Fe"-O(H)Me bond in
iron(m) alkoxide cubes [2.24(2) and 2.208(2) AJ2% and in
[Fe(Pic)>,(MeOH),] [2.208(1) A].[>2

The quinoline rings are coplanar with the equatorial che-
late rings. This plane of the complex is stabilized by the
weak C—H-+-O type intramolecular interaction [the
C(8)~-O(1)' distance is 3.179(4) A, the C(8)—H(8)-+O(1)’
angle is 154(1)°, 1 = —x, —y, —z + 1, Table 2]. Each car-
bonyl oxygen of the carboxylate group acts as an acceptor,
resulting in a strong hydrogen bond with the hydroxyl
group of the coordinated propanol molecule of an adjacent
complex [the O(2)i-+O(3) distance is 2.659(4) A, the
O(2)i-H(30)—0(3) angle is 177(5)°, ii = —x + 1, —y, —z
+ 1]. This intermolecular interaction links the molecules
into an infinite 1D-chain along the a axis (Figure 2, b). The
Fe---Fe distance in the chain is 6.104(1) A. In the crystal,
interactions occur between the aromatic rings of the quino-
line units (3.5 A separation in stack).

Vibrational Spectra

The bands observed in the IR spectra of [Fe(quin-2-
¢)»(EtOH),] (1), [Co(quin-2-¢),(EtOH),] (2), and [Fe(quin-
2-¢),(PrOH),] (3) and in the Raman spectrum of 2 as well
as tentative assignments of these bands are given in Table 3.
The IR spectra of [Fe(quin-2-¢),(EtOH),] and [Co(quin-2-
¢)-(EtOH),] are very similar in terms of the frequency,
intensity and shape of the bands over the whole frequency
region. The spectra are dominated by strong bands re-
sulting from quinoline-2-carboxylate oscillations, but sev-

© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 111



FULL PAPER

D. Dobrzynska, M. Duczmal, L. B. Jerzykiewicz, J. Warchulska, K. Drabent

Table 1. Bond lengths and angles for [Fe(quin-2-¢),(PrOH),] (3) (i:
symmetry transformations used to generate equivalent atoms: —x,
-y —z+ 1

Fe—0O(1) 2.033(2)
Fe—0(3) 2.170(3)
Fe—N 2.246(2)
0(1)—C(10) 1.262(3)
0(2)—C(10) 1.2333)
0(3)-C(11) 1.385(5)
N-C(1) 1.326(4)
N-C(9) 1.370(4)
C(1)-CQ) 1.402(4)
C(1)-C(10) 1.509(4)
C(2)-C(3) 1.361(5)
C(3)-C(4) 1.397(5)
C(4)—C(5) 1.419(5)
C(4)—C(9) 1.420(4)
C(5)-C(6) 1.344(5)
C(6)—C(7) 1.397(5)
C(7)-C(8) 1.362(5)
C(8)-C(9) 1.405(4)
C(11)—-C(12) 1.334(9)
C(12)-C(13) 1.200(12)
O(1)—Fe—0(3) 91.14(10)
O(1)—Fe—0(3)! 88.86(10)
O(1)—~Fe—N 77.12(9)
O(1)—Fe—N 102.88(9)
0(3)—~Fe—N 94.04(9)
0(3)—Fe—N 85.96(9)
O(1)~Fe—Ni 102.88(9)
C(10)—O(1)—Fe 119.32(19)
C(11)-0(3)—Fe 129.4(3)
C(1)-N-C(9) 118.3(2)
C(1)~N—Fe 109.92(18)
C(9)—~N—Fe 131.79(19)
N-C(1)-C(2) 123.1(3)
N-C(1)-C(10) 116.6(2)
C(2)—C(1)—~C(10) 120.3(3)
C(3)-C(2)-C(1) 119.5(3)
C(2)-C(3)—C(4) 119.4(3)
C(3)-C4)—C(5) 122.9(3)
C(3)—C(4)—C(9) 118.4(3)
C(5)-C(4)—C(9) 118.7(3)
C(6)—C(5)—C(4) 120.0(3)
C(5)—C(6)~C(7) 121.3(3)
C(8)—C(7)—C(6) 120.8(3)
C(7)—C(8)—C(9) 119.8(3)
N-C(9)-C(8) 119.3(3)
N-C(9)-C(4) 121.3(3)
C(8)—C(9)—C(4) 119.4(3)
0(2)—C(10)—0(1) 125.3(3)
0(2)—C(10)—C(1) 117.93)
O(1)—C(10)—C(1) 116.9(2)
C(12)-C(11)-0(3) 118.3(7)
C(13)—C(12)—C(11) 143.3(14)

Table 2. Hydrogen bonds for [Fe(quin-2-¢),(PrOH),] (3) (symmetry
transformations used to generate equivalent atoms: i: —x, —y, —z
+Lit—x+1, -y —z+1)

D—-H--A D—-H H--A DA £ D—H-A
03)— H(3O)"'O(.2)ii 0.794) 1.87(4)  2.659(4) 177(5)
C(8)—H(8)--O(1) 0.930(4) 2.311(2) 3.179(4) 154(1)
112 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

eral bands characteristic of vibrations due to ethanol are
also observed. Differences between these two spectra are
observed in the low frequency region and are related to the
bands generated by the vibrations of metal—ligand bonds.

The IR spectrum of [Fe(quin-2-c),(PrOH),] is in very
good agreement with the spectrum of [Fe(quin-2-c),-
(EtOH),] in terms of the bands resulting from vibrations of
the quin-2-c ion and vibrations of the coordination bonds.
In particular, the bands found in the regions 1630—1150
cm ™! and 900—750 cm ! have the same positions, intensit-
ies and shapes. The bands related to the propan-1-ol vi-
brations are easily found in the spectrum of 3 (Table 3).

The features which make the spectra of 1 and 2 distinct
from that of 3, apart from the previously mentioned alcohol
and coordination modes, are two weak and broad bands
observed near 3400 cm ™! and 700 cm ™! seen only for the
ethanolic adducts. We have attributed these bands to the
vibrations of trace amounts of water, v(H,O) and p,,(H,0),
respectively. The positions and shapes of these bands are
characteristic of coordinated water molecules.*>?”1 The
lower quality crystals of 1 and 2 compared with those of 3
may result from disorder in the crystals caused by the trace
amounts of water. The absence of the above mentioned
bands near 3400 cm ™! and 700 cm ! in the IR spectrum of
the propanol adduct 3, the structure of which is presented
here, supports our assignment.

The bands generated by the v(OH) vibrations of alcohols
are expected over a wide frequency range (3400—2500
cm ') with the frequencies considerably dependent on hy-
drogen bonding.[?! In the crystal of 3 the hydroxyl group
of the coordinated propan-1-ol molecule forms a strong hy-
drogen bond with the carbonyl oxygen atom from the car-
boxylate group of neighbouring molecule. On this basis we
have assigned the vibrations of the hydrogen bond in 3 to
the medium bands observed at 2686 and 2574 cm™! in its
IR spectrum. The hydrogen bonding modes may also con-
tribute to the group of strong and closely spaced bands at
higher frequencies (3200—2800 cm™!), but as a result of
overlapping with the v(C—H),jipn and v(C—H),zom absorp-
tions, their frequencies cannot be resolved. In the spectra
of 1 and 2, in the region 2750—2500 cm ™!, two doublets
can be observed repeating the intensity pattern seen in the
spectrum of 3 (see Table 2). These can be attributed to hy-
drogen bonding involving the OH group from the ethanol
molecule.

The characteristic bands due to the vibrations of alcohols
[with exception of the v(OH) mode] are observed in the
regions of 3100—2800 cm~ ! [v(CH;) and v(CH,)]
1100—900 cm ! [v(CO) and CH;, CH, deformations] and
500—400 cm ! (deformations of the C—C—O fragment) in
the IR spectra of all complexes.

Inspection of the IR region 1630—1300 cm ! indicates
that the carboxylate group coordination mode is the same
for all complexes. The values of Av(CO,) = v, (CO,) —
vi(CO,) are equal to 232, 225, and 234 cm ™! for 1, 2, and
3, respectively, and indicate that the carboxylate group
binds in a monodentate fashion.*”!
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Table 3. The frequencies observed in the IR spectra of [Fe(quin-2-¢),(EtOH),] (1), [Co(quin-2-¢),(EtOH),] (2), and [Fe(quin-2-¢),(PrOH),]
(3) and in the Raman spectrum of 2 [cm~!] and their assignment; assignment of quinoline ring vibrations was made according to
Bellamy;?81 abbreviations: vs — very strong, s — strong, m — medium, w — weak, vw — very weak, b — broad, sh — shoulder, et —

ethanol, prop — propanol

1 IR 2 IR 3 1R 2R Assignment
3386 mb 3433 mb v(H,0)
3064 vs 3068 m 3060 vs 3069 m V(C—H)quin
3045 s 3050 s 3054 m v(CH3), v(CH,)
3000 s,sh 3010 s,sh 3012 w v(CHj;), v(CH,)
2963 vs 2964 m 2956 vs 2954 m v(CHj;), v(CH,)
2916s 2920 s 2932 vs 2921 m v(CH3), v(CH»)
2905s 2907 s v(CH3), v(CH,)
2884 s 2883 s 2865 vs 2878 m v(CHj;), v(CH,)
2836 vs 2813 s 2833 vs v(CHs;), v(CH,)
2734 m 2735 m 2686 m hydrogen bond vibrations
2710 m 2712 m hydrogen bond vibrations
2584 m 2588 w 2575 m hydrogen bond vibrations
2570 m 2561 w hydrogen bond vibrations
1628 vs 1627 vs 1628 vs 1620 vw v(COO),¢
1596 vs 1600 s 1595 s 1595 m v(C—C), v(C—N) and 6(C—H) vibrations of the quinoline fragment
1564 s 1564 s 1563 s 1565 vw v(C—C), v(C—N) and 3(C—H) vibrations of the quinoline fragment
1548 s 1552 m 1551 m 1547 vw v(C—C), v(C—N) and 6(C—H) vibrations of the quinoline fragment
1509 m 1509 m 1509 m 1507 vw v(C—C), v(C—N) and 3(C—H) vibrations of the quinoline fragment
1464 s 1466 s 1464 m 1465 m v(C—C), v(C—N) and 6(C—H) vibrations of the quinoline fragment
1433 s 1432 m 1433 m 1434 w v(C—C), v(C—N) and 3(C—H) vibrations of the quinoline fragment
1395 vs 1396 vs 1394 vs v(COO);
1378 s 1378 s 1378 ssh 1370 vs Ring breathing mode
1349 m 1348 m 1349 m V(C—N), v(C—C) and 6(C—H) vibrations of the quinoline fragment
1301 vw 1300 vw 1300 vw V(C—N), v(C—C) and 3(C—H) vibrations of the quinoline fragment
1273 w 1274 w 1274 w 1300 w V(C—N), v(C—C) and 6(C—H) vibrations of the quinoline fragment
1263 vw 1265 w 1264 w 1279 vw V(C—N), v(C—C) and 3(C—H) vibrations of the quinoline fragment
1218 w 1220 vw 1240 vw V(C—N), v(C—C) and 6(C—H) vibrations of the quinoline fragment
1209 w 1211 vw 1215 vw V(C—N), v(C—C) and 3(C—H) vibrations of the quinoline fragment
1204 w V(C—N), v(C—C) and 6(C—H) vibrations of the quinoline fragment
1181 w 1180 w 1182 w 3(C—H)quin
1155 m 1154 w 1153 m 3(C—H)quin
1146 w 1144 vw 1142 vw 1142 vw
1138 vw 1135 vw 1130 vw
1120 vw 1118 vw 1115 vw
1098 m 1097 w 1098 vw deformation (CHs)eq, prop
1074 m
1056 s 1057 m 1058 m V(CO)et, prop
1027 w 1027 w 1020 w 1025 w in-plane deformation modes of the quinoline ring
995 w 997 vw 995 vw in-plane deformation modes of the quinoline ring
977 w 977 vw in-plane deformation modes of the quinoline ring
964 w 965 w in-plane deformation modes of the quinoline ring
902 m 903 m 902 m in-plane deformation modes of the quinoline ring
885 m 888 w 887 w V(C—CO)et, prop
865 m 867 m 865 m
809 s 810 m 810 m Y(C—H)guin
781 vs 781 s 781 s 779 m Y(C—H)quin
752 vw 750 vw 751 vw
699 vw,b 712 vw,b pw(H>0)
634 m 636 m 634 w
605 s 605w 605 m 3(C=0)
560 vw 563 vw 556 vw out-of-plane deformations of the quinoline ring
521w 522 w 522 w 524 w out-of-plane deformations of the quinoline ring
502 m 503 m 503 m out-of-plane deformations of the quinoline ring
485 vw 485 vw 485 vw out-of-plane deformations of the quinoline ring
472 w 3(CCO)prop
464 w 3(CCCO)prop
435 vw 435 w 3(CCO),,
406 m 406 s 407 m 406 w deformation mode of the quinoline rings
399 m 406 s 398 m VM —=O¢arbox)
385s 390 s 387 s vIM—0,y.)
317 m 321s 319 m def. mode of the quinoline rings
264 w
239 w 247 m 238 w v(M—N)
204 s 205 s 205 s deformation modes
152 m 165 m 157 w 158 m deformation modes

Eur. J. Inorg. Chem. 2004, 110—117
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The energies of the stretching vibrations of the iron(1)-
aromatic nitrogen are indicative of the spin state of the fer-
rous ion. The v(Fe—N) vibrations can be observed in the
range 250—220 cm ™! for high-spin and 530—370 cm ™' for
low spin complexes.?%31 In the IR spectra of 1 and 3 the
v(Fe—N) mode generates the bands located at 239 cm™!
and 238 cm™!, respectively. The positions of the bands due
to the metal-oxygen bond vibrations according to Nakam-
otol?”! are listed in the Table 3.

Comparison of the IR and Raman spectra of 1 and 2
with that of 3 leads to the conclusion that the molecular
structures of the three complexes are very similar. Two
quin-2-c ions occupy the equatorial positions and coordi-
nate to the metal in a chelating mode via the carboxylate
group and the aromatic nitrogen atom. The axial positions
are occupied by two propan-1-ol molecules in 3 and by mol-
ecules of ethanol and trace amounts of water in 1 and 2.

Electronic Spectra and Magnetic Properties

The maximum observed in the ligand field spectrum of
[Fe(quin-2-¢),(EtOH),] at 9.5-10° cm ™! is characteristic of
high spin iron(1r) octahedral complexes.[3?l This absorption
can be attributed to the spin allowed °E,«—T,4(D) tran-
sition. A strong band, centered at 18.0-10° cm™!, arises
from an iron—ligand CT absorption. The ligand field ab-
sorption bands in the cobalt complex are found at about
8.41, 18.6, 20.9, and 22.3:10° cm~!. These bands are com-
monly observed for six coordinate high-spin Co'" com-
plexes.3?

The structure of the framework of magnetic ions in
[Fe(quin-2-¢),(PrOH),] consists of linear chains of Fe?*
ions along the a axis [Figure 2 (b)]. The M—M distance of
6.104(1) A is rather long, precluding any direct magnetic
exchange interactions. However the strong hydrogen bonds
between the molecules in the chain [O(3)—H(30)-+O(2)f]
make indirect interactions possible. The distance between
the neighbouring chains is larger than 10 A and the spatial
arrangement of the ligands seems to rule out an effective
pathway for inter-chain magnetic exchange.

The magnetic susceptibilities of [Fe(quin—2-c),(EtOH)5,]
and [Fe(quin-2-c),(PrOH),] obey the Curie—Weiss law

?‘% -
80 _g OOO Fe(quin-2-c);(PrOH); +++ 4 56
°© +
-
= 2 — C>Oooo +++
g 60 g 0000000$6++ 1 5.4 .
- ©000g =
T + 000000
~ 40 ¢ +++ 52 %
l}g ++
p o~ ]
20 + 5.0
+*++
0 . : — 4.8
0 100 200 300
T/K

Figure 3. Temperature dependence of reciprocal susceptibility (+)
and the effective magnetic moment (o) for the polycrystalline
sample of [Fe(quin-2-¢),(PrOH),] (H = 5000 Oe)
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above ca. 50 K with the positive Weiss constants (+2.6 K
and +7.0 K for 1 and 3, respectively) and large magnetic
moments (5.22 pg and 5.22 pp, calculated from the
Curie—Weiss formula) characteristic of high-spin iron(ir)
complexes [Figure 3 shows the results for [Fe(quin-2-
¢)>(PrOH),]. The results for [Fe(quin-2-¢),(EtOH),] are qu-
ite similar].

The effective magnetic moments of the iron compounds
increase with desreasing temperature, reach broad maxima
at 23 K (1) and 20 K (3), then decreases quickly below T},,.
Such behaviour is characteristic of complexes with ferro- or
ferrimagnetic exchange interactions.*3 The field depen-
dence of the magnetizations is also interesting (Figure 4).
Both compounds show hysteresis at 1.9 K with the zero
magnetic remanence. Similar curves have been observed for

metamagnetic compounds, for example Fe(N,Hs),-
(804),.124
4
3 | Fe(quin-2-¢):(PrOH):
13
- 2r ]
2 Fe(quin-2-¢)2(EtOH): 3 2
= =
1
11
T=190K
0 1 1. ') 'l 0
0 10 20 30 40 50

H /kOe

Figure 4. Field dependence of magnetization at 1.90 K for
[Fe(quin-2-¢),(PrOH),] and [Fe(quin-2-c),(EtOH),]; crosses — in-
creasing field, circles and squares — decreasing field

The magnetic properties of the iron complexes do not
have a satisfactory explanation. A long-range order, which
may be considered as an explanation of the behaviour of
isothermal magnetization (Figure 4), is not possible in a
pure one-dimensional network. However, it is not easy to
see any obvious pathway for the interchain magnetic ex-
change. A more detailed analysis of the magnetic data is
beyond the scope of this article and will be presented else-
where.

The magnetic properties of the cobalt compound are dif-
ferent from those of the iron complexes. The properties of
[Co(quin-2-¢),(EtOH),] are rather typical. The magnetic
susceptibility obeys the Curie—Weiss law down to about
30 K (Figure 5). The parameters of the C—W equation de-
pend on the Van Vleck temperature-independent paramag-
netism (Na), which is usually strong for high-spin Co?"
compounds.[3>3¢1 If we assume No. = 6.9-10~% emu mol !,
obtained from the fitting of the calculated and the exper-
imental pg (see below), the values p = 4.57 pg and 0 =
—3.0 K are obtained (u = 4.84 pg and 6 = —15.6 K are
found for the uncorrected susceptibility). The effective mag-
netic moment decreases monotonically between room tem-
perature and 1.9 K, changing from 4.75 to 3.62 pgp. The field
dependence of magnetization shows no hysteresis and the

www.eurjic.org Eur. J. Inorg. Chem. 2004, 110—117
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120 - 4.8
Co(quin-2-c)2(EtOH):
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Figure 5. Temperature dependence of reciprocal susceptibility (+)
and the effective magnetic moment (o) for the polycrystalline
sample of [Co(quin-2-¢),(EtOH),] (H = 5000 Oe); the lines were
calculated for S = 3/2 with the ZFS parameter |D| = 34 cm™!, g =
2.35 and Na. = 6.9:10~* cm*mol !

magnetization is almost saturated at 1.9 K in a field of 50
kOe, reaching a value of 2.2 pg (Figure 6).

Co(quin-2-¢c)2(EtOH). L ox x ox X
20 0 X T
>9/X»/ x increasing field
2 i O)[(/’ o decreasing field
¥
= 1.0 ,I'
¥
[ ¢
éj‘ T=190K
0.0 ' : ' ' )
0 10 20 30 40 50
H /kQOe

Figure 6. Field dependence of magnetization at 1.90 K for [Co-
(quin-2-¢c),(EtOH),]; the dashed line represents the ZFS magnetiz-
ation with [D| =34 cm ™, E=~ 0, g, = g, = Y = 2.35 and the Van
Vleck contribution No, = 6.9-10~% cm3mol ™~

In contrast to the iron compounds, magnetic exchange
interactions are not well pronounced in the experimental
results for [Co(quin-2-¢),(EtOH),]. We therefore tried to ap-
ply the model of isolated Co?" ions in the octahedral crys-
tal field deformed by the rhombic zero field distortion. Tak-
ing into account only the second-order crystal field param-
eters, the spin Hamiltonian can be written as [Equation(1)],
where S = 3/2.

H =g BHS. + D[S2—1/35(S + 1)] + E(S,2 — S,2) (1)

The appropriate matrix elements and the relations be-
tween the parameters of the Hamiltonians with the different
field directions were given by Abragam and Bleaney.’”! The
least-squares refinement of the temperature dependence of
Herr yielded [D| = 34 em™ L, E~0,g. = g, = g, = 2.35 and
the Van Vleck contribution Na. = 6.9-10~* emu'mol~!. The
calculated curve fits the experimental points well at higher
temperatures. Below 30 K the calculated points deviate
slightly from the experimental ones (Figure 5).
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Moreover, the field dependence of magnetization is fairly
well described by this set of parameters (Figure 6). There
are at least two possible reasons of the low-temperature dis-
crepancies: neglecting the fourth-order crystal-field param-
eters*®3% and the appearance of weak magnetic exchange
effects in the lowest temperature range. The large value of
the axial ZFS parameter D is not unusual for Co?>* com-
plexes. For example, in Cd,P,S4:Co>" with trigonally dis-
torted CoSg octahedra D = 63 cm ™! and it reaches a value
of 84 cm™! for the more covalent Cd,P,Seq:Co?™ .[4041]

The Mossbauer spectrum of [Fe(quin-2-¢),(EtOH),] re-
corded at 293 K consists of an unsymmetrical quadrupole
split doublet, Figure 7.

100.5-
100.0
@ P
e |
§ 995
£ ]
2 99.07
9 <4
- 98.54
98.0+

v [mm/s]

Figure 7. Room temperature Mossbauer spectrum of [Fe(quin-2-
©)>(EtOH),]

The observed asymmetry of the Mdssbauer doublet can-
not be attributed to the metal—metal interaction because
the magnetic susceptibility data indicate that the ferrous
ions are isolated. However the crystal structure of 1 is not
known, although we can expect that the Fe—Fe distance in
1 is similar to that found in 3 [6.104(1) A]. According to
the least squares fitting with Lorenz curves, the Mdssbauer
spectrum of [Fe(quin-2-¢),(EtOH),] was resolved into three
quadrupole doublets with IS, QS, and I’ parameters
(Table 4) being very close to each other. This indicates that
in the studied sample, three complexes of Fe!! are present
having the same donor set and the same geometry. The par-
ameters of the three components of the quadrupole split
doublet are characteristic of high-spin iron(1) in an N,Oy4
octahedral environment.!8:19721.231 The results of the
Maossbauer study are consistent with the IR data and dem-
onstrate that three compounds appear in the crystal of 1,
namely [Fe(quin-2-),(EtOH),], [Fe(quin-2-c),(H,0),], and
[Fe(quin-2-¢),(EtOH)(H,O0)].

Table 4. Mgssbauer data for [Fe(quin-2-c),(EtOH),]

IS [mm/s] OS [mm/s] T2 [mm/s]
I 1.378(3) 2.13(1) 0.15(3)
II 1.381(3) 1.73(1) 0.12(1)
I 1.38(1) 2.52(1) 0.14(1)
© 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 115
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Experimental Section

Safety Note: Perchlorates are potentially explosive. Although we
have experienced no accidents so far, all compounds containing
perchlorate should be handled with care and in small quantities.

trans-Bis(quinoline-2-carboxylato)bis(ethanol)iron(ir) (1): A solution
of Fe(ClO,),*6H,0 (0.100 g; 0.275 mmol) in ethanol (50 cm?) was
added to a solution of quinoline-2-carboxylic acid (0.095 g,
0.55 mmol) in ethanol (100 cm?) at room temperature under aero-
bic conditions. The resultant deep red solution was allowed to
stand for two days. During this period crystals of [Fe(quin-2-c),-
(EtOH),] appeared. The dark violet crystals were filtered, washed
with ethanol and left to dry in air. Attempts to obtain X-ray quality
crystals of this compound were unsuccessful. C,4H,4FeN,Og:
caled. C 58.55, H 4.89, N 5.69, Fe 11.34; found C 58.74, H 5.04,
N 5.80, Fe 11.03.

trans-Bis(quinoline-2-carboxylato)bis(ethanol)cobalt(ir) (2): [Co-
(quin-2-c),(EtOH),] was obtained by a modification of the method
reported for Co(quin-2-c),*1/2H,0.["3 A solution of CoCl,-6H,0
(0.065 g, 0.275 mmol) in ethanol (50 cm?) was added to a solution
of quinoline-2-carboxylic acid (0.095 g, 0.55 mmol) in ethanol (100
cm?) at room temperature. After two days pink-yellow crystals ap-
peared. The crystals were filtered, washed with water and left to
dry in air. Attempts to obtain X-ray quality crystals of this com-
pound were unsuccessful. C,4H,4CoN,Og: caled. C 58.19, H 4.88,
N 5.65, Co 11.90; found C 58.01, H 5.20, N 5.65, Co 11.44.

trans-Bis(quinoline-2-carboxylato)bis(propanol)iron(ir) (3): A solu-
tion of Fe(Cl0,),:6H,0 (0.100 g; 0.275 mmol) in propanol (50 cm?)
was added to a solution of quinoline-2-carboxylic acid (0.095 g,
0.55 mmol) in propanol (100 cm?) at room temperature under aero-
bic conditions. The resultant deep red solution was allowed to
stand for two days. During this period crystals of [Fe(quin-2-
¢)>(PrOH),] appeared. The dark violet, X-ray quality crystals were
filtered, washed with propanol and left to dry in air
C,6H,3FeN,Og: calcd. C 60.01, H 5.42, N 5.38, Fe 10.73; found C
60.49, H 5.22, N 5.68, Fe 11.01.

Physical Measurements

Elemental Analyses were performed in the Analytical Laboratory,
Department of Chemistry, Wroctaw University of Technology.

Magnetic susceptibility down to 1.9 K and magnetization up to 50
kOe were measured with a Quantum Design SQUID magnet-
ometer. Diamagnetic corrections were calculated using Pascal’s
constantsi*? and were found to be —283-107° emu-mol~',
—282:107¢ emu'mol™!, and —306:10~°% emu'mol~! for 1, 2, and
3, respectively.

IR spectra were recorded in KBr pellets or nujol mulls using
Perkin—Elmer FTIR-2000 and Perkin—Elmer FTIR-1600 spectro-
photometers in the frequency range 50—4000 cm™'. The Raman
spectra of solid samples were recorded in the range 0—3600 cm™!
with a Bruker FIS-88 TRA-10G-Raman instrument. The excitation
was provided by a diode pumped neodymium laser at 1064 nm (150
mV Nd:YAG).

Solid state UV/Vis spectra of the powdered samples were measured
in the diffuse reflectance mode on a Carry 500 Scan (Varian) UV/
Vis/NIR spectrophotometer.

The Mossbauer spectra of a powdered sample of [Fe(quin-2-c),-
(EtOH),] were recorded on a Mdssbauer 2330 spectrophotometer
(Polon, Poland). The isomer shift values were referenced to a so-

116 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

dium nitroprusside (SNP) standard. >’Co in the Rh matrix of 10
mCi activity was used as the source. The spectra were processed
numerically by distribution into Lorenz curves.

X-ray crystallographic Study: Crystal data collection and refine-
ment are summarized in Table 5. Preliminary examination and
intensity data collections were carried out on a KUMA KM-4 k-
axis diffractometer with graphite-monochromated Mo-K,, radi-
ation. All data were corrected for Lorentz and polarization effects.
Data reduction and analysis were carried out with the Kuma Dif-
fraction programs.[*3] The structures were solved by direct meth-
ods ¥ and refined by the full-matrix least-squares method on all
F? data using the SHELXL-97 software.[*! After refinement with
isotropic displacement parameters for all atoms, an absorption cor-
rection was also applied. Carbon-bonded hydrogen atoms were in-
cluded in calculated positions and refined in the riding mode using
the SHELXL-97 default parameters. Other hydrogen atoms were
located in a difference map and refined freely. All non-hydrogen
atoms were refined with anisotropic displacement parameters.

CCDC-210965 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the Cambridge

Crystallographic Data Centre,

12 Union Road, Cambridge

Table 5. Crystal data and structure refinement for [Fe(quin-2-

¢)2(PrOH),] 3)

Compound
Empirical formula
Molecular mass

C26H28F6N206
2X(Cy3H14Fe 50NO3)
520.35

A [A] 0.71073

T [K] 100(1)
Space group P2,/n
Crystal system monoclinic
Unit cell dimensions:

a [A] 6.104(1)

b [A] 10.515(2)
¢ [A] 19.339(4)
BI°] 92.57(3)
VA3 1240.0(4)
z 2

Deaiea. [Mg/m?3] 1.394
F(000) 544

Habit block
Crystal size [mm)] 0.5%0.4%x0.4
p [mm™1] 0.652

Absorption correction
Max. and min. transmission

Empirical (SHELXA)
0.9120 and 0.6916

Diffractometer Kuma KM4 automatic
diffractometer

Diffraction geometry profile data from
®—20 scans

0 range [°] 2 to 25

Number of reflections measured 2099

Number of unique reflections 1942

Riint) 0.0170

Number of observed reflections
Refinement method

1534 [1 > 20(1)]
least-squares on F?

Final R indices [/ > 20c(/)] R, = 0.0377,l
wR, = 0.1022[°]

Final R indices (all data) R, = 0.0552,[a
WRy = 0.1097

Goodness-of-fit (.S) 1.046

Largest diff. peak and hole [eu&*] 0.519 and —0.354

B Ry = Z|F| — |FIVEIF]. ™V wRy = {E[w(F> = FAYVEW(ES) .
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