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Complexes of chromium(II) halides with 3-chloro-, 
3-bromo-, 3-iodo-, and 3,5dichloro-pyridine of the 
types 0(pyridine)2Xz, X = Cl, Br, I, and C?(pyri- 
dine)z(HzO),I, have been isolated. The former com- 
pounds are apparently polymeric and antifen-o- 
magnetic and the latter monomeric with temperature- 
independent magnetic moments. One tetrakislamine) 
complex, Cr(3,5dichloropyridine)Jz, has been 
obtained. Far infrared investigations confirm that 
‘short’ bond &-Cl stretching vibrations of the 
bis(amine) complexes occur near 320 cm-l, and Cz- 
Br and 0-I stretching vibrations at approximately 
260 cm-’ and 240 cm-l respectively. 

Introduction 

Complexes of pyridine and substituted pyridines 
with many metal ions of the first transition series 
have been widely investigated [ 1 a] . With chromium- 
(II), however, only pyridine [2] and methylpyridine 
[3] complexes, have been previously reported. We 
present a magnetic and spectroscopic investigation 
of a series of chromium(H) complexes with halogen- 
substituted pyridines. 

Results and Discussion 

The complexes isolated fall into three classes, a) 
CrV-Xpy)&%; b) Cr(3-Xpy)2(H#)Jz, and (c) 
Cr(3,5Clpy)& (see Table I, 3-Xpy is 3&loro-, 
3-bromo-, or 3-iodo-substituted pyridine, 3,5-Clpy is 
3,5dichloropyridine, and Hal is Cl, Br, or I). The first 
class of compound has not previously been reported 
as the iodide. 

Complexes of the type M(py),Cls and M(py)sBrs 
with copper(I1) and chromium(I1) have rhombically- 
distorted, halogen-bridged structures, with two dif- 
ferent types of M-Hal bond lengths. For example, 
Cu(py),CIZ has Cu-Cl bond lengths of 2.298 and 

3.026 A, and the Cu-N bond length is 2.004 A. 
Similar structures would be expected for our com- 
plexes of the type Cr(X-py)&&. 

Magnetic properties support halogen-bridging. The 
Cr(X-py),Hal, complexes differ from those in groups 
b) and c) in that the room temperature magnetic 
moments are depressed below the spin-only value 
(4.90 B.M.) for four unpaired electrons, and further 
reductions in peff occur on cooling (Table II). The 
compounds obey the Curie-Weiss law with large 8 
values in the range 20” to 60’. This magnetic 
behaviour is consistent with antiferromagnetic 
interaction made possible through halogen-bridging. 
Bridging iodide is uncommon, presumably because of 
the greater size and polarizability of this halide. With 
nickel(II), for example, Ni(pyhI* is tetrahedral [lb] 
although the bromide and chloride are polymeric. 
Although copper(H) and high-spin chromium(I1) 
frequently form similar compounds, iodo-complexes 
with pyridines do not seem to have been described 
for copper( presumably because of its oxidising 
ability. 

The visible spectra of the Cr(X-py),Hal, com- 
plexes have intense charge transfer absorptions above 
20,000 cm-‘, and less intense bands (Table I), 
assigned to d-d transitions, occur at lower energies. 
The d-d absorptions are similar to those reported 
[2b, 31 for other Cr(py),Hals complexes. 

Four d-d transitions are expected [Sb] with 
rhombically distorted chromium(H). There is firstly 
the ‘Bs + ‘As transition between the split compo- 
nents of the 5E, ground term (Oh symmetry). All the 
Cr(X-py),Halz complexes exhibit, near to 10,000 
cm-‘, a shoulder or band which is assigned to this 
transition. The other transitions are to the three com- 
ponents of the split ‘Tze level. The main d-d band 
near 14,000 cm-r is assigned to these transitions 
superimposed. Slight asymmetry is found in this 
band with some complexes, and there is some indica- 
tion of three components in the spectra of Cr(3- 
Brpy),& and Cr(3-Ipy),Xa from the presence of not 
very obvious shoulders near 12000 cm-‘. 



224 

TABLE I. Analytical Data and Reflectance Spectra. 
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Complex Analyses (%) Reflectance Spectra/cm-’ 

C H N CI Hal 

W3CIpyW2 

Cr(3-BrPY)zla 

CrWm92Br2 

Cr(3,5CIPY)a& 

Cr(3,5Clpy)aBra 

Cr(3&CIPY)& 

Calc. 

Found 

Calc. 
Found 

talc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

Calc. 
Found 

34.3 2.3 8.0 

34.1 2.3 1.8 

21.35 1.8 6.4 
27.2 2.0 6.1 

21.1 2.1 4.9 
21.0 2.0 5.1 

21.4 1.8 6.4 
28.0 1.8 6.3 

22.15 1.5 5.3 
22.8 1.1 5.1 

19.3 1.3 4.5 
19.3 1.3 4.4 

18.25 1.8 4.3 
18.1 1.9 4.2 

22.5 1.5 5.3 
22.55 1.5 5.25 

19.3 1.3 4.5 
19.6 1.4 4.4 

16.8 1.1 3.9 
16.15 1.1 3.15 

28.1 1.4 6.1 
28.3 1.75 6.35 

23.65 1.2 5.5 
23.5 1.5 5.2 

19.95 1.0 4.65 
20.1 1.2 4.3 

26.7 1.35 6.2 
26.3 1.45 5.7 

14.9 20.25 RT 
15.0 20.5 LT 

11.8 36.4 RT 
12.1 36.8 LT 

9.1 44.6 RT 16000s 
9.35 45.4 LT 16500s 

11.85 16.15 RT 
11.95 16.3 LT 

9.85 30.3 RT 
10.1 30.6 LT 

a.4 40.8 RT 
8.6 41.1 LT 

1.9 38.6 RT 15100s 
8.1 38.5 LT 16300s 

9.8 13.3 RT 
9.9 13.6 LT 

8.4 25.7 RT 
8.6 26.3 LT 

7.3 35.5 RT 
7.5 36.2 LT 

12.4 16.9 RT 
12.6 17.2 LT 

10.2 31.5 RT 
10.4 32.0 LT 

8.6 42.2 RT 
8.8 42.3 LT 

5.8 28.3 RT 15ooos,sh 
5.95 28.1 LT 152OOs,sh 

14000s 
14300s 

13400s 
13800s 

14OOs,vb 
14200m 

13500s 
13900s 

13100vs 
13500vs 

14000s 
14500s 

136OOsh 
14100s 

13250~s 
13600~s 

13400s 
13750s 

13400s 

13600s 

13000s 
13200s 

10100sh 
107OOm 

10000sh 
lOlOOm 

12OOOm 106OOsh 
12OOOm 107OOsh 

104OOsh 
12150sh 104OOsh 

103OOr.h 
104OOm 

107oosh 
106OOm 

12OOOm 106OOsh 
12OOOm 107oosh 

124OOsh 105OOsh 
126OOsh 109OOsh 

119OOsh 104OOsh 
12000sh 104oosh 

11000sh 
12100sh 1lOOOsh 

10000sh 
9600m 

9800sh 
9300m 

9200m 
88OOm 

IOOOm 

TABLE II. Magnetic and Preparative Data for the Complexes. 

Complex Colour ~cerra (B.M.) 

295 K 90 K 

eb Preparativec 

0 Method 

CrW3y)2C12 light green 4.08 

CrW3vkBr2 green 4.5 1 

Cr&C4whW20hI2 olive green 4.80 

Cr(3-Brpy)aCla light green 4.59 

Cr(3-Brpy)aBrz dark green 4.59 

Cr(3-Brpy)& green 4.61 

Cr(3-Brpy)a(HaO)aIa olive green 4.83 

Cr(3-IPY)zCla light green 4.64 

W~-IPY)~B~Z bluish green 4.69 

Cr(3-W212 green 4.60 

CrW-@y)2cl2 light yellow 4.71 

3.65 37 E 

3.93 48 E 

4.85 -3 C 

4.10 37 E 

4.11 37 E 

4.13 36 D 

4.78 2 C 

4.30 22 E 

4.30 27 E 

4.27 22 C 

4.06 53 E 

(con timed on facing page) 



Cr(ll) oridine Complexes 

TABLE II. (continued) 

225 

Complex Colour perra (B.M.) 

295 K 90 K 

eb PreparativeC 
0 Method 

Cr(3>apY)zBrz yellow 4.61 4.00 51 E 

Cr(3,5aPY)& dark yellow 4.69 4.33 24 A 

Cr(3,5-ClPY)& dark red 4.82 4.63 11 B 

aCalculated from p,rr = 2.828 (x*T)“‘. bCurie-Weiss law taken as xi’c~(T + e), and 0 calculated by a least squares extra- 
polation. ‘The significance of these symbols is given in the experimental section. 

The energies of the transitions to the components 
of the 5T2e term are related to the average 1ODq 
value for each complex. In line with this, the energies 
decrease in the order mepy [3] > py [2b] > 3X-py > 
3,5-Cl for complexes with the same halide, of the 
type Cr(py),Ha12. This order is that expected for the 
1ODq values of the pyridine ligands. 

The energy of the 5B, -+ 5A, transition is related 
to the distortion produced by the Jahn-Teller effect, 
and to that produced by the difference in the IODq 
values of the pyridine and halide ligands. This dis- 
tortion should therefore decrease as the 1ODq values 
of the pyridines decrease. In keeping with this, the 
energies of this band are mainly in the same order as 
that given above for the 1ODq values of the pyridine 
ligands. 

The complexes Cr(X-py)2(H20)212 (X-py = 3- 
chloro and 3-bromo-pyridine), in contrast to the com- 
plexes Cr(X-py),Ha12, are magnetically dilute. They 
obey the Curie law, with magnetic moments indepen- 
dent of temperature and near to the spin-only value. 
This suggests that halogen-bridging is absent and we 
assume that the complexes are monomeric and six-co- 
ordinate. 

The electronic spectra show evidence of reduced 
symmetry compared to the Cr(X-py),Ha12 com- 
plexes because three d&d absorptions are detected at 
approximately 16,000, 12,000 and 10,800 cm‘-‘. 
We assign the lowest energy absorption to the transi- 
tion between the components of the split 5E, term 
and the other absorptions to transitions to compo- 
nents of the ‘Tze term. 

The complex Cr(3,5-Clpy),I, has a magnetic 
moment of 4.8 B.M. at room temperature near the 
spin-only value for high-spin chromium(II), and a six 
coordinate trans structure, with terminal iodides, 
seems likely, similar to that found for other [M(pyri- 
dine),(Hal),] complexes [2-51 . The 0 value of 11” 
is, however, larger than commonly found for magneti- 
cally-dilute chromium(H) compounds. In its visible 
spectrum a clear d-d band is found at 7000 cm-’ and 
this is assigned to the transition between the compo- 
nents of the 5E, term. Other d-d transitions appear 
as a shoulder at 15000 cm-‘, partly masked by a low 

I 

200 300 cm-’ 

Pig. 1. Far infrared SpeCh of A, CI(~-BIPY)@~ ; B, Cr(3- 
Brpy)zBrz; and C, Cr(3-Brpy)zIz. 

energy, high intensity absorption which we assume to 
be charge transfer in origin. The spectra of the corres- 
ponding pyridine [2b] and methylpyridine [3] com- 
plexes are similar but with the distortion band at 
higher frequency because of the stronger fields of 
these ligands. 

All the bis-ligand complexes show intense absorp- 
tion above 20,000 cm-‘, which we assume to be 
intra-ligand or charge transfer in origin. The free pyri- 
dine ligands absorb in the range 35,000 to 39,000 
cm-‘, and absorption in this region in the complexes 
may also be intra-ligand in character. The additional 
absorption in the region 20,000 to 30,000 cm-’ is 
probably of charge transfer type. Relatively low- 
energy metal to ligand charge transfer absorption is 
possible for complexes of readily oxidisable metals 
with ligands containing empty antibonding n-orbitals 
[5]. The absorptions in the 20,00&30,000 cm-’ 
region are not markedly halogen-dependent, and 
we therefore assign them to metal-to-pyridine charge 
transfer transitions, possibly of ea + R* type. Similar 
low energy absorptions have been reported for vana- 
dium(II)-pyridine complexes [7] and chromium(II)- 
methylpyridine [3] complexes. 
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TABLE III. Far-infrared Spectra (cm-‘).* 
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3-Brpy 

410m 

320~ 

3-IPY 

394m 

290w 

262m 
234~~ 

3-ClPY 

402s 

292s,vb 

CI(~CIPY)Z ct, 

412m 

336~s 
3 1ovs u(Cr-Cl) 

272s u(Cr-N) 

232~ 

195m,b 212w,b 

17 7vs 

1 

6 (Cr-N) 

6 0-Q 
150m u(Cr-Cl)b 
10&s 

CI(3-Brpy)2Clz 

408m 

336~ 

324~s u(CrXI) 
285m 

268m u(Cr-N) 

2oow 
18Ow 

168m 

1 

6 (Cr-N) 

6 (c&Cl) 
138m u(CrXl)b 

98s 

WWv)2Cl2 

410s 

324vs,b u(Cr-Cl) 
300s 

260s u(Cr-N) 

188~ 

178m S(Cr-N) 
162s 6(Cr<l) 

1 132m u(Cr-Cl)b 
94vs 

3,5-ClPY 

392vs 

Cr(WCIpy)2Cl2 

396s 

3 24~s &Jr-Cl) 
272s u(Cr-N) 

196vs,b 202s 
t96sh 

CrW3yhBr2 

412m 

330m 

Cr(3-ClPY)2(&0)2Iz 

416m 

324m 

3oow 

274~s u(Cr-N) 

260~ v(Cr-Br) 

212w,b 

178m 6 (Cr-N) 
164s 

121m 

270s u(Cr-N) 

212w 
196m 
184m 6 (Cr-N) 
160~s 

1OOm 

Cr(3-Brpy)2Br2 

408m 
332~ 

CrWBrpyhIz 

408m 

330w 

300m 

272m u(Cr-N) 

25 2s u(Cr-Br) 

294m 

264m u(Cr-N) 

238s u(Cr-I) 

198w 

176m 6 (Cr-N) 170m 6 (Cr-N) 

150m 143m 

1lOm 94w 

Cr(3-IpyhBrz 

406s 408s 

300s 

282~s u(Cr-Br) 
258m u(Cr-N) 
246~s 

296s 

184~ 
172m 

146s 6 (Cr-N) 
104s 

Cr(3,5Clpy)2Br2 

396m 

272vs, b i W& 

272s u(Cr-N) 
254m 
234~s u(Cr-I) 
182~ 

164m 
138s 6 (Cr-N) 

91m 

396s 

262s u(Cr-N) 

250vs,b v(Cr-I) 

194m 19ovs 

408m 
332~ 

290m 

265~s u(Cr-N) 

236~ 

218~ 
210w 

179vs,b S (Cr-N) 

136s 

CrWCW412 

390vs 

270~s u(Cr-N) 

202s 
19ovs 

(continued on facing page) 
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164s,vb 6 (CT-N) 158~ 6(Cr-N) 154s S(cI-N) 170m 6 Q-N) 
6 (Cm) 146m 1 fOvs,b 114m 

140m LJ(Cr-Cl)b 
11 Zvs,b 104w 88m 86s 

‘Many weak absorptions at lower frequency. bDeformations of long G-Cl bonds. 

Far infiared Spectra 
From the spectra of the bis(pyridine) complexes 

(Table III) it is apparent that the strong absorptions 
near 320 cm-’ in the spectra of the chlorides can be 
assigned to stretching vibrations of the short Cr-Cl 
bands; no halogen-dependent bands appear in this 
region with the bromo- and iodocomplexes (Fig. 1). 
In all spectra there are very strong absorptions near 
260 cm-’ which are assigned to v(Cr-N) vibrations. 
The bromo-complexes exhibit additional bands in this 
region which are assigned to v(Cr-Br) vibrations; in 
one case (Cr(3,SClpy)sBrs) the y(Cr-N) and v(Cr- 
Br) absorptions appear to coincide, and in others it is 
uncertain which absorption is which. These assign- 
ments are similar to those reported recently [3] for 
the analogous complexes, Cr(mepy),Hals, Hal = Cl or 
Br, except that the y(Cr-N) absorptions are generally 
at lower frequency for the halo-pyridine complexes 
as might be expected because of the larger mass of 
the ligand. Deformation vibrations of the (Cl-&-Cl) 
and (N-G-N) units and stretching vibrations of the 
long Cr-Cl bands are expected in the 150 cm-’ 
region, and tentative assignments have been given. 

The iodocomplexes Cr(X-py)Js are the first of 
this stoicheiometry to be investigated, and compari- 
son with the chloride and bromide spectra suggests 
that v(Cr-I) vibrations occur near 240 cm-‘. The 
larger size of iodide and its reluctance to form bridges 
could have produced tetrahedral structures for the 
iodocomplexes. However, a structural change at 
iodide in the series Cr(X-py)sHals would be expected 
to bring v(Cr-I) above v(Cr-Br). The antiferro- 
magnetic behaviour of the iodides indicates a poly- 
meric structure, and tetrahedral monomeric 
chromium(I1) complexes should have greater than 
spin-only magnetic moments through a first order 
orbital contribution. Additionally, solution spectra of 
Cr(3-Ipy),Is (ethanol) and Cr(35Clpy)sIs (ethanol 
and chloroform) differed from the reflectance spectra 
indicating solvolysis, and the extinction coefficients 
of the d-d transitions (E E 30 1 dm3 mol-’ cm-’ for 
bands near 14000 cm-l) were not large enough to 
suggest tetrahedral coordination. 

The absence of intense absorptions near 240 cm-’ 
from the spectra of the complexes Cr(X-py)s(HsO)s- 
Is and Cr(3,5-Clpy),Is suggests that the iodide is 
held by ‘long’ bands to the metal ion. The corres- 

ponding methylpyridine complexes gave similar 
spectra [3] . 

Experimental 

Preparations 
These were performed under nitrogen using deoxy- 

genated solvents. Analyses are given in Table I. The 
complexes which were obtained by methods 
analogous to method E, given below, are indicated in 
Table II. The chlorides and bromides were obtained 
from concentrated ethanol&z solutions of their consti- 
tuents, but the iodides, being highly soluble in 
ethanol, were isolated from solutions in acetone. 

A) 0(3,5dichloropyridine)Jz 
An alcoholic solution (30 cm3) of 3,5dichloro- 

pyridine (2.7 g) was added to an alcohol solution 
(25 cm3) of CrIs.5HsO (3.6 g). The bluish-green solu- 
tion was evaporated to dryness giving a dark red 
precipitate of the tetrakis(amine) complex Cr(3,5- 
Clpy)& (see B). This compound was suspended 
for 2.5 h in acetone at about 60 “C to remove two of 
the pyridine molecules. The yellowish orange product 
was filtered off, washed with acetone and pumped 
dry for 5 h. 

B) 0(3,5dichloropyridine)Jz 
A cold ethanolic solution (20 cm3) of 3,5-di- 

chloropyridine (6.8 g) was added to a cold ethanolic 
solution (30 cm”) of Cr12*5H20 (4.5 g). After a few 
hours at room temperature, dark red crystals 
separated. These were filtered off, washed with 
ethanol and pumped dry for 4 h. 

C) Cr(3chloropyridine)2(HzO)Jz, Cr(3-bromo- 
pyridine)z(HzO)zIz, and Cr(3-iodopyridine)Jz 
A solution of 3chloropyridine (3.1 g) in acetone 

(20 cm3) was added to a solution of Cr12*5Hz0 
(5.4 g) in acetone (30 cm”). The resulting dark 
green precipitate was filtered off, washed with 
acetone and pumped dry for 4 h. 

The preparations of Cr(3-bromopyridine)s(HsO)s- 
Iz and Cr(3iodopyridine)Js were analogous to that 
of Cr(3chloropyridine)z(H~O)21Z. 
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D) Cr(3-bromopyridine)212 
Because iodide bridges less readily than chloride 

or bromide, iodocomplexes containing two pyridine 
molecules tend to complete an octahedral structure 
by coordination of two water molecules as in Cr(3- 

~PY),(H~O)& and Cr(3-Brpy),(HzO)zIz. To 
prepare the anhydrous compound Cr(3-Brpy)J,, 
the amine was dissolved in 2,2&methoxypropane 
and a solution of hydrated chromium(H) iodide in 
acetone added. A pale green precipitate separated, 
and the suspension was boiled for some minutes to 
ensure complete reaction of the water of hydration 
with the dimethoxypropane. The solid was then 
filtered off, washed with acetone, and dried. This 
procedure was not successful with Cr(3-Clpy),- 

@20)2I2- 

E) Other Complexes 
The preparation of the remaining complexes 

(marked E in Table I), were all analogous to that of 
Cr(3chloropyridine),C12 which follows. 

An alcoholic solution (50 cm3) of 3chloropyri- 
dine (5.9 g) was added to an alcoholic solution (30 
cm3) of CrClz*4H20 (5.0 g). The resulting green 
precipitate was filtered off, washed with absolute 
ethanol and dried under continuous pumping for 4 h. 

Several attempts were made to prepare tetrakis- 
(amine) compounds of 3chloro-, 3-bromo-, and 3- 

M. M. Khamar, I.. F. Larkworthy and D. J. Phillips 

iodo-pyridines with chromium(II) iodide. The first 
two formed yellow solutions with an excess of ligand 
when well cooled in liquid nitrogen, but at ordinary 
temperature the solutions became green as the bis- 
(amine) compound formed. When the yellow solids 
were filtered off rapidly the green compounds formed 
on the sinter. 3Jodopyridine forms a brown, 
presumably tetrakis(pyridine) compound, but the 
analyses were poor. 

Physical measurements were carried out as before 

[71- 
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