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Complexes of 2- and 4-Vinylpyridines with Cobalt(i) and Nickel(i)
Halides and Pseudohalides

By Neville H. Agnew, Department of Chemistry, Rhodes University, P.O. Box 94, Grahamstown, South Africa
Richard J. Collin and Leslie F. Larkworthy,* The Joseph Kenyon Laboratory, Department of
Chemistry, University of Surrey, Guildford

Complexes of cobalt(il) and nickel(l) with 2-vinylpyridine (2-vpy) and 4-vinylpyridine (4-vpy) exhibit various
stereochemistries according to their stoicheiometry and the anion X present: octahedral, M(4-vpy),X, (M = Co,
Ni; X = Cl Br, I, NCO, NCS) : polymeric octahedral, M(4-vpy),X, [M = Co, X = Cl (mauve-form), N;; M = Ni,
X = Cl, Br, N3, NCS]: and tetrahedral, Co(4-vpy),X, (X = Cl, Br, 1) and Co(2-vpy),X, (X = Cl. Br, I, NCS).
Structures have been assigned from the electronic, i.r., and far-i.r. spectra, and magnetic behaviourof the complexes.
In several cases the assigned structures have been confirmed by X-ray powder investigations. The complexes
M(4-vpy)q(Ng), are antiferromagnetic while the complexes Ni(4-vpy)y,X, (X = Cl, Br) are weakly ferro-

magnetic.

CoBart(11) and nickel(11) halides and pseudohalides react
with a large range of substituted pyridines to form
adducts of the types ML,X, where # =2 or 4. The
stereochemistries are known, from X-ray and other
physical measurements, to be octahedral monomeric
(n = 4), polymeric octahedral (# = 2) with halogen or
pseudohalogen bridging, or tetrahedral monomeric or
planar. Previously,! the complex Co(4-vpy),Cl, was
shown to be octahedral while Co(4-vpy),Cl, and
Co(2-vpy),Cl, were tetrahedral (2-vpy and 4-vpy are
respectively 2- and 4-vinylpyridine). No polymeric
octahedral species, similar to that formed by pyridine,
was obtained from cobalt(m) chloride and 2-vinyl-
pyridine. Here we report a further series of cobalt(ir)
halide and pseudohalide complexes with these ligands,
including polymeric Co(4-vpy),Cl,, and also report a
related series of nickel(ir) complexes. Certain of the
compounds were prepared in order to study their poly-
merisability in the solid state.?

Electronic Spectra.—Octahedral monomeric systems. In
these complexes the stoicheiometric ratio of vinyl-
pyridine to metal salt was 4 : 1. The results of previous
workers have indicated that the symmetry of this
species is not pure Os but that tetragonal distortion
along the z axis of the molecule leads to a symmetry
closer to Dg.. This has been confirmed3 by X-ray
measurements, and it causes some modification of
electronic spectra from that expected for O, symmetry.

In Op symmetry six-co-ordinate, high-spin cobalt(11)
exhibits ¢ three spin-allowed bands in the visible-u.v.

1 N. H. Agnew and L. . Larkworthy, J. Chem. Soc., 1965,
4669.

2 N. H. Agnew, Ph.D. Thesis, University of Natal, 1967;
N. H. Agnew and M. E. Browu, J. Polymer Sci., Part A-1, 1971,
9, 2561.

region: vy, ATgy(F) < 4T1y(F); vy, 2Ag,(F) < 1T,(F);
and vy, 2T3y(P) < *T1,(F). The assignments are given
under these general headings in Table 1. However, in
Dy, symmetry the v, and v, bands are usually found, as
here, to be multiple.* The proximity and splitting of the
v, and v; bands means that considerable overlap of the
band envelopes occurs and a complex collection of bands,
which cannot readily be assigned, is observed in the
region 18 000—23 000 cm™® (Table 1).

The position of v, is in the region 8 000—9 000 cm™.4
In Dgy symmetry this band is observed to split into two
components (B3, and 4E;) to an extent dependent upon
the amount of distortion present. Thus the complexes
Co(4-vpy)4(NCO), and Co(4-vpy),(NCS),show no splitting
of this band, and this indicates that the pseudohalogen is
N-bonded.

The related nickel(11) complexes are similar. Nickel-
(r1) complexes in Op symmetry exhibit simple spectra
with three spin-allowed transitions to the 37,(P),
8T(F), and 3Ty, levels in the regions 19 000—27 000
cm™?® (vq), 11 000—20 000 cm™ (v,), and 7 000—13 000
cmt (v;) respectively. Tetragonal distortion causes
some splitting of certain levels,® in particular those
arising from the 3F and 3P states. Because of this
splitting more electronic transitions are possible and v,
and especially v;, may be observed to split into two com-
ponents. As with the cobalt(ir) complexes similar
donor properties of pyridine and pseudohalogen result

3 A. S. Antsyshkina, L. M. Dickereva, E. K. Jukhnov, and
M. A. Porai-Koshits, Acta Cryst., 1957, 10, 784; A. S. Antsysh-
kina and M. A. Porai-Koshits, Krist.,, 1958, 8, 684, 694; M. A.
Porai-Koshits and A. S. Antsyshkina, Trudy Inst. Krist. Akad.
Nauk S.S5.S.R., 1954, 10, 117.

4 A, B. P. Lever, ‘Inorganic Electronic Spectroscopy,’
Elsevier, Amsterdam, 1968.

® D. A. Rowley and R. S. Drago, Inorg. Chem., 1967, 6, 1092.


http://dx.doi.org/10.1039/DT9740000272

273

1974

wgr-g Us‘WIg-LT ‘YsWE-g ‘SWQ-6T ‘USWG-0F
UWINZ09
(2-18) (0-%) (9:2%) (L-91) ‘WMoz  wWrgaT
LI§ ¢¥F  T8F  F9I ‘mgg9  WERLT  WegTy wg(-8 gs‘wig. L] YsW-gT ‘W-QT ‘Ys‘Wg-07
wg-g ‘wg-g YWY ‘SWeT-91 Ys'wgg-gT ‘SWQ-GT ‘YS‘WG-G L
6-08) (38) (5F) (36%) (5:21)
606 €8 ¥F TGP 0-L1 Us‘uImgar w1 ‘WLT wgry  Wl.g ‘1908 weg.eT Ys“WigO-8T ‘SWG-BT ‘Ys WG
()51 (:D)FFy ()L
(1)3eqo)
(#0) sexapdwoo srwA[od [LIPIYeIo0
SW- 2, w931 qs‘wg- 11 wy-z 1 wg.91
(9-%¢) (9-2) (6-¢) (8-9p) (0-8)
91¢ 8L 8¢ ¥g¥ 08 M9eg ‘Wwgrg W98 ‘MOOT SWOTT  WOST ‘sgg ‘WEIG suwig., wp-g1 ys‘mwg-0f wp-g1 SuIgL.e1
SwQ-8 Us‘wes-31 ys‘mg-TT wy-¢T swp-¢1
0-¢5) (8-8) (%) (9-38) (3-6)
L¥6 L8 &% 8I¢ 06 ys‘wggg ‘wgLg weyt fwger $80% swg.2, ys‘wy-g1 Us‘wapTT ys‘ug.g1 SWE-¢ T
sug.g wQ-31 4s‘46-01 Us‘wg-F1 swg-91
(6-31) {z-01) (1:¢) (1-19) (311 wWOPT “WHPT
0-€T 00T T-¢ 809 TII ‘wmges ‘WMGLE S WGLT ‘YSWIHGT ‘5605  UYSWOGE ‘USMFLE  SwIgg-g wg-31 Us‘meg01 suis.G1
wg.QL ys‘wg-g1 us‘wg.91 wg- L1
(%0 (8%) (g-09) (0-01)
0¥l 6F% G689 66  Sugg S080%  Ys‘wgeg ‘swgyg S Wg6s wygs wH-OT ys‘wgg-gT wp-L1
WMOTG
'$893USS3L5 wgeg WHLE us‘wggg ‘s¢ee wy.01 Us‘me6g1 we-LT
(671} (0-9) (0-79) (3-01) . . .
0¢T  0-¢ G€9 FOI Swery WPIET SOIGE  SE93 ‘US'WILg USWEQE £ WOTE ys‘wizgs ‘s833 wg-01 Us‘me6-g1 weQ-L]
ety e, (@)’ Oipe s
(tc'l»‘yJ\!l\l‘.lx FJIIL
()81 (1) L
@ (1)[PIN
. Wy ys‘wgQ-¢1
1S‘M9Fg ‘WOLE Julgg SWYOT  YS'WGOE ‘SWILE Wy Wee.g ‘yswg.¢1 surg. /T ‘swig.g{
(0-gg) (8-8) (3-7) (9-39) (0-8) . . . - ,wmiLg , Jusweg-gp
8% ¢8 BF e 6L Us‘M9ps ‘WL9z S UGG ‘GSWMPQT  YSWLET ‘YSWHOG wge.g ‘weg.g ys‘weo-ey Us'sf-LT “SE-gT
Us‘M063 weot
‘wmgeg ‘WMELE ‘Ys'WIgE /'SWOFT SwggT ‘SO1E wg.9 ‘wg.g ys‘wg- 4T ‘SWig.gT ‘Suig.G1
(6-08) (-8) (5:%) (5-6%) (56) Wi ‘WigoL
803 ¢8 ¥F 16F %6 wWMeeg ‘WML ‘qs‘wITgY fswLeT SWEGT ys‘wg.9 ‘wg.g ys‘wg. 4T ‘SWGH-QT ‘SWQ-6T
wg.) ‘Wee-g ys‘wIp-gT ‘SWeQ-6T ‘SWe0-05
(6-31) (z-01) (r-9) (1-19) {2-0T) Joger ys‘wg-,
831 10 I-¢ 609 80T ‘wmgpg “wgLg S§6T S0g5 ‘wg-g ‘Ys‘mgg.q ys‘wig-gT ‘sweg-gT ‘SWg-GT
MZLT ‘METT ‘S9VE -
ys'wyeg ‘We9g £508% $80% ‘US's313 66 ys‘wg.g1 ys'sg-6T 5¢-03 ‘Us'sy15
(T31) (8-%) (2-09) (6:6) o , S0¥%
¥l €¢  ¥09 66 supgy S0603  ‘Uswiges ‘Wggg sugry S90G 596 ys‘uig.g1 YS'WY.§T ‘SGE-0F “US'SZT7
Suge. S SWHER Swg.gT ‘swiy.gT
‘s‘megz ‘wIgLg ‘YsULM{0g ‘ys‘wimyog ys‘wgog ‘se1n SUIg-§ MY.CT ‘SWCQ-0g ‘S'SWG(-17 ‘SUIN-gE
(631 (0-9) (6-€9) (3-01) o o us's068 . ys'wger ;
¥ ¢ §9 POT  SWEI  WEFET  SOTZE  SWOEE ‘US'M9s 55863 ‘US'MBOE SI03 ‘SWyTG swp. ys‘uieg-cy SWiCE-RT ‘YS'SWIEY-G1 ‘USS§-0G ‘S9-14
wioey N H D [ePK ¢ 84 sea (pougsseun) (X-W)a (4d-pW)a Y4 ()0 Ly ()P ()T,
. ~ ) ~————=7  Sopoul 13Y3Q s v -
(-oren) punog 6% ({-o) . 4 ¢‘p (313) ©1303ds 20URIDIPAI OIUNIIOA]

(%) sasdpeuy

spueq dnoi3 uaSoreyopnosd
Jo sjuswugIssy

(;-wo) uoydax *11-1e] m:m ur spueq uondiosqy

(1r)3reqo)

(¥*(7) soxs[du1oo SLIWOUOW [EIPAYE}O()

1 ¥I9vV]

1T

LY
I

13

i (quid)
*(°N)*(4da-)o)

(aanvur)
1)*(Ada-p)o)

(w9013 2a1j0)
pPM(4da-phN

(10013 onq)
g (&da-pIN
_ (onqq oqed)
107 (4dA-PNIN

(101014)
HSON)H(Ada-p)iN

(onyq)
HOON)T(AdA-F)iN

(12218 94110)
*1"(Ada-p)od

(aydand)
fagt(Ada-p)od
(pax)
*10%(4dAa-p)oD

(pa1)
HSON)* (AdAa-p)ap

B __(par)
HOON)HAd-F)od


http://dx.doi.org/10.1039/DT9740000272

J.C.S. Dalton

Jwos uf 5

A104 oWOg ¢

*20uapuadop U3So[BY AOYS OS[E UWInjod Siy} Ul Spueq Ioqi0
(ourpridd-rersur)a ay3 jo swonisod syy *1HAdA-p)0) , on[q , pue FDYAdA-F)IN A[qRIOU Saxa[dWOD oS U] »
IajsueI}-0d1eyd £q PaIN3Sqo sem (Sa) pue pueq ()01, 24T »

(¢91) (28) (6-6%) (g-c1) MEEg  Sees
PP 0P 9-6F T-G0 ULLLP  ‘MIPg  S8L08
(¥-¢) (L8 (388 (¢-11)
¥¢ LB §E8 ¥IT
(¢-9) (¢-8) (a-68) (Lg1)
29 1€ &6¢ 62
(3-8) (a¥) (3-6%) (¢-11)
eI T8 &¥ S6F 6:L1
(#-¢)  (2-2) (z-3¢) (g-11)
€6 8§ LES €I
(6-9) (g-¢) (z68) (L-81)
9 g€ 068 T-FT
(z:8) (%) (36F)
08 T¥  &OP
(g31) (¢} (6oF) (Gcr) N7gL
[ 24 9-8% [-er m::.wv ;:,S::h SHINTT &
4509
‘uez9
(8-18) (0%) (9-28) (9-91) ‘us'mpry ICOgT
038 &% SLF 99T ‘mpL9 ‘WCOET SOL0%
(e-9) (z-68) (2-51)
¢.9 168 ¢€I
(9-02) (2-8) (&:¥) (¢-6%) (g-21)
¢08 0% [P 68Y Ll
ueSiofef N H D fen Q 84 8%,
[u ~ J (. «\"‘illfl\
(*oren) punog 85 (;-Uw)
(95) sesdteuy spura dnoid usSopeyopnosd

274

jo syustundssy

ys‘wapg
‘wggr ‘Yswiged
Us'MLLg ‘WMpRE

WMy ) WG
‘MIOT MIFL ‘MPLL
WMGTT “Us‘MZZT
‘WAegE ‘US‘WHOg
WMOFT TMZLT

wmgT ‘WMEIG
wLg ‘SG83

swigg

SUIp9s ‘WHPL

wygy ‘Swigyg
‘swiggs ‘WFEL

WIO9Z ‘TUQRZ

MGG
(poudisseun)
SOPOUL J3Y3()

swgog WEe
wyrg

SWpYg Wegy
Wyrg ‘Wpeg

WHIg ‘WreE

USRI ‘UIgHE
ysTIZey ‘WRSy

Us‘WHpg ‘weeg

swigrg ‘swzpg

*[1239p ut paj10dal jou o1e pue uappiqIo)-ulds aq 03 pPaIapISuOd 3IoM 3SaY ],
'soxadwiod Ada-y pue Ada-z jje jo e1193ds oy} Ul MY Q- PUB MY §-C 3¢ PAIINDOO0 SAUIPHIAd PaIn3Nsqns dY} JO SPUBQ SUOIIFAO "I IBAN

M03Z WMBFT

wWeg g ‘US'wmgha

ae

SWQgE ‘SWIRPE

Ys'Mege “WmnOgg
$08Z “US'TFET

ys‘w(gg ‘Swogy
SWpZg ‘SWORE

ys‘wpgg ‘ys‘weeg

(11) 31eq0)

swg.¢ ‘us‘mg.s, ‘1q's¢g-g

Us‘wey-¢ ‘Us'sg-9 ‘s¢g-L Ys'sep-6
50L-¢ S8-9 ‘S7-x

ys‘sg-g ‘s.9 ‘S1.8
$6-Q ‘sg-9 ‘Ys‘sg.L ‘s

$08-G ‘S0, “UYs‘sg-L ‘SL-g
$G0-9 ‘stgg.L ‘sUIg.g

$60-9 ‘53 ‘SWQ-G
SUIg.¢ ‘SWER-9 ‘SWET-G

ys‘wg.g ‘suigg.y ‘swgs.g
SC0-9 “US'S()-L 'SGZ-L ‘SWp-g

$3-G ‘Us'sq-g ‘Us‘sg.g ‘Swig.¢

225} saxo[dwiod 2(IWOUOUI [LIPIT[eI}D
0 [ E [eapatenng,

SUIgEs

SUHGE

USEFT ‘spel

gl ‘WYLT ‘SPRT
(X-W)a

L1 thend

wrog

ys‘wglg Wigg

<
(;-uwd) vordox “r1-107 A3 W spueq uondiosqy

(1) poIN

(I)' s
sures-g Wyt
SUiE.Q wg.g1
Ys‘agg-g  Weg g
CFFT WICT9[
uieg-6 wy.eT
weg.e  Wg ,
ys'wp-g1  wWg-eT
weg.¢  wg.p
e6-TT w3l
wep.9  Wweg.g
qs'wg.gy  WE YT
weg.¢  wWelg
ys‘weg.g7  weL-g1
B, Lo B Sy
| SEURTERR | VE S S
(1)Le (1) Ls

*suorydiosqe pueSl Aq paIndsqo st 84 sosed

Us'sg-gT ‘STLT

Us‘sp-G1 ‘se6-91
SCOPT ‘S50 ‘Usse 91

SG-PT ‘ST-CT ‘Se-91
Se-GT ‘Us'sL-91

Sp-GT ‘US'se99T
SO-9T ‘Us‘sp-L T

4s'sg-gT ‘S0-91 ‘Us‘sp-LT
SL-BT “US'Sg-CT ‘US'ST-9T

$9-$T ‘Us'sC(-CT ‘Us'se6-CL
Us‘se0-eT ‘s6-c1 ‘Ussg-91

Us‘sg-HT ‘SG0-9T ‘Us'sg-91

(d)* Ly

weg-0g
wWee-Ga

ys‘we-1g ys‘mig-¢g

Us‘mI-1g
ys‘wr.gg  ys‘mg.zg  wg.eg
MOP6T  YS'WEL-2Z  WEHZT
Me.0z  USTWQRE WG
Ys'MG.6T  US'Wg-gE  SGTHE
(@)%1y B Lo

[

()P Ls

(*7) soxopdwoo ourowAjod [R1pdyeIo)

(pomuyuor) 1 1AV

«.
¢'p {MY]) e10ads 0OURIDPAT DIOTOAYTT

IT

s
IT

14
LT

1
LT

A
11

L
LT

L3
kRS

RAH
11
T

*sotouanbaxy Suryslsays usforeyopnasd 1o uaSo[ey-[ejow 0} paudisse spueq 9y} aTe 3soyy, £ de[I2A0 0} PUNOJ aIom suonjelqla (usfojey-[ejsuI)d pue
sInjeradwng WSou-pInbI] 38 M3 2.6 3¥ PUNOy seam pueq A3ISUdsjul WPaWl Y p
-soxa[dwod ay3 JO IsqUNu © ul sputq pausSisse ‘Suolls oY) Usemlag PsIInddo SPuBq Heom
-atnyeradue) wafonu-pinbly = I ‘arnjerodwia} WOOI = 1Y »

+saxajdinod asayyy uy suonydiosqe

~_(ong)
HSON)?*(4dA-5)oD

(uo018)
21¥(4dAag)oD)

(emyq)
“1g®(£da-g)o)

(om1q)
*10%(4dA-g)oD

(w2018)
*18(4da-p)od

(em1q)
sige(Ada-p)oD
(2u1q)
*10%(4da-p)od

(12213)
HSONVHAdA-FIN

(w2218)
“EN)*(AdapIN

{mof[e4)
E1gP(4da-p)IN

,T.S:wb
FDHAdAFIN


http://dx.doi.org/10.1039/DT9740000272

1974

in smaller distortion and spectra approximately as
expected for O, symmetry.%

The data (Table 1) show that the splitting of the
bands, especially v;, increases in the order NCO =
NCS < Cl < Br << 1 as expected from the positions of
the ligands in the spectrochemical series. X-Ray
powder investigations * show that Ni(4-vpy),Cl, and
Co(4-vpy),Cl, are isomorphous.

Polymeric octahedral systems. Two forms of cobalt(11)
halogeno-complex containing a 2 : 1 ratio of pyridine to
metal have been shown to exist in the solid state,” a
mauve polymeric octahedral form and a blue tetrahedral
monomeric form. As in the case of Co(py),Cly (py =
pyridine), it is found that the two forms of Co(4-vpy),Cl,
can be readily distinguished by their colour and electronic
spectra and also by their magnetic behaviour and far-i.r.
spectra. The electronic spectrum of the mauve
compound resembles more closely the spectra of the
4 : 1 monomeric systems than those of the blue form and
the other 2: 1 complexes. The 2:1 azido-complex also
shows a similar spectrum, indicating an octahedral
polymeric structure.

The mauve form of Co(4-vpy),Cl, is stable at room
temperature. As with Co(py),Cl, on heating, to 98°, a
rapid solid-state rearrangement 8 to the blue complex
occurred. The same transformation occurred on pro-
longed exposure to sunlight, but the X-ray powder
pattern indicated that the change was not quantitative.
The complexes, mauve Co(4-vpy),Cly and Ni(4-vpy),Cly
have very similar X-ray powder patterns and are iso-
morphous, or nearly so. The powder diffractogram of
the tetrahedral blue form of Co(4-vpy),Cl, is quite
different.

To interpret the spectra of the 2:1 nickel(i1) com-
plexes the approximation to Dg, symmetry is again
made and the bands assigned as for the 4 : 1 complexes,
but since the positioning of the pyridine and halogen
ligands is reversed with respect to the 4:1 complexes,
the splittings of the bands are inverted.

Monomeric tetrahedral systems. These complexes were
also of pyridine to metal ratio 2:1, but of symmetry
Csy. Tetrahedral, four-co-ordinate cobalt(ir) complexes
exhibit two broad and split absorption bands in the
near-i.r. and visible regions: v, the 4T,(P)< %4,
transition, and vy, the 475 (F) <— %4, transition.%10

The tetrahedral ' and polymeric bridged 11¢ structures
assigned to blue and to mauve Co(4-vpy),Cl, respectively
have been confirmed by X-ray investigations.® The

* Data deposited with the N.L.L. as Supplementary Public-
ation No. 20850 (4 pp.). See J.C.S. Dalton, 1972, Index Issue
for details of this scheme.

¢ A. B. P. Lever and S. M. Nelson, J. Chem. Soc. (4), 1966,
859.

7 J. D. Dunitz, Acta Cryst., 1957, 10, 307.

8 W. W. Wendlandt, J. Thermal Analysis, 1969, 1, 469.

9 I°. A. Cotton, D. M. L. Goodgame, M. Goodgame, and
A. Sacco, J. Amer. Chem. Soc., 1961, 83, 4699.

1 J. Ferguson, J. Chem. Phys., 1960, 32, 528.

1L (a) J. Admiraal and G. Gafner, Chem. Comm., 1968, 1221;
(6) M. Laing and E. Horsfield, ¢bid., 1969, 902.

12 M. D. Glonek, C. Curran, and J. V. Quagliano, J. Amer.
Chem. Soc., 1962, 84, 2014.
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metal-ligand bond lengths are very similar to those in
Co(py)sCly

All the complexes of 2-vinylpyridine prepared with
cobalt(11) were tetrahedral. The X-ray powder pattern
of Ce(2-vpy),Cl, was very similar to that of Zn(2-vpy),Cl,
which is also expected to be tetrahedral. Bivalent
cobalt readily takes up a tetrahedral stereo-
chemistry. Tetrahedral nickel(z1) halide pyridine com-
plexes are less common !? than the octahedral forms and
attempts to prepare such complexes with 2-vinylpyridine
resulted in failure, anhydrous nickel halides being
obtained in every case. 2-Substituents favour the form-
ation of tetrahedral nickel(i1) complexes, e.g. Ni(2-
Mepy),Cl, but with 2-vinylpyridine and nickel(11) the
steric effect is perhaps too large to permit complex form-
ation except in solution. Construction of molecular
models indicates that the steric effect of 2-vinylpyridine
is greater than that caused by 2-methylpyridine in this
type of system.

Far-ir. Specira—The metal-substituted pyridine
vibrations have been assigned on the assumption that
for a series of complexes of equivalent stereochemistry,
the vibrations will occur at approximately the same
frequencies 1314 if significant coupling with other
vibrational modes is absent. Some coupling between
vibrations of the same symmetry would be expected to
occur and this would cause some variation in the band
positions. It has been shown, for example, by normal
co-ordinate analysis, that in Si(py),Cl, the purity of the
metal-nitrogen mode is in the region of 40—679,.1%
However, since the vibrations are primary stretchings
the variations would be expected to be small.

Since several sets of compounds of the same stereo-
chemistry were available in which the halogen varied
from Cl to Br to I it was possible to assign the metal-
halogen stretching vibrations (Table 1) with reasonable
certainty. For the tetrahedral complexes the ratios:
v(M-Br)/v(M—Cl) and v(M-I)/v(M-Cl), from these assign-
ments, were about 0-75 and 0-65 as usual,* but the values
of terminal v(M-Br) were sometimes slightly below the
lower limit of the quoted !4 range (300—200 cm™). As
in the pyridine complexes, the v(M—Halogen) frequencies
diminished as the co-ordination number increased, but
the frequencies of the octahedral monomers and polymers
were similar.

In the 4:1 monomeric octahedral species only one
ir.-active stretching vibration would be expected, but in
the polymeric octahedral, and tetrahedral species two
bands are expected (Table 1). This was found to be the
case in the tetrahedral (2:1) complexes studied, but

B D, M. Adams, ‘Metal-Ligand and Related Vibrations,”
Arnold, London, 1967, pp. 207, 285.

1 (g) R. J. H. Clark and C. S. Williams, Inorg. Chem., 1963,
4, 350; R. H. Nuttall, Talanta, 1968, 15, 1567; R. J. Collin,
F. W. Parrett, and D. ]. Phillips, unpublished results; M.
Goldstein and W. D. Unsworth, Inorg. Chimm. Acta, 1970, 4,
342; (b) M. Goldstein and W. D. Unsworth, Spectrochim. Acta,
1972, 28A, 1297; (¢) K. Nakamoto, ‘ Infrared Spectra of In-
organic and Co-ordination Compounds,” 2nd edn., Wiley, New
York, 1970.

15 I. R. Beattic, T. R. Gilson, and G. A. Ozin, J. Chem. Soc.
(4), 1968, 2772.
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only partially true in the spectra of polymeric (2:1)
and monomeric (4 : 1) complexes. Metal-pseudohalogen
vibrations, although not as well characterised as the
metal-halogen vibrations, were found in the 250—300
cm™ region.16
TABLE 2
Magnetic data &b

Co(4-vpy)a(Nj)e Ni(4-vpy),(Na)a

TIK XA He T/K XA e
296 9 620 477 296 3 840 3-01
263 10 530 47 263 4177 2-96
230 11 690 4-63 230 4 569 2-90
199 13 020 4-53 199 5037 2-83
167 14 620 4-41 167 5641 2-74
136 16 340 4-21 136 6 286 2-59
104 17 990 3-85 104 7160 2-45
90 18 540 3:63 90 7 839 2:36

6 = 86° xp = 148 6 = 110° yx, = 148

Co(4-vpy),Cl,

(mauve) Ni(4-vpy),Cl, Ni(4-vpy),Br,
TIK XA Ue XA e XA ™
295 11 700 5-26 4895 3-40 4720 3-34
262 13180 5-24 5543 3-42 5280 3-33
230 15050 5-26 6370 3-43 6077 3-34
199 17370 5-25 7532 3-42 7091 3-36
166 20 480 5-21 9187 3-49 8549 3-37
136 24 600 5-16 11 696 3-57 10 802 3-41
104 31160 5-08 15975 3-64 14 330 3-44
90 35370 5-03 19111 371 16 802 3-48
0 = 14°, 6 = —17°, 0= —11°,
x. = 166 xL = 166 xi, = 196
Co(4-vpy)4(NCO), Ni(4-vpy),(NCO), Ni(4-vpy),Cl,
T/K XA e xa  #e T/K N e
205 10 350 4-94 4211 315 306 4082 3-17
263 11 550 4-92 287 4356 3-18
198 15070 4-88 6486 3-20 271 4586 3-17
167 17 750 4-86 229 5407 3-16
103 26 870 4-70 189 6 504 3-15
95 28 750 4-67 150 8225 315
121 10180 3-14
101 12130 3-14
132 KX 9295 3-17
6 = 18°, 6 = 0°, 6 = 3°,
XL = 293 xL = 293 XL = 332
Room-temperature results (compounds above excluded)
e XL Ue XL
Co(4-vpy),Br, 510 320 Ni(4-vpy),Br, 322 320
Co(4-vpy).l, 449 227 - Ni(4-vpy)l, 3-21 352
Co(2-vpy),Br, 462 195 Ni(4-vpy),(NCS), 3-18 313
Ni(4-vpy),Br, 3-33 195
Ni(4-vpy),(NCS), 3-07 188

a Curie-Weiss law taken as xa oc 1/(T + €). ¢ x4 in c.g.s.u.
X 108; u.in B.M.; xp = diamagnetic correction X 108.

Difficulty was experienced with the assignments of the
spectra of monomeric octahedral complexes because of
the unexpected multiplicity of bands. Examples can be
seen in the Figure which shows the spectra obtained for
the compounds Ni{4-vpy),X, (X = Cl, Br, or I). The
spectra are similar in the 200 cm™ region; hence the
bands here are assigned to metal-pyridine vibrations.
The main halogen-dependent vibrations seem to be at
184 and 176 cm™ (chloride), 132 and 113 (bromide), and

16 R. J. H. Clark and C. S. Williams, Spectrochim. Acta, 1966,
22, 1081.

17 P, C. H. Mitchell and R. J. P. Williams, J. Chemn. Soc.,
1960, 1912.
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110 and 86 cm™ (iodide). The higher frequency band
in each case is assigned to the metal-halogen stretching
vibration. This agrees with recent work 14 on Ni(py),X,
(py = pyridine), except that v(Ni-Cl} was placed at
207 cm™ where in our spectra intense halogen-insensitive
bands occur.

Ligand and Internal Pseudohalogen Vibrations.-—The
i.r. spectra of the co-ordinated organic ligands show only
relatively small differences from the spectra of the free
ligands.

Three pseudohalogen frequencies can be of use in
determining the bonding mode of the group; these are
the symmetric and asymmetric vibrations, v, and vy,
and the deformation, 3. These are respectively found

Transmittance

i 1 1
100 150 200
vjem™1
Far-i.r. spectra: a = Ni(4-vpy),Cl,,
¢ = Ni{4-vpy),l;

b = Ni(4-vpy),Br,,

in the regions 1 400—600, 2 200—2 000, and 800—600
cm™® (Table 1). The increase in frequency of v, in going
from Ni(4-vpy),(NCS), to Ni{4-vpy),(NCS), is as
commonly found for terminal and bridged NCS.37 The
medium intensity of the vs vibration in all the azido-
complexes indicates that it forms a single-atom bridge 8
since for a linearly bridged complex the vibration should
be i.r. inactive as in the azide ion. In this limited series
of compounds ir. evidence alone does not lead to an
unambiguous assignment of the donor atoms of the
pseudohalides.

Magnetochemical Results.—The magnetic moments of
the cobalt(ir) compounds of the stoicheiometry Co(4-
vpy),X, are of the magnitude expected 1® for high-spin,
six-co-ordinate cobalt(ir) compounds, and Co{4-vpy),-
(NCO), obeyed the Curie-Weiss law with a moderate
8 value, showing the usual temperature variation of
magnetic moment arising from varying orbital contri-
bution in this type of compound. The mauve form of
Co(4-vpy),Cl, also behaved magnetically as an octa-

8 J. Nelson and S. M. Nelson, J. Chem. Soc. (4), 1969, 1597.
¢ B. N. Figgis and J. Lewis, Progr. Inorg. Chem., 1964, 6, 37.
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hedral complex in agreement with the polymeric
structure assigned from spectral data. The azido-
complex Co(4-vpy)s(Ny)s obeyed the Curie-Weiss law
with a large 0 value of 86° and a magnetic moment of
477 B.M. at room temperature which is reduced even
below the spin-only value (3-87 B.M.) at 90 K. The
reduction would indicate that unlike in polymeric octa-
hedral Co(4-vpy),Cl, considerable antiferromagnetic
interactions are present in addition to the normal orbital
contribution. The magnetic moments of Co(2-vpy),Br,
and Co(2-vpy),l, are as expected!® for tetrahedral
complexes (4-4—4-8 B.M.).

The magnetic moments of the nickel(11) complexes at
room temperature are compatible® with octahedral
structures, tetrahedral structures being excluded by the
reflectance spectra. The halide-bridged compounds
Ni(4-vpy),Cl, and Ni(4-vpy),Bry show weak ferromagnetic
interactions as has been found 20 in some similar com-
pounds. The failure of the reflectance and far-ir.
spectra to alter significantly on cooling showed that the
magnetic results were not affected by stereochemical
changes. The corresponding azido-nickel(11) compounds
have low, temperature-dependent magnetic moments
arising from antiferromagnetic interactions, and this
would suggest that, as in related manganese(11) com-
plexes,!8 the azido-groups form bridges through a single
nitrogen atom.

EXPERIMENTAL

Most complexes were prepared by the addition of the
stoicheiometric amount of ligand in alcoholic solution to an
aqueous alcoholic or aqueous solution of the metal halide or
pseudohalide. Ethanol was used in the preparation of the
nickel complexes and propan-2-ol in the preparation of the

20 P. M. L. Goodgame, M. Goodgame, and M. J. Weeks,

J. Chem. Soc., 1964, 5194,
2L A, V. Butcher, Ph.D. Thesis, University of Surrey, 1968.
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cobalt(11) complexes since the latter were very soluble in
ethanol. Except in the cases of cobalt iodide and thio-
cyanate, metal iodides and pseudohalides were not used
directly but were prepared by metathesis of the transition-
metal nitrate with the appropriate alkali-metal salt in
ethanolic or aqueous ethanolic solution.

Several attempts were made to prepare the 2-vinyl-
pyridine complexes of nickel halides. Ethanolic solutions
of the pyridine and the metal salt were vacuum distilled,
and benzene added to replace the ethanol removed. This
method, proved successful with related systems,?! gave only
anhydrous nickel halides. A blue oil was obtained by the
addition of ether to a solution of the reactants in dimethyl-
formamide, but this rapidly decomposed to the anhydrous
chloride in the atmosphere.

Pyridine complexes of nickel iodide are often planar, but
attempts to prepare similar complexes of 4-vinylpyridine
failed. When 2 :1 ratios of amine and iodide were mixed
in ethanol only the 4:1 complex separated. Complete
removal of the ethanol and treatment with benzene left an
intractable mixture. Similarly only Co(4-vpy)(NCS),
could be obtained.

All materials were of reagent grade or purer.
were purified as before.®
standard procedures.??

Electronic spectra (40 000—5 000 cm™) were recorded
at room and liquid nitrogen temperatures by the diffuse
reflectance technique on a Unicam SP 700 C spectrophoto-
meter. Far-i.r. spectra (400—30 cm™) of the solid com-
plexes as Nujol mulls between Polythene plates were
determined at room and liquid-nitrogen temperatures on an
R.I.LC. FS 720 Fourier spectrometer. Magnetic moments
from room to liquid-nitrogen temperature were measured
by the Gouy method using a Newport Instruments Gouy
balance. The susceptibilities of all the compounds in-
vestigated were independent of field strength.

[3/313 Received, 12th February, 1973)

22 A, 1. Vogel, ‘A Textbook of Quantitative Inorganic
Analysis,” 3rd edn., Longmans, London, 1961.

Ligands
Analyses were carried out by
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