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Infrared and I&man spectra of heterocyclic compounds-IV 
The ix&wed studies and normal vibrations of some 1:l 

transition metal complexes of 2,2’-bipyridine 
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Al&r&-Compounds of the formula ML(X), (M = Mn(II), Co(II), Zn(II), Fe(II), Pt(I1) and 
Pd(I1); L = 2,2’-bipyridine, 2,2’-bipyridine-de; X = Cl, Br) were prepared and their infrered 
spectra investigated between 4000-40 cm- l. A norm81 coordinate analysis WOE performed on the 
chloro complexes employing a Urey-Bmdley force field with reson&nce parameter and suitable 
general valence force field terms about the metal site. Force con&anti and frequency positions 
indicate very strong metal-ligand bonding for Pt(II), Pd(I1) and Fe(I1) and much weaker 
bonding for Mn(II), Co(I1) 8nd Zn(I1). 

1. INTRODUCTION 

CHELATES of 2,2’-bipyridine possess unusual stability in many cases because of the 
baok-bonding potential of the a-diimine chromophore with metals. This is demon- 
strated among the transition metals where ultraviolet and visible spectroscopy [l-6], 

magnetic susceptibilities [S], and stability constants and heats of formation [7-91 
indicate an anomalously large stability for Fe(II). 

In the area of infrared spectroscopy, measurement of the shift in the NH, 
symmetric deformation ltnd the C-N stretching in compounds of the formula 

0 
NH%-C 

\“A &/NH, 
‘&I’ 

[l, lo] indicate a greater degree of bonding in the Fe(I1) chelates than for the other 
transition metal chelates. For 3: 1 chelates of transition metals with 2,2’-bipyridine 
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and l,lO-orthophenanthroliue, the Fe-N stretching frequencies were observed at 
423 and 630 cm-l vs. 264-297 and 286-300 cm-l for the other transition metals [7]. 

Only one normal coordinate analysis has been attempted on a compound similar 
to 2,2’-bipyridine. Nakamoto found that in 

Fe(GMI),+a GM1 = 

/ \ 
CH,---N N-CHe 

the Fe-N stretching force constant was larger than that for Pt-C in Pt(CN),-2 
(4.7 x 10s dyn/cm vs. 3.43 x 10s dyn/cm) [ll]. This paper is an attempt to extend 
these areas by performing an NCA of 1: 1 2,2’-bipyridine divalent transition metal 
chloride chelates. The metals chosen were Pt(II), Pd(I1) and Fe(H) with expected 
strong bonding and Zn(II), Mn(I1) and Co(I1) with weak expected bonding. The 1: 1 

chelates were chosen over the more common 3 : 1 chelates because of their smaller 
size and computer availability and because of their simpler spectral structure. 

The assignments of the chelates are made by comparing the ligand portion to the 
previously calculated ligand [12] and by a comparison of the deuterated and non- 
deuterated Pt(I1) and Pd(I1) chelates. Vibrations about the coordination site are 
assigned by substitution of the chloride ligand by bromide as well as by comparison 
to similar halogen and imine chelates. 

2.1 Spectra 
2. EXPERIMENTAL 

The chelates were run as KBr discs [13] and nujol mulls in the 4000-300 cm-l 
region on Perkin-Elmer model 221 (NaCl optics from 4000-600 cm-r, CsBr optics 
from 700-300 cm-l) and 521 spectrophotometers. In the 400-40 cm-r region, the 
chelates were run as polyethylene discs [12] on a RIIC Fourier Far IR Spectro- 
photometer. 

2.2 Chelute preparation 

Pt(2,2’-bipyridine)C&, Pd(2,2’-bipyridine)Cl,, Zn(2,2’-bipyridine)Cl~ and Zn(2,2’- 
bipyridine)Br, were made by adding stoichiometric amounts of ligand and ap- 
propriate metal halide (KaPdCla, K,PtCl,, ZnCl, and ZnBr,) in ethanol with heating 
until a precipitate formed [14, 151. They were washed with water and ethanol and 
dried in vucuo and analyzed for halogen. Pt(2,2’-bipyridine)Br,, Pd(2,2’-bipy- 
ridine)Br, were prepared by treating K,PtCl, and K,PdCI, with an excess of KBr 
before adding a stoichiometric amount of ligand and heating until a precipitate 
formed. Their halogen content was also analyzed. 

[ll] S. &EWXNER, Achmcea in th% i%e?ntit?y of cocndi~ion &qotmd8, pp. 437443. 
Macmilksn (1961). 
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% Halogen talc. % Halogen found 

Pt(2,2’-bipyridine)Cla 16.80 16.60 
Pt(2,2’-bipyridine)Br, 33.90 33.32 
Pd(2,2’-bipyridine)Cll, 21.29 21.11 
Pd(2,2’-bipyridine)Brs 37.91 37.22 
Zn(2,2’-bipyridine)Cla 24.06 23.92 
Zn(2,2’-bipyridine)Br, 41.99 41.95 

The remaining chelates were made by decomposition of the 3: 1 chelates [6, 16, 
17). To FeCl, dissolved in water and pretreated with iron metal and HCI an ethanol 
solution of bipyridine (three to one mole ratio) was added. The dark red solution 
was partially evaporated and the chelate formed on cooling. The 3 : 1 chelate was 
then heated in wzcuo until a weight loss corresponding to two ligands was obtained 
as well as yielding the correct halogen content. The bromide salt of the three to one 
chelate was made by treating the chloride chelate with an excess of KBr. This was 
then followed by a similar thermal decomposition in wacuo. The cobalt (II) 3: 1 
chelate was made by stoichiometric addition of anhydrous CoCl, and ligand. The 
bromide was made by treating this solution with excess KBr. The precipitated 
bromide and chloride 3 : 1 chelates were then thermally decomposed in vacuum at a 
temperature of 290°C to assure the formation ef the /?-isomer. The three to one 
Mn(I1) chelate was made by treating M&O, with HCl followed by a stoichiometric 
amount of 2,2’-bipyridine. The bromide was made by treating M.&O,-4H,O with a 
stoichiometric amount of ligand and then adding KBr until a precipitate formed. 
These 3: 1 chelates were then heated in wacuo at a temperature suitable to yield a loss 
of two ligands. 

Pt(2,2’-bipyridine-ds)Cl~ and Pd(2,2’-bipyridine-&,)Cl, were prepared by stoi- 
chiometrict addition of deuterated ligand [12] and &PtCl, or K,PdCl, to D,O in a 
sealed centainer with heating and shaking until a yellow precipitate formed. The 
precipitate was washed with Da0 and dried dn vacua. There was complete loss of the 
C-H stretching modes between 3000-3100 cm-l. 

The hydrochloride was prepared by adding a stoichiometric amount of 1 N HCl 
to a water suspension of 2,2’-bipyridine and evaporation of the solution, in va,c~o 
until a precipitate formed. 

3. SPECTRAL ASSIMMEW~ 

The 1: 1 metal chelates consist of a ligand portion for which the observed fre- 
quencies are found to be comparable to the previously assigned free ligand [12]. 
These appear in the 4000-400 cm-l region. The elucidation of hydrogen dependent 
and non-dependent modes is made by a comparison of the spectra of the Pd(I1) and 

[M] F. BASOLO and F.P.Dn, J. Am. Chem. Sot. 76, 1464 (1954). 
[17] R. H. LEE, E. GRISSWOLD and J. KEINBERF, Inorg. Chmn. 8,Q (1964). 
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Pt(I1) deuterated and non-deuterated chelates. The chelates also consist of a metal 
ligand portion involving the X&N, portion and the ohelate ring for which the 

observed frequencies appear in the 400-40 cm-l region and can be elucidated 
by halogen substitution. The empirical assignments of the observed modes are 
given in Tables 1 and 2 and representstive observed spectra are shown in Fig. 1. 

3500-2000 cm-l 

The chelates possess C,, symmetry with eight possible infrared active aromatic 
C-H stretching-modes. 
3000-3100 cm-i region. 
region. 

2000-1300 cm-l 

There are four bands 

All the chelates exhibit a series of bands, 4-8, in the 
Deuteration shifts these bands to the 2250-2300 cm-l 

between 1600-1460 cm-l that shift approximately 30-60 
cm-l on deuteration. These absorptions are principally ring stretching vibrations 
similar to the bands at 1670 and 1563 cm-l in the free ligand [12]. All the chelates 
also exhibit a very strong band at 1440 cm-i similar to the free ligand band at 
1448 cm-i. In both cases, deuteration shifts this absorption to 1340 cm-l and is 
assigned as a ring mode with signiflcrtnt hydrogen dependence. 

The remainder of the region can exhibit anywhere from three to five bands for the 
various complexes (a series of shoulders on the 1440 cm-l band and the splitting of a 
band at 1320 cm-l in the hgdroperchlorate salt and the Pt(II) and Pd(II) chelates). 
SIN= [18] and TAYLOR [ 191 reported the appearsnce of a new bend (unsplit) at 
1320 cm-l for 3 : 1 rare earth snd transition metal bipyridine chelaks. BELLAMY [20] 

indicates the presence of two bands in this region separated by approximately 
100 cm-i due to interaction between the C=C and C-N species. 

Pd(bipy)Cl, and Pt(bipy)Cl, display absorptions at 1430, 1416, 1317 and 1308 
cm-l. The 1415 and two 1300 cm-l bands (considered as one) are assigned as the ring 
stretching modes of Bellamy and possess A, symmetry. The 1430 cm-l band is 
assigned as a B, ring stretching mode with some hydrogen bending character. 
Deuterations shifts these bands to 1388, 1270 and 13 15 cm-l respectively. 

1300-1100 cm-l 

An absorption appears at approximately 1240 cm-l in all the complexes and is 
similar in behsvior on deuteration to that of a similar band in 2,2’-bipyridine [12]. 

Part&l deuteration does not affect its position and intensity whereas all other 
hydrogen dependent modes are significantly affected. As in the ligand, it is assigned 

[ls] 5. P. SINHA, Spect~ochitn. Acta 20, 879 (1964). 
[lQ] A. A. SCHIL.T and R. C. TAYLOR, J. Irwrg. Nud. Ohem. 9,211 (1969). 
[20] L. L. BELLAMY, The Infmcred Spectm of OompZex iKoZecuZa, p. 279. John Wiley (1968). 
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to the resonant dependent ring stretching mode. There are also two weak intensity 
bands at 1269-1280 cm-l and 1200-1210 cm-l in all the chelates which produce 
weak bands appearing at 1208 and 1150 cm-l in the deutero chelates. These bands 
are assigned EM ring stretching vibrations. 

There are four remaining bands in this region appearing at 1160-1170 cm-l (two) 
and 1100-1120 cm-l (two). These bands shift upon deuteration to 980, 865 and 
~800 cm-1 and correspond to the free ligand hydrogen dependent modes at 1210 and 
1138 cm-l. 

1100-800 cm-l 

This region exhibits the remaining in-plane hydrogen bending motions at ~1058 
and 1041 cm-l (shift to 700-776 cm-l upon deuteration). A ring stretching and 
bending motion is found at 1064 om-1 (shifts 54 cm -l to 1016) and is similar to the 
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1063 cm-l free ligand band which shifts 30 cm-l on deuteration. The ring breathing 
motion at 1020 cm-l is shifted 30 cm-l to higher frequencies in the metal complexes; 
chelation shows the same trend in pyridine complexes [IS]. The initial hydrogen 
out-of-plane modes at 1039 and 880 cm-l shift to 848 and 692 cm-l on deuteration. 
A new bend at approximately 800 cm-l appears that corresponds to an infrared 
inactive ring mode of the free ligand. 

800-600 cm-l 

The characteristic aromatic out-of-plane substitution dependent hydrogen modes 
and the ring bending motions occur in this region. All the complexes possess four 
adjacent hydrogen atoms and display a very intense absorption at 770-760 cm-l and 
a medium intensity absorption at 730-740 cm- l. Most of the complexes also have a 
weak absorption sandwiched between these two. Deuteration shifts these bands to 
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Fig. 1 (cont.) 

602(m) and 660(s) cm-l exhibiting the same apparent reversal in intensity as those in 
the free ligand [12]. 

The ring bending motions are three in number and appear between 670 and 
625 cm-1 for all the complexes. GALL noted that in Mpy,X, complexes [21] these 
absorptions were metal dependent (Pt = Pd > Cu > Ni > Co > Mn). The same 
might be said here for the lowest frequency mode which produces the order : Fe( 645), 
Pd(646), Pt(640), Co(630), Zn(630) and Mn(623). 

600-400 cm-r 

DURIC+ [22] originally reported the Pd-N stretching frequency of a large series of 

[21] N. S. GALL, R. H. NUTTALL, D. E. SCAITE and D. W. A. SHARP, J. Iwg. NucZ. Chm. IS,79 

(221 ~Q~)bms~o, R. LAYTON, D. W. SINK and B. R. MITCHELL, Spect+vchh~~. Acta 81, 1367 
(1966). 



Infrared and Raman spectra of heterocydic compounds-IV 233 

Fig. I (cont.) 

N&nine complexes (pyridine, 1, IO-oti~phenanthrohne, 2,2’-bipyridine, eta.) as 
appearing in the 460-600 cm-l region. This, however, does not appear to be 
reasonable since one would not expect metal-pyridine stretching frequencies to 
appear as high as 2,2’-bip~~e or l,lO-~~ophenanthro~e X-N stretches. Also, 
two bands of weak intensity are observed in this region for the )Ic1 salt of 2,2’- 
bipyridine as well as for the Pd(II), Pt(II), Zn(I1) and Fe(I1) chelates under normal 
conditions and for Mn(I1) and Co(I1) under 5 x ordinate expansion. Instead, the 
bands in this region are possibly overtone or combination bands of the metal-nitrogen 
dependent modes in the 20~300 cm-l region. Also, the cal~atio~ predict an 
inter-ring type mode (in plane shearing: biphenyl, 302 cm-i; bipyridiue, 319 and 
482 cm-’ calculated) occurring above 400 cm- l. Very tentatively, the lower of these 
bands is assigned as the inter-ring type mode. 

Similar to the free ligand, a torsional ring motion appears at -420 om--1, This is 
about 20 am-l higher than in the free ligand but the same trend is observed in 
pyridine czomplexes. Deu~ration &i&s it to 362 cm-l (351 cm-l for the free hgand). 

Below 400 cm-l 

The general characteristics of the spectra in this region are: (a) a weak baud 
above 360 cm-l (shift slightly on bromination), (b) two bands between 300-360 cm-1 
(shift significantly on bro~ation), (c) two bands between 226-300 cm-l (shift 
slightly on bro~ation), (d) two bands spaced 20-30 cm-l apart between 160-210 
cm-l, and (e) a series of bands below 160 cm-l. 

The absorptions between 300 and 360 Ctm-r (269 and 248 for the Mn(II) complex) 
are assigned as the metal-chlorine stretching vibrations because of their: (a) 
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Fig. 1. Infrared absorption spectra of 1 :l metal-bipyridine halide complexes. 
(A) Pd(dipy)Cl,; (B) Pt(dipy)Cl,; (C) Pd(dipy-ds)Cl,; (D) Pt(dipy-d,)Cl,; 
(K) - Pd(dipy)Cl,, * . * * * * Pd(dipy)Brs; (F) Dipy-HCl 3300-700 cm-r; (G) 
Zn(dipy)Cl,; (H) Mn(dipy)Cls; (I) Co(dipy)Cls; (J) Fe(dipy)Cl,; (K) Dipy-HCl 
70040 cm-l; (L) - Zn(dipy)Cl,, * - - * Zn(dipy)Brc; (M) - Mn(d$y)C& 
* - * - Mn(dipy)Brs; (N) ~ co (d$Y)Cl@ . * * * Co(dipy)Brs; (0) - Fe(dipyFl,, 
. . . . Fe(d$yF&; (P) Pd(dipy&; (Q) PdWpy)Br,; (R) PWhW,; (S) 
- Pt (dipy)Brs, * . * * Pt(dipy)I,; (T) Zn(dipy)C& (U) Zn(dipyPra; (VI 
Mn@ipy)Cl,; (W) Mn(dipy)J$; (X1 Co(dipy)Cl,; (Y) Co(dipy)Brs; (Z) Fe(dipy)- 
Cl,; (ZZ) Fe(dipy)Brs; (P) = polyethylene; (M) = mylar band; (5) = spurious 

band. 

Table 3. Metal-halogen stretching frequencies 

Compound M-X str. Reference 

PdpysCl, 342, 333 ~23, 241 
PdpysRrs 219,210 r241 
PtPYsCl, 343, 327 1251 
PtpysBrs 218, 209 1231 
PtCl,-* 336, 304 [26-28, 301 
ZnpyaCls 329, 293 123, 291 
ZnpysBrs 264, 220 [23, 291 
CoPYsCls 344, 304 [231 

M (dipy )X, M-X str. 

336, 340 
228, 196 
260, 337 
228, 200 

339, 324 
268, 260 
338, 313 

[23] R. J. H. CLARK and C. S. WI LLIAMS, Iwrg. Chem. 4, 360 (1966). 
[24] J. R. DURIU, B. R. MITCHELL, D. W. SINK, J. N. WILLIS, JR. and A. S. WILSON, @e&o- 

chim. Acta MA, 1121 (1967). 
[26] D. M. Anaaas, J. CEATT, J. CURATE and A. D. WESTLAND, J. Ohms. Sot. 734 (1964). 
[26] D. M. An- and H. A. GEBBIE, S~trochh. Acta. 19, 926 (1903). 
[27] P. J. HENDRA and N. SADMEVIAN, Spectrochim. Acta al,1271 (1966). 
[28] A. SAFIATONI, L. SACCONI and V. SCHETUNO, Iwg. Churn. 8, 1776 (1964). 
[29] C. POSTEEUS, J. R. FEaagBo and W. WOZNIAK, Inorg. Chem. 6,203O (1967). 
[30] H. POULET, P. DELO~BIE, J. P. MA~XIEU Spectrochim. Acta 20,1866 (1964). 
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generally strong intensity, (b) shift to significantly lower frequencies on bromination 
and (c) similarity to other metal halogen compounds as shown in Table 3. 

The weak absorption above 360 cm-l and the two medium intensity bands 
between 220-300 cm-l are assigned as metal-nitrogen dependent modes. The 
latter bands shift to higher frequencies in the platinum and palladium complexes and 
to lower frequencies for the others while remaining in the same region on halogen 
substitution. The high frequency band appears near the 420 cm-l ligand out-of-plane 
mode for Fe(I1) and Pd(I1) and might be interpretable as splitting of, or related to, 
the 420 cm-l absorption. This does not appear to be the case since: (a) only the 
420 cm-l band shifts on deuteration while the other band remains fixed, (b) this band 
shifts slightly on halogen substitution whereas the 420 cm-l band remains fixed, (c) 
the bands above 360 cm-l vary in a logical order among the metals from Mn(357) to 
Fe(423), and (d) three-to-one chelates show only Fe(I1) having a band close to the 
420 cm-l band. 

In the case of Pt(dipy)Br,, the two low frequency bands were not observed by the 
interferometer although a weak band appeared at 307 cm-l in the CsBr region. 
WALTON [31] did not note any bands in this region either but DTJRIG [24] reported 

Table 4. Representative MX, bending deformations 

Compound MX, def Reference 

Ptcla-2 
PtBr,-a 

PtPY*Cl, 
Pdpy& 
cis-Pt(NH,),Cl, 

Znpy&J 
Znpy,Br, 

184 (R), 168-176 (IR) 
135 (R), 

,I63 (IR) 
166 (IR) 
198 (IR) 
200 (IR) 
182 (IR) 

~26, 321 
[26, 321 
[241 
[241 
[391 
[331 
1331 

observing bands of weak intensity at 301 cm-l and 289 cm-l which would correspond 
well to the 307 cm-l band and the two bands in the chloro complex. 

The next set of bands is two in number between 210-170 cm-l. The higher 
frequency band shifts only a few wavenumbers on halogen substitution while the 
lower frequency band shifts 30-60 cm- l. Bending motions of the MX, species have 
been reported in this region for some divalent Pd, Pt and Zn complexes as shown in 
Table 4. Consequently, the lower band with its greater shift, is assigned as principally 
an MX, scissors type deformation occurring at 126-140 cm-i in the bromo complexes. 
The higher frequency band, because of its slight shift, is assigned as a chelate ring 
type mode similar in character to the free ligand mode at 169 cm-l. 

Assignment of the remaining bands is somewhat diEcult because of their number, 
randomness and weak intensities. The remaining MX, bending vibrations are 
assigned in this region (wagging, twisting, etc.). There is a band in all of the com- 
plexes at approximately 90-100 cm-l. This may be a chelate ring motion with 
character similar to that of the free ligand modes at 42 or 92 cm-l [12]. These 
tentative assignments can be seen in Tables 1 and 2. 

[31] R. A. WALTON, S~ectmclaiwa. Actu 91, 1796 (1966). 
[32] H. ST AMMBEICH and R. FORNERIS,&J&YO&WL Acta 16, 363 (1960). 
[33] M. DE CORDES, Ph.D. Thesis, University of Notre Dame (1967). 
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Table 5. Obeef~ed md calcuhti frequencies of Pd(2,2’-bipyridine)C1, and 
Pd(t,t’-bipyridine-d&Is 

Frequemy 
Pd Vvd% 

ohs. aalc. Approximate description 
Pd (bypr-d,)CI, 

ohs. c&. 

A, modes 

1 
a 
3 
4 
6 
0 
7 
8 
9 

10 
11 
12 
13 
14 
16 
I6 
17 
18 
19 
20 
21 
22 

B, modes 

23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 

:: 

B, modee 

44 
46 
46 

47 
48 
40 
60 
61 
62 
63 

1317 
1246 

1160 
1106 
1041 

080 
1069 

800 
660 
409 
340 
261 
206 
174 

1098 
1043 
1014 
1062 

786 
676 
400 
344 
249 
202 
174 

C-H(D) str. 
C-H(D) str. 
C-H(D) str. 
C-H(D) str. 
C-C, C-N, C-CI, at. 
C-C, C-N hr. 
C-c, C-c&.,. str. 
C-C, C-N str., H(D)CN def. 
resonance depdt. ring str. 
C-C, C-N str., CCHID) def. 
C&u str.. CCH(D) dei. ’ 
CCH(D) def. 
CCH(D) def., C--C str. 
CCH(D) def., C-C str. 
C-C. C-N. M-N str. 
CCN, CNC def. 
CCN, CCC def. 
m. CC,.,., CNi.,.,. str. 
MCI str. (sym.) 
MN, sois. def. 
MN, - MX, sois. def. 
MN, + MX, sois. def. 

3118 3078 C-H(D) str. 
3090 3073 C-H(D) str. 
3078 3072 C-H(D) etr. 
3032 3070 C-H(D) str. 
1660 1666 C-N, C-C str. 
1490 1623 C-C. GN str. 
1440 1403 GC str., CCH(D) def. 
1416 1381 C-C, str., CCH(D) def. 
1280 1281 CC, C-N str., CCH(D) def. 
1170 1178 CCH(D) def. 
1120 1099 CCH(D) def. 
1060 1060 CCH(D) def. 
1032 1046 CC str., CCC. CCH(D) def. 
1020 1020 ring breathing 
976 906 CCC, CCH(D) def.. CC str. 
662 676 CCC def., bkg str. 
646 646 CCC, CCN def. 
443 468 inter-ring def. 
366 360 MX, asym. str. 
280 274 MN + MX str. 

67 60 ms wag 

1032 1037 II-H wag 
880 890 II-H wsg 

768 766 IL-H wag 

732 
718 
420 
ILO. 

162 
- 

738 
703 
426 
242 
162 

74 
22 

II-H wag 
II-H wag, ring T 
ring7 
ringr 
MCI, wag 

- 

3073 
3074 
3072 
3070 
1684 
1493 
1448 
1363 
1263 
1226 

2280 
2280 
2280 
2280 
1666 
1430 
1388 
1270 
1240 
1160 

868 
800 
780 
770 

1016 
146 
630 
378 
330 
- 
- 
- 

2272 
2266 
2261 
2267 
1676 
1473 
1417 
1279 
1223 
1166 

917 
813 
780 
776 

1037 
736 
648 
386 
342 
239 
197 
169 

2280 
2280 
2230 
2280 
1630 
1440 
1340 
1316 
1208 

960 
800 
780 
990 
990 
710 
660 
630 

ll.0. 

340 
- 
- 

2272 
2266 
2261 
2257 
1643 
1603 
1366 
1318 
1230 
946 
782 
776 

1003 
991 
766 
666 
628 
428 
348 
264 

69 

840 813 
714 768 
688 611 
606 639 
688 634 

372 388 

not run 

1.r. : inter-ring. 
i.o.r.: in ohelate ring. 
n.0.: not observed. 
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Table 6. Force constants for Pd(2,2’-bipyridine)C1, in mdyn/A 

Bond stretch (K) Angle bend (II) and repulsion (P) Resonanoe P 

MX 1.708 XMX 0.13 0.13 
MN 

psd. ring 0.36 
2.84 NYN 0.100 0.196 

CN 
chelata ring 0.86 

4.16 NMX 0.039 0.072 
CCL,. 4.00 CN%C.L 0.066 0.112 
cc 6.06 CNM 0.16 0.46 
CH 4.70 CCN 0.32 0.72 

QVF CCNI.,. 0.20 0.43 
CNC 0.19 0.40 

(NM) (=) 0.136 ccc 0.26 OS2 
(NMN) (XMX) opp. 0.10 CCC,.,. 0.40 0.60 
(XYN) (XYN) opp. 0.10 0.16 0.39 
@MN) (XMN) edj. -0.193 EE 0.18 0.42 
(NMN) (XMN) adj. 0.00 

Torsion (T) out of plane wag (II) P interaction force constants 

C-Ni.,.,. 0.60 H(22) 0.266 ?rli?rEl 0 

C-G 0.226 H (20) 0.298 WClTCl -0.036 

z: 0.678 0.60 H(18) H(16) 0.282 0.276 
M-N 0.301 

ortho Torsion inter. met0 Torsion ortho n-r inter. 

(C-C) (C-N) 0.06 (C-C) (C-C) 0.10 H(22) (C-N) 0.069 
(C-C)i.r. (C-Nh.,.,. 0.09 (CC) (N-W 0.06 
(CN) (C-N) 

H(22) (C-C) -0.02 
0.10 (C-C) (C-N) 0.06 

(C-C) (CC) 
H(20) (CC) -0.12 

0.116 (=N) (C-N) 0.06 
(C-N) (M-N) 

H(18) (cc) -0.063 
0.06 (N-M) (C-N) 0.10 -0.10 

(N-M) (N-M) 
H(16) (C-C) 

0.31 

a.=.: inter-ring. 
I.c.~.: in chelate rinp. 

Table 7. Metal-ligand dependent frequencies and force constants for 2,2’-bipyridine 
1: 1 metal complexes 

Observed frequencies for 2,2’-bipyridine 1 :l metal complexes (cm-l) 
Pt Pd Fe co Zll 

A, sym. MN + MC1 + ohelate 386 409 423 371* 389 
ring str. 

B, asym. MN str. 296 280 318 270 243 
A, MN, and MCl, and chelate ring 201 208 219 194 183 

type bond 

Ian 

367 

239 
182 

(myd&) 
Force constants for 2,2’-bipyridine 1:l metal complexes 

lig Pt Pd Fe co Zn lKn 

K(M-N) 2.97 2.04 2.19 0.62 0.64 0.37 
K(N-C) 6.10 4.16 4.16 4.16 4.90 6.16 6.36 
p(che1.) resonance 0.26 0.26 0.60 0.26 0.26 0.26 
p(py. ring) 0.36 0.29 0.29 0.26 0.31 0.32 0.32 

+ talc. 
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4. DISCUSSION 

Normal coordinate analyses were performed for all the complexes studied, using 
the Wilson’s CtF matrix method. The complexes possess either square planar or 
tetrahedral configurations and C,, symmetry with 43 in-plane and 10 out-of-plane 
infrared active fundamentals. Since no X-ray crystal data was available for the 
complexes, a set of molecular parameters had to be generated. The angles and bonds 
in the ligand portion of the chelates were those employed for the free ligand [12] and, 
the chelate ring angles were chosen so as to yield the M-N bond lengths of 2.0 ii 
for Pd and Pt and 1.90 A for the remaining transition metals. These parameters 
seemed reasonable for the approximate calculations presented here and give a set of 
force constants, which although perhaps not unique, give a good insight into the type 
of metal bonding that are possessed by these complexes. 

A sample calculation is given in Table 5 for Pd(dipy)Cl, with an approximate de- 
scription derived from the potential energy distributions of the symmetry coordinates, 
The force constants used to generate these frequencies are given in Table 6. 

The pertinent frequencies and force constants for the 1: 1 chelates are given in 
Table 7. In general, Pd, Pt and Fe form much stronger complexes than Mn, Co and 
Zn indicating that substantial back-bonding occurs in the former but not in the 
latter group of divalent metal complexes. 

This is reflected in the M-N dependent frequencies which among themselves 
form two groups consisting of Pt, Pd and Fe at higher frequencies than Mn, Co and 
Zn. Since there are no pure M-N stretching frequencies in these chelates, one 
might be presumptive to compare them to other molecules. It might be noted that 
the B, mode around 230-300 cm-l contains a high degree of asymmetric stretching 
character and it falls between v(M-N) found for pyridine and ammonia complexes 
[23, 25, 27, 30, 34-361. This is reasonable since ammonia is a stronger base and 
smaller molecule and pyridine, even though being a stronger base, lacks the chelation 
effects. 

The force constants reflect the bonding trend to a much greater degree than the 
frequencies. Divalent Pd, Pt and Fe have R(MN) force constants four times as 
large as the other metals indicating that there is considerable back-bonding involved 
in the former group. The (Fe-N) force constant is not as large as that observed by 
Nakamoto in Fe(GMI),+2 (4.65 mdyn/A [ 111). Th is is not unreasonable since the GM1 
complex involves three ligands with greater extent of back bonding than the 1: 1 
bipyridine chelates reported here. The bonding trend is also reflected in the K(CN) 
and resonance force constants which are lower for Pd, Pt and Fe complexes than for 
Mn, Zn and Co complexes. In comparing the R(MN) force constant to those for 
imidazole and benzimidazole [33] one sees that the Mn, Co and Zn chelates involve 
only a normal chelate bond since their force constants are very much similar to the 
imidazole and benzimidazoIe complexes. 

[34] N. SHEPPARD and D. B. POWELL, J. Chem. Sec. 112 (1961). 
[35] L. SACCONI, A. SABATONI and P. GANS, Inorg. Clam. 8, 1172 (1964). 
[36] I. NAKAGAWA md T. SHIMANOTJOHI, S~ectrochim. Acta 22,759 (1966). 


