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Infrared spectra of K[PtCl(acac)z] and its metal complexes M[PtCl(acac)z]n (M = (VO)II, Co(II), Ni(II), Cu(II), Zn(II), 
Pd(I1) for n = 2; M = Fe(II1) for n = 3) and NiBrz(acacH)z have been measured and assigned. The metal isotope technique 
has been utilized to assign the M-O(keto-acac) stretching bands. Comparisons of infrared spectra between Ni[PtCl(acac)z]z, 
[PtCl(acac)z]-, and NiBrz(acacH)z reveal that the C=O groups of Ni[PtCl(acac)z]2 retain the keto character even after 
coordination to the Ni atom and that its Ni-O(keto-acac) bonds are much weaker than those of enol-acac complexes. Similar 
results have been obtained for other metal complexes. 

Introduction 
The versatility of acetylacetone (acacH) as a coordinating 

ligand is well recognized.1-3 An extensive infrared study has 
been made on the 0-bonded enol-acac complexes (structure 
I) which are most common among many acetylacetonato 

I 

complexes.4 The C-bonded acetylacetonato complex, K- 
[PtCl(acac)z], was first prepared by Werner.5 However, its 
structure and bonding were not known until X-ray analysis6 
revealed the structure I1 which contains one 0-bonded enol- 

I1 

and one C-bonded keto-acac group. We have previously 

studied the infrared spectra of this and other C-bonded acac 
complexes.7~8 

Lewis and Oldham9 have shown that the above complex 
anion (structure 11) can form neutral complexes of the type 
(structure 111) with a number of divalent metals including the 

111 

VO2+ and UO$+ ions. They studied the infrared spectra, 
electronic spectra, and magnetic susceptibility of these 
complexes and concluded that the majority of them take a 
six-coordinate octahedral structure in which two chlorine atoms 
occupy the fifth and sixth positions of the coordination sphere 
of the metal (M) and that one of the CCBC groups in [PtCl- 
(acac)z]- coordinates to the metal in the keto form. 

In order to obtain more information about the nature of 
bonding between the metal and the C-bonded acac anion 
(structure 11), we have carried out detailed vibrational analyses 
on a series of metal complexes of structure 111. This paper 
reports the infrared spectra of M[PtCl(acac)z]z where M is 
Co(II), Ni(II), Cu(II), Zn(II), Pd(II), and (VO)II, and 
Fe[PtCl(acac)2]3. We have shown previouslyl” that the 
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Table 1. Vibrational Frequencies and Band Assignments of 
Ni [ PtCl(acac) , I 2 ,  K[ PtCl(acac) and Ni(acac), .2H, 0 (cm- )' 

Yukio Nakamura and Kazuo Nakamoto 

Table 811. Observed Frequencies, Isotopic Shifts, and Band 
Assignments for Cu[PtCl(acac),l, and Cu(acac), (cm- ' )  

Ni[PtCl- K[PtCl- Ni(acac),. 
(acac),], (acac),] 2H,O Assignmentb 

1646 s 

1564 s 

1526 s 

1430 sh 
1390 s 
1365 sh 

1278 m 

1190 m 
1223 m 
1190 ni 
1034 m 
1026 in 

940 m 
910 w 
890 w 

783 m 
680 sh 

668 m 

649 in 

590 m 
558 w 

462 m 
438 w 

385 w 
331 m 
312 w 
279 m 

266 m 

242 m 
226 m 

128 in 

1699 s 
1657 m 
1570 s 
1547 m 
1523 s 

1420 sh 
1392 s 
1362 sh 
1335 m 
1279 m 

1200 SI1 
I188 s 
1171 s 
1055 m 
1024 m 
1008 tn 
978 w 
942 w 
935 w 
880 w 
864 w 
780 m 
688 m 

660 w 

638 s 

572 u' 
527 m 
457 m 
436 \v 

379 m 
342 m 
297 w 

275 w 

237 m 

215 m 

1610 s 

1610 s 
1520 s 
1464 s 
1410 s 
1367 s 

1264 s 
1199 m 

1022 s 

932 m 

769 s 

677 m 

660 m 

590 m 

430 m 

277 in 

260 m 

223 s 
195 sh 

u(C=O) 
u(C=O) 
u(C= 0) 
Com bination? 
lJ(c.-cj  

6d(R) 
u ( C - 0 )  

@) 
v(C-C) + 6(C-R- 
u (C.=C) 
u(CLL.C) + u(C-R) 
6(C-H) 
u(C-C) 
G(Pt--C--H) + u(C -R) 
P d R )  
P ~ ( R )  
P ~ ( R )  
u (C -- R) 
u(C-R) 
u(C-R)  
u(C-R) 
b(C-C-C) + u(C-C) + u(C-R) 
T(C-H) 
u(Pt-0) + v(C-R) +ring def 
u(C-R) + ring def + u(Ni-0) 
S(C=O) i. v(Pt-C) + u(C-R) 
n(RCC0) 
u(Pt-0) 
King + v(Ni-0) 
Ring 
u(Pt-C) 
6(C-Rj 
u(Pt-0) 
Ring 
u(Ni-0) + u(C- R) 
6 (C=O) 
u(Pt-C1) 
S(C-R) + S(C=O) 
u(Ni-O=C) 
u(Ni-0) 

u(Ni-O=C) 
u(Ni-OH,) 
Ring def 
pt(Pt-CH) + U(Nl-O=C) 
Pt(Pt-CH) 
n ( r w )  
n(ring) 
u(Ni. . Cl-Pt)? 

6 (C-R) 

a Intensit abbreviations: s, strong; m, medium; w, weak; sh, 
shoulder. R denotes the CH, group. 

Table II, Qbserved Frequencies, Isotopic Shifts, and Band 
Assignments for Ni [PtCl(acacj,l, and Ni(acac),.2H,O (cni-') 

-I____- - 
Ni[PtCl(acac),l, Ni(acac),, 
"Ni Shifta 2H,O Assirnment 

384.0 1.2 
331.0 0.0 
312.0 0.0 
279.0 1.7 

267.0 5.0 

242.0 0.0 
227.0 1.8 

128.8 1.8 

a 7(58~i) - C,"(62Nij. 

_ _ _ ~ -  
430 v(Ni-0) 

s (C=O) 
v(PL -C1) 
6(C-R) + S(C=O) 
v(Ni-O=Cj 

277 u(Ni-0) 
v( Ni- O=C) 

260 u(Ni-OH,) 
Ring def 
pt(Pt- CH) -t v(Ni-O=C) 

223 n(ring) 
195 n(ring) 

u(Ni. . C1-Pt)? 

Cu 1 PtCl(acac), 1 
Assignment -___ 63Cu Shifta Cu(acac), 

457 u(Cu-0) 
389.0 0.0 S (C-0) 
333.0 0.0 v(Pt- Cl) 
311.8 0.5 6(C-R) + S(C=O) 

289 ~ ( C U - 0 )  
283.0 2.0 u(Cu-O=C) 
269.0 1 .o u(Cu-O=C) 

241.0 0.0 Ring def 
221 .o 0.0 P t  (Pt - CHI 

217 n(rmg) 
168.0 0.0 168 n(ring) 
120.0? ? v(Cu. ' c - P t ) ?  

l__l_ 

265 b (C -R) + u(CU-0) 

' v"(63Cu) - v"(65Cu). 

Table IV. Observed Frequencies, Isotopic Shifts, and Band 
Assignments for Zn[PtCl(acac),], and Zn(acac), .H, 0 (cm- I )  

Zn [PtCl(acac),], Zn(acac),. 
6 4 Z ~ i  Shifta H20 Assignment 

396.0 
375.0 
328.0 
311.0 

2,67.0 

233.0 

170.0 
122.0 

423 
0.0 
0.0 385 
0.0 
0.0 

270 
0.0 

240 
5.0 

209 
0.0 173 
1 .o 

u ( Z n - - 0 )  
6(C=O) 
Ring def 
u(Pt-Cl) 
S(C-R) + 6(C-0)  

S (C-R) 
S(C-R) t u ( Z n - - 0 )  

u ( Z n - 0 )  
u(Zn-O=C) 
n(ring) o r  u(Zn-OH,) 
n(rins) 
u(Zn .  .Cl-Pt)'? 

a v " ( 6 4 ~ n )  - v"(66Zn). 

metal-ligand vibrations can be assigned definitively. by using 
the metal isotope method. We have, therefore, assigned the 
M-Q stretching vibrations of these complexes by using isotope 
pairs such as (54Fe, 56Fe), (jWi, S W i ) ,  (63Gu, W u ) ,  and 
(64Zn, 68Zn). 

Experimental Section 
Preparation of Compounds. K[PtCl(acac)z] was prepared according 

to the method used by Behnke and Nakamoto.8 A similar method 
was used for the preparation of K[PtBr(acac)z], The purity of these 
compounds was checked by comparing their infrared spectra with 
published data.gSl1 The metal complexes M[P tCl (a~ac )z ] ,~  (n = 2 
or 3) and Ni[PtBr(acac)z]z were prepared by mixing the a.qucous 
solution of K[PtX(acac)z] (X = Cl and Br) with that of respective 
metal halides. The precipitates were filtered, washed with water, and 
dried in vacuo.9 The purity of the final products was checked by 
elemental analysis and infrared spectra. 

Metal  complexes containing metal isotopes were prepared on a 
milligram scale by using metal isotopes purchased from Oak Ridge 
Uational Laboratory. The purity of metal isotopes was as follows: 
54Fe, 98.19%; 56Fe, 90.73%; 58Ni, 99.98%; W i ,  99.02%; ' X u ,  99.62%; 
65Cu, 99.70%; 64211, 99.42%; 68211, 98.46%. In order to aid infrared 
assignments of the M [PtCl(acac)z]n type complexes, the following 
0-bonded chelate complexes were prepared and their infrared spectra 
were measured: VO(acacf?,l*a Co(acac)z.2Mz0,1*b Ni(acac)z. 
2HzO,13 Cu(acac)z,14 Zn(acac)~HzO,1zc Pd(acac)z,15 and Fe- 
(acac)3.13 NiBrz(acacH)z in which the keto form of acetylacetone 
coordinates to the metal was prepared by the method of Nakamura,  
et 01.16 

Spectral Measurements. Infrared spectra were measured on a 
Beckman IR 12 (4000-250 cm-1) and a Hitachi Perkin-Elmer FIS-3 
(400-33 cm-1) far-infrared spectrophotometer. The KBr pellet 
technique (4000-300 cm-1) and the Nujol mull technique with 
polyethylene plates (400-33 cm-1) were used for all compounds. T'hc 
spectra of metal isotope compounds below 400 cm-1 were mcasurcd 
on an expanded scale with a scanning speed of 2-4 cm-l/min. The 



Platinum-Carbon onded Acetylacetone Complexes 

Ni(acad2 2H@ L 2 . A L u L  1500 loo0 500 

.+'cm-l 

Figure 1.  Infraied spectra of K[IYCl(acac),], Ni[PtCl(acac),],, and 
Ni(acac), .2W,O. 

accuracy of frequency reading was f0.5 cm-1 Reproducibility of 
the spectra was checked by multiple scans over the desired frequency 
range. The frequency was calibrated by using polystyrene film and 
water vapor. 

Results and Discussion 
Previously, we assigned the infrared spectra of the C-bonded 

acac complex Naz[Pt(acac)zClz]7 and 0-bonded acac complex 
K[Pt(acac)Clz] 1' based on the results of normal-coordinate 
analyses. It was shown that the spectrum of K[PtCl(acac)z] 
which contains both C- and 0-bonded acac groups could be 
interpreted as a superposition of the spectra of the two 
compounds mentioned above.8 In this paper, the results of 
these previous investigations were used to assign the infrared 
spectra of MIPtCl(acac)zIn type complexes. 

Ni[PtGl(acac)z]z. Figure 1 compares the infrared spectra 
of Ni[PtCl(acac)z]z, K[PtCl(acac)2], and Ni(acac)2*2HzO. 
In general, the bands due to the 0-bonded acac of K[PtCl- 
(acac)z] do not shift appreciably whereas those due to the 
C-bonded acac group show marked shifts upon complex 
formation with Ni. The C-bonded acac group of K[PtCl- 
(acac)z] exhibits two C=O stretching bands at 1699 and 1657 
cm-1. Upon complex formation with Ni(II), these bands are 
shifted to 1646 cm-1. [Theoretically, two bands are expected 
to appear in this region. However, the other band was not 
observed as a separate band because it is too close to the 
1646-cm-1 band (see ref 16)]. However, this frequency is still 
much higher than the C20 stretching frequencies (1610 and 
1410 cm-1) of Ni(acac)2*2I-I20 in which acac is in the enol 
form. Thus, the CO bonds of the C-bonded acac group in 
Ni[PtCl(acac)z]z retain their keto C=O bond character 
although their bond order is somewhat decreased by complex 
formation with Ni(I1). 

Nine bands between 1600 and 1100 cm-1 of Ni[PtCl- 
(acac)z]z can be assigned easily by comparing their frequencies 
with those of K[PtCl(acac)z].* It was noted that two C-C 
stretching bands of the latter at 1335 and 1188 cm-1 (C-bonded 
acac group) are shifted to higher frequencies upon complex 
formation with Ni(I1) (the band corresponding to the 1335 
cm-1 band is hidden under the 1390-cm-1 band in the Ni(I1) 
complex). This result suggests that the C-C bond order is 
increased slightly as a result of the chelate ring formation with 
Ni(I1). A number of bands are observed between 1100 and 
600 cm-1. Most of these bands are due to the methyl or 
0-bonded acac group vibrations and do not show appreciable 
shifts by complex formation with Ni(I1). 
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We have shown previously18 that 0-bonded chelate com- 
@plexes of the type M(acac)2,3.nHzO exhibit two M-0 
stretching bands in the 460-430- and 360-290-cm-1 regions. 
one of which is coupled with the C-CH3 bending and other 
is pure. Ni[PtCl(acac)z]z exhibits four bands between 600 
and 400 cm-1, none of which are metal isotope sensitive. 
Therefore, these bands cannot be assigned to the Ni-0 
stretching or any other mode involving the motion of the Ni 
atom, As is shown in Figure 2 and Table IT, the Ni(I1) 
complex shows five metal isotope sensitive bands below 400 
cm-1. The bands at 384.0, 331.0, 312.0, 242.0, and 227.0 cm-1 
of the 58Ni complex can be assigned as shown in Table I based 
on previous assignments on K[PtCl(acac)z]. The band at 331.0 
cm-1 is the Pt-C1 stretching since it disappears in Ni[PtBr- 
(acac)z]z. Instead, the latter exhibits its Pt-Br stretching at 
244 cm-I. 

Previously, Nakamura, et a1.,16 synthesized a novel complex 
NiBrz(acacH)z in which the neutral acetylacetone (keto form) 
is bonded to the metal through the oxygen atoms. Subsequent 
X-ray analysis19 on this compound revealed the octahedral 
structure IV. Nakamura, et al.,l6 tentatively assigned the 

Br cH3 
IV 

Ni-0 stretching at 237 cm-1 and the Ni-Br stretching at 178 
cm-1. In order to confirm these assignments, we prepared 
5*NiBrz(acacH)z and its 62Ni analog and compared their 
spectra in the low-freq_uency region. _The results indicated that 
three bands a t  264 (Av = 4), 239 (Av = 5 ) ,  and 179 cm-1 (Au 
= 2 cm-1) (Av is isotopic shift) are isotope sensitive. The last 
band can be assigned to the Ni-Br stretching mode since the 
octahedral Ni-Br stretching frequencies are below 200 cm-1-20 
Then, the former two bands at  264 and 239 cm-1 must be 
assigned to the Ni-0 stretching modes. As mentioned above, 
Ni[PtCl(acac)z]z exhibits two bands at  279 and 266 cm-1 
which are metal isotope sensitive. These bands are not present 
in K[PtCl(acac)z]. Since these frequencies are close to those 
of Ni-0 stretching bands of NiBrz(acacH)z, it is most rea- 
sonable to assign them to the Ni-0 stretching modes of 
Ni[PtCl(acac)z]z. This result indicates that the Ni-0 bonds 
of these two compounds are similar and that the C-=0 bonds 
of both compounds are of keto type. The slight higher fre- 
quency shifts of the Ni-0 stretching bands and the lower 
frequency shifts of the C=O stretching bands of Ni[PtCl- 
(acac)z]z relative to NiBrz(acacH)z (the C=O stretching band 
of this compound is at 1693 cm-1)16 suggest, however that the 
7~ electrons are slightly more delocalized in the Ni-acac chelate 
ring of the former than in that of the latter compound. As 
is shown in Table 11, Ni[PtCl(acac)z]z exhibits two bands at 
227 and 128.8 cm-1 which are metal isotope sensitive. These 
vibrations must involve the substantial motion of the Ni atom. 
We tentatively assigned them to other vibrations listed in Table 
11. 

Other M[PtC1(acac)zln Type Complexes. The spectra of 
other M[PtCl(acac)zIn type complexes where M is Cu(II), 
Zn(II), Fe(III), Co(II), (VO)II, and Pd(I1) can be assigned 
by using a procedure similar to that used for Ni[PtCl(acac)z]z 
previously. The M-0 stretching bands of the Cu(II), Zn(lI), 
and Fe(II1) complexes have been assigned by using isotope 
shift data due to the 63Cu-65Cu, 64Zn-68Zn, and 54Fe-56Fe 
substitution, respectively. Figure 2 shows the far-infrared 
spectra of these isotopic compounds. Tables 111-V list their 
vibrational frequencies and band assignments. These tables 
also include the vibrational frequencies of the corresponding 
0-bonded enol-acac complexes. The spectra of the Co(II[), 
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Pd(II), and (VO)1l wmplexes have been assigned by comparing 
their spectra with those of other metals for which xnctal is01 ope 
data are available. Tables VI and VHH suinrriarize ;ha vi- 
brational frequencies and band assignments of ail t hc  rr,ain 
bands observed in this work. 

M-43 ~~~~~~~ io ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 ~ n  co plexes. ?-?!e ;s,sarlrs 
obtained from our infrared s l u s h  ca be !;XKIITMI.~~XE~ 
follows. ( 1  ) In all M [PtCl(acac)zIn complexes, tln& C-0 
stretching frequencies are lower than that of the [PtCi(acac)i.l- 
ion but much higher than the C"0 stretching frequencies of 
the 0-bonded (enol) complexes. (2) The C-C stretching iiatlds 
of the 0-bonded (keto) M-acac ring are higher than tkosc; of 
the free [PtCl(acac)z] ~- ion. (3) The M.-9_9(ke 
stretching frequencies (360-230 cm-1) are lower than i 
(enol-acac) stretching frequencies (490.-240 cm--l). (4 
for M = Pd(II) and (Vo)II, the Pt-C1 stretching frequencies 
of M[PtC1(acac)zln are lower than that of the free [PKl- 
(acac)z]- ion. The orig;ns of these spectral changes wili be 
discussed below. 

The changes observed for the G-0, C - C ,  and Ia/&.---O 
stretching bands suggest that, in the M--acac(kero) cheiatc ringi 

400 300 200 103 
U /  crn-' 

Figure 2. Far-infrared spectia of Ni[PtCl(acac),],, Cu[PtCl(acac),],, 
Zii[PtCl(acac),],, and Fe[PtCl(acac),], containing metal isotopes. 

Table V. Observed Frequencies, Isotopic Shifts, and Band 
Assignments for Fe[PtCl(acac),], and Fe(acac), (cm-') 

Fe I PtCl(acac), 1 
"Fe Shifta 

392.0 0.0 
379.0 1.0 
327.0 0.0 
311.0 0.0 

262.0 2.0 
241.5 0.5 
202.0 1 .o 

a 17("Fe) -v"("Fe). 

Fe(acac), Assignment 

438 u(Fe-0) 
6 (C=O) 
Ring def 
u(Pt-CJ) 
6(C-R) + S(C=O) 

298 u ( F e - 0 )  
u(Fe-O=C) 
v(Fe-O=C) 

201 n(ring) 

kcto coordination enol coordination 

the C=O groups still retain their keto character although the 
H electrons are somewhat more delocalized than that of the 
[ PtCl(acac)a] .- ion. Accordingly, the C-C stretching bands 
shift to higher frequencies upon complex formation. However, 
the extent of n-electron delocalization is much less than that 
of the M-acac (enol) chelate ring. Thus the M.--O bonds i n  
the keto coordination are weaker than those in the cnol CO- 
ordination, and this is reflected in the M-O stretching fre- 
quencies discussed above. 

Table W. Characteristic Frequencies and Band Assignments Observed for K[PtCl(acac),], M[PtCl(acac),],, and hl(acac),.nH,O 
(M = Co,  N, Cu, Zn; n = 0, 1, 2) (cm-')  -.______I___-___-____I________ - __ __l__l__ 

K[ PtC1- Co[ PtCl- Co(acac),' Ni[ FtC1- Ni(acac),' Cu [PtCl- Zn[PtCl- Zn(acac),. 
(acacL1 (acac),l, 2H,O (acac),l, 2H,O (acac),l2 Cu(acac), (acac),l, H,O Assipninent 

1699 1657 164.7 1646 
1570 1392 1578 1390 1617 1406 1564 1390 1610 
1523 1279 1530 1281 1617 1266 1526 1278 1610 
1335 1188 a 1225 u 1223 
1200 1192 1205 1190 1199 

780 786 77 1 783 769 
638 457 650 461 649 462 

425 261 430 
270 264 279 266 

572  b 558 
342 331 331 

1630 
1410 1574 
1264 1528 

a 
1195 
780 
649 

283 
580 
333 

277 

1647 V ( C - 0 )  

1390 1580 1419 1580 1390 1605 1400 v(C-20) 
1280 1531 1278 1530 1205 1605 1265 v(C::.C) 
1232 a 1224 I > ( ( :  -C) 

1190 1195 1195 6(C--H)  
781. 7 87 772 7T( c- 13) 

457 650 4.61 u(Pt--0) 
457 289 423 240 v ( M - 0 )  

269 233 u(M--O=C) 
b u (Pt - C) 

328 u p - - C l )  

.~ a This band overlaps with a lower u(C=O) band near 1390 cm- ' .  

Table WI. Characteristic Frequencies and Band Assignments Observed for M[PtCl(acac),],~, and M(acac),~, (M = VO, Pd, Fe) (cm '1  

This band oveilaps with a ring dcformation band. 

VO [PtCl(acac),], VO(acac), Pd [PtCl(acac),], Pdtacac), Fe[PtCl(acac),l, Fe(acac), Assignment 

1615 1592 
1570 1388 1560 1423 1570 1384 1570 
1526 1290 1532 1290 1527 1279 1530 
a 1240 a 1242 
1192 1190 1201 1201 
783 800 781 788 
990 1000 
653 452 650 458 

488 365 468 
355 309 297 

565 
346 345 

1640 
1400 1570 1390 1572 1392 
1275 1530 1280 1530 1278 

U 1225 
1191 1190 
810 788 805 775 

650 462 

260 242 

327 

295 438 298 

b 

a This band overlaps with a lower u(C-0 )  band near 1390 cm- l .  This band overlaps with a ring deformation band. 



Platinum-Carbon Bonded Acetylacetone Complexes 

The magnitude of the C=Q stretching frequency shift (A;) 
upon complex formation depends upon the metal involved. 
Using the 1699-cm-1 band of the [PtCl(acac)z]- ion as the 
standard, we_obtain the following order of the metals as a 
function of Av (the numbers in parentheses are Av in cm-1): 
Pd(l1) (107) >> (V0)II  (84) > Cu(I1) (69) > Fe(II1) (59) 
> Ni(1I) (53) - Co(1I) (52), Zn(I1) (52). This order is 
surprisingly similar to that of the stability constants (log K1K2) 
of the enol-acac complexes involving these metals:18a Pd(I1) 
(27.1) >> (V0) I J  (15.79) > Cu(I1) (14.93) > Ni(I1) (10.38) 
> Co(I1) (9.51) > Zn(I1) (8.81). As pointed out previously, 
a more quantitative comparison must be made between the 
force constant and the enthalpy of formation rather than 
between the frequency and the stability constant.l*a Only 
the Pd(1I) complex, however, has a planar strycture, as will 
be shown later, and, hence, the largest shift (Av = 107 cm-1) 
of the C=O stretching band is probable. Except for the 
five-coordinate (V0)II  complex the order of all-other octa- 
hedrally coordinated metals as a function of Av (Co(I1) < 
Ni(I1) < Cu(1I) > Zn(I1)) seems to reflect the trend of the 
crystal field stabilization energy. Such a trend is also the 
general case for the stability of the first-row transition metal 
complexes.21 

If we arrange the metals in the order of the M-O(keto) 
stretching frequencies (in parentheses), we have (VO)“ (355), 
> Pd(l[I) (309,297) > Cu(I1) (283,269) > Ni(I1) (279,266) 
> Co(1I) (270,264) > Zn(I1) (233). Different from the C 4  
stretching frequencies in the high-frequency region, the M-0 
stretching frequencies are sensitive to the mass of the metal 
and the structure of the complex. Thus, the reversal of the 
order between (VQ)II and Pd(I1) may be accounted for by 
these factors. The Fe(II1) complex was not included in the 
above series by the same reason. Otherwise, both C=Q and 
M-0 stretching frequencies indicate that the strength of the 
M-0 bond follows the stability order of these divalent metals. 

Previously, Lewis and Oldham9 explained the lowering of 
the Pt-C1 stretching frequency upon coordination by assuming 
that, in M[PtCl(acac)2In, the C1 atoms may occupy the fifth 
and sixth sites of octahedral coordination around M through 
intramolecular interaction. Their magnetic studies on the 
Co(I1) and Ni(I1) complexes confirmed the octahedral co- 
ordination in these compounds. Using the Pt-C1 stretching 
frequency (342 cm-1) of the [PtCl(acac)z]- ion as the standard, 
the magnitude of the shift of this band (in parentheses) upon 
complex formation is (VQ)II (4) > Pd(I1) (3) > Cu(I1) (-9) 
> Ni(I1) (-1 1) - Co(I1) (-1 1) > Zn(I1) (-14) - Fe(II1) 
(-15). In the cases of (V0)II  and Pd(II), the C1 atoms are 
probably free from further coordination, and their Pt-C1 
stretching frequencies are not lowered by complex formation. 
However, it is rather difficult to explain the large negative shift 
obtained for the Fe(II1) complex based on the above theory 
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since the fifth and sixth positions are not available for chlorine 
coordination in this case. On the other hand, in contrast with 
the cases of other metal complexes the Fe-Q stretching 
frequency (242 cm--l) in the Fe(II1) complex is unusually lower 
compared to that (298 cm-1) of Fe(acac)3. This abnormal 
weakness of the Fe-0 bond strength may be caused by the 
strain originated from coordination of three large ligands 
(PtCl(acac)z-) to a metal ion. The negative shift of the Pt-Cl 
stretching frequency obtained for the Fe(II1) complex might 
also be based on the same reason. 
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