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Cationic pentachlorophenylnickel(I1) complexes, truns-[C6C15Ni(P)zNCR]+C104- (P = PPhMe2, PPhzMe; R = Me,  CHzPh,  
Ph),  2, prepared from trans-CsCkNi(P)zCi,  silver perchlorate, and nitriles in benzene were treated with methanol or ethanol 
in the  presence of triethylamine, to yield the  corresponding imidate complexes, trans-[CsClsNi(P)2NH=C(R)OR’]+C104-, 
3, identified by ir and  IH NMR spectra  and elemental  analyses.  T h e  IH NMR spectra  revealed t h e  products obtained 
from 2 (P = PPhMea) to  be mixtures of complexes 3 containing isomeric imidate groups. T h e  major isomer ( P  = PPhMez,  
R = Ph,  R’ = M e )  was shown by IH NMR spectroscopy to  be the  cis adduct .  Complex 2 ( P  = PPhMea,  R = M e )  readily 
undergoes substi tution of t h e  acetonitri le l igand with Br-, I-, NCS-, OOCMe- ,  and P(OMe)3.  

Introduction complexes,4 but few simple nitrile complexes seem to be known 
In recent years there has been considerable interest in 

addition of water or of alcohols to a nitrile multiple bond within 
the coordination sphere of metal ions.’ The initial step is 
thought to involve nucleophilic attack of an external or co- 
ordinated hydroxide or alkoxide anion on the nitrile carbon 
atom. Such intermediate imidate complexes have been isolated 
from reactions of 2-cyanopyridine complexes,2 of perfluoro- 
benzonitrile complexes,3 and of o-cyanobenzylplatinum 

except for rhenium-acetonitrile complexes.5 In connection 
with our current research program concerning the syntheses 
and reactions of cationic organonickel( 11) complexes, we report 
here the synthesis of simple nitrile complexes and their re- 
actions with alcohols in an attempt to isolate the corresponding 
imidate complexes. 
Results and Discussion 

Preparation of Nitrile Complexes, trans-[C6ClsNi- 
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Table I. Analytical Data for Nitrile-Nickel(I1) Complexes, truns-[C6C1,Ni(P),NCRlfC10,~ 
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Complexes %C % H  % N  

No, P R Yield, % Mp, “C Calcd Found Calcd Found Calcd Found 

2b CH,C,H, I1 168-169 44.99 44.99 3.65 3.44 1.75 1.76 
92 188-189 44.26 44.10 3.46 3.27 1.78 1.87 

41.12 3.33 3.44 1.92 1.65 2d PPh,Me CH, 61 222-224 47.88 
2e CH,C,H, 12 193-195 5 1 .I5 51.94 3.34 3.60 1.45 1.51 

64 209-2 11 51.42 51.30 3.43 3.40 1.54 1.68 

2a PPhMe, CH, 93 191-193 39.11 39.83 3.48 3.53 1.93 2.12 

2c C 6 H S  

2f C6H5 

Table 11. Spectral Data for Nitrile-Nickel Complexes 

Ir spectra, cm“ H NMR spectra Conductivity,f 
Complex u(C=N)~ Av(C=N)~ u(CIO;)c 6(C10,-)d Solvent T(P-CH,): ppm T(R), ppm n-’ cm’ 

2a 2295 41 1090 625 CDCl, 8.36 t 7.81 s 18.5 
2b 2288 35 1090 628 CDCl, 8.46 t 6.04 s 20.7 

2.5-3.2 m 
2c 2250 21 1088 626 CH,CI, 8.38 t 2.3-3.0 m 37.5 
2d 2285 31 1100 625 CH2C1, 8.00 t 8.18 tg 25.5 
2e 2290 31 1090 624 CH,CI, 8.02 t 6.26h 29.2 

2.2-3.3 m 
2f 225 3 24 1090 624 CDCl, 1.84 t 2.2-3.2 m 44.4 

Very weak. u(comp1ex) - u(free). Very strong. Medium to strong. e J p  = ca. 8 Hz. f lo-’ M in CH,Cl,. g J p  = ca. 1.5 Hz. 
Poorly resolved triplet.. 

(P)2NCR]+C104- ( P  = PPhMez, PPhzMe), 2a-f. The 
chloride ligand in trans-C6C15Ni(P)2Cl (la, P = PPhMez; lb, 
P = PPhzMe) is labile and the complexes react readily with 
silver perchlorate even in a nonpolar solvent such as benzene 
resulting in the precipitation of silver chloride.6 Addition of 
a slight excess of nitrile to the filtrate causes precipitation of 
a cationic pentachlorophenylnickel(I1) complex, trans- 
[ C ~ C ~ S N ~ ( P ) ~ N C R ] + C ~ O ~ - ,  2a-f (see Table I), often as its 
benzene solvate, which can be converted to the unsolvated 
complex by recrystallization from methanol or ethanol or by 
heating below the melting point. The nitrile complexes thus 
prepared are air stable and readily soluble in dichloromethane 
to give conducting solution (Table II).7 In common with 
almost all N-bonded nitrile complexes,* our products show a 
very weak band v(C!=N) at higher frequencies than those of 
the free nitriles (Table 11). The two bands near 1090 and 625 
cm-1 are characteristic of the anionic (Td) clod- group.9 

The IH N M R  spectra (Table 11) are consistent with dia- 
magnetic, trans planar structures in solution. A symmetrical 
1:2:1 triplet resonance in the vicinity of T 8 is assigned to the 
phosphine methyl protons, indicative of “virtually” coupled 
trans phosphines.10 The spectrum of 2a shows the nitriIe 
methyl protons as a singlet downfield from free acetonitrile 
(7  8.04), reflecting the decrease of electron density in this 
ligand on coordination to a cationic nickel moiety. The reverse 
shift in complex 2d may be explained by the fact that the 
“neighbor anisotropy” effect” of the phenyl rings in the 
adjacent methyldiphenylphosphine ligands has overcome the 
electronic effect. An analogous result is obtained for the 
methylene protons of phenylacetonitrile (free, T 6.28) com- 
plexes, 2b and 2e. Phosphine cis coupling was observed for 
the acetonitrile protons of complex 2d. 

Reactions of Nitrile Complexes with Alcohols. Complex 2s 
reacts with methanol in the presence of triethylamine at  a 
moderate temperature. The ir spectrum of the product, 3a, 
shows no v(C=N) band but a strong band at 1661 cm-I 
assignable to v(N=C)5,12 and a weak band at 3260 cm-I 
assignable to v(N-H) in addition to characteristic bands due 
to perchlorate anion at  11 10 (vs) cm-1, the pentachlorophenyl 
group, and dimethyl(pheny1)phosphine. Those bands observed 
a t  1238 and 1070 cm-1 can be assigned to the va(C0C) and 
v,(COC) vibrations,5 respectively, although weaker bands due 
to the pentachlorophenyl group are expected to appear at these 
frequencies. These spectral observations, together with ele- 
mental analyses, are in accord with cationic pentachloro- 

phenylnickel(I1) complexes of the imidate, NH=C(CH3)- 
OCH3. The IH N M R  spectrum of this complex exhibits a 
triplet at T 8.56 (P-CH3), peaks at T 8.72 and 8.32 (C-CH3), 
and peaks at  T 6.96 and 6.73 (ratio 5:3) (O-CH3). Thus, 3a 
is considered to be a mixture of two isomers, 3aE and 3aZ. [ ; O C H f [  ; CH3O [ C H I  + 

C,CI,--NI--N CgC15-NI-N 

3aE 3aZ 

No distinct resonance was detected for the N H  proton. 
The perchlorate anion of 3a can easily be replaced by 

hexafluorophosphate anion, and the 1H NMR spectrum of this 
salt, 3a‘, was quite similar to that of 3a. The acetonitrile 
complex 2a also reacts with ethanol to give the corresponding 
imidate complex, 4a, the IH NMR spectrum of which reveals 
two isomers in an ca. 8:5 ratio. Analytical and spectral data 
for such imidate complexes, prepared from 2a-e, are given in 
Tables I11 and IV, respectively. In these reactions phenyl- 
acetonitrile complexes, 2b and 2e, which were recrystallized 
from ethanol without change, reacted with methanol even in 
the absence of triethylamine to give the corresponding imidate 
complexes, 3b and 3e; the higher acidity of methanol (PKa 16) 
than of ethanol (PKa 17) seems to be effective in a step of the 
reaction path.13 

1H NMR spectra of 3d and 3e indicate that only one isomer 
is present in each case, probably due to the steric influence 
of the phosphine phenyl groups. Another example of the 
difference in the phosphine ligands is manifest in the re- 
activities of complexes 2c and 2f; the former gives the imidate 
complex 3c but 2f does not react when treated in a similar 
manner.], In boiling methanol, complex 2f decomposes; a 
detailed investigation of this and of other reactions is in 
progress. 

The IH N M R  spectra of these imidate complexes contain, 
in general, a 1:2:1 triplet of P-CH3 protons, characteristic of 
trans square-planar coordination around nickel(I1). The 
corresponding resonance pattern for 3c in dichloromethane 
is complex with multiplet peaks centered at T 8.60 and weak 
satellites at  lower field. In deuterioacetone (Figure l ) ,  the 
resonances are composed of a well-defined 1 : 1 :2:2: 1 : 1 sextet 
(or two 1:2:1 triplets) centered at T 8.49 and a weak triplet 
at T 8.35. Since the 0-CH3 proton resonances are composed 
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Table 111. Analytical Data for Imidate-Nickel(I1) Complexes, trans-[C,Cl,Ni(P),NH=C(R)OR']+X- 
Complexes % C  % H  % N  

No. P R R' X- Yield,% Mp,"C Calcd Found Calcd Found Calcd Found 
3a PPhMe, CH, CH, C10,- 78 195-197 39.67 39.45 3.86 3.74 1.85 1.90 
3a' CH, CH, PF,- 203-204 37.42 37.54 3.64 3.33 1.75 1.82 
3b CH,C,H, CH, C10,- 84 193-194 44.70 44.44 3.99 3.76 1.69 1.67 
3c C,H, CH, C10,- 47 175-177 44.00 43.75 3.82 3.55 1.71 1.94 
3d PPh,Me CH, CH, C10,- 68 189-191 47.72 47.69 3.78 3.49 1.59 1.52 
3e CH,C,H, CH, C10,- 84 193-194 51.45 51.35 3.90 3.65 1.46 1.47 
4a PPhMe, CH, C,H, C10,- 45 202-204 40.51 40.60 4.05 4.03 1.82 1.89 

Table IV. Spectral Data for Imidate-Nickel (11) Complexes 

' H NMR spectraa 
Ir spectra, cm-' T(P-CH, ) ,b  T(O-CH,) or 

Complex v(N-H) u(N=C) Solvent PPm 7(0-CHZ),C ppm Others? ppm 
3a 3260 w 1661 s CH, ClZe 6.96 (5) s, 6.37 (3) s 8.72 s, 8.32 s, 2.67 
3 a' 3350 m 1649 s CH,Cl, 8.57 t 6.91 (3) s, 6.49 (2) s 8.65 s, 8.37 s, 2.66 
3b 3316 w 1623 s CH,Cl, 8.62 t 6.39 (5) s, 6.31 (1) s 6.81 S ,  6.54 S ,  3.1-2.5 
3c 3240 m 1623 s (CD ,),Coe 6.12 (7) s, 5.81 (2) s 2.9-2.1,0.93 dg 
3d 3270 w 1649 s CH C1, 8.10 t 6.84 s 8.30 S ,  2.8-2.1 
3e 3270 w 1638 s CH,Cl, 8.08 t 6.31 s 6.63 S ,  3.8-2.4 
4a 3250 w 1655 s CH,Cl, 8.54 t 6.84 (8) q, 6.12 (5) qh 9.0-8.1, 2.67 

a Data for solutions at 23 "C. Jp = ca. 7-8 Hz. Intensity ratio is shown in parentheses. .T(C-CH,), r(C-CH,), and T(C,H,). e See 
text for dP-CH,). Saturated solution. JH = ca. 7 Hz. JH = ca. 7 Hz. 

of two peaks a t  T 6.12 and 5.81 with an intensity ratio of 7:2, 
the presence of two isomers is expected as discussed above for 
3a. Observation of such a sextet is indicative of an imidate 
ligand fixed perpendicularly to the nickel coordination plane 
resulting in two distinctive P-CH3 groups.14 Of interest is the 
observation of a doublet at low field, T 0.93, with intensity 
corresponding to ca. one proton. This observation, together 
with the above results, is fully in agreement with the structural 
assignment for the main isomer I ,  in which one ortho ring 

T 8.48 7'8.50 

I 

proton on the phenyl group in the imidate ligand is situated 
directly over and close to the coordination plane, where the 
paramagnetic anisotropy of the nickel(I1) ion is pronounced.15 
On the other hand, the spectra of 3a in dichloromethane show 
two triplets (T 8.13 and 8.96) at -60 OC, three triplets (T 8.18, 
8.56, and 8.86) a t  -5 OC, and one triplet (T  8.54) a t  45 OC, 
indicating that the rotation around Ni-N bond is frozen in 
both isomers a t  -60 O C ,  frozen in one isomer but free in the 
other at -5 O C ,  and free in both isomers a t  45 "C on the 1H 
NMR time scale. The large differences in rotational barriers 
which are expected to exist for the two isomers may be ex- 
plained in terms of steric influence rather than double-bond 
character in the Ni-N bond. Due to the presence of C-CH3 
proton resonances in the region, a more detailed investigation 
has not been performed. 

Substitutions of the Acetonitrile Ligand. The acetonitrile 
ligand in complex 2a is easily replaced in methanol by a halide 
anion (Br, I, NCS) or by the acetate anion to give the cor- 
responding neutral complex trans-C6ClsNi(PPhMe2)2X. 
Trimethyl phosphite also reacts to give the cationic complex 
trans- [ CsClsNi( PPhMez) 2P( OMe)3] +C104-. Easy replace- 
ment of acetonitrile coordinated to a transition metal has 
recently been reported.5-16.17 The ease of such replacements 
can be attributed to the weak coordination bond and less steric 
hindrance. A positive charge and the coordinative unsaturation 

Figure 1. * H NMR spectra of trans-[C,Cl,Ni(PPhMe,),- 
NH=C(Ph)OMe]+ClO,-, recorded on a deuterioacetone 
solution. 

of complex 2a might also be expected to enhance donor in- 
teraction. 

The reactions studied in the present work are summarized 
in Scheme I.  
Experimental Section 

Both truns-C6ClsNi(PPhMez)2Cl, l a ,  and trans-C6ClsNi- 
(PPh2Me)zCl, lb, were prepared as described previously.6 Commercial 
grade silver perchlorate and nitriles were used. Ir spectra were recorded 
on a Hitachi 225 spectrophotometer over the range 4000-700 cm-l 
and on a Hitachi EPI-L spectrophotometer over the range 700-200 
cm-1 using Nujol mulls. IH N M R  spectra were recorded on a JEOL 
Model JNM-PS-100 spectrometer operating at 100 MHz. Chemical 
shifts were measured relative to TMS as an internal standard. 

Preparation of trans-[C6ClsNi(P)zNCR]+ClO4-, 2a-f. Nitrile 
complexes 2a-f were prepared essentially by the same procedures, 
so only two representative examples are described. Percentage yields 
and analytical data are shown in Table I; spectral and conductivity 
data are shown In Table 11. 
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and spectral data are also shown in Tables 111 and IV. 
Substitutions of Acetonitrile Ligand in 2a. To a hot solution of 

complex 2a (0.290 g, 0.40 mmol) in methanol (10 ml) was added a 
solution of ammonium halide (a slight excess) in methanol ( 5  ml). 
The mixture was cooled to room temperature to give the crystals of 
tranr-CsClsNi(PPhMe2)zX. Both bromide [brown crystals, yield 9096, 
mp 181-182 OC (lit.14 179-181 "C)] and iodide [dark brown crystals, 
yield 8896, mp 168-170 OC (lit.14 166-169 "C)] were identified by 
their melting points and IH NMR spectra. The thiocyanate appeared 
as yellow-brown crystals, yield 87%, mp 173-174 OC. Anal. Calcd 
for C23H22NCIsP2SNi: C, 43.00; H,  3.45; N,  2.18; mol wt 642.4. 
Found: C, 42.98; H,  3.51; N, 2.17; mol wt 644 (VPO method in 
CHCh).  The ir spectrum showed the v(NCS) at  2089 (vs) cm-1. 

A mixture of 2a (0.40 mmol) and ammonium acetate (ca. 0.2 g, 
a large excess) in methanol (10 ml) was stirred at  room temperature 
to give an orange-yellow solution. Water (ca. 10 ml) was added, and 
the precipitate was recrystallized from n-hexane to give yellow-brown 
crystals of trans-CsClsNi(PPhMez)200CCH3, yield 0.188 g, 7396, 
mp 127-128 OC. Spectra: ir, ua(CO2) 1612 cm-1; 1H N M R  
(CHzCIz), 7(P-CH3) 8.56 t, ~ ( c - c H 3 )  8.50 s. Anal. Calcd for 
C24Hzs02ClsPzNi: C, 44.80; H,  3.92. Found: C ,  44.99; H,  4.07. 

To a hot solution of 2a (0.40 mmol) in methanol (10 ml) was added 
trimethyl phosphite (0.07 ml), and the solution was cooled to 0 OC 
to give crystals of trans-[C6ClsNi(PPhMe2)2P(OMe)3]+C104-, yield 
58%, mp 179-180 O C .  Spectra: ir, v(P0C) 1000 cm-1, v(C104-) 1072 
cm-1; 1H NMR (CH2C12) r (PXH3)  8.38 t, z(OCH3) 6.47 d. Anal. 
Calcd for C ~ S H ~ I O ~ C I ~ P ~ N ~ :  C, 37.17; H,  3.87. Found: C ,  36.90; 
H,  3.86. 

Registry No. la, 15526-04-2; lb, 26025-08-1; 2a, 58280-94-7; 2b, 
58280-96-9; 2c, 58280-98-1; 2d, 58281-00-8; 2e, 58281-02-0; 2f, 
58281-04-2; 3aE, 58281-06-4; 3aZ, 58341-89-2; 3a'E, 5828 1-07-5; 
3a'Z, 58341-90-5; 3bE, 58281-09-7; 3bZ, 58341-92-7; 3cE, 58281-1 1-1; 
3cZ, 58341-94-9; 3d, 58281-13-3; 3e, 58281-15-5; 4aE, 58281-17-7; 
4aZ, 58341-96-1; trans-CsClsNi(PPhMe2)zBr, 15526-05-3; 
trans-CsClsNi(PPhMe2)21, 1 5526-06-4; t rans-CsCIsNi-  
(PPhMez)2(NCS), 5828 1- 18-8; tram-C6ClsNi(PPhMe2)~(00CCH3), 
5828 1-19-9; traw-[C6ClsNi(PPhMe2)2P(OMe)3]+C104-, 5828 1-21 -3; 
methanol, 67-56-1; ethanol, 64-17-5; trimethyl phosphite, 121-45-9. 
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Scheme I 
rrans-C,Cl,Ni(P),Cl 

la. b 
tmnsC,Cl,Ni(PPhMe,)X 

[:cy4* C6H6 @As (X = BI, I, NCS, / OOCCH,) 
P trans- [ C, C1, Ni(P), NCRI'CIO 

2a-f trans-[C,CI,Ni(PPh- 
I 2a-e. R'OH Me,),P(OMe),]+C104- 
1 (+NEt 3) 

trans-[ C,Cl,Ni(P),NH=C(R)OR']'ClO,- 
3a-e, R' = Me 

4a, R' = Et 
3a, MeOH I NH,PF, 

trans-[ C,Cl,Ni(PPhMe,),NH=C(Me)OMe]'PF,~ 
3a' 

P=PPhMe, (la, 2a-c, 3a-c, 4a),PPh,Me (lb,2d-f, 3d, 3e);R = Me 
(2a, 2d, 3a, 3d, 4a), CH,Ph (2b, 2e, 3b, 3e), Ph (2c, 2f, 3c) 

A solution of l a  (3.10 g, 5.0 mmol) in benzene (50 ml) was added 
dropwise to a solution of a slight excess of silver perchlorate (1.12 
g) in benzene (1 50 ml). The silver chloride precipitate was removed 
by filtration to give an orange-brown solution, to which an excess of 
acetonitrile (2.5 ml) was added with stirring, followed by ca. l / 3  volume 
of n-hexane. The resulting orange-yellow precipitate was separated 
by filtration and washed with benzene and air-dried to give 
orange-yellow crystals of 2a. 

A solution of lb (0.744 g, 1.0 mmol) in benzene (10 ml) was added 
dropwise to a solution of silver perchlorate (0.208 g, 1.0 mmol) in 
benzene (20 ml). The silver chloride precipitate was removed by 
filtration to give an orange-brown solution, to which an excess of 
phenylacetonitrile was added with stirring, followed by ca. l / 3  volume 
of n-hexane. The resulting orange-yellow precipitate was separated 
by filtration and recrystallized from ethanol to give orange-yellow 
crystals of 2e. 

Complex 2b prepared by the same procedure as above was re- 
crystallized from ethanol. Complex 2c prepared by the same procedure 
as above was heated at  130 OC for several hours to give the unsolvated 
complex. Complexes 2d and 2f were recrystallized from methanol. 

Reactions of 2a-f with Alcohol. Complex 2a (0.725 g, 1 .O mmol) 
was dissolved in methanol (20 ml) with minimum heating. To  the 
solution was added 1 drop of triethylamine and the mixture was cooled 
to 0 OC to give an orange-yellow precipitate (0.700 g, mp 189-191 
"C), which was recrystallized from methanol (10 ml) to give crystals 
of 3a (Tables 111 and IV). 

Treatment of 2a with ethanol in a similar manner as above and 
recrystallization of the product from acetone-ethanol (10:20) gave 
orange-yellow crystals of 4a. 

When 2b was treated in methanol in a similar manner as above, 
the solution deposited orange crystals of 3b at  room temperature. 
Complex 2b was also found to react with methanol even in the absence 
of triethylamine to give a mixture of complex 2b and 3b, the latter 
being the major product. 

Complex 2c was treated in methanol in a similar manner as Sa. 
The product (mp ca. 160 OC) was extracted with boiling methanol 
leaving a small amount of unidentified orange crystals (the identi- 
fication is in progress). The filtrate was concentrated and upon 
refrigeration gave orange-yellow crystals of 3c. 

Complex 2d was treated in methanol in a similar manner as Za, 
and the product 3d was subjected to elemental analysis without 
recrystallization. 

Complex 2e was dissolved in methanol and the solution was kept 
a t  room temperature for 24 h to give the orange-yellow crystals of 
3e. 

Complex 2f was recovered when treated with methanol even in the 
presence of a large excess of triethylamine but seemed to decompose 
when the solution was refluxed for a long time. Further investigations 
are in progress. 

Percentage yields, melting points, and analytical data are shown 
in Table 111; spectral data are shown in Table IV. 

Anion Exchange of Complex 3a. Repeated crystallizations of 
complex 3a from methanol containing an excess of ammonium 
hexafluorophosphate gave crystals of the salt 3a', of which analytical 
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The high spin-low spin transition in the polycrystalline complex compound [Fe(2-CH3phen)3](C104)2 (2-CH3phen = 
2-methyl-I ,lo-phenanthroline) has been reinvestigated by Mossbauer measurements at  21 temperatures between 4.2 and 
295 K, magnetic susceptibility measurements down to 2.6 K, and ir and far-ir spectroscopy. The far-ir spectra at 298 and 
108 K exhibit distinct absorption lines characteristic of high-spin and low-spin Fe-N vibrations. Two high-spin iron(I1) 
quadrupole doublets are observed in the Mossbauer spectra, which are interpreted as arising from two different lattice 
sites for high-spin iron(I1); apparently both of them convert into one and the same low-spin state appearing as a characteristic 
quadrupole doublet. From a theoretical analysis of the temperature dependence of the quadrupole splitting, with trigonal 
field distortion, spin-orbit coupling, and effects of covalency taken into account, it can be shown that the two high-spin 
iron(I1) doublets can be attributed to iron(I1) in 5E and 5A, ground states respectively, under D3 symmetry. Anomalous 
magnetic behavior and a discontinuity in several Mossbauer parameters in the temperature range 70-100 K have been 
detected; these are believed to originate from a phase transition. 

Introduction 
The high spin-.low spin transition in [ Fe(2-CH3phen)3]- 

(C104)2 (2-CH3phen = 2-methyl-l,lO-phenanthroline) has 
been well established by magnetic!, and Mossbauer2 mea- 
surements. In connection with Mossbauer emission spec- 
troscopy on j7Co-labeled diimine complexes of cobalt(I1) 
performed in our laboratory a more profound knowledge of 
the magnetic behavior of [Fe(2-CH3phen)3](C104)2 was 
desirable. A s  already partly reported in a preliminary pub- 
lication,3 Mossbauer effect measurements at 2 1 temperatures 
between 4.2 and 295 K confirm the existence of the spin 
transition, but in contrast to the earlier publication2 two ferrous 
high-spin doublets are apparent from the spectra. 

Earlier magnetic susceptibility studies by Goodwin et al.1 
had been carried out in the temperature range 300-90 K. To 
learn more about the low-temperature magnetism we have 
extended the magnetic measurements down to 2.6 K. 
Moreover, from far-ir spectra taken at room temperature and 
108 K we hoped to gain specific signals on vibrational 
properties above and below the magnetic crossover. 
Experimental Section 

The complex [Fe(2-CH3phen)3](C104)2 was prepared according 
to the method of Pfeiffer and Christeleit4 by adding an aqueous solution 
containing excess sodium perchlorate to a solution of stoichiometric 
amounts of ferrous ammonium sulfate, (NH4)2Fe(S04)~6HzO, and 
the ligands dissolved in a water-methanol mixture ( 1  :l). The product 
was recrystallized from water-methanol and dried under vacuum with 
phosphorus pentoxide. 

The magnetic susceptibility data were recorded with a Foner-type 
magnetometer calibrated with nickel metal. Temperatures between 
2 and 300 K at  the sample could be obtained by means of a 
continuous-flow cryostat. The temperature was measured with a 
gallium arsenide diode (accuracy 20.5%). The maximum error of 
the susceptibility data is estimated to be 1%. Effective magnetic 
moments, perf, were calculated using the formula 

where ,ytm is the molar susceptibility corrected for diamagnetism (505 

Table I. Characteristic Bands in the Far-Ir Spectra of 
[Fe(2-CH3phen),](C10,), at 108 and 298 K and of the Free 
Ligand at 298 K (in Parentheses) 

Wavenumber F, cm-' 
108 K 298 K Assignment 

419 s (405 w) 419 s 
348 m 348 w, sh (348 s) 
331 w 330 w 
318 w, sh 310 (305) Ligand 
283 w v(Fe-N) (low spin) 
270 w, sh 
247 s 247 s (245 m, sh) Ligand 
231 s 
216 s 213 s u(Fe-N) (high spin) 
190 m, sh 

1 Ligand 

6 (N-Fe-N) (low spin) 

1 Ligand 185 m, sh (190 s, br) 
73 m 68 m (72 m) 

X 10-6 emu mol-' calculated according to Figgis and Lewis6). 
The far-infrared spectra (5e500  cm-1) were measured at 298 and 

108 K, using a Polytec FIR 30 spectrometer (polyethylene pellets). 
The Mossbauer spectra were taken with a constant-acceleration 

electromagnetic drive operating in the multiscaling mode. The source 
*7CwCu was kept at  room temperature. The absorber temperature 
was varied between 4.2 and 300 K, with a constancy of 10.1 K. The 
absorbers contained about 0.15 mg of 57Fe/cm*. 
Results 

The far-ir spectra contain a number of bands which are 
essentially identical with those of the free ligand (in Table I 
the free ligand vibrations at room temperature are given in 
parentheses) and are practically not shifted by changing the 
temperature. The Fe-N vibrations with temperature- 
dependent intensities occur in the region of ca. 330-213 cm-1. 
Their assignment is possible by comparison with far-ir spectra 
of similar iron-diimine complexes from the literature.'>* The 
bands a t  213 cm-I (298 K) and 216 cm-1 (108 K) can be 
assigned to the high-spin Fe-N stretching vibration. The 
absorption lines with the center of gravity at about 300 cm-1 
in the low-temperature spectrum should contain low-spin Fe-N 
stretching vibrations, but the assignment is complicated by a 
ligand absorption occurring in the same region. The band at 


