
COMPLEXES OP PBLLAl)IUM(rr) AND PLATINU;\l(n) WITH 
2-AAlINO~lETHYLPYRIDIIlr'E (2-PICOLYLAJIIINE)" 

The reactivity of the chelating ligand 2-picolylamine (2-aminomethyl- 
pyridine) towards nickel(11) (Sutton 196O), together with the observation of 
Hartkamp (1958) that palladium(11) reacted with this ligand, prompted the 
following investigation. For comparison, both palladium(11) and platinurn(~r) 
are readily coordinated by the ligands ethylenediamine, 1,lO-phenanthroline, 
and 2,2'-bipyridyl with the formation of complexes such as [PdphenX,] and 
[PdbipyX,], in which X represents univalent addenda such as C1, Br, I, SCB, 
NO, (Livingstone 1952, 1963). Furthermore, it was thought that a study of 
physical measurements might be facilitated by the use of the ligand 2-picolyl- 
amine, since complexes of heterocyclic bases are usually sufficicntly soluble in 
polar solvents for such nleasurements to be made. 

Results a7d Disc.ussio% 
When 2-picolylamine is warmed with aqueous potassium tetracl~loro- 

palladate(11) in the presence of excess of the appropriate anion, pale orange to 
yellow complexes of the type [PdpicX,] settle out as microcrystalline precipitates 
(X=Cl, Br, NO,). Similarly, by allowing the ligand to react with the corres- 
ponding platinum salt (potassium tetrachloroplatinate(11)) under similar con- 
ditions, the highly coloured complexes [PtpicX,] as well as [Ptpic(SCN),] may 
be formed. Flashes of green during these preparations may have been due to 
the formation of the electrolytes [Pdpic,] [PdX,] and [Ptpic,] [PtX,] as inter- 
mediates, although these salts were not isolated. Conductance measurements 
in nitrobenzene and nitromethane showed that the complexes are non-electro- 
lytes, very slight conductances having been due to some ionization or impurities 
(Table 1). This is in agreement with their structures as the monomers [PdpicX,] 
and [PtpicX,] ; although a less likely polymeric structure by halogen bridging 
is also possible. However, this would give rise to an increase in the coordination 
number of the central atoms with a probable lowering of solubility in polar 
solvents and darkening of colour. Unfortunately, molecular weight determina- 
tions were not possible due to limits of solubility in suitable solvents. By 
doubling the proportion of ligand to metal in the appropriate salts, the bis-(2- 
picoly1amine)palladium and platinum complexes were formed and were pre- 
cipitated as percblorates. The latter complexes behaved as bi-univalent electro- 
lytes in nitromethane and nitrobenzene (Table 1). I n  all of the complexes 
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studied, measure~rients of inagnetic susceptibility have shown that they are 
diamagnetic. A study was made of the absorption spectra in the near ultraviolet, 
region between 220 and 350 mir, and the logarithms of the molecular extinction 
coefficionts (E) plotted against wavelengths (my)  (Table 2). Both the bis- 
(2-picolylaniine) complexes [Pdpic,12-r and [Ptpic,]" give two absorption peaks 

TABLE 1 

NULECULAR UOIUUUCTASLES IK IUITROBENZENE AKU SlRTORIETHANL hl 25 A!C 10-'Al 

Nitro- Sitro- 

Molecular Conductances 

Nitro- Nitro- 
benzene inethanc 

Molecular Conductances 

within the range studied, whilst the monopicolylamine complexes [PdpioX,] 
and [PtpioX,] (X =C1, Br) have only one absorption peak with a general absorp- 
tion in the far ultraviolet region of the spectrum (below 220 nib). From the 
results obtained there is a shift of absorption towards longer wavelength in thc 
order [PtpioX,] > [PdpicX,], [Ptpic,12+ > [PdpicJ2+, and Cl>Br in both cases. 

TABLE 2 

ABSORPTION SPECTRA OF COMPLEXES I N  95% ETHASOL 
- - 

Substance 

Maxima 

Wavelength 

(mw) 

Extinction 
Coefficient 

(1% &) 

Minima 

Since a shift of absorption towards longer wavelength is usually associated with 
a release of constraint on the bonding electrons in a complex, this could also 
indicate that  the order of stability follows the above pattern. Since the iodo 
complexes were not readily obtained in the pure state, the order of stability 
of both Pd and Pt complexes of 2-picolylamine is Cl>Br. As a basis for com- 

Wavelength 
(ml*) 

Extinction 
Coefficient 

(log E) 
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parison in the following conductances (Table I), the conductances of bi-univalent 
electrolytes in nitrobenzene and nitromethane are usually in the vicinity of 50 
and 130 C k l  respectively. 

The conductance measurements were made with a Philoscope model GM4249/01 and cell 
GM4221. The nitromethane was purified by drying over anhyd. CaSO, and retaining the 
distillate, boiling a t  101-101.5 "C. A.R. nitrobenzene was allowed to freeze, the unfrozen portion 
was decanted, and the solid allowed to liquefy. The latter was treated with anhyd. MgSO, 
and distilled. Magnetic measurements were made by the Gouy method on the powdered sub- 
stance and the measurements of absorption spectra were determined with a Beckrnann quartz 
spectrophotometer, model DU. 

(a) Diohloromono(2-picolylami~~e)palladium(11).-Pot~ssium tetrachloropalladate(rr) (0.33 g ; 
1 mx)  in water (10 ml) was treated with 2-picolylamine (0.11 g ; 1 mu) in water (5 ml) and the 
mixture heated to boiling point. The yellow microcrystalline precipitate which formed was 
washed with water and then with a small volume of acetone (I  ml) and dried at  105 OC (yield 
0.24 g). The yellow microcubes were found to be slightly soluble in acetone and decomposed 
above 250 O C  (Found : C, 24.9 ; H, 2.7 ; Pd, 37.0%. Calc. for C,H,N,Cl,Pd : C, 25.2 ; H, 2.8 ; 
Pd, 37.3%). 

(b) Dibromomono(2-picolylami.1Le)palladiu~n(11).-Procedure (a) was repeated with the addition 
of NaBr (1 g) prior to the treatment with the ligand. The orange microcubes which resulted were 
found to be stable to above 250 "C (yield 0.34 g) (Found : C, 19.5 ; H, 2.2 ; Pd, 28.4%. Calc. 
for C,H,S,Br,Pd: C, 19.3; H, 2 . 2 ;  Pd, 28.5%). 

(c) Dinitromono(2-picolylamine)palladium(11).-Procedu1'e (a) was repeated adding NaNO, 
(1 g) prior to the addition of the ligand. The pale yellow microcrystals which resulted were found 
to decompose at  208 'C (yield 0.24g) (Found: C, 23 .0 ;  H, 2 . 5 ;  Pd, 34.4%. Calc. for 
C6H,N404Pd: C, 23.5; H, 2 . 6 ;  Pd, 34.7?/,). 

(d) Bis(2-picolylamine)palladium(~~) Perchlorate.-Procedure (a) was repeated taking 2-picoly1- 
amine (0.22 g ; 2 mhs) and XaC10, (2  g). The pale yellow microcrystals which resulted were not 
decomposed below 250 "C (yield 0.41 g) (Found : C, 27.4 ; H, 3.1 ; Pd, 20.3%. Calc. for 
C1,H16N4C1,0,Pd : C, 27.6 ; H, 3.1 ; Pd, 20.4%). 

(e) Dichloromono (2 -picolylamine)platinum(~~). - Potassium tetrachloroplatinate(11) (0.42 g ; 
1 m ~ f )  was dissolved in water (10 ml) and heated to boiling point with a solution of 2-picolylamine 
(0.11 g ; 1 mnf) with stirring. The pale orange acicular crystals which formed and settled rapidly 
were removed by centrifugation, washed with water and acetone, and dried at  105 OC (yield 
0.34 g). The complex was found to be stable to above 300 OC (Found : C, 19.5 ; H, 2 .2 ;  
Pt ,  49.6%. Calc. for C6H,N,C1,Pt : C, 19.3 ; H, 2.2 ; Pt ,  52.1%). 

( f )  Dibromomono(2-picolylamine)platinum(11).-Procedure (e) was repeated with the addition 
of NaBr (1 g). The orange-yellow acicular crystals which resulted were found to be stable to  
above 300 OC (yield 0.45g) (Found: C, 15.7 ; H, 1 . 4 :  Pt,  42.0%. Calc. for C,H,N,Br,Pt: 
C, 15.6;  H, 1.7 ; Pt, 42.2%). 

(g) Dinitromono(2-picolylamine)platinum(11).-Procedure (e) was repeated with the addition 
of NaNO, (1 g). The pale yellow acicular crystals which resulted were found to decompose a t  
238 "C (yield 0.34 g) (Found : C, 17.9 ; H, 2.1 ; Pt, 49.5%. Calc. for C,H,N,O,Pt : C, 18.2 ; 
H, 2 .0 ;  Pt ,  49.5%). 

(h) Dithiocyanatomono(2-picolylamilze)platinun~(11).-Procedure (e) was repeated with the 
addition of NaCNS (1 g). The bright yellow acicular crystals which resulted were found t o  
decompose at  218 'C (yield 0.30 g) (Found : C, 22.4 ; H, 1.9 ; Pt, 46.3%. Calc. for C,H,N,S,Pt : 
C, 22.9; H, 1 . 9 ;  Pt,  46.5%). 

(i) Bis(2-picolylamine)platinum(~~) Perchlorate iMolzohydrate.-Procedure (e) was repeated 
using 2-picolylamine (0.22 g ; 2 m ~ )  and NaClO, (2 g), when pink microrhombic crystals resulted. 
The substance lost water without change of colour at  about 110 "C, and the anhyd. salt was 
found to be stable to above 300 "C (yield 0.59 g) (Found : C, 22.9 ; H, 3.3 ; Pt, 31.4%. Calc. 
for Cl,H,,N4Cl,0,Pt: C, 22.9;  H, 2 . 9 ;  Pt ,  31.1%). 
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POTENTIAL COSSTAXTS AXD THERNODYNAMIC FUNCTIOKS OF 
TETRAFLUOROnlETHANE* 

Although the infrared and Raman spectra of the halogenated methanes 
have been extensively studied, there have until recently been only two investi- 
gations of the Raman spectrum of tetrafluoromethane by Yost, Lassetre, and 
Gross (1935) and Classen (1954). The latter had investigated the Raman 
spectrum of the gaseous CF, under moderate dispersion and resolving power. 
Recently, the Raman spectrum of CF, in the gaseous state has been studied by 
Monostori and Tebe r  (1960) with higher resolution and dispersion. The funda- 
mental frequencies given by these authors occur a t  908.5 cm-=(A,), 
435 - 0  cm-l(E), 1283 . O  cm-l(_F,), and 631.2 cm-l(P,). These frequencies are 
taken in the present investigation for the evaluation of potential constants on 
the  basis of the group theoretical method giT7en by F17ilson (1939, 1941) and the 
calculation of the thermodynamic functions such as heat content, free energy, 
entropy, and heat capacity. 

ATormal Coordinate Treatment 
The molecules and ions of the type XY, whose normal vibrations have been 

studied by llleister and Cleveland (1946) on the basis of group theoretical method, 
have T ,  symmetry and on the application of relevant selection rules given by 
Herzberg (1945) give rise to one nondegenerate A, type vibration, one degenerate 
E type vibration, and two triply degenerate P, type vibrations. All are allowed 
in the Raman spectrum but only P, type vibrations are allowed in the infrared 
absorption spectrum. 

In  the present investigation, the selection of internal coordinates, con- 
struction and orientation of symmetry coordinates and choice of the most general 
quadratic potential energy function for this type of molecule are the same as 
those given by Meister and Cleveland (1946) and will not be repeated here. The 
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