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TABLE I 
SPACING, INDEXING, AND INTEGRATED INTENSITIES 

OF THE REFLECTIONS OF PALLADICM DISULFIDE (11)~  
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a Cu Ka,  nickel-filtered radiation. d values were obtained 
with a Guinier camera and the intensities from a diffractometer 
tracing. There is evidence for the presence of some preferred 
orientation. 

This type of Jahn-Teller distortion, which is frequently 
encountered in palladium compounds, removes the de- 
generacy of the dy energy levels so that spin pairing in 
the lower dy level results. As expected, PdS2 (I) is 
spin-paired and a semiconductor.6 

We have found that a second orthorhombic palladium 
disulfide (11) (a = 5.51, b = 5.56, c = 7.16 b) may be 
prepared from an intimate mixture of the elements or 
directly from I by reaction for 5 min a t  63 kbars and 
1450' followed by quenching. This high-pressure form 
of PdS2 has apparently been prepared el~ewhere.~ At 
250-300O and 1 atm the conversion of I1 to I is accom- 
panied by decomposition to PdS and sulfur. The pat- 
tern of the intensities of the X-ray reflections of I1 
(Table I) suggests that the structure of 11, like that of I, 
is derived from the pyrite structure by elongation of the 
z axis; however, the elongation in the case of I1 is not so 
great as in the case of I and is in fact intermediate be- 

(6) F. Hulliger, J .  Phys  Chem. Solids, 96, 639 (1965). 
(7) T. A. Bither, et  al., reported by F. Hulliger, "Structure and Bonding," 

Vol. 4, Springer-Verlag. New York, N. Y., 1968, p 108,194. 

tween I and the ideal cubic pyrite configuration. The 
pycnometric density of I1 in acetone is 4.92 f 0.10 g 

which may be compared with the calculated 
density, z = 4, of 5.17 g 

Both I1 and I exhibit weak temperature-independent 
paramagnetism. I1 is a better conductor (specific re- 
sistivity, PIJ = 0.5 ohm cm a t  25") than I (PI % 100 ohm 
cm) and although difficulty was encountered in making 
reproducible four probe electrical contacts, ,011 appears 
to increase by a factor of 2 from liquid nitrogen to room 
temperature. Compound I1 does not suffer a super- 
conducting transition above 1.45"K. The apparent 
presence of metallic-type conduction in I1 suggests that 
the delocalization of the electrons in the dy levels sta- 
bilizes the shorter bond lengths along the z axis in the 
high-pressure form of palladium disulfide. The forma- 
tion of two distinct pyrite phases of iridium disulfide8 
is accompanied by a change in stoichiometry from a 
sulfur to iridium mole ratio of approximately 3 to a mole 
ratio of nearly 2. This is not the case with palladium 
disulfide, for both I (37.6y0 by Bas04 precipitation2) 
and I1 (38.2 0.5% S by thermogravimetric analysis) 
analyze very nearly as PdS2 (37.5% S). 

The preparation of I1 was carried out in the "belt" 
superpressure apparatus9 using a cell constructed of 
sodium chloride with a graphite heater. The cell was 
calibrated a t  room temperature with the bismuth 25.5- 
and 27-kbar and the barium 58-kbar transformations. 
Temperature, uncorrected for pressure, was determined 
from a calibration of the high-pressure cell with a Pt- 
Pt-l0% Rh thermocouple. 
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(8) R. A. Munson, Inovg. Chem., 7,389 (1968). 
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When the compound Hg(CF& was made from 
(CF&P and HgO a t  loo", the nonvolatile by-product 
was empirically formulated as an uncertain mercury- 



oxy-bis(trifluoroinethy1)phosphorus iiiatcrial.l lie- 
peating the process, we now have noticed that free mer- 
cury is a product, suggesting that an over-all reaction 
such as 

~ ( C F ~ W  + 4 ~ g o  --+ m g  + H ~ ( c F ~ ) ~  + H ~ [ O ~ P ( C F ~ ) ~ I ~  

might account for much of the nonvolatile product. 
For a test of this interpretation, we performed the 

( C F J ) ~ P - H ~ O  reaction in a sealed tube containing gold 
foil (40 hr a t  loo"), finding that the gain in weight of 
the foil was only 21yo of the expected amount of free 
mercury ; however, in view of the probable formation 
of mercurous oxide in a process always requiring a 
goodly excess of HgO, a larger yield of metallic mercury 
might have been too much to expect. 

For more direct evidence of the formation of a mer- 
cury phosphinate, the ether-soluble part of the non- 
volatile product was extracted in the absence of air, and, 
after removal of the ether in vucuu, the white solid prod- 
uct was treated with CH31 (5  hr, 100') in a sealed tube 
cooled a t  the top for reflux action. After removal of 
the surplus CH31 through a U trap in vacuo a t  --BO0, 
the volatile product proved to be a pure sample of the 
methyl phosphinate; the yield was 75YG, on the basis 
that the weighed extract was pure mercuric phosphin- 
ate, reacting as 

Hg[OaP(CFa)n]a + 2CHyI + Hg12 + %CH,jOaI'(CFa)2 

This methyl ester was identified by comparison of its 
volatility, molecular weight, infrared spectrum, and 
nmr spectra with those of samples of the same ester 
made by three independent methods. 

Alternate Syntheses of the Ester.-One of the 
alternate syntheses of CH302P(CF3)2 was by meth- 
anolysis of (CF3)2POCl. which was made by previously 
reported methods. 2 , 8  However, this methanolysis was 
far from a simple process, for the presumed initial step 

CHyOH $- (CFs)aPOCl --+ CHs0nl'(CF~)a + HCl 

was slow enough to require heating (GOO), and the HC1 
reacted either with the desired ester or with methanol, 
accounting for larger yields of CH3Cl and (CF&POOH 
(nmr identified) than the observed 2G% yield of CHa- 
OzP(CF3)z. 

The second method-methanolysis of (CF&PC13- 
gave an even smaller yield of the ester, along with the 
expected HC1 and (CH&O; the product CHsCI was 
not separated from the latter. Virtually no yield of the 
ester was obtained from the cleavage of (CH&O by 
(CF3)2PC13, for the reaction required temperatures 
around 155" and led to unintelligible decompositions : 
along with a 7074 yield of CH3Cl there was a compara- 
ble amount of noncondensable gases, suggesting the de- 

(1) J. E. Gi-iffiths and A. B. Burg, J .  Am.  Chein. Soc., 82, 5769 (1960). 
( 2 )  J. E. Griffiths and A. B. Burg, ib id . ,  84 ,  3446 (1962). 
(3) A. B. Burg and A. J. Sarkis, i b i d . ,  87, 238 (1966). 
(4) This suggestion relates to a n  observation by the senior author (some 

35 years ago a t  the LJniversity of Chicago) that the decomposition o f  gaseous 
(CHaO)?BH ( 2 5 O ,  1 month) gave not only the expected (CH3O)aB and BiHs 
but also (CHa)>O, white solids, and an equimolar mixture of H?, CO, and 
CHI, known to be the usual thermal decomposition products of dimethyl 
ether. 

compositioii products of dimethyl ether, iiainely, H2, 
CO, and CH4.4 

The third alternative synthesis was by passage of the 
phosphinite ester CHs0P(CF3)2,2 as a vapor a t  minimal 
pressure, over HgO, spread out in a glass helix a t  100". 
The passage was repeated until 80% of the sample had 
been converted, giving a 45yG yield of the desired ester. 
X minor by-product had the volatility and infrared 
spectrum of the Srbuzov-rearrangement product 

Proof of Formula.-A highly purified sample of the 
ester was subjected to vapor-tension measurements : 
2.72 mm a t  -15.2", 7.98 mm a t  O.OOo, 25.3 mm a t  
18.75', and 74.5 mm at 39.60") all exactly matched by 
calculations from the equation log P = 7.8550 + 
1.75 log 2'-  0.007457'- (2508/2') (t7ti0 = 1 0 2 . 1 O ;  Trou- 
ton constant = 21.00 eu). With such evidence of pu- 
rity, the vapor-phase molecular weight results (216-218 
for various samples; calcd, 216.0) left little doubt of the 
formula CH302P(CF3)2. Further confirmation came 
from basic hydrolysis a t  25' : the 0.057-mmol sample 
yielded 0.057 mmol of HCF3, quite in accord with the 
expectation of conversion to the anion of the phosphonic 
acid CF3P0 

The infrared spectrum offers further confirmation, 
with all features as expected for CH302P(CF&. The 
frequencies (cm-l) (recorded by the Beckman IR7 in- 
strument, with CsI optics when needed) are listed with 
relative intensities in parentheses and assigned as fol- 
lows: C-H stretching, 2976 ( 2 . 5 )  and 2875 (0.8); 
CHa deformations, 1463 (0.87) and 1293 (0.7); P=O 
stretching, 1332 (13); C-F stretching, 1211 sh (51), 
1193 (82), and 1142 (13); C-0 stretching, 1046 (36); 
P-OCHs stretching, 817 (3.8); CFJ symmetric defor- 
mation, 765 (1.0); P=O bending (covering the asym- 
metric CF3 deformation), 589 (35) ; P-CFs stretching, 
508 (6.7); and an ambiguous band at 369 (1.3). A 
combination \vas observed a t  1857 (0.47) and an over- 
tone a t  2378 (0.4). 

Nmr Comparisons.-Still further confirmation of the 
ester was found in the resonance spectra of the three 
magnetic nuclei: the IH and I 9 F  spectra showed the 
expected doublets (with fine structure barely resolvable) 
and the 31P spectrum showed a fully delineated septet 
of quartets. For comparison, the study included three 
other (CF3)ZP compounds, as given in Table I. 

The proton spectra (with 6 values marked negative 
for measurement doanfield from tetramethylsilane) 
were recorded by the Varian A-60 instrument. The 
HA-100 instrument was used for 19F at 94.1 Mc and for 

a t  40.3 Mc; the 6 values were measured from ClsCF 
or H3P04, with the upfield direction taken as positive. 
The long-range coupling constants J H  . . .F = J F .  . .I< 

(near the limit of resolution) could be measured most 
surely from the clearly observed quartets of which the 
I9F doublets consisted. From the proton side, two 
HA-100 runs were roughly confirmatory, with measure- 
ment possible among the middle three peaks of each 

3896 (1864). 

CHJ(CF3)zPO. * 

( 5 )  F. W. Bennett, H. J. Emeleus, and I<. N. Haszeldine, J .  Chem. Soc.. 
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TABLE I 
CHaOP(0)- CHsOP- 

( C F S ) ~  (CF3)Z 

-3.72 -3.47 

“0.5” . . .  
11.1 13.0 

73.3 66.2 
120 85.4 
0.37 0.46 

-2 .5  -94.8 
120 86 
10.8 12.7 

septet. The relation of these J 

CHsP(0)- CHsP- 
(CF3)Z (CF3)2 

-1.80 -1.20 
15.6 4 . 6  
0.83 . . .  
72.4 66.9 
99 75 
0.78 . . .  
. . .  5.76 
. . .  76 
. . .  ? 

values to variously 
placed oxygen is interesting, especially since such 
coupling could not be resolved for CH3P(CF&. 
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The tris(oxa1ato) complexes of chromium(II1) and 
cobalt(II1) were first resolved by the use of strychnine 
salts.4 Until recently Werner’s method was probably 
the best way of obtaining the optical antipodes of these 
complexes ; however, in 1956 Dwyer and Sargeson6 
demonstrated that the (+)-tris(1,lO-phenanthro1ine)- 
nickel(I1) cation could be utilized to resolve the tris- 
(oxalato) complexes of Co(III), Cr(III), and Rh(II1). 
The method of Dwyer and Sargeson avoids the difficul- 
ties of working with extremely toxic resolving agents. 

This investigation was initiated to determine if the 
(+)- or (-)-tris(ethylenediamine)cobalt(III) cation 
could be utilized to resolve racemic complexes of ionic 
charge 3 - . This cation can be prepared economically 
in quantity; the reagent has a good solubility in water 
thus avoiding the use of mixed solvents; and the dia- 
stereoisomer isomer formed is not of a “mixed type” 
and hence should have a lower water solubility than the 
double complex obtained by use of the tris(1,lO- 
phenanthroline) nickel (11) ion. 

(1) Presented in part a t  the 2nd Great Lakes Regional Meeting of the 
American Chemical Society, Milwaukee, Wis., June 1968. 

(2) National Science Foundation Research Participant. 
(3) National Science Foundation Undergraduate Research Participant. 
(4) A. Werner, Ber., 46, 3061 (1912). 
(5) F. P. Dwyer and A. M. Sargeson, J .  Phys. Chem., 60, 1831 (1956). 

Experimental Section 
Preparation of Complexes.-The (+)- or ( -  )-tris(ethy1ene- 

diamine)cobalt(III) iodide was prepared according to standard 
methods.6 Potassium (i)-tris(oxalato)cobaltate(III) trihy- 
drate was prepared by literature  method^.^ Potassium (i)- 
tris(oxalato)chromate(III) trihydrate was prepared by the 
method given by Palmer.8 Potassium (i )-tris(oxa1ato)rho- 
date(II1) hydrate was prepared by the method of Werner,Q start- 
ing with the water-soluble rhodium(II1) chloride trihydrate. 

Resolution of the (i)-Tris(oxalato)chromate(III) Ion.-A 
solution of 1.6 g (0.0025 mol) of ( -  )-tris(ethy1enediamine)- 
cobalt(II1) iodide in 40 ml of water a t  15’ was quickly added to a 
stirred solution of 2.2 g (0.005 mol) of potassium (it)-tris(oxa- 
lato)chromate(III) trihydrate in 40 ml of water a t  15’. The 
reaction mixture was stirred for 1 min before the brownish tan 
precipitate of (-)[Co(en)a]( -)[Cr(Cz0,)3] was collected by 
filtration. The filtration was carried out in such a fashion that 
the filtrate was run directly into about 400 ml of cold acetone. 
The precipitated (-)[Co(en)j] ( -  )[Cr(Cz04)3] was washed with 
acetone and air dried. The diastereoisomer was obtained in 
9570 yield (1.3 9). Anal. Calcd for (-)[Co(en)3](-)[Cr- 
(C20&]: C, 26.0; H, 4.3; N, 15.1. Found: C, 26.2; H, 
4.4; N, 14.8. 

The filtrate obtained from the collection of [Co(en)s] [Cr(C,- 
0 4 ) 3 ]  was stirred for 2-3 min to coagulate the precipitated (+)- 
Ka[Cr(CzO&] .HzO. The precipitate was collected by filtration, 
washed with acetone, and air dried. The product was obtained 
in 44y0 yield (0.5 g). -4 0.027, solution gave [ a ] ~  +1550- 
1600’. 

The following method was utilized to obtain the ( - )  form of 
the active anion in the form of the potassium salt from the dia- 
stereoisomer. The entire sample of the double complex was 
placed in a mortar in an ice bath and 5-10 ml of ice water was 
added along with 5-7 g of solid potassium iodide. This mixture 
was ground for 3-5 min at  5-10’. During the grinding the mix- 
ture turned brownish yellow owing to the precipitation of ( -  )- 
[Co(en)a]Ia. The pasty reaction mixture was filtered and the 
blue-green filtrate was run directly into 100 mi of cold, stirred 
acetone. The acetone solution was stirred for 3 min to coagulate 
the precipitate before the product was collected by filtration. 
To remove the excess potassium iodide from the product, the 
collected material was crushed to a powder and slurried three 
times with 100-ml portions of 95% alcohol for 3 min each. The 
product was collected, washed with acetone, and air dried. This 
procedure gave 44% (0.5 g) of ( - )K~[C~(CZO&].H~O.  X 
0.02% solution gave [a]D - 1680’. 

Resolution of the (5)-Tris(oxalato)cobaltate(III) Ion.-The 
method was the same as that utilized for the resolution of the cor- 
responding chromium(II1) complex except that the initial water 
volumes were reduced to 20 ml each. This procedure gave the 
double complex in 98% yield (1.4 g) and the optical antipode 
obtained directly from the acetone solution after the removal of 
the diastereoisomer weighed 1 .O g (82%). The following specific 
rotations were found for the antipode obtained from the acetone 
solution: [a15461 -1425’ for a 0.04y0 solution and [ a ] ~  -1750’ 
for a 0.027, solution. This product was dissolved in water and 
reprecipitated by the addition of alcohol and the rotation was 
redetermined. This material gave [a]D -1850’. Further re- 
crystallization did not raise the angle of rotation. 

The double complex (-)[Co(en)l](+)5461[Co(C~O4)3] had a 
very low solubility in water and prolonged grinding with solid 
potassium iodide in cold water was necessary to cleave this mate- 
rial. The ( + ) ~ M I K ~ [ C O ( C Z ~ ~ ) ~ ]  was obtained in poor yield (30G/0) 
and in a low degree of optical purity, [a16461 +1030’ for a 0.04y0 
solution and [ a ] ~  $1200’ for a 0.02y0 solution. 

Resolution of the (5 )-Tris(oxalato)rhodate(III) Ion.-The 

(6) J. A. Broomhead, F. P. Dwyer, and J. W. Hogarth, Inovg .  S y n ,  6, 

(7) J. C. Bailar, Jr., and E. M. Jones, ibid. ,  1, 35 (1939). 
(8) W. G. Palmer, “Experimental Inorganic Chemistry,” 1st ed, Cam- 

bridge University Press, Cambridge, England, 1954, p 386. 
(9) A. Werner and J. Poupardin, Bey. ,  47, 1955 (1914). 

183 (1960). 


