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TABLE I 
SELECTED IR DATA FOR P t  COMPLEXES (CM-1) 

(NHs)zPt(CHaCHzCN)z(CI04)z (NHs)aPt(CHsCN)z(C104)z 

621 (singlet) 623 (singlet) 
800-1000 (no peaks) 

1090 (singlet) 1090 (singlet) 
1348 and 1364 (NHa sym def) 

nmr spectrum of the solution exhibited the triplet 
due to bound CH3CN. The central peak of this trip- 
let was integrated with respect to the 13C satellite of 
bulk CH3CN and the value of the solvation number was 
found to be 1.95 f 0.1. Thus two acetonitrile mole- 
cules had displaced the two propionitrile molecules. 
This result confirms the existing evidence that aceto- 
nitrile displaces propionitrile completely from the 
Pt coordination shell.' The position of the CH3CH2CN 
methyl triplet, 64, 72, and 80 cps downfield from TMS, 
showed that this resonance was due to free propionitrile. 
Furthermore, when the methyl peak of CH3CH2CN 
was integrated with respect to the 13C satellite of bulk 
CH&N, the number of free CH3CH2CN molecules was 
calculated using eq 1. The ratio of the propionitrile to 

800-1000 (no peaks) 

1343 and 1363 (NHa sym def) 

(1) 
free CHaCHtCN - area of CHaCHtCN 

free CHsCN (178.5)(area of lac) - 

13C areas was 1.73. Thus 0.254 mol of free CH3CH2CN 
was found, in reasonable agreement with the 0.216 mol 
expected. 

The lg5Pt-IH coupling is transmitted through four 
bonds. The value of the coupling constant, 12.1 cps, 
is smaller than those reported for coupling through two 
or three  bond^.^-'^ Lewis, et al.,1° used values of 
coupling constants to assign bonding sites in Pt-acac 
complexes. The basis for their assignments was that 
coupling constants should decrease as the interacting 
nuclei are separated by more bonds. Thus, i t  becomes 
important to determine coupling constants for a variety 
of systems. The coupling in the Pt-CH&N system is 
slightly larger than that of other systems where the 
interaction is through four bonds.l6,l7 In fact, four- 
bond Pt-H couplings range from our 12.1 cps down to 2 
cps. lo The persistence of the coupling up to the boiling 
point (81 ") indicated that the acetonitrile molecules 
were strongly bonded to the platinum. This was con- 
sistent with the observation of no broadening of the 
bound triplet even a t  the higher temperatures and 
indicated that the solvent-exchange rate was too slow 
to be measurable by this method. 

Acknowledgment.-The authors wish to thank Mr. 
C. W. Hobbs for running the infrared spectra. 

(7) V. V. Lebedinskii and V. A. Golovnya, Isv .  Seklora P la t i r~y  i Drug. 
Wagorodn .  Metal., Ins t .  Obshch. i Neorgan. Kh im. ,  Akad .  Nauk  SSSR, 20, 
84 (1947). 

(8) G.  L. Morgan, R. D. Rennick, and C. C. Soong, Inorg .  Chem., 5, 372 
(1966). 

(9) J. A. S. Smith, J .  Chem. Soc., 4736 (1962). 
(IO) J. Lewis, R. F. Long, and C .  Oldham, ibid. ,  6740 (1965). 
(11) K. Kite, J. A. S. Smith, and E. F. Wilkins, ibid. ,  1744 (1966). 
(12) J. M. Jenkins and B. L. Sbaw, ibid. ,  770 (1966). 
(13) P. D. Raplanand M. Orchin, Inovg.  Chem.,  6 ,  1096 (1967). 
(14) P. D. Kaplan and M. Orchin, ibid. ,  4, 1393 (1965). 
(15) D. E. Powell and N. Sheppard, J .  Chem. SOC., 2519 (1960). 
(16) A. R. Brause, F. Kaplan, and M. Orchin, J .  A m .  Chem. Soc., 69, 2661 

(17) P. J. McCarthy and A. E. Martell, Inorg. Chem., 6, 781 (1867). 
(1967). 

CONTRIBUTION FROM THE KAVAL RESEARCH LABORATORY, 
WASHINGTON, D. C. 20390, AND THE JOHN HARRISON 

LABORATORY OF CHEMISTRY AND THE LABORATORY FOR 

RESEARCH ON THE STRUCTURE OF MATTER, UNIVERSITY OF 

PENNSYLVANIA, PHILADELPHIA, PENNSYLVANIA 19104 

The Mass Spectrum of 
TrifluorosilyltetracarbonylcobaltIa 

BY F. E. SAALPELD,~~  M. V. M C D O W E L L , ~ ~  A. P. HAG EX,^^ 
AND A. G. MACDIARMID'C 

Received February 12, 1968 

Recently published reports2p3 on the infrared spec- 
trum and force constants of trifluorosilyltetracarbonyl- 
cobalt, SiF3Co(C0)4, have suggested that there might 
be significant (d --t d) T bonding between the silicon and 
cobalt in this and other silicon tetracarbonylcobalt 
compounds. This paper reports the fragmentation 
pattern of SiF3Co(CO)d and the appearance potential 
measurement of selected ions from which the standard 
heats of formation of the positive ions of S ~ F ~ C O ( C O ) ~ ,  
hiFif0(SiF3Co(CO)4), and the silicon-cobalt bond energy 
in SiF3Co(C0)4 have been calculated. 

Experimental Section 
Trifluorosilyltetracarbonylcobalt was prepared from HSiFs 

and C@(CO)S.~  The identity and purity of the compound were 
ascertained by partial elemental analysis, Dumas molecular 
weight determination, and infrared and mass spectral measure- 
ments. Decomposition was minimized by storage of the com- 
pound a t  the temperature of boiling liquid nitrogen. Trifluoro- 
silyltetracarbonylcobalt was introduced into the mass spec- 
trometer by the following procedure. The tube containing 
S~F~CO(CO)P was warmed slowly from -196 to  -78" and traces 
of any volatile materials, e.g., CO and SiF4, were removed by 
evacuation; the sample tube was then warmed slowly to OD, 
distilling S ~ F ~ C O ( C O ) ~  into the mass spectrometer. 

All of the mass spectral data were obtained on a modified 12-107 
Bendix TOF mass spectrometer previously described.6 The 
reasons for the selection of this mass spectrometer have been 
cited elsewhere.6 A fresh sample of SiFsCo(C0)a was intro- 
duced into the mass spectrometer for each measurement, since 
some thermal decomposition did occur on standing a t  room tem- 
perature. 

Results and Discussion 
Fragmentation Patterns.-The fragmentation pat- 

tern of SiF&o(CO),, corrected for the background in the 
mass spectrometer, is given in Table I. Some of the 
salient features of the mass spectrum are the moderately 
intense parent ion current a t  m/e 256 and the fact that 
CO is fragmented from the parent ion more readily 
than F. Like other transition metal carbonyl~,~,s 
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TABLE I 
FRAGMENTATIOS PATTERP OF 28SiFgCo( CO), 
BASED ON PER CENT OF TOTAL ION CURRENT 

m / e  Ion % I i / Z I i  

256 SiF,Co( CO)4+ 2.8 
237 SiFzCo( CO),+ 0 . 5  
228 SiFaCo( CO j, + 4 . 0  
209 SiFzCo( C 0 ) 2  0 . 3  
200h SiFaCo( CO)2 + 3 . 4  
181 SiF,Co( CO)? + 0 . 1  
172 SiFgCo( CO) + 2 . 6  
144 SiFsCo + 12.5 
125 SiFsCo + 0 . 4  
115 Co( C0)s + 12.1 
87 Co( CO) + 17.6 
85 SiFa+ 3 . 5  
78 CoF + 0 . 8  fl 
71 COC + 2 . 2  , i? 

57.5 Co( cop + 2 . 1  
47 SiF + 1 . 8  , :: 4 

43.5 Co( coy" ' 0 . 8  . 
28 co + i 7 .9 

a Ionizing voltage 70 V ;  ionizing current 0.125 pa l ;  instrument 
operated in pulsed mode with ion lens on. m / e  200 has been 
corrected for presence of Hg in the background of the mass spec- 
trometer. 

66 SiFz 1.3 4 
59 c o  + 23.3 

reaction of organometallic compounds containing the 
silicon difluoride moiety, and, hence, certain organo- 
metallic compounds may be a convenient source of SiFz 
radicals. 

Differentiation between Si- and CO-containing ions 
was made by comparison of the expected effect of the 
Si and CO isotopes on the ratios of the 4f + 1 and J[ + 
2 for the m/e ratios d l  = 144,125,115,87, and 28. The 
correct chemical composition of the ion currents is cited 
in column 2 of Table I. The doubly charged ion species 
Co(CO)z2+ and CO(CO)~++, observed in the spectrum 
of SiF&o(CO)A, have also been noted in the mass 
spectra of HCo(C0)h6 and CH3SiF2Co(C0)410 but not 
in the spectrum of C O % ( C O ) ~ ~ ~  or in the spectra of the 
phosphorus trifluoride derivatives of HCO(CO)+~ 

While instrumentational limitations prevented a de- 
tailed study of the negative ions of SiF,Co(CO)A, 
several were observed. These were (in decreasing 
abundance a t  70 V) SiF&o(CO)a-, SiF3Co(C0)2.-, and 
SiF3Co(CO) -. 

Appearance Potentials and Thermochemical Results. 
-The values of the appearance potentials and -the 
thermochemical properties of the ions of SiF&o(CO)* 
are shown in Table 11. In the thermochemical values 

TABLE I1 
APPEARANCE POTEXTIALS~ AXD THERMOCHEMICAL RESULTS FOR 28SiFaCo( CO)* 

Appearance potential AHi0 (ion), A H f 0  (S iFsCo(C0)d  
kcal/mol Ion (m/e)  Neutral species E v kcal/mol kcal/mol 

SiF$Co(CO)*+ (266) 
SiF,Co( CO)a+ (228) 
SiF,Co( CO),- (200)d 
SiFsCo( CO) + (172) 
SiFaCo+ (144) 

Co(CO)+ (87) 
SiFa+ (85) 
CoF + (78) 

Co(CO)r+ (115) 

c o +  (59) 

co 
2CO 
3CO 
4CO 
SiFa + 2CO 
SiFa + 3CO 

SiF2 + 4CO 
SiF3 + 4CO 

9 . 7  f 0 . l c  
10.4 f: 0 . 1  

13.8 f 0 . 2  
15.1 f 0 . 1  
14.0 f 0 . 2  
15 .9  f 0 . 2  
16.3 f 0 . 3  
21.0 i. 0 . 3  
17.8 * 0 . 2  

. . .  

224 
240 

318 
348 
323 
367 
376 
484 
410 

I . .  

- 257 
-215 

- 84 
- 27 

. . .  

13ge 
203e 

54f 
238 
2870 

. . .  

. . .  
-491 4~ 10" 
-496 + 10" 

-482 zk 10" 
a Average of seven independent measurements determined by Warren's method of extrapoidted differences: J .  W. Warren, A7utu?'e, 

165,811 (1950). b Average value for AHfo(SiFaCo(C0)4) = 
-490 =k 10 kcal/mol. c Standard deviation of the mean. n z / e  200 is rc- 
ported because of interference from thc H g  background in the mass spectrometer. Reference 15. Q lieterencr 11. 
h Error includes the error of the appearance potential mcasurement and an estimate of the error in the heat ol formation of the positive 
ion. 

Calibrating gases: 4 r  (I = 15.8 V), Kr (I = 14.0 Y), and Xe (1 = 12.1 17). 
S o  value for the appearance potential of SiFsCo(CO)z; 

e Reference 12. 

SiF3Co(C0)4 loses CO moieties from the molecular ion reported here, it  has been assumed that the ions did not 
in a series of sequential eliminations. The rearrange- contain excess kinetic or electronic energy. This 
ment ion at m/e 78, FCo+, appears to have been formed assumption was not experimentally verified; therefore, 
from the SiF8Co+ ion by elimination of the now vell- the value reported for the heat of formation of SiFaCo- 
authenticatedg SiF2 radical. In  a similar reaction, (CO)4 should be taken as a lower limit, while the values 
elimination of SiF, from the ion CH3SiF2Co+ by a cited as heats of formation of the positive ions and the 
methyl migration led to the formation of the rearrange- FsSi--Co(CO)4 bond dissociation energy must be con- 
ment ion CH3Co+.l0 Absorption in the CO stretching sidered as upper limits. Field and have dis- 
region of the gas-pliasc infrared spcctruiii of CH.ISiF,- cussed tlic rclatioiisliips lxtwceii tlic tiicasuretl appear- 
Co (CO)1 suggests the preseiice of siiiall quantities ol a~ice poteiitials a id  build dissociatioii eiiergies alld be- 
C H ~ C O ( C O ) ~  which can be regarded as being formed by tween the heats of formation of the ions and corn- 
the elimination of SiF2 from CH3SiF2Co(CO)4.11 Thus, pounds, as well as the errors encountered in these 
i t  is suggested that SiF2 elimination might be a general measurements. Bond energies and heats of formation 
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can be calculated from appearance potential measure- 
ments, provided the ion source reaction is known or can 
be reasonably assumed and appropriate supporting 
thermochemical values are available. The pertinent 
equations are (for a hypothetical ion source reaction, 
RiRz + Ri+ + Rz) 

AP 2 AHr'(R1') + A.Hr"(Rz) - AHr"(R1Rp) 

and 
AP 2 I(R1) f D(Ri-Rz) 

where A P  is appearance potential, I is ionization poten- 
tial, A H f o  is standard heat of formation, and D is bond 
dissociation energy. The inequality holds when any 
of the products contain excess energy. The ancillary 
values employed in these calculations were (in kcal/ 
mol): AHfo(Co+) = 287,14 AHfO(C0) = -26.4,14 
AHfo(SiF3) = -253,15 AHfo(SiF3+) = 54,15 AHfo 
(SiFz) = -139,12 I(SiF3) = 307,15 AHf"(Co(CO)*) = 

- 132,12 AHfo(Co(CO)+) = 203,12 and AHf0(Co- 

In Table I1 it is noted that the appearance potential 
of SiF3+ is 16.3 =I= 0.3 V. Dibeler and Mohler have re- 
ported16 the appearance potential of SiF3f from SiF4 
as 16.1 f 0.2 V. Since SiF4 is one of the decomposition 
products of SiF8Co(C0)4 and in view of the agreement 
between the appearance potentials, it appears that the 
SiF3+ ion arises from SiF4 and not the carbonyl. At 
least the AP of SiF3f from SiFc is lower than the AP of 
SiF3+ from SiF3Co(C0)4. 

The differences between the sum of the heats of for- 
mation of Co(C0)d and SiF3 and the heat of formation 
of SiF3Co(CO)? is the bond dissociation energy of the 
Si-Co bond in this compound. The heat of formation 
of SiF3Co(C0)4 (-490 f 10 kcal/mol) is 53 kcal/mol 
more negative than AHfo(CH3SiF2Co(CO)e) (-437 f 
12 kcal/mol) .lo However, the bond dissociation energy 
D(F3Si-Co(C0)4) (105 + 12 kcal/mol) is 22 kcal/mol 
less than D(CH~S~F~-CO(CO)~) (127 f 15 kcal/mol).lo 
The relative difference in Si-Co bond dissociation energy 
is believed to be significant because the factors which 
give rise to the errors in the absolute values of the 
bond energy are essentially the same in both com- 
pounds. This difference suggests that there may be a 
greater degree of (d -+ d ) r  bonding between silicon 
and cobalt in CH3SiFzCo(CO)~ than in SiF3Co(CO)4. 
The reason for this result can qualitatively be ascribed 
to the greater electron density in the silicon 3d orbital 
of SiF&o(C0)4 arising from greater (p 3 d ) r  bonding 
between silicon and fluorine. The reduction in the T- 

electron density of the silicon when a fluorine atom is 
replaced by a methyl moiety might be expected to in- 
crease the amount of (d + d)rr bonding between cobalt 
and silicon. It is interesting to note that greater (d 

(CO)z+) = 138." 
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-+ d)T bonding between cobalt and silicon in CHSSiFz- 
Co(CO)i, compared to SiF3Co(CO)I, is also suggested 
by the values reported3 for (k, - k,) of these com- 
pounds where k, and k, are the force constants for the 
equatorial and axial carbonyl ligands, respectively. 
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The kinetics and stoichiometry of the reaction of Co- 
(NH3)5NCS2+ with HzOz at temperatures between 25 
and 97' has recently been reported.' In the course of 
our studies on the oxidation, reduction, and addition 
reactions of the coordinated thiocyanate ion in com- 
plexes primarily of the type cis- and trans-Co(en)zXN- 
CS"', where X = C1, Br, NOz, NH3, and NCS, we have 
also investigated the behavior of Co(NH3)5NCS2+ 
with HzOs and here report some of our observations. 

Experimental Section 
Reagents and Preparations.-Except as indicated "Xnalar" 

reagents were used throughout without further purification. 
[Co(NH&NCS] (ClO4)z was prepared as described by Werner 
and Muller.2 The crude perchlorate was recrystallized from water 
containing NaClO4 until pure. Anal. Calcd for [ C O ( N H ~ ) ~ -  
NCS](ClO&: Co, 14.70. Found: Co, 14.64. The com- 
pounds [Co(NH&] Ch,' [ C O ( N H ~ ) ~ H ~ O ] Z ( C Z O ~ ) ~ , ~  and [Co(NH&- 
CN] C1$ were obtained by the methods described in the refer- 
ences cited. The salts were recrystallized from a minimum of 
water a t  room temperature and analyzed spectrophotometrically. 
Molar extinction coefficients (E) of the pure complexes were 
measured on a Unicam SP800 or a Cary 14 spectrophotometer 
employing solutions of approximately 10-8 M concentration 
and matched cells of path lengths 1.0, 2.0, and 5.0 cm. The 
cell compartment was thermostated a t  25.0" in all cases. Values 
of Xma, (e) for each complex used in these studies are as follows 
(A, M-l cm-l): [Co(NH&NCS] I C ,  4960 (208), 3050 (1770); 
[CO(NHI)B] '+, 4740 (53.31, 3390 (47.8); 
(48.4), 3420 (53.5); [Co(NHa)sCNI2+, 4410 (53.4), 3270 (51.5). 

[Co(NH3)sHzO] '+, 4890 

Stock solutions of hydrogen peroxide were prepared from Baker 
hydrogen peroxide (30%) containing 0.05y0 NadP20,. 10H20 as 
preservative and the peroxide content was determined iodimetri- 
cally following Vogel'ss procedure. Stock solutions of hydrogen 
peroxide ( ~ 9 . 0  M) were stored in the refrigerator when not in 
use and restandardized periodically. 
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