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having boiling points in the range 45.5 i 0.5". The tempera- 
ture-pressure dependence for I may be expressed by the equation 
log P,, = 8.17 - 1683/TaK. Vapor pressure data are as 
follows ( T ,  OK; P ,  mm): 257.5, 43.0; 273.0, 101.7; 280.5, 
148.0, 287.0, 204.2; 292.3, 255.5; 296.5, 311.7; 300.5, 375.1; 
303.5, 423.7; 309.2, 533.7; 311.8, 596.7; 314.8, 6563; 320.3, 
802.8. The molar heat of vaporization is 7.70 kcal and the Trou- 
ton constant is 24.2. The experiniental molecular weight is 107.7 
(calcd 106.5). I shows a single broad peak in the I8F nmr a t  4 
-63.4. The infrared spectrum (22 mm pressure) is as follows: 
2253 (m), 1560 (m, doublet), 1170 (s, doublet), 1138 (s, doublet), 
990-962 (vs, complex), 680 (m, doublet), 541 (w, triplet), 500 (w, 
doublet), 408 cm-I (w) .  Peaks were attributed to the following 
species in the mass spectrum: CN+, XZ+, CF+, C1+ (30%), 
CCN', CC1+, (CK)L+, N=CCl+, Fh'=CCh" (loo'%), ClCCN+, 
FNCCl+, CFzCl+, N=CClCN+, FN=CClCN+ (93y0). The 
parent, FN=CCN+, and C1+ were the three major peaks in the 
spectrum. .411 chlorine-containing fragments gave the correct 
isotopic peak ratios. Analysis of chlorine as AgCl and fluorine 
by specific ion electrode were run. Anal. Calcd for I: C1, 
33.3; F ,  17.8. Found: C1, 32.3; F ,  18.4. 

The temperature-pressure dependence for I1 can be expressed 
by the equation log P,, = 7.96 - 1621/T°K. Vapor pressure 
data are as follows: ( T ,  OK; P, mm): 254.2, 38.3; 272.5,100.2; 
280.0, 149.7; 285, 184.4; 291, 253.7, 296.5, 312.0; 299.3,352.0; 
302.0,397.0, 308.5,511.5; 3133,625.5, 319.7,779. Themolar 
heat of vaporization is 7.42 kcal and the Trouton constant is 23.3. 
The experimental molecular weight is 105.0 (calcd 106.5). I1 
shows a single broad peak in the IgF nmr a t  4 -69.0. The 
infrared spectrum (20 mm pressure) is as follows: 2249 (m), 
1560 (w), 1200 (w), 1135 (s, doublet), 942 (s, triplet), 850 (w), 
750 cm-l (w). The peaks in the mass spectrum were assigned 
to the following species: CN+, Nz+, CF', Cl+ (16%), CCN+, 

CCl+, N=CClCN+, FN=CClCN+ (47y0,1. All isotopic frag- 
ments containing chlorine were found in the correct ratio. Anal. 
Calcd for 11: C1, 33.3; F, 17.8. Found: C1, 33.2; F, 17.0. 

NzF4 + Perhalogenated Acetones.-NzF, (10 mmol) and (CF- 
C12)ZCO (excess) were photolyzed in the 2-1. vessel with a 450-W 
lamp using a Corex filter for 31 hr. The yield of NFzCFC12 after 
purification was 30Yp,. NzFd (10 mmol) and CFaC(0)CFzCl 
(1.83 g, 10.0 mmol) were irradiated in the 2-1. vessel through 
Vycor for 1 hr. The yield of pure NF2CFE5 was 86 and 71% for 
NFzCFzC1.6 

CCI', (CN)z+, N=CCl+, FN=CCN+ (loo%), ClCCN', FN- 

Results and Discussion 
Tetrafluorohydrazine was found to react with sulfuryl 

chloride when irradiated in the gas phase with ul- 
traviolet light of 2537 A giving difluoramidosulfuryl 
chloride and chlorine as the main products. The chlo- 
ride, however, lacks the thermal stability of the fluoride 
in that it slowly decomposes to N z F ~ ,  SOz, and Clz 
a t  ambient temperature As expected, NFzSOzCl re- 
acts rapidly with mercury giving NzF4 and SOz as 
the volatile products With bis(trifluoromethylthi0)- 
mercury, N z F ~  and SO2 are also obtained along with 
bis(trifluoromethy1) disulfide, while reaction with bro- 
mine fluorosulfate yields NZF4, Br2, and the mixed 
pyrosulfuryl derivative 

CHsCN 
2NFzS02Cl + (CF8S)zHg ------f 

NzF4 + 2SO2 + (CFaS)z + HgClz 

2NFZSOZCl + 2BrSOsF + NzF4 + Brz + 2FS020SOzC1 

I t  is interesting to compare the products of the latter 
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reaction with those between CF&3OzCl and BrOSOZF7p8 
where the C1-S bond is severed and a sulfur-oxygen 
bond results (CF~SOZOSOZF + BrCl) while the CF3-S 
bond remains essentially intact With NFZSO2Cl, the 
nitrogen-sulfur bond is fissioned by the positive bro- 
mine because of the greater electronegativity of the 
NFz group NFzBr, the BrCl analog, is unstable and 
decomposes to Brz + NzF4. 

Dichlorocyanodifluoraminomethane was found to re- 
act slowly with mercury at  room temperature to  form 
roughly equal amounts of the fluorimino derivatives 
I and 11. The assignment of configuration has been 
made on the basis of comparison of lgF data with similar 
known  compound^.^ The chemical shift of the =N-F 
fluorine was found to move successively downfield 
when chlorine or cyanide was substituted for the carbon 
fluorine, which is a result of the increasing paramag- 
netic contribution of these groups. A comparison of 
syn and anti isomers indicates that the greatest inter- 
action is between anti groups. Thus, when fluorine 
is anti to fluorine, the shift is upfield relative to  the 
syn configuration. The stronger interaction of anti 
groups is also exemplified by larger spin-spin coupling 
constants than those of the syn isomers. Based on the 
stronger anti interactions and the greater cyanide de- 
shielding effect than the chlorine deshielding effect, the 
N F  fluorine resonance in the isomer with the CN group 
anti to the fluorine was assigned to  the resonance 
peak at  C$ -69.0. 
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A large number of manganese carbonyl derivatives 
in which manganese is bonded to a group IV metal of 
the general type RsMMn(CO)a have been prepared and 

(1) Part  I :  J. K. Ruff,Inorg. Chem., 6 ,  1502 (1967) 
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studied in recent  year^.^-^ In general the preparation 
has involved either the nucleophilic displacement of a 
halide ion from R3MX by the R,~II(CO)~- ion or the re- 
action of R3SiH with Mnz(CO)lo. %3th the exception 
of the hydride T - C ~ H ~ R ' ~ ~ ( C O ) ~ ( H ) S ~ C ~ ~ ,  recently re- 
ported by Graham,y no other group IV metal derivatives 
containing a a-cyclopentadienylmanganese dicarbonyl 
moiety are known. This is perhaps due to the lack of 
simple anion formation by a-cyclopentadienylmanga- 
nese tricarbonyl. However, Lewis bases react readily 
with a-cyclopentadienylmanganese tricarbonyl, espe- 
cially when the mixture is irradiated.1°-13 In  general 
only monosubstitution occurs, except when certain lig- 
ands such as (C16H5)3P were e m p l ~ y e d . ~ ~ , ~ ~  Since the 
anions SnC13- and GeC13- behave as Lewis bases to- 
ward the group VI metal carbonyls,* their interaction 
with T - C ~ H , M ~ ( C O ) ~  and T - C H ~ C ~ H ~ M ~ ( C O ) ~  was in- 
vestigated. Furthermore this reaction was extended to 
include Mn2(CO)lo since it is known to undergo both 
mono- and disubstitutioni6,17 when treated with Lewis 
bases. 

Reaction of the SnC13- and GeCI3- anions with both 
the a-cyclopentadienyl derivatives was accomplished 
photochemically in tetrahydrofuran solution (THF) . 
Since the ligands are not stable in this solvent,l the 
unstable complex T - C ~ H & ~ ~ ( C O ) ~  * THFiS was initially 
generated in the absence of the ligands. After comple- 
tion of photolysis the ligands were allowed to displace 
the THF (M = Sn or Ge) 

hu 
CjH5Mn(CO)3 + T H F  - CaH5Mn(C0)2.THF 

CsHSMn(C0)z.THF + hfCl3----t 

CbHsMn(CO)2MCla- + THF 

Only monosubstituted products were formed and they 
were isolated as the air-stable, yellow-orange tetraphe- 
nylarsonium salts. 

Contrary to the results obtained in the above photol- 
ysis, mixtures of Mnz(CO)lo and either the SnCt- or 
GeC13- ions in methylene chloride produced monosub- 
stituted derivatives upon irradiationiy 

h ZI 

CHsC19 
Mnz(CO)lo 4- MnC18- - Mnt(CO)gMC13- + CO 

No evidence was found for the formation of a disubsti- 
tuted product even in the presence of excess anion. 
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position of the  manganese compound and  no complexes could he isolated 
even when the Lewis base was present. 
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This is in contrast to the photochemical reaction of 
Mn2(CO)l~ with excess triphenylphosphinelj and is per- 
haps due to repulsion of like-charged ions. However 
the thermal reaction produced the monoaxial-substi- 
tuted compound hilnz(CO)g(CsHe)3P.17 As in the case 
of the a-cyclopentadienyl derivatives the anions were 
isolated as air-stable, yellow-orange tetraphenylarso- 
nium salts. 

The yield of complexes in both types of reactions was 
quite low and attempts to optimize it by varying the 
ratio of reactants or solvent were not successful. The 
complexes obtained rvere characterized by analysis, in- 
frared, and conductivity studies. In  every case only 
1 : 1 electrolytes were formed indicating that disubstitu- 
tion by A'ic13- ligands did not occur. Thus an average 
value of the equivalent conductance of approximately 
70 cm2/(ohm equiv) was obtained, which is within the 
expected range.2o 

The infrared spectra of the a-cyclopentadienyl deriv- 
atives are completely compatible with monosubstitu- 
tion. The decrease in the vco frequencies over those in 
the starting material has been observed for a large num- 
ber of monosubstituted compounds, a-CjH&lh(CO)zL. 
In  fact for compounds in which L is an oxygen, nitrogen, 
sulfur ligand or (CeH5)gE (where E = P, As, or Sb) the 
observed vco frequencies lie in a relatively narrow range 
(1930-1938 and 1850-1866 cm-l) indicating a lack of 
sensitivity of these frequencies to the nature of the lig- 
and. 21 The observed VCO frequencies of the complexes 
prepared in this study are close to the above ranges ex- 
cept that  the high-frequency band falls below 1930 
cm-'. This may in part be attributable to the presence 
of a negative charge on the complex. The slight differ- 
ences found in the vco frequencies for the tin and ger- 
manium derivatives does not allow a distinction be- 
tween the a-acceptor ability of the ligands. This was 
also found to be true for complexes formed with the 
group VI carbony1s.l 

The infrared spectra of the Mnz(CO)&IC13- anions 
are more interesting. They confirm monosubstitution 
and furthermore suggest that substitution occurs in an 
axial position since all five of the predicted bands (3 A' 
+ 2 E) are observed, Also the spectra of these anions 
are in good agreement with that of the known mono- 
axial-substituted M ~ ~ ( C O ) ~ P ( C G H ~ ) ~  (e.g.! vco 2098 ( s ) ,  
2015 (s), 1997 (s), 1969 (w), 1937 cm-l),17 except that  
some of the vco frequencies of the anions are shifted to 
slightly higher frequencies. This is unexpected in view 
of the negative charge on these complexes and suggests 
that  the SnC13- and GeC13- ions are much better a ac- 
ceptors than (C6H&P. No such difference mas noted 
with the group VI metal carbonyl complexes.' 

Experimental Section 
Materials.-The tetraphenylarsonium salts of the SnC13- and 

The GeC13- anions were prepared by the literature 
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TABLE I 
PREPARATIVE DATA ON THE NEW COMPOUNDS 

Yield, ~~-----------Analyses, 7 o--------------- 
qo ----- Calcd-------- ________ Found------ 

Anion MP, 'C C H Mn CI C H Mn CI 

C5HaMn( C O ) Z S ~ C ~ Z -  163-164 30 47.4 3 .2  7.0 13.6 47.2 3 .3  6 . 5  13.7 
CsH~Mn(C0)2GeC13 - 141-142 18 50.4 3 .4  7 . 5  14.4 50.6 3 .2  7.9 14.0 
CHaCsH4Mn(CO)zSnCla- 149-150 27 48.1 3 . 4  6 . 9  13.3 48.3 3 .5  6 .2  13.0 
C H ~ C S H ~ M ~ ( C O ) Z G ~ C ~ ~ -  133-135 25 51.1 3 . 6  7 . 3  14.2 50.8 3 . 8  7.6 14.6 
Mnz( CO)&3nCla- 117-119 27 40.8 2 .1  11.3 11.0 40.5 2.4 10.8 11.5 
Mnz(C0)QGeCla- 107-109 22 42.9 2.2 11.9 11.5 43.3 1 . 9  12.3 11.8 

samples of C5HeMn(C0)3 and CHaCaHdMn(CO)3 were gener- 
ously donated by Ethyl Corp. Dimanganese decacarbonyl was 
obtained from Strem Chemical Co. 

Preparation of (CsHa)4AsCBH5Mn(CO)~MC13.-Since both the 
tin and germanium derivatives were prepared in the same man- 
ner, only one preparation will be described. A 0.70-g sample of 
~ - C S H B M ~ ( C O ) ~  dissolved in 100 ml of T H F  was irradiated under 
an inert atmosphere for 2 hr with a GE AH4 floodlamp. To the 
red solution a 0.6-g sample of (CeH~)aAsSnCla was added. The 
mixture was stirred for 15 min and the solvent was removed under 
vacuum. The residue was extracted with a mixture containing 
20 ml of CH2Cln and 100 ml of diethyl ether. The extract was 
filtered and pentane was slowly added to the filtrate. An orange- 
yellow solid, 0.21 g, was obtained. 

This same procedure was used to prepare the corresponding 
methyl-7-cyclopentadienyl derivatives. See Table I for details. 

Preparation of (CeHa)4AsMn~(CO)oMCla.-Since the prepara- 
tions of both the tin and the germanium compounds were identi- 
cal, only one will be described. A mixture containing 0.63 g of 
(CeHS)4AsSnC13 and 0.69 g of MnZ(CO),o in 50 ml of CHzCl2 was 
irradiated under an inert atmosphere with the same lamp de- 
scribed above. After approximately 0.5 hr some solid had formed 
in the reactor. This was removed by filtration and the irradia- 
tion continued for 1 hr more. The solvent was removed under 
vacuum and the residue was dissolved in 10 ml of CHzClz. Di- 
ethyl ether, 60 ml, was added and the mixture was filtered. Pen- 
tane was added slowly to the filtrate (too rapid addition results in 
oiling) and a 0.28-g sample of product was obtained. See 
Table I for details. 

Infrared Spectra.-The infrared spectra were taken on CH2Clz 
solutions (concentrations about 10 mg/ml) using a Perkin-Elmer 
Model 621 spectrometer which had been calibrated with indene. 
See Table 11. 

TABLE I1 
INFRARED STRETCHING FREQUENCIES FOR THE NEW COMPOUNDS 

Anion __-_-__ Freq, cm-l__--- - 
CsH5Mn(CO)2SnClt- 1926 s, 1863 s 
GH6Mn(CO)zGeCla- 1924 s, 1858 s 
C H ~ C S H ~ M ~ ( C O ) Z S ~ C ~ ~ -  1924 s, 1859 s 
CHpCsH4Mn(CO)zBeCls- 1922 s, 1865 s 
Mn~(C0)gSnCl3 - 2102 m, 2062 m, 2016 s, 1974 sh, 

1934 m 
Mn2( CO ) gGeC13 - 2091 mw, 1062 m, 2015 s, 1982 sh, 

1932 m 

Conductivity Measurements.-The conductivities of the salts 
were determined in nitromethane solutions using a Yellow Springs 
Instrument Co. Ind. Model 31 conductivity bridge. The cell 
constant of the cell employed was 0.1792 and the specific con- 
ductivity of the nitromethane was 5.70 X ohm-' cm+. 
The anion, concentration ( M ) ,  and equivalent conductance 
(cmz/ohm equiv) for the material prepared are as follows: 
C~HaMn(C0)2SnC13-, 1.052 X 70.2; C~HsMn(C0)zGeCl3-, 
1.117 X 73.1; CH3CaH4Mn(CO)zSnCla-, 0.989 X 10-8, 
65.8; C H I C J L M ~ ( C O ) ~ G ~ C ~ ~ - ,  1.20 X 75.7; Mn2(CO)o- 
SnCla-, 1.002 X 67.1; Mn2(CO)oGeCla-, 1.071 X 10-8, 
71.0. 
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In the crystalline state or in solution, the cobalt(I1) 
ion is found most frequently in one of two ligand en- 
vironments : four-coordinate tetrahedral or six-coordi- 
nate octahedral. In  the former, the ion possesses an 
orbitally nondegenerate electronic ground state, 4Az, 
while in the latter (weak-field limit), it  possesses a 
threefold degenerate ground state, 4T1,. The magnetic 
moment would therefore be expected to  contain a 
larger orbital contribution for the ion in the octahedral 
field than in the tetrahedral field. A considerable 
amount of work has verified this correlation of the mag- 
netic moment with the geometrical structure for crystal- 
line cobalt(I1)  compound^.^-^ However, with the 
exception of some early work, prior to  the development 
of the ligand field theory and a few recent measurements 
in single solvents, the authors are unaware of any sys- 
tematic magnetochemical study of stereochemical 
change for the cobalt(I1) ion in solution. In  the pres- 
ent investigation, the magnetic moment of tbis ion has 
been determined in water as a function of added chloride 
or thiocyanate ion and in water-dimethylformamide 
solutions as a function of solvent composition. 

Experimental Section 
The magnetic moments, determined by the Gouy method a t  

25.0 f 0.5" in a Pyrex tube (25.00 ml) calibrated with nickel 
chloride s o l ~ t i o n s , ~  are reproducible to better than 1.0.02 BM. 
The diamagnetic gram-susceptibilities of methanol and dimethyl- 
formamide (DMF) were determined to be -0.640 X 
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