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strong mixing. The crystals that  separated were collected on a 
filter under nitrogen, washed with a 1 : 1 water-methanol mix- 
ture, and then with methanol. The solid material was redis- 
solved in a small amount of ice-cold, deaerated water, and the 
solution was filtered rapidly and treated with methanol ( ca .  30 
vol. yc). The crystals were collected on a filter, washed with a 
1 : 1 methanol-water mixture, then with methanol and subse- 
quently with ether, and dried for 8 hr. in vacuo over PsOa a t  100'. 

Anal. Calcd. for KB[(CN)&CO.SOZ.CO(CN)~] .4H20: C, 16.10; 
H, 1.07; S, 4.28; K, 18.7. Found: C, 16.3; H, 1.25; S, 
4.15; N, 18.65. 

To 70 ml. of an aqueous deaerated solution of 1.19 g. of CoClz. 
6Hz0 and 1.7 g. of KCN v a s  slowly added 30 ml. of methanol 
containing 0.57 g. of SnC12.2H20 with vigorous mixing and in 
an N2 atmosphere a t  0". The color changed from green to  pale 
brown and then to  dark brown. Finally, a dark brown solid 
started to separate. Its separation was completed by the addi- 
tion of about 30 ml. of deaerated methanol. The crystalline 
product was collected on a filter and washed with a 1 : 1 methanol- 
water mixture and then with methanol. The dark brown solid 
was dissolved in a small amount of ice-cold, deaerated water and 
precipitated very rapidly J5ith methanol. After filtration and 
washing with a methanol-water mixture followed by methanol, 
the solid was dried over P205 zn cucuo. 

Anal. Calcd. for K~[(Cr\')jCo.SnClz.Co(Cl\r),] ' C, 14.83; 
N, 17.46; C1, 8.88. Found: Sample 1: C, 14.2; N, 16.8; C1, 
9.05. Sample2: C, 13.4; K ,  15.4; C1, 10.3. 

Spectra.--A Cary Model 14 spectrophotometer was used. 
The solutions were prepared in an N2 atmosphere and transferred 
to the cell under nitrogen (the details d l  be described laterB). 
Infrared spectra were taken on a Perkin-Elmer grating infrared 
Model 337 spectrophotometer in Nujol mull. An ordinary Beck- 
man Model 9 potentiometer n as used for potentiometric titra- 
tions with a bright platinum electrode combined with a commer- 
cial saturated calomel electrode. 
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The interaction of nitrate1j2 and nitrite2 salts with 
boron trifluoride has been studied previously. Baum- 
garten proposed reaction 1 for potassium nitrate and 
boron trifluoride a t  400-500'. 
6KX08 + 9BF3 = 6KBF4 f (BOF)B f 

3x203 (2N02 + ' / 2 0 2 )  (1) 

Sprague, et al., studied the interaction of boron tri- 
fluoride with potassium nitrate and sodium nitrite by 
passing a stream of boron trifluoride over the salt in a 
Pyrex tube. The reaction was initiated by flaming the 
material with a torch. They proposed the reaction 
shown below. 

We have recently reinvestigated these reactions at  
lower temperatures and under more controlled condi- 
tions. 

(1) P. Baumgarten and W. Bruns, Be?'., 7 2 ,  1753 (1939). 
( 2 )  R. W. Sprague, A. B. Garett ,  and H. H. Sisler, J .  A n , .  Cizem. Soc., 82, 

1059 (1960). 

6XaN02 + 14BF3 = 3 KO+ -1 + 6NaBF4 + BzOj 

Experimental Section 
Materials.-Reagent grade sodium nitrite and sodium nitrate 

were purchased from the Allied Chemical Co. 
Purification of Boron Trifluoride.-Matheson 99yG pure mate- 

rial was fractionated through a -126' bath. The vapor pres- 
sure a t  -111.6' was 301.4 mm., in good agreement with the 
value of 301 mm. given by Brown.3 The infrared spectrum 
agrees with that of Baily, et u Z . , ~  and VanderrpnP 

Reaction of Boron Trifluoride and Sodium Nitrate.-In a 
typical reaction 0.0395 g. (0.464 mmole) of sodium nitrate and 
1.35 mmoles of boron trifluoride mere sealed in a Pyrex tube 
fitted with a break-seal. The lower three-fourths of the tube 
was placed in a furnace which was maintained a t  180' for 48 hr. 
Gaseous products mere then admitted to  the vacuum line, con- 
densables were collected a t  - 196", and noncondensables were 
collected by means of a Toepler pump. After P V T  nieasure- 
ment of these fractions, condensables were characterized by an 
infrared spectrum and noncondensables by a mass spectrum. 
The reaction vessel was filled with dry nitrogen and transferred 
to a nitrogen-flushed drybag, where X-ray capillaries were loaded 
and mulls for infrared spectra were prepared. There was no 
evidence of etching in any of the reaction tubes. 

Raman Spectra.-The Brandmuller techniques was employed 
on samples of the solid which had sublimed to  the cold ends of 
the reaction tubes. The 4358-A. Hg line was used for excita- 
tion, and a Gaertner two-prism spectrograph was employed (f 
3.5; dispersion, ca. 150 cm.-l/mm. in the region of interest). 
Considerable fluorescence was evident in all spcctra. 

Reaction of Boron Trifluoride and Sodium Nitrite.-The 
procedures were the same as those for sodium nitrate. In 
addition, the reaction of BFs with a suspension of hTaNO2 in 
sym-tetrachloroethane was followed on the vacuum line a t  -23 
and 0 O .7 

Results 
Sodium Nitrate.-When sodium nitrate and boron 

trifluoride were heated in a tube furnace as previously 
described, a white solid sublimed to the top of the 
reaction tube, leaving behind a white residue. X-Ray 
powder diffraction data for NaBF4 and for nitrosyl 
tetrafluoroborate* were compared with products of the 
reaction, and it was found that the powder pattern of 
the sublimate matched quite well that of nitrosyl tetra- 
fluoroborate, while the powder pattern of the residue 
matched the most intense lines of sodium tetrafluorobo- 
rate. 

The mass spectrum of the noncondensable gas pro- 
duced in this reaction contained only two sets of peaks 

(3) H. C. Brown and I<. B. Johannsen, ibid., 72, 2937 (1950). 
(4) C. R. Baily, J .  €3. Hale, and J. W. Thompson, Proc. R o y .  SOC. (T.ondon), 

( 5 )  J. Vanderryn, J .  Chem.  Phys., 30, 331 (1959). 
(6) J. Brandmuller, Z.  angew. Phys. ,  5 ,  95 (1953). 
(7)  This experiment was performed by John J .  Rupp. 

161, 107 (1937). 

I n  view of the 
explosive nature of dinitrogen tetroxide in the  presence of chloronated sol- 
vents [Chem. Eng.  Sews,  42, h-0. 47, 53 (1964)l there may be same danger of 
explosion associated with this reaction. 

(8) J .  C. Evans, H. W. Rinn, S. J .  Kuhn, and  G. A. Olah, I?zo;.E. Chern.. 3, 
857 (1964). 



Vol. 5, No. 1, January 1966 NOTES 159 

having significant intensities. These occurred a t  mass 
to charge ratios of 14, 16, 28, and 32 and correspond 
to the unipositive ions of atomic and molecular nitro- 
gen and oxygen. The ratio of the intensity of the OZ+ 
peak to that of the N2+ peak was 12 : 1. Thus, the major 
gaseous product of the reaction is oxygen. P VT rneas- 
urement of this gas revealed that 0.294 mole of 0 2  was 
produced per mole of NaN03. 

An infrared spectrum of the condensable gas showed 
that i t  was boron trifluoride, and PVT measurement 
indicated that the ratio of BF3 consumed per NaN03 is 
2.72. 

A balanced chemical equation consistent with all of 
the previous data with the exception of the quantity of 
oxygen recovered is 
3NaX03 + 8BFa = 3NaBF4 + 3NOBF4 + 3 / 2 0 2  + BnO3 (3) 

The theoretical ratios are : BF3 consumed/NaN03 = 
2.67 and Oz produced/NaN03 = 0.500. The high ratio 
observed for BF3 consumed per NaN03 may be ex- 
plained by a slight but ill-defined reaction of BF3 with 
BzO3. The literature contains conflicting reports on 
the stability of boron-oxygen-fluorine containing mate- 
rials a t  room temperat~re.~,  lo Therefore, the inter- 
action of BzO3 and BF3 was investigated under condi- 
tions used in the reaction of BF3 with NaN03 and with 
NaN02. Boric oxide (1.32 mmoles) and boron tri- 
fluoride (2.84 mrnoles) were allowed to react in a heated 
sealed tube, and 0.22 mole of BF3 was absorbed per mole 
of B203. On this basis, an approximate correction 
may be applied to yield a ratio of 2.62 for BF3 consumed 
per NaN03 exclusive of the BF3-B2O3 reaction. The 
low experimental value for the oxygen evolved suggests 
that perhaps some other oxygen containing compound 
such as nitryl tetrafluoroborate might also be formed 
in the reaction, However, no evidence for NOZBF4 
could be found in either the X-ray powder patterns or 
the infrared and Raman spectra of the solid reaction 
products. An infrared spectrum of a Fluorolube mull 
on Irtran plates had a band a t  2340 cm.-l (NO+ 
stretch) but no absorption at  2380 the region of 
NO2+ absorption. To  ensure that NOzBFl would not 
be lost during sample preparation, Raman spectra were 
obtained on the sublimate in unopened reaction tubes. 
All major vibrations associated with BF4- and NO+ 
were evident in the spectra, but the 1400 cm.-l vibra- 
tion of NO2+ was not detected. Several repetitions of 
the reaction have resulted in varying quantities of 
oxygen while the nature of the solid products appears 
to be unchanged. From the relative intensities of the 
published X-ray powder patterns and spectra we esti- 
mate that the percentage of nitryl tetrafluoroborate in 
the sublimate necessary to explain the low oxygen 
would have been easily detected in our X-ray, infrared, 
or Raman experiments. 

When the entire length of the unopened reaction tube 
was heated in the furnace, it became filled with an 
intensely colored brown gas (no doubt NOz). Upon 

(9) H. D. Fisher, W. J .  Lehmann, and I. Shapiro, J .  Phys.  Chem., 65, 1166 

(10) E. M. Magee, J .  Inovg.  Nucl. Chem., 22, 155 (1961). 
(1g61). 

cooling to room temperature, the brown color disap- 
peared. This result indicates that the BF3 adducts of 
the nitrogen oxides dissociate a t  elevated tempera- 
tures, and therefore the reaction proposed by Baum- 
garten is correct for the temperature range in which he 
was working. However, the reaction proposed by 
Sprague, et al., appears incorrect. 

Sodium Nitrite. (A) Reaction with Less Than a 
Stoichiometric Quantity of Boron Trifluoride.--Sodium 
nitrite (1.94 mmoles) and boron trifluoride (2.43 
mmoles) were heated in a sealed tube a t  190" for 5 
weeks. There was no sublimate formed in this reac- 
tion. P VT measurements made in a calibrated portion 
of the vacuum line showed that 0.548 mmole of gaseous 
products was formed. A mass spectrum of the gas 
showed that i t  was nitric oxide and that there was no 
unreacted boron trifluoride. 

X-Ray powder data for the nonvolatile solid products 
and for authentic samples of sodium nitrate and sodium 
tetrafluoroborate indicate that the white residue is a 
mixture of sodium tetrafluoroborate and sodium nitrate. 
An infrared spectrum of a perchlorobutadiene mull of 
the residue confirmed the presence of nitrate (band a t  
1367 cm.-I) and tetrafluoroborate (broad band a t  1000- 
1100 cm.-I). There was no evidence for the presence 
of unreacted nitrite. A reaction scheme consistent 
with these observations is 

9NaN02 + 8BF3 = 6 N 0  4- 3NaN03 + 6NaBF4 + B 2 0 3  

This scheme involves a Lewis acid induced dispro- 
portionation of nitrite which is analogous to the proton- 
induced disproportionation in aqueous solution 

3HhT02 = 2 N 0  + "03 + B203 

(B) Reaction with Excess Boron Trifluoride.-Sodium 
nitrite (0.597 mmole) and excess boron trifluoride (5.49 
mmoles) were heated in a sealed tube equipped with a 
break-seal a t  190' for 1 week. As in the case of the 
reaction of sodium nitrate, a white solid sublimed to the 
cool end of the reaction tube leaving a white residue 
behind. The powder pattern of the residue matches 
quite well that of sodium tetrafluoroborate while that 
of the sublimate matches the pattern of nitrosyl tetra- 
fluoroborat e. 

The noncondensable gaseous products (0.0254 mmole) 
were pumped into a calibrated portion of the Toepler 
pump. Nitric oxide was found to  be the major con- 
stituent by a mass spectrum. 

A mass spectrum of the condensable gas showed it to 
be a mixture of boron trifluoride and nitric oxide with 
boron trifluoride as the major component. It is thus 
apparent from these data that the major gaseous prod- 
uct of the reaction is nitric oxide. 

From the previous results i t  is clear that in the pres- 
ence of excess boron trifluoride, the sodium nitrate 
which is formed in the initial reaction reacts further 
with boron trifluoride according to eq. 3. The reaction 
as written in eq. 3 involves the formation of molecular 
oxygen which would be expected to react with the 
nitric oxide formed in the first step to give dinitrogen 
tetroxide. Evans, et al.,s have shown that boron tri- 
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fluoride reacts with dinitrogen tetroxide to form nitrosyl 
tetrafluoroborate, nitryl tetrafluoroborate, and boric 
oxide as shown in eq. 4. 

3x204 + 8BF3 = ~ S O ~ B F I  + 3XOBF4 + E203 (4) 

As in the case of the reaction of sodium nitrate, there 
was no evidence for the presence of nitryl tetrafluoro- 
borate among the products. Evans reports that the 
ratio of nitrosyl to nitryl tetrafluoroborate in the prod- 
uct was a function of the reaction conditions. In  
view of the identification of NO, NOBF4, and NaBF4 
among the ultimate products of the reaction of sodium 
nitrite with boron trifluoride eq. 5 is implied. How- 
18XaKOz + 40BF8 = 6KO + 18NaBFI + 5Ba03 + 

9NOBFd + 3r\TOzBFd ( 5 )  

ever, we did not detect NO2BF4 among the products, 
and one possible explanation is that in addition to eq. 5 
some reaction took place via eq. G which would reduce 

3SaKOp + 8BF3 = 3NaBF4 + B2O3 + 3SOBF4 (6) 

the quantity of N02BF4 produced and render its detec- 
tion difficult. In  any case, reaction 2 proposed by 
Sprague, et al., for the interaction of NaNOz with BFs, 
appears incorrect since it does not account for NO and 
1\;OBF4 production. Furthermore, the instability of 
KaNOz in the presence of BF3 a t  low temperature indi- 
cates that their product, formulated as [NO+] [NOz. 
2BF3-], is unlikely. 
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Earlier work in two laboratories’, described the 
reaction of decaborane( 14) with dirnethylformamide 
(DMF) to give BloHlz.2DMF. Pace, et al., proposed 
that the amide in BlOHlz.2DMF was bonded to boron 
through oxygen on the basis of infrared spectral data.2 
In subsequent work, it was foundY that BloHlo2- re- 

(1) W. E. Knoth  and E. L. Muetterties, J. I n o v g .  S z ~ i l .  C h e m . ,  20, 86 
(1961). 

(2) R. J. Pace, J. Williams, and R. I,. Williams, J .  Chem. Soc., 2196 
(1961). 

(3) W. H. Knoth,  J. C. Sauer, D. C .  England, W. R. Hertler, and E. I,. 
Muetterties. J .  A m .  Chew. SOC. ,  86, 3973 (1964). 

acted with dimethylformamide in the presence of strong 
acid to give 2-BloHs DMF-. The structure 2-BloHD- 
OCH=N(CH1)2- was proposed for this product be- 
cause the proton magnetic resonance spectrum showed 
the presence of two nonequivalent methyl groups 
a t  T 6.9 (doublet, J = 0.8 c.P.s.) and 7.1 (doublet, J = 

1.2 c.P.s.), corresponding, respectively, to the methyl 
groups cis and trans to the “formyl” hydrogen atom. 
Absorption in the infrared spectrum of the product a t  
1680 cm.-l was noted. Similarly, the presence of two 
methyl resonances (doublets, J = 0.8 and 1.3 c.p.s.) in 
the n.m.r. spectrum of BCl3. DMF led to the assignment 
of B-0 rather than B-N bonding.4 

Recently Fein, et U Z . , ~  reinvestigated the reaction of 
decaborane(l4) with dimethylforrnamide and other 
amides. They assigned an infrared absorption at  1675 
crn.-l to C=O stretching and proposed that BloHIZ. 
2DMF has the structure BloHlz [N(CH&CHO J2. 

In order to resolve the conflicting structural assign- 
ments (i.e., to determine whether the bonding is of 
type A or B), an n.m.r. study was undertaken and is the 

CHa 0 
I / /  

B--O-C=N(CHQ)Z j+i+c’’ 
I \  

CHa H 
I 

H 
A B 

subject of this note. 
The 60-hlc. proton n.m.r. spectrum of B10H12.2Di\4F5 

in DMF-d, a t  29” shows a multiplet of intensity 1 
centered at  T 2.0, a doublet a t  T 6.95 ( J  = 0.6 c.P.s.) of 
intensity 3, and a doublet a t  T 7.25 ( J  = 1 c.P.s.) of 
intensity 3. If bonding is of type A, then the doublets 
a t  r 6.95 and 7.25 can be assigned, respectively, to 
methyl groups cis and trans to the “formyl” hydrogen 
atom (T 2.0). These results and their interpretation 
are similar to those reported earlier3 for 2-BloH90CH= 
N(CH&-. In  order to rationalize the spectral data in 
terms of a type-8 structure, i t  is necessary to invoke a 
barrier to rotation about the C-N(CH3)2 bond so that 
the two methyl groups are nonequivalent and unequally 
coupled to the formyl hydrogen atom. The barrier to 
rotation about the C-N bond in D X F  has been attri- 
buted to C=N character resulting from overlap of the p 
orbitals of nitrogen and carbonyl carbon.G In the case 
of structure B, there is no possibility for such delocaliza- 
tion, and any barrier to rotation would have to be due 
to steric hindrance. Such a barrier should be small, and 
the two methyl groups should become equivalent at 
elevated temperatures. At 50”, the two methyl reso- 
nances of BloHlz. 2DMF are unchanged in position, but 
the intensity of the peaks gradually diminishes as nen7 
peaks appear a t  the same positions as the peaks of free 
DMF, namely T 2.28, 7.36 (doublet, J = 0.7 c.P.s.), and 
7.51 (doublet, J = 1.3 c.P.s.). Apparently at Z O O ,  

ligand exchange occurs as 

(4) W. Gerrard, 31. F. Lappert, H.  Pyrzora, and 1. V J  Wallis, J .  C h ~ n ? .  

( 5 )  &I. VI. Fein, $. Green, J Bohinski, and R I .  S. Cohen, I n o ? ~ .  Chewi., 4 ,  

( 8 )  W. n. Phillips, .7. T h ~ m .  P h y e ,  23, I383 (1515.5). 

SOL.. 2144 (1960). 

,583 (1965). 


