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!.Ju!tiilitativc tlctertniii:itioii of thc products of decomposition of the nitrosyl disulfonate ion iii iieutral and dilute acid 
solution showd  the reaction to coliform closely to the equatioii (1). The decomposition proceeded by two routes. One of 
these was first order in respect to each of the ions nitrosyl disulfonate and hydroniuni; the other was a degenerate branching 
material chain process propagated by nitrous acid. -4 proposed mechanism is dcscribed by equations ( 8 )  through ( loj .  

Solution in water reversibly transforiiis the 
diamagnetic orange crystals of potassium nitrosyl 
rlisulfonate"-' into a blue-violet paramagnetic 
solute ion,4 from which it has been concluded that 
the crystal anion is the quadrivalent dimer, [(S03j2- 
NO]?=, of a divalent free radical solute ion, (SO&- 
NO+ . The salt cleconiI)oses,Ra-".s,.'i rapidly in 
acid, slowly in alkaline solution. In the latter 
case a complete examination of the products was 
made by Haga,7 who found in seemingly arbitrary 
proportions the anions, hydroxylamine trisulfo- 
nate, hydroxylamine disulfonate, sulfate and ni- 
trite, together with nitrous oxide and nitrogeii. 
In  no case could a stoichiometry or a mechanism be 
deduced. Therefore an effort is being inade to 
cstablish more definitely the course of the deconi- 
position, and the work reported here comprises the 
first results obtained. 

Experimental 
Preparation of Potassium Nitrosyl Disulfonate. - Tlir 

i,reparation \vas carried out by Kaschig's method,3h modi- 
fied i i i  respect to proportions, temperature and salting-out 
rcagent. To  prepare the salt, 0.3 54 sodium hydroxylamine 
disulfonate solution was prepared a t  0'. Then sodium 
hydroxide, two molar proportion as 5 11: solution, was added, 
followed by finely powdered potassium permanganate, 0.8 
equivalent proportion. After 30-40 minutes agitation the 
precipitate was removed by centrifuging and filtering, and 
solid potassium nitrate, 7 molar proportion, was added to 
the deep violet solution from which orange crystals theii 
separated. After about one hour of agitation, the mixture 
was cooled in :in ice-salt-bath. The solid was recrystal- 
lized from potassium hydrosidc, 15 inl. of 1 3 solution per 
g. of product. The crystals which separated after the solu- 
tion was cooled in ice were washed on sintered glas?: with 
methanol, 10 ml./g. of product, and dried in a vacuum desic- 
cator. 

Composition and Stability of Potassium Nitrosyl Disul- 
fonate .-The salt prepared as described was analyzed for 
sulfur by decomposition of 0.5--1.0-g. portions in 100 ml .  
of 0 . 5  N hydrochloric acid to give solutions which were 
evaporated to dryness prior to re-solution anti precipitation 
uf barium sulfate. Potassium \vas deternlined 011 O.<%-I .O-g. 
~amples  by slow evaporation with concentrated sulfurir :1&1 
i n  platinum over a ring burner. The osirliziiig power \KI\ 

(letermined by iodimetry. A iypical analysis of the s a l t  
g;t\-c the following result+: 

The yield was usually about 80%. 

f I )  Abstracted Iron1 :L thesis b)- .I Hamootli Llurib. submitred tu 
the Graduate  School of t h e  I!niver-ity o f  Washini(ton in ji;irtinl h ~ l -  
lillment of the  requirement, lor t h e  degree of Doctor o f  P h i l o s o ~ ~ h ? .  
hugust .  l Y . 5 1  

12) Presented a t  t he  Pocitir Nort1iwe.t Regional Slet i t l l :  held 111 

Seattle. Washington. l u n e  8. $1. 19.71 
13) la) IS. Fremy,  i l i i i :  < h i i n   pi:^ , [:31 1 

Raschig. A t r r r  , 241, I l i l .  223 !IXX71: I ~ I  .I 13: 
Hrv . ,  28, 2744 118931 

! I 1  R. 1x7. . \ i m u . \ e n  7 t i i  

I .I C' Iz t i , \ ,  . l ; i > !  168, 20 
11 ,  LVauiirr, Z pliy>i!'. ( ' I I , ~  , 19. l i X l I  : I 
'I' l l a x ; t ,  .I ( 1 : r i i i  ,Y<<, , 86, 7'3 f l ! l O l !  

Fourtd Caicd 

Potassium 29.05 29.03 
Sulfur 23.70 " 3  .no 
Osirl. equiv. weight 2G7.1 268.2 

Solid potassium nitrosyl disulfoiiatc prepared :is ilc- 
scribed was kept indefinitely iu a desiccator, a i d  it coultl 
c w n  be exposed to the atmosphere for several hours without 
undergoing the spontaneous decomposition noted by prc- 
vious workers.' In aqueous solution the rate of decompo- 
sition depended upon the pH and upon the other substances 
present in the solution. Xeutral salts were without great 
effect. Halides accelerated the decomposition in propor- 
tion to their ease of oxidation, but only iodide ion gave the 
free element. Acidic and basic salts affected the decompo- 
sition in the way predicted from the catalytic action of hy- 
dronium ions and the relative stabilization experienced iii 
mildly basic solutions. The effect of hydronium and hy- 
droxyl ions on the decomposition is shown in Table I ,  
where the time recorded is that  for loss of visible color from 
solutions of 1 g./IOO ml. coneentiation of potassium nitrosyl 
disulfonate. 

TABLE I 
C1' 0 1 '  IJYDROSIUM A S D  HYDROXYL lOSS O N  STAI3II.lT1. 

OF PCJTASSItJM XITROSYL 1)ISVLFOSATE 

P1-I I .X4 3 .0;3 :1 .97 4 .90 7 3 I.:. 0 
l>econip. tiine, hi-. 0 .23  0 . 4 %  1 .92  19.2 160 500 

12.7  13.0 1 8 . 4  1:37 14.11 PFr 
Decoiiip. time, hr. 13ii 312 125 10.5 78 

Absorption Spectrum of Potassium Nitrosyl Disulfonate .-- 
The hitherto unrecorded absorption spectrum of this salt 
was measured on a Beckinan DI: spectrophotometer. Thc 
results are plotted in Fig. 1. The molar extinction coefli- 
cient was 1690 a t  the 248 mp maximum and 20.8 a t  the 545 
nip maximum. 

Decomposition Products.-The equation for the over-all 
reaction was established by analysis for all of the products. 
The results shown in Table I1 support within the experimen- 
tal error the over-all reaction summarized by equation (I) 
-&[SO ):SO- + 7H.O --+ 

2(S0 , )~S011r  + SyO + 4SOi- + 4H 0 
Sulfate formed n':ts determined by the method ti 

blaga' in which barium hydroxylamirie disulfonate w;ik solu- 
bilizrtl by dissol\-ed aniinonium chlorirlc. 

TARLE 11 
i ) H c o m o s I i  10s PR(JDLTTS OF POTASSIUM SI.I.K(JSYI 

I)ISCLFOSATE'' Ar 25' 
Rcac t 1 0  I1 

conditions, Concii , Products 
p H  mole,'l SOr-  H ;SOa)zPiOH= S10 S:, SO 
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l'ig. 1 .-Absorption spectrum of nitrosyl disulfonate ion. 

of barium sulfate, but if the solution was left standing for 
an hour, 3.7G millimoles of barium sulfate was obtained. 

The presence of hydroxylamine disulfonate ion in the dc- 
composition products was deduced from (a) the development 
of the characteristic violet-blue color of nitrosyl disulfonate 
ion upon oxidation with lead dioxide in potassium carhon- 
ate s o l ~ t i o n 3 ~ ~ ~ ~ ~  and (b )  the formation, upon reduction 
with 3% sodium amaleam. of the amine disulfonate ion, 

Wave length, mp. 

(S03)2GH,= which was-isolated as the potassium mercury 
salt & [( S03)+J] +Ig.8 

The quantitative estimation of hydroxylamine disulfo- 
nate ion was begun by hydrolysis of the decomposition mix- 
ture made 0.5 N in hydrochloric acid. After three days on 
the steam-bath, the solution was evaporated to dryness, 
and hydroxylamine was determined on the redissolved solids 
by the ferric ion oxidation method of Bray, Simpson and 
McKenzie.% The amount of hydroxylamine thus found, 
in relation to the amount of sulfate not precipitated as bar- 
ium sulfate, gave an estimate of the quantity of hydroxyl- 
amine disulfonate ion. The procedure described by Hags' 
for the estimation of hydroxylamine trisulfonate ion failed 
to disclose any of that substance. 

The amount of hydronium ion formed was determined by 
clectrometric titration of an aqueous solution of the decom- 
posed salt. The measurement was made within an hour 
after the color disappeared because after longer intervals the 
acid-catalyzed hydrolysis of hydroxylamine disulfonate ion 
contributed additional acidity. The PH was 2.63 in the 
solution obtained from the decomposition of 0.746 mole of 
salt in 200 ml. of water. Only the anions of strong acids 
were present, as shown by the one inflection observed at pH 
7. The presence of a detectable quantity of nitrous acid 
Kas thus excluded. 

The gaseous products were collected from reactions car- 
ried out in an inverted-V apparatus fitted with a break-off 
tip for a vacuum tube opener.10 The salt was weighed into 
one arm and the aqueous phase was added to the other. 
The apparatus was evacuated; the aqueous portion was de- 
gassed by repeated freezing and melting in Z M C U O ,  and after 
final evacuation to 10-5 mm. pressure the tube was sealed- 
off from the vacuum apparatus. The liquid phase, melted 
and warmed to room temperature, was poured onto the solid 
which dissolved quickly. After the color disappeared the 
tube was opened to the vacuum apparatus through the 
vacuum tube opener. The volatile components were sepa- 
rated by fractional condensation in U-tubes cooled to -78.5' 
(solid Cor) for water, to -183' (liquid oxygen) for nitrous 
oxide, and to -195' (liquid nitrogen) for nitric oxide. The 
gas non-condensable at liquid nitrogen temperature was 
collected by a Toepler pump. 

Procedures for Rate Determinations.-Constant hydro- 
gen ion concentration during the decomposition was main- 

(8) E. Divers and T. Haga, J .  Chein Soc., 61, 976, 986 (1892); 69, 
1629 (1896). 

(9) C .  W. Bray,  XI.  E. Simpson and  4 .  A. McKenzie, Tms J U U K N A I . ,  

41, 1363 (1919). 
(10) .4. Stock, "Hydrides of Boron and  Silicon," Cornell Univ. 

Prcss, Ithaca, N. Y . ,  1933; R. T. Sanderson, "Vacuum Manipulation 
of Volatile Compounds." John Wiley and Sons Inc. ,  S e w  York, N. Y , 
l'J.18. 

0.4 

0.3 

0.2 

0; 
e 

0.1 
M 

3 

0. u2 
0 60 120 180 240 

Minutes. 
Fig. 2.-Treatment of data. 

tained by use of acetate-acetic acid buffers. These were 
made in two parts; the first, solution I ,  was 0.045 N po- 
tassium acetate; the second, solution 11, was 0.045 N po- 
tassium acetate with enough acetic acid to give the required 
pH when equal volumes of solutions I and I1 were mixed. 
To carry out an experiment potassium nitrosyl disulfonate 
was dissolved in 50.00 ml. of solution I where it remained 
stable until the decomposition was initiated by addition of 
50.00 ml. of solution 11. The reaction was followed by ob- 
servation of 5.00-ml. aliquots removed a t  intervals and added 
to 5.00 ml. of 1 hl potassium carbonate solution. The un- 
decomposed nitrosyl disulfonate ion was determined by 
measurement of the optical density a t  540 mp on a Beckman 
DU spectrophotometer. 

The variables examined for the effect on reaction velocity 
were (a)  the pH between 1.80 and 5.00 a t  0.0373 X initial 
concentration of potassium nitrosyl disulfonate (Table 111), 
(b) the initial concentration of the decomposing salt be- 
tween 0.007 and 0.065 M a t  PH 3.61 (Table IV), (c) the 
effect of potassium sulfamate as an inhibitor a t  concentra- 
tions between 0.00373 and 0.405 M with the pH a t  3.61 and 
the initial concentration of nitrosyl disulfonate ion a t  0.0373 
M (Fig. 31, and (d)  the effect of temperature on both the 
uninhibited and the inhibited reactions within the range 
2G35' a t  pH 3.61, initial concentration of nitrosyl disulfo- 
flate at 0.0373 M and sulfamate ion at 0.207 111. when uresent 
(Table T', Figs. 4, 5 ) .  

Calculation of Velocity Constants.-The plot of the ob- 
served quantities DO, the initial oDtical densitv. and Dt. 
the optical densities 'after reaction- times t ,  is shown on a 
logarithmic scale for a typical case in Fig. 2. The early re- 
action was first order in respect to nitrosyl disulfonate ion, 
and, had the reaction continued first order, the optical den- 
sities a t  various times would have been values D1, shown by 
the linear extension of the early reaction as illustrated iii 
Fig. 2 .  The quantity log (DO - Dt) ,  proportional to thc 
total amount of substance decomposed, gave the curved 
relation shown in the figure. This indicated that the over- 
all reaction did not exactly follow equation ( 2 )  for a degen- 
erate branching chain." 

x = N e @ ;  In x = +t + In N ( 2 )  
If the portion initially first order was assumed to continue 
in that way, the remainder of the substance reacted could 
be defined as X, where 

X c  = (Do - Dt) - (DO - 01) = Di - Dt (3) 
The quantities log D1 - Dt were related linearly to the time as 
required for a branching chain and as shown by the line D1 - 
Dt in Fig. 2. Velocity constants, k, for the pseudo iirst- 

.___ 

(11) N. Semenoff,  "Chemical Kinetics and Chain Reactions," Oxford 
lrniv. Press. h'ew York, N. Y., 1835, pp. 40-87, 454 ff. 
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Fig. :I.--Inhibition by sulfaniate ion. 

order rcxtioii with rcspect to nitrosyl disulfonate ion were 
calculated from the slopes of the lines DO - Ill, and the 
quantities 9 for the branching chain were calculated from 
the slopes of the lines D, - D,. 

Discussion 
In contrast to the findings in alkaline solution, 

nitrosyl disulfonate ion decomposed in acid solution 
to give a few products in the proportions shown by 
equation (1). Though the over-all reaction through 
which the products were obtained is obviously 
complex, a few conclusions can be reached on the 
basis of the stoichiometry and the kinetic measure- 
inents summarized in this discussion. 

Kinetic measurements showed that above PH :: 
the color disappeared by two routes (1) a reaction 
first order in nitrosyl disulfonate ion and hydronium 
ion, respectively, and (2) a degenerate branching 
material chain in which nitrous acid served as the 
chain-propagating species. 

\-slues of the velocity constant k as recorded iii Table 111 
tor the pseudo first-order reaction at constant pH gave ;t 
linear log k 7:s. p H  plot. A graphical determination gave 
the slope 0.99. indicative of first-order participation of hy- 
dronium ions in this phase of the reaction. Confirmation 
of the pseudo first-order entry of nitrosyl disulfonate ion 
wis obtained when the first-order velocity constants :it p l r  
:;.(il were found iiidci~endent oF its iiiitial conccntrittion :th 

1-ecortletl i n  'Table IL'. 

T A l ~ l , l ~  1 I I 
INIUIENC~: 0 1 ;  PI1 O N  k ANI)  d)  

/* I I I? <I> 

1 .S.l 1 . 2 i  . . .  
2.8(J O , O l ( i ( J  0 213 

I):$ ,014.3 196 
:i 2'*5 . 01 IO . I ( i 6  
3 4; l~o~iso 132' 
: 3 .  (il 00342 ,103 
3 .$I7 ,001XX ,0632 
4 . 2 5  000860 ,0325 
4.47 000340 ,0219 
4 .  0.5 ,00025x ,0085 

In the intervLtl pFi 2.X---4.9,> b, vnricd with pH as shown 
i n  Table 111 and  ;it PI1 :2.til b, w:is indepcridcri+ of the initial 
conccntr;iticw of iiitroyyl tli\iilfori;itc ioii exz('cl)i :it higtiet- 
~ ~ . ~ i w i i t r ~ t t i u i i ~  <ic ~ l i o w i  i i :  'T;iblc I!'. Atltlitioiial c\-idenci, 

ERFECT 
Concn , 
mole/l 

0 010 
.015 
,020 
,024 
,030 
,031 
.04O 
.050 
. O S  
,061) 
,065 

TABLE IV 
OF INITIAL CONCENTRAIION ON h AND r$ 

/: 

0.00359 
.00325 
.00334 
,00364 
.00353 
.00355 
,00354 
.00310 
.Of1325 
,00337 

Q. 
u .  1025 

,1020 
.lo15 
.lo56 
.lo15 
,1010 
.I036 
,1050 
. 1032 
,1158 
,1220 

of the cliain character of thc autocaialytic reaction \viis 
fouiid when the temperature dependence of the chaiii con- 
stant \v:ts described by the equation 

b, = a p " e - c / T  (-$I 
where p is t h e  prcswre in a gas reaction, 1' is the absolute 
temperature; while a ,  n and care  constants.12 The data i n  
Table \- determined the cquatiori. 

111 6 = 4L'.!) - - 

l ' i l j 1 ,E  v 
( 3 )  

213,800 
KT 

1 oli TEMPtml'ruIw o~ d, 
7', oc. 4 
20.0 0.0530 
22.5 .0733 
25.0 .lo24 
30.0 .19% 
35.0 .4470 

Tlir chain reaction was inhibited by sulfamate ioii, SOs- 
Ski,-. a s  shown i i i  Fig. 3 where the data are plotted for 
runs  with various amounts of sulfainate. A t  25' as little 
sulfamate as 0.00746 mole/l. suppressed the chain initiated 
during the decomposition of 0.0373 niole/l. nitrosyl disul- 
foliate, but as seen i n  Fig. 4 n %-fold increase in sulfamate 
ion did not completely suppress the chain a t  30".13 

The effect of temperature on b:)th the uninhibited and 
th?  inhibited re:rctions is illuitrutvd by the values for the 

( 1 2 )  I n  solution p becomes the concentration of reac tan t ,  a quant i ty  
irrelevant in this  case Ijecause a- see11 in 'Tal,!e IV, i i  = 0 from Llic 
ohsencc ol a cuncrr~Lrntio~i dci)c~idciice for $. 

113) .Zt 27.6'  :L i l o i \ r iwnrr l  conc:tvity \\-as just 1 x w q ~ t t I ~ l c  
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",-I = 0.207 mole/l. 
Fig. 4.-Temperature influence on inhibited reaction: [(SO,),NO=] = 0.0373 mole/l. ; [sos- 

velocity constants k and ki shown in Fig. 5 .  
k can be expressed by the equation 

The values for 

14,500 In k = 18.8 - - R T  
Bclow 27.0" the values for ki fit the e q u a t i ~ n ' ~  

11,300 In ki = 15.5 - ___ R T  (7) 

Identification of nitrous acid as the chain propagating 
species has been based upon four independent observations. 
(a )  Haga' found nitrite ion as a product of decomposition i n  
alkaline solution. (b)  Sulfamate ion inhibited the chain 
with evolution of nitrogen15 at the expense of ntrous oxide 
(cf. items 4 and 5, Table 11). (c) Added nitrous acid 
greatly accelerated the decomposition of nitrosyl disulfonate 
ion. (d) The pH dependence of 6 was that required for 
4 ,- [HKOt] or  6 - [H+] / (K  + [ H + ] )  where K = 4.60 X 
10-4, the dissociation constant for nitrous acid. The 
amount of sulfamate ion required for complete inhibition 
(20 mole %)and particularly the ratio 0.5N2/(NtO + 0 . 5 s ~ )  
= 0.097 permit an estimate of about 10% reaction to give 
nitrous acid. According to  this interpretation the processes 
described by k and k ;  were identical; the quantitative diffcr- 
cnces in the interval 20-27.6' were ascribed to  the primary 
salt effect on a reaction bctween ions of unlike charge. 
Consistent with this was the parallel diminution in activa- 
tion energy. 

The primary reaction by which color faded can 
be best understood if the products of the over-all 
reaction are classified in respect to their origin. 
One-half the nitrogen was found in nitrous oxide 
(and/or a minor fraction of nitrous acid) with the 
accompanying formation of sulfate and hydronium 
ions. The latter were formed a t  rates different 
from that of color disappearance. Early in the re- 
action +A[H+]/--A[(SO~)&OT ] = 0.70 and a t  

(14)  The curvature i n  the Arrhcnius p lo l  fur k t  dt-notes a presently 
baffling complexity in the action of sulfamate ion. Not only is the 
chain suppressed, but an additional temperature-dependent inhibition 
of the pseudo first-order reaction must also occur. For present pur- 
poses this has been considered negligible below 27.6' and at  the r i 4  
01 over-simplification the mechanism proposed has been partly dcduced 
on that basis. 

(1.3) P. Biturngarten and I. Marggraff, B e y . ,  63, 1019 (1930). 

- 2 8 1  
31 33 35 37 

1/T x 104. 
Fig. 5 -Arrhenius plot, log k as. l /T.  

io(//, decoloration the ratio was 1.37. These 
products thus can be excluded from the primary 
process as can nitrous oxide, which would require 
for its direct formation a reaction second order in 
nitrosyl disulfonate ion. 

In contrast the other one-half of the nitrogen was 
found in hydroxylamine disulfonate ion which 
arose by alteration of the nitrosyl disulfonate ion 
through the single step of adding one hydrogen 
atom. If the hydrogen atom be assumed to have 
come from the hydronium ion reactant, this trans- 
formation can be considered the primary process 
described by equation (8) and followed by the very 
rapid reaction of equation (9). 

(S0,)2K0? + HdO+ --.) ( S O 3 ) ~ K 0 l 1 ~  + IliO ( 3 )  
ki 

H20'. + H?O 1J H30' + HO 



\ 0 

1 Hi0 

first order in respect to each of the reacting species, 
nitrosyl disulfonate ion and hydronium ion as was 
found to be the case. 

Achowledgment*-one of US (J. H. l1.1 ex- 
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ceived while doing this work as a Bursary Student 
of the Ministry of Education of Iraq. 

k2 
(SO&NCE + HO. -+- intermediate --+ - ' so,- Hso2 (9) 

The differential rate equation should be equation 
(lo), and with the logical supposition that  & 
[HO.] << kl[H30+] the observed reaction should be 
-d[(SOz)zXO? ]/dt = 

[(SO~)JXOT ]lki[HJl ] + k?[HO 1 ,  (IO) SEAITI E ,  \ \ .ASHIY'LIO\  

[COSTRIBUTIOS FROM THE I\IE1'C.ILF RESEARCH LABURATORY, BROIVS KSIVERSITY]  

Studies Relating to Boron. V. Chemistry of the Dibutylboron Group' 
BY ROBERT W. A l ~ ~ ~ ~ 2  .WD CIIARLES A.  KRAUS 

RECEIVED I)ECEMRER 1 3 ,  1951 

The reduction of dibutylboron chloride by ineatis of sodiurn~-potassiuin alloy in ether solutioii takes place in two steps. One 
equivalent of chloride reacts with one equivalent of metal to produce dibutylboron which is soluble in ether. On evaporation 
of solvent, the compound disproportionates to form tributylhoron and a solid, presumably rnonobutylboron. With excess 
metal, the chloride is reduced to  the boride, hlB(CdHg)?; the yield is 6%. This boride reacts with methyl iodide to yield 
methyldibutylboron. On treating the boride with dibutylboron chloride, there was obtained, in addition to tributylboron 
and monobutylboron, a small quantity of a difficulty volatile substance whose boron content corresponds to that of dibutyl- 
boron. When the metal boride reacts with one equivalent of hydrogen chloride (at  -70°),  there are obtained hydrogen, 
tributylboron and monobutylboron. With two equivalents of hydrogen chloride, the products are hydrogen and dibutyl- 
boron chloride. Similar reactions take place with triethylanimonium chloride. 

I. Introduction 
Alkylboron halides of the type K2BX, hereto- 

fore, have not been reduced to the free group RsH 
or to  the negative ion R2B-. However, Booth" 
has obtained evidence which indicates that  such 
reduction may be effected by means of sodium- 
potassium alloy in diethyl ether. Using dibutyl- 
boron chloride, we have confirmed Booth's observa- 
tion. 

The reduction of dibutylboron chloride by means 
of sodium-potassium alloy takes place in two stages. 
In  the first stage, the chlorine is split off quanti- 
tatively according to the equation 

The free group, (C4H9)2B, is soluble in  ether; it 
doubtless exists as a polymer of unknown coni- 
plexity. For the sake of brevity we shall omit any 
symbol indicating polymer complexity ; the forni- 
ulas indicate composition only. In the second 
stage, reaction occurs according to  the equation 

(C4Hp)qBCl + h.I = ( C ~ H Q ) ~ B  + 1ICI ( 1 )  

(C,Ho)2BCl + 2M = MB(CdHyj? + bICl  ( 2 )  

If an attempt is made to  separate the product o f  
reaction (1) by evaporation of the solvent, the 
product undergoes disproportionation according to 
equation 

~ ( C ~ H Q ) ~ B  = (C4Hp)aB + C4Hs.B 

Reaction (2) is not quantitative ; somewhat inore 
than 60% of the dibutylboron is converted to metal 
boride. The existence of the metal boride, which 
is soluble in ether, is established by its reaction 

(:o 

(1) This paper is based on  a portion of a thesis presented hy Roher t  
W. Auten in partial fulfillment of t h e  requirements for the  Degree o i  
Doctor of Philosophy in t h e  Graduate  School of Rrorvn T-nirer.;ity. 
M a y ,  1937. 

(2 )  Anthony Fellow in Brown l 'niversity,  l!4:W 19'34. i t i iyer i i ty  
Fellow, 1935-.1937. 

( 3 )  R. 13. Hooth, 'l'liesic, H r n x i l  I ' t i i ~ i . i i i l ~ ,  i ! i . i l .  

with methyl iodide, inethyldibutylboron being 
formed according to the equation 

~ I B ( C I H ~ ) ?  + CHiI = CHjB(CaHy)2 + hlI  (4) 

(111 treating the metal boride with dibutylboron 
chloride, the final, over-all reaction is i n  accord 
with the equation 
( C I H U ) ? B ~ I  + CIB(C4Hy)? 

(C4Hq)iB + CaHuB + MC1 ( 5 )  

Doubtless, the dibutylboron initially formed dis- 
proportionates according to equation ( 3 ) .  In this 
reaction, a small quantity of a difficultly volatile 
substance was obtained whose composition, on 
analysis, corresponded to that  of (CdH&B. 

On treating the metal boride with excess hydro- 
gen chloride, reaction occurs according to the 
equation 

AIB(C4Hq)- + 2HC1 = (C4Hg)JBCl t H? + MC1 (ii) 

On treating the boride with one equivalent, the 
final products conform to the over-all reaction 
2hlB(CIHg)i + 2HC1 = 

(C4HslJB + GHgB + El: + 2MCl ( 7 )  

Dibutylboron chloride is initially formed and this in  
turn reacts with metal boride according to  equa- 
tion 1.5). The reaction of the boride with triethyl- 
ammonium chloride is similar to that which hydro- 
gen chloride. The products may be accounted for 
by the equation 
2?rlB(C4Hj) + I?(C:H,\jSHCl = 

(C4H9) ,R + C4H4B + P ( C J H , ) j S  + H- + 2MC1 ( 8 )  

E o  evidence was found which indicated the forma- 
tion of the hydride (C4H9)2BH. The metal boride 
appears to be stable in liquid ammonia solution 
but reacts slowlv with ,Ltninonia vapor a t  room 
tc.tiiI)cr,itiirc. 


