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 ABSTRAGT

The high veouws technique wes used to study the reacte
tons of tetramethyldiborens with the Levis beses smmonie end
trimethylamine, These resctions heve boen confirmed $o procesd
et eublent temperstures es follovsy

MeyBoB, + 2y =2Wp + %am‘a
MoyBoHy + 2MesN = SMe BENI

The reaction of the e:.mmm of tatmmthymibarm
vith trimethylemins displeces emmonia st -80° in emounts
grester then one mole of smuonis per wole of the dlsmmoniete.
The first meole of mumonia 1s readlly displaced and the re-
mainder is slovly displeced with trimethylemine. The deta
indicates thet the met stoichliometric resction st room teme
perature for the displecement of ons wmole of smmonts is

HeiBolig*2NH3 + Mle3 = Hy + MepBlliy + MepDilMey + KHy

Comparisons are mede for the structure of the dliammow
nlate of tetramethyldiborane with the thrse proposed structures
for the dlemmoniete of diborane. The results of the trimthyﬂ
emine displacement studlies eve best correlated with the struce |
ture (MezB(NEH;),*) (B Bite;™) vhich 1s compevedle to that proe
posed by Perry end coworkers for the diemoniste of Alborens.

Twe unsuccessful atteupis to prepare mm!mtotrmthyl«
dltorens from the producta of the tetramethyldiborens-smmonis
systen ere dlscussed,
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CHAPIIR X
TNIROIUCTION

Upon contect with sodlwa in 1iquid mxonia et «70°,
totremethyldiborens 13 splis equelly into dimethylberinge
smitn end the eelt NeZXle d Vith the sodtua in excess
the products of this system sre guantitetively formed epd
ean b verdifled by analysis, The dimethylborinosmine is
recognized by its decorposition &t 25° to yleld bydrogen end
of the sumonls solvont, folloved by displecemord vith trie
mothylexine in oxder %o protect 4% from m&wm the oelt
Ne iTtte, may bo enslyzed by hydrolysis
sguation

uagmmgwﬁm SMe0d + 2y + W (1)

Hagl¥ley. In torms of Neifie,, bydrolysis ylelds fnsuffie
clent dlmethyiboric acld and more then the expoocted amount
of hmm end o fely emount of trimethyltorent The epe

-

I: '
A %.?ﬂ‘gma Ve Cmpbell, 3ves e« i1 Lhone £00.
1:%37%{19%,* " » s 2o 20 a.m\o



since this compound 18 rerely recognized at this snslogous
step vhenover RaglEMe, 1s prepared by utilizing s large excess
of sodium, B , - | .
It is then epparent in the letter csse that scws corre
letion extsts between en excess ér"tetrmthymibarm end the
subsequent sppesrence of trimethylboron, An explenstion hes
been edvanced vhich 1% based upon & resction betvesn Rea EBMe o
and the excess of tetramethyldiborens ,a During the eerly stages
of the formuletion of this explenstion, 1t wes felt thet thers
ves 8till a need for imm Wezmtim‘ rogarding the %trmthylﬂ
dibvorene-ermonie snd the tetremsthyldiborsne-trimethylemine
. pystemss | S

The preperstion of Nagiile, demonstrates that the re~
action of tetramethyldiborene with sodium is much fester them
the resction of tetramethyldiborsns vith smmonia, Hovever,
vhen tetremethyldiborene 1s present in an smount greeter than
thet required to prepars ﬁagmwa, th@ reaction of tetramethyle
" aiborens vith smmonia then deserves some consideration.

Tetremethyldiborane is knova to combine vith two nole~
cules of gmmonie tﬁ glve & product similar to that vhen ¢iborens
cowbines vith tvo molecules of sumonia, The dlammonia complex
of diborane hes received a great desl of ettention in regerd

23, W. Campbell, Jv, and L. A, Martincheck, "The Boron
Beses”, Eighth Status Report-to the Office of Ordinance Research
under Contract Ko, DA~23-072~0RD-T61 for the period August 1 to .
Cotobver 31, 3.955’ G+ Wy Campbell, Jr., "Further Studies of Boron
Basess cam(cﬁa 2",@ In Prese.
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ta the neture of the two nitrogen stoms incorporsted within
the structure of the complex. Studies have shown that this
compound behaves &s Lf 1% contslns resctive groupsS such es
Wiy, BHy , B, H B(Mi3),", or BEJWHEN.T, If enslogous
groups &rs prosent in the sumonlis complex of tetremethyldie
borane, 1t would be interesting ?;o know vhet affect they heve,
if any, vhen an excess of tetramethyldiborsns is sdded to &
1iquid emmonis solution of sodiun metel,

Az & ‘.ﬁi@pﬁ in this divection it vas decided to investie
gete the reactions of tetremethyldiborens toverds emmonie end
teimethylentne . -

60, 29 ﬁ‘. Shore end R, ¥
g@ 6084 G w* Sﬁh”ffﬁr“g ﬁ& L’h s
nlg, : 50%ee Iﬁn 725 (1956) .

33 X, eh:wsmgw and A m Burg,
( 93 i ﬁ



| mwmﬁmMWWWWWWMMa )
bases, smmonia end trimethylemine, mmmummuw
eroture souvees are notoworthy. Ia 1936, Behlesinger, Mﬂ:
end Burg" reported that tetvemethyldiberans forued u solid,
vhite, selt-1ike compound st ~B0° vith tve molss ef smonis,
This ®a4ammo

montate"S ves very unstedle, 1n thet at »30° 48
quentitstively trensformed, by the loss of hydrogen, to etnoe
¢imsthylborines In 1939, Burg snd Schlesinger” reported the
resction of tetramethyléiborens with trimethylmine to yield
@ slightly wolstile 1tquid vhich vas stadle st Poom temperstu

The rescticn ves deseribed by the equation

W T Blogh = Bie NiTTiey | (2)

Le Bovvite MA B, bur
3 ‘Rm Xe mﬁ W‘ ?mﬂ. b ﬁ‘mm..

ey Wmmm«amvmtmm
mmm:mmymmerua&wanas atadtho
penea of onl wmmmmmrmmu
mt@n 2 of the dlemmonlets &8 Yboing
mmmmmuum
rathey than & direct vmwat

? MWM#Q Be Wiinh&tﬁm Eotvs £
“,A \ 33 Jurg and R I, schlestogss, o fe Shen, Loaes
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Tha fivet project of the work dlscussed in this +thesis
vas Lo verify these preoults mnd dotermine slso vhother a
"noncmmoniate” of tetremethylditorens ves steble, Anothep
ebjoctive was to test for e yesction betveen dlmetlylaminoe
borine end meﬁﬁmﬁm rs & mems of preparing the
hepotheticnl compound . Apd Jastlys
1t wus dosived to study shet affect tﬁmﬁhﬂm had upon
the "lemmoniate™ of tetremeihyldiborens.




 weletile meterdisls vhich vere unatedls

CRAPTER IXX

The eppeeetus used in this vork was thet originsily
deseribod by Stoek! for the mentpuletion of suell emounts of
toverds sir o molsturs,

In brief, it ves gonstructed ss cno plecs of Prrex gless cons
telning e comuon manifold with bresching sectlons comprised
of tra:mw treps, morcury float velves, stopeocks, s Topley
purp, # Holsod grage, & Mﬁ' erms, ooxl storege bulds,

C T the menifold and eny section of the vacwys 1ine open
to the menlfold was ovacuated by 8 serles of two pups, &
mghmeai fore pump end & mercury ciffusion pump. fuch a
pumping eystem ves gepsble of ettsining s lov pressure to the
order of 1077 mm Ez(this pressure is exclusive. of the veper
 of meveury) es messured by the Mcleod low pressure geuge.

The errengomont of the spparetus used for the work
deseribod in this peper 18 1llustreted dlegremmeticelly in
m@m-a 1, page T, a0d Figure 2, pege 8¢ In Plgure 1, the
- fromt section of the vesuum line is shown. A serles of six
U-tubes were connected to the sxtreme ends of the wmenifold,
The Pour Lmmer U-tubes elternsted with mereury flost velves

T _ ‘
A, Ltock, Den, A7, 1% {31513)3 A, Btock, "X dos
of Boron ém auiem » Cornsll Unlversity Mas: Itlace, Dovw
York, 1333spp. 173-207.
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m vere connected to two RORCUrY Mma motors, Across these
same four Ustubes was & Dy-pass zecticn from vhich storege
bulds wers MMM. : .

The @m«aﬂ' exma funsctioned s places of entry op roe
movel of materiels by the connectlon of sultable suziliery

‘pleces of epparatus,

Figure 2 shows the beck seation of the sems veowm

epparetus ., u Wn the series srrengsment of the wechenleel

m ves elmply an extra preceution egelnst pessing veter
vepor oF aolds into the oll of the mechenicel pump.

The Holeod low prossure geurs ves placed on the beck
side of the vacuun 'mmtna for convenience.

The Topler pump on the back of the epperatus functioned
 to trepafer noncondenmsble graes into the celibreted gas burette
fitted vith s moroury nenometer. In the studles for this pesper,
hydrogen end methens were encountered es moncondenseble gesesS,

The back n;mm wes used for temporary storegs md the

mlers vepor tension buld wes used to doternsing the vepor prosge
ure of very smeall an t0 5 oa of goa) of volstile materiels,

Whenover 4t wes desired to edmit stmosphorie pressure

a mmmwmmmmzmarnmmmmh P
%ﬁ"*‘ vhich ves employed es & refrigerant. FELDe Pe



uced through the m tube comnosted to the menifold,
mis mﬁm tube scontelned the vm.m erying sgents, Asces
supported on glass besds), caloiun
sulphate, potessiun bydroxide, end selelwn mmm |
C v thts mmm of the veowin EppEPetu:
18 lacking enly en explanction of the principle which makes
such en #pparetus mmmmmmi for the chemist, This hes
mptly been descrided by Re Te Sendevson'

% ‘ 188 vopo m:.am 181y
w m»g #m& mp
ﬁ% the entire system. It mey then be moved quene
vely to any part of thet system by cooling thet part
WQW“W &% vhleh the substence exerts amgngim
8@3%' mmm the kinstie encrgy of the
ﬁ 8 of vepoy mmwﬁwmrwmtmm~
fex, which is made rs m by removing the kinetie
W%mw

‘ / . Hestpulation of volatile
Commounds » Jem VW & Sons, Ina,, New York, New York,
1943, Ft I



CHAPTER IV
EXPERIMENTAL TECHNIQUES

m#am # nevly construsted vecuum epperatus can be
used, 1% must be checked for leeks, emealed, and thoroughly
degassed, The techniques for preparing the spperatus in 1ts
finsl form sre discussed here elong with some of the more
common techniques of high vacuum vork.

Detesting lesks, Vhenever two pleces of gless sre
seeled together there 1s alvays the possibility of a leek
occuring, This may result from microscople crecks ceused
by strein heving been introduced ‘S.M:a the structure of the
gless vhen the sesl was mede and not heving been removed by
proper emnesling, or, it mey be incomplets fusion of the two
- pleces conmected ceused by the presence of small perticles
of dirt,

These tiny holes can be detected vwith a Tesla coll
vhen the spperstus is evecusted, The principle involved is
quite simple. A Tesla eoll 1s & high-frequency sperk Hid:-
charge coll, A% & high voltege the coil emits apai'icgsé'f;'“
high frequency electrons into the air in sll direstions from
the tip of & pointed metellie probe. The sparks ere diffuse
and mubjeet to deflection by elr currents. Vhen the tip of
the probe spproachies a hole in the evacusted glasswere where



thers i e current of elr rushing toverds the hole, the
sparka ere convergsd into a single beem which is pulled
éirectly to the hole 80 that its exsct location cen be mpeen,
tince metsls stivect the sperk strongly, 4% is ussless to
employ & Tesla ooll within e helf inch o so of & metel clerp

- fopr the purpose of detecting lesks In plassvere. leeks in

such places vere then detected by determining if the spparetus
conld maintein a constent lov pressursd over en extended period
of time, .

Birein. Strein within the glassware ves detected dy
the use of polerized lenses end & fleshlight. The polerizer
lens ves teped %o the glees lens of the flashiight end the
enslyzer lens ves ectuslly a pelr of polmrized sun glesses,
The dark polerized 1ight from the flashlight wes vieved es
i1t pessed through the glessvere. Thé presence of strain

' bends or dopolerizes the ight end it then eppears bright
through the glessvere emld noneaffected crees,

© This method 13 ¢zpeble of detecting the more pronsunced
strein end s dependent upon the quellity of the polerized
lenses. Streln wes then removed by hesting the glassvere to
the annesling tempersture, For the Pyrex brand chemiosl
glass No. T7% used, the enmpeling tempersture is 560° ¢,

The eppesrence of the sodium flems 4s a good indlestor of
this temperatura. |
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Eyecurtion end flosessing of the epoemetus, In order
to obtain es gh & vacwws &8 desired it was Bocessery to

"beke mt" m nev epperetus by hesting 1t, mm pumping,
vith & wwm "mw type of flems to the mr of 300%,
This procedure :umma am@ of the mr‘bad grses on or

| mmath the surface of the glass 80 tmt. & good veouus ves
thereafter mmy mm‘.

2elitmention of K.W 2 semlo of & kmm ges{HCY,
02, ms, o Me,li) ves introduced inte the vsciunm lins snd
cheeked for purity by the vipor pressure 4%t exerted st a
ppoeific referstice temperature ’ The ges sunple vaﬁ then
elloved to expsad et yoom temperature vithin the Us-tubs
" vhose volume vee to be found, It ves nocessury thet a Hg
neponeter be pert of the voluns mwn. The pressure end
- terpersture were noted. The ges wes then condensed in an
evacusted weighing bulb of predeteralned tare end velghed on
a belonse, The 1ceal ges lav ves sssumed to Do valid and
the volume of the U-tude-Hg mencmeter system ccleulstod as
V= K. A voluns correction ves made for the added voluse
dus to dlspleced mercury ian the menometier. The sotusl volumes
of the ﬂ';tuwﬁ recorded wvere the mverages of sovers) similer
palibrations, -

" From this cslibretion, the voluws for stenderd cone
@itions of eny gas could then de determined by moting its
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terpereture, pressure, and U-tube volum, If the weight of
the gas serpls wove deternined also, the moleculsr wedght
could be celouleted egein sesmuming the Ldesd ges lsw to be
valid, Boceuse of the ervor imberent in the cslibration of
| the !Mmma and. mwmm standerd volumes by sssuming
1d0elity of the geses encountored, moleculsr velght detore
minstions from ges donsities ere velld cmyw&mn epproxi-
mately 5% of the true mxemﬂa? volghts For mle, e
‘observed mlwm velght of 56 for tm&mm {celeoulated
£9) is considored good enough : "
this mothod provided that this Mw M gupported
vepO® prossure mwﬂmma end chemieel mm«m

mmﬂaf'%mmmm@m gmva&mammm s

‘ thmemwmwmmmmezzmvm cale
culated, The gas in the burette vas then slloved to expend
in%o & velghing tulb end slipghtly comprossed by purping more
cury into the burette by use of a bend syringes IThe emount
of ﬁ&ﬁ in the veighing tuld ves trapped by ¢loaing the stope
sock to the bulb vhils the remsinder of the ges wes agedn
puped Lnto the pes burette and the volum vas mossureds In
this mennsy, the volume uz‘w wwmmmmmxwm
moesured, | . D .

0f course, the smaller the quentity of gos or the
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the lighter the gns, the grester vill be the percent srror
for the observed mcleculer velght. One smpls of methens

- gave en observed moleouler welght of 12.2 (cels. 16) but ree
produced the vepor pressurs recorded in the litereture (12 ma
ek ;3.96” } for methens. MAgsin, 8 sample of hydrogen with an
obrerved moleculer welght of 3,0 (504 error) ves found to
undergo only ges contraction &t ~196%. Further istinotion
batveen hyirogen end methans is possible by igniting the ges
es Lt escrpes from & buldb which hes been pmsmimd Ty blove
ing into 143 :xyﬁmm will "ensp" while methens burns with &
’blu& flems. Cfmall treces of volsiile boron coupounds usuelly
gave a green ﬂm on the first fgnitlion tests,

Sandaraon uﬁeqwmly deseribes the t«mw used tc effect
“the separation of & gassous mixture &% lov temperatures gnd
lav pressures as follovat®

T 2 nixture i Wmmmmmamwmm

cxpereture &% vhich only ono mmm hes en eppracie
am vepor pressure end the vola of the othor conme
pounds 4a & negligible, 1t should ha poasible to dise
$111 that component quantitatively swey from the mizture.
This may be thousht of s fractionsl &lstilletion in 1its
m&mmﬁ form. Simileyly, 418 the vhiole mixture 18 ellowed
to flov o8 & vepor into & trep held st the edbove toupere ,
sture, the moat volatile comonent thowld flow throush -
the trep, lesying the rest of the mixture behind in 8 cone
densed phese, This is fractionsl condansationd

zﬂmu P £,
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) mmmwvmmmw zw.ummm tamm
two phenomeny s,m rmum mm;mmmmmm
wm:srmmwmmmm mmuwmmﬁmw
' thwu@ 8 am&aa n: U*t‘xmaa WA ts awmauwly :wa tmm
wmmm “m M» M’ Wn MJWM W tho
volatilitiea of the ammu mﬂw m mxwo. m
refractionstion 1s effocted by dleplacing
mm ong Ustube mxw almg m mmm m&m w by Toe
mmmmmmmmmmmm el Wauwma
1% ‘hﬁ ﬁw tmm tha #m mﬁm mrtmmu o
m m&m e hsﬁmmu mw mm xa. Wi,
maxm. mae,p and mﬁmma vas wpwm& es follows, 21X of the
contenta of the sealsd W&ms tubs were mmﬁwaw BXeopt
the mmmu vith quid nltrogen, The tubs was thom cpened
&MMWthWWWWWMummm
16pler pups The yemelning mizture vas then wermed elovly end
ﬂlmm»w¢ thmn@zuwm ef U~tube treps beld at the
folloving temperatures, «257 which held beok the major porticn
of witer, =35° viileh trepped an ezeotrople mixture of H02-Hy0,
«C0% vhlch stoppoed ell of the HogBON, end finally «296° which
eollected any excess smownt of ICl. Only the solid Moglf-HCY
vas 1ot behind in the hydrelysls tubes Refractionation of
the HegBtll fraction vas effected by alloving 1% elone to waram
ead poss through the seme texpersture serien, ,
Sepersting B mizture of two pases is difficult 4f thelr
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vepoy prassures do nob Aiffer greatly sopecielly in thelr Yow

pressure ranes. This is the case for emmonda end trirsthyle
mothylaning hes en extrepolated vepor pressurs af

© 0.0 m Hg ot wmﬂmm mmmpm tivough & teep

| Bold &% tnds terperet pressure of 0.5 ma Ng. The

| eture et Vidoh the vepor pressure of smonta tales on

& valus of 0,0 m Nig 4s -126%, Temporature sontrol is of

peramount importence in this casep 18 the terporature vero

. grester then ~104%, the trimethylemine would 1ot be beld back,

end 1f the mmmmmmm*mﬁ, there vould be

m cthmee that ammopd beimathylonine both mﬁ. be bold

backs It wos found patber GLfflcult to control the torpersture

of umhﬁwﬁmlmwmw%wmm ufmmmwm..

_MMMW%MWHWWWWM#M
Govized mnd ppeers in Chepter X,

&*»' et

n o podty, A simple test for purity of o

- ecrpound 18 o mossure 1ts vepoy prossure vhon 1% hes
boen both verned and eooled o the sams terpereture. If the
compound 48 pure, the vopor prossures vill be promptly Pepro-
suceds I Lrpurities ers presend the ettalment of vepoy
pressure ogquilibeiun 1s slowed grestly end the vepor prossure
vill not be promptly reproduced vhen both vermod snd ecoled
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evidence foyr purity and should be tested by other methods
such as & moleculer vwelght determinstion or anslysls by hy-
drolysis or yesstion,

' Bources of errvors in cbsgrved mur pressures ere dug
to the surfsce effects of mereury in the gless mmnometer end
en ecourecy of resding & moter stick to the nesrest 0.2 mm,
Observed vepor pressures within cne or tvo millimeters {do-
pending wpon the totel pressure belng read) of the iterature
welues were considered within a ressonsble renge for ldentie
ficstion purposss. Identiflcations by vepor pressures for
smmonie, trimethylenine, and trimethylboron vers based upon
three vepor prossure msesuremsnts ot texperatures differing
by at leest five degrees centigrade, Foy this purpose, 1%
vas found useful to have grephs of the vepor pressure curves
~ for amonle, trimsthylemine, &nd trimethylboron.

Anciysie of bydrolysin pesiduss, These anslyses vere
porformed without the vecwum spperetus, The residus remaining
in en hydrolyels tube ves dried in yecuo and 4ts velght detere
mined feom the grozs end tare welpghts of the tudbe and residue,
The residue wes dissolved in water &nd the chloride preciple
tated and welghed e #gCl. The filtrete wes then trested in
8 mloro-Ejeldeh) epperetus end the smine nitrogen determined
by the ususl distillstion end titratiom,



The high vasuum technique affoxds & convenlent method
| of prepering and storing mtam; volatils compounds, o
purifylng oomuerciel resgents,

Plhoprne. Tiborans vas pmmﬁ by the reaction of
boron mnmaa stherete vith en ether slurry of pulverized
L thium hydride.dt A semi-disgremmats
used is ﬁhmmmm 3 on page 20, For this prepavetion the
ENSOT WES B bath of ether end dry ice, This type
sdenser led dlrectly to tvo treps, eech fitted with
stopoacks ot both ends end held respsctivoly at «80° end ~196°,
The sscond W iad to o woroury safoty mwm. The wpmma
wes therefore e mm systom,

~ Before the sddition of the ethorste, the spperetus vaes
thoreughly flushed with gaseous mitrogen, 2bout 3.7 grems of
11 thius hycride vere slloved to yesct with en excess of the
boron trifluoride etherste, The resction wes smooth; The majer
part of the ¢iborene wes condensed in the ~80° trep slong vith
soms sther end mnnm:.gmuw «156% trep,

1
3+ Ry Elllot, E. H, Boldebuck and Gs P, Roeded
2. Chents ,:m:w 15,;: 5&7 ‘1552)1; ¢ s e
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AND TRIMETHYLBORON.

20



21

Mfter the reaction wes complets, the =80° end ~196°
trepe vore connsoted to the vecuum line, The dlborens was.
pepereted from the ether mixture by the frectionstion pro«
cedure previocusly mentioned, The yleld wea gbout one llter

of divorens ot room tempersture snd pressure, and of Mgh

gnerd reegents methyl magnosim L06ide,
vith en sther solution of the etherets of boron trifiucride,
wes tho sarw as that vhich ves used to
. rens, I this menner shout 5 oo of Liquid tyie
methylboron vere prepared,

riathetdibanens ,  Totremsthyliliborens ves mpmd
by the resction of diborens vith trimethylnoren,i2 A Lerge
excess of trimethylboron ves added to diborene in & gless tude
¥hich was then eoaled in yooug and allowed to stend et roon
temperature for ebout awg The tubo vas then opened in
yeoun to the veouus line and the contenta frastionsted through
tvo U-tubes held et <00° end «196%, The portion reteined et
-00° vas matnly tetremethyldidorene, This fraction wes then
stored on the veouus line et «30% Esch quentity of totre-

ﬁ I -s-:i‘ gt 2
=2, 622 (19335,

end Ay O, Velloor, 3o Mrie Chome £0340
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methyldiborens used in emmmmaﬁ.éﬁ vas purilfied by frace
tional condensstion at «80° wntil the vepor tension at 0% vas
2&8 ,0 wm (um’mm valus 48,0 tm),

w_@, The ‘source of emmonis ceme from & cylinder
‘of afiydrous emmenie purchased fyom the Matheson Company.
 Ammonias from the eylinder wes condensed into a storege buld
* on the veouunm line vhich mmaimd emell clunks of sodium

‘metal. About 80 oo of liquid sumnts ves stored &s its sodtua
solution at ~80"‘ in order to remove the lest traces of veter.
Pure smmonis wes then evellsble after the removal of eny hy-
drogen which wes produced wpon standing,

Trimethvliemins, Trimethylamine was purchesed also from
the Metheson Compeny. About 250 co of liquid trimethyleamine
 were condensed from & cylinder into a pyrex bomb tube vhich
contealned sbout 10 prems of phosphorus pentoxtde, The tube
ves sosled end alloved to stand st room tempersture for a week

'w}im cocesional sheking, The tube wes later opensd and the
| dry trimethylamline wes d1stilled into & emell meted cylinder
wtil nseded,

Hetens The water used for hydrolysls wes dlstilled
water that was mﬁisum 1_n the vacuuR lins snd stored in
the seme epparstus,



&3

frdroron Chlomida, The hydropes chiloride used fop
sold hmsmaa wes obteinod by distilling technicsl greds
concentrated hmcz:mm podd solution through a trep hold
et +&° 1n order to yemove veter end collscting the geseous
hydrogen chloride by condonsation et -196%, The hydrogen
 chloride was slso stored in the vecuws spperebus.




The work ghovn hore is in confirmetion with the literw
. siures The seperate studles of the reaction of tetremethyle
Glborens vith emoniaz and the reestion of tetramethyldliborens
with trimethylemine mot only efforded good sxperience st the
high vacuum work but slso aed amm»mmm for the
study m!‘ the resction of the élermonte complex of tetrametinle

From this polnt on, the formules quite frequently will
be substituted for the names of compounds bocause of the
bulliiness of nomenclsture, especlslly for boron compounds,
~for vhich there 1s a leck of e stenderd simple nomenclature.

| mmmmgam,;%mw? Vhen emmonia ves
23d0d to tetvemsthyldibormo et -00° & solld, wbite, selte
1ike compound vas forwod which vas steble end nomvolstile wp
to #tmmm of sboul ;150”4 If emonle or tetrametliyle
diborens wes presont in excess, it ves posallle to dlstil)
gucy the excess smoult by veraing from <80° to -60°, The
aount robained was elvays in the at&WwM ratic shown
by the egquation

mowgf 2y "X megpemy . (3)
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When the somplex or ’dimnxaw“m ves wermed to usc"
decomposition ves mmm from the m&m‘m of hydrogen -
being slovly evolved. At =307 bydrogen ves given off in ep
mfaaiabia quantities, - The dscomposition went to completion |

st room tempersture to glve Hy end MeoBlHy. The net reection
e room torperature ves in egreoment with the equsticn _

| - MeyBgH, + ZMHg = 2H, + e BNHy (%)
ma detells of four amrimnta sre taduleted in Teble I on
page 26, . These results &ro._ in complete agreement with those
r«apgrmd in the litereture. 14

xu should be noted in ?ahla I that :m experiments 1
end 3 m excess of m3 vas used whwmma m experiments 3 and
Y an amasa of MoyBolly was present eand oould be recovered,
The amstema of & "monoemmoniate® i1s mot supported by the
~ data, B

Of the two products obtelned frem the NeyBHp<NHs
eystem the hydrogen vas the simplest to readily fdentify and
‘measure, The physlesl natuve of Me ENH, too often lesd to
tnsocurate identificstion or meesure of the yleld of Ms,ENH,
vhen based wpon 1ts vapor density, AL room tempersture it |
nay exlst not only as o wonomexls vm:r but &lsc &3 & sube

13_&_3 Ne 5y Do e
iy, I, Bchlsalnger, Horvits and Buz-g, M* sit,
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1imshle polyanerie nnud*w Cbserved moleculsr welpghts teken
from vepor densitles renged from 52 to 59 (MegENH, celeulated
56.8)¢ |
A convenlent way to determine the emount of Me i,
vas hydrolysin in en e01d medium vhich goos sceording to the
equstion , |
| Mo DNH, + Ha0 + RO = NegBOH + NI3Cl (s)
From this mixture the volstile dimethylboris esid eould be
1solated end it ves en iniirect meesure 6f the yleld of Me IDH.
CTAEIE 2
THE REACTION OF Mg VITH MeyBgEp AT 25° C.
‘ .

Experiment 1 2 3 8
NH3 edded  (maoles) 2.25 8,19 2.32 0,58

| HoyBN, added . 1.00 1.03 2,19 1.93
iz produced » 1,51 2003 1.98 0.5
mm isclated h 1&67 1;85 1&61 , 0.“
NH3 recovered * * 2,03 - -
MoyBolp recovered ° . - 0.79 1.39
Retio Hy/is,B R, 181 2,00 - -
Ratio Mo ; 1.6 1.80 - -

% 5 7 .

"~ W40 ettempt Lo Yecover i wes mace in Lals experimont.

M——

’5&* 1, Schlesingey, G. W, Echeoffor end others, Finsl
Report to the Navael Rosesvrch Leborstory for the yoar 164743
of Contrect EGorie20,; Te 04 Xos DD 1819,
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The reection of MeyB.N, yith MesN. When Mol vas
sdded to MeyB.H, at ;30" & 80114, vhite, selt-1ike compound
ves formed which upon verming to room ‘tempamtm yielded &
clear, colorless, slightly volatile liquid {vepor pressure -
of 23 mn et 28%) vhich slovly produced X, by decomposition,
The stolchlometry for the resction vas in sgreement with the
equation . .

‘MeyBglly + eyl - MeoBENMes (2)
Vhich 1s in confirmation of the 1itersture,lS The Me Emmtes
was Yecopnired from its hyamlwxs pmﬁmtu secording 4o the
equation \
| MegBHWMo3 + M0 + HC1 “ma‘a@n‘ +Hp + MegieHCL  (6)

N _In one experiment (amrimn‘k 3, Tsble II, page 28)
tha wﬂm complox pmdncaa by the resction was indlceted to
be Ne BHlMes from the enalysis of & welghed sample. The
sample welght of 32,0 mg represented 0,32 mmoles of Mo BHNMe 3.
Room tmemtm bydrolysis vith en HCl-Ho0 mixture produced
0,29 mmoles of Hy and 0,29 mmoles of MesBOH. The residus
from hydrolysis after drying in yacuo.welghed 30,3 mg and
repreosented 0,32 mmoles 61' Me3H+HCl, This is in complete
agreement for the ebove equation descriding the hydrolysis _
of MegBiiegs | |

The th M three nmmnta sppear in Teble II

3’%\;23 end Echlesingey, é;‘,iu_g‘ oit,
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TADLE XX
THE REACTION OF Yo}t VITH MoyBoH,
Exporioent 1 2 3
© Me3® addod (moles) 146 2,05 0.67
HeyBolly added » 0.35 0,90 0,20
Mo recovered {excces) " 0% 0.3% 0,28
MooR in product (Ejoldenl)  * 0.6 - .
. Ratlo of MesN in product/HeyB. N 19T 2,02 195

In these studles HogH ves condensed with the Hayd H,
vith 1iquid nitrogsn end the mixture wes stored et -80°% for
periods of 10 days, 1 dey, end 1 day respectively for exporie
monts 1 to 3, after uhich the excess Mesl ves removed at ~B0°
by distllletion iy veoug.

mmmag, Hogly eod the mwmg emong 1ts products,
periment, 8 1,79 mole sampls vl Mo BllUley wes kept
&% room terperstuwre in a 300 oo bulb for one wonth. In this
tine 0,03 mole of %o, 0,08 muole of MosB, end 0,11 mwle of
Mos¥ weve produced, An equilitvium meemed to be involved for
the decomporition, Vhen the remsining emount of Me UHNies




stood et room tempersture for three hours, snother small
portlon of Hy vas produced. This phenomenon was found to be
repetitive end fest emough to meke 1% impaaaihla to deternmine
the vepor presgure of Mo LHNlMes; shove mm tempex-atum &s 1%
1« recorded in the litereture,l’ e
| An insight to the probsbllity of Me BINMes being wne |
steble c¢an bo galned by comparison to Hoqbiless The .thma
methyl groups each on the boron and nitrogen atoms in Me3lIMey .
11lustrate the effect of thelw sterle hindarmzm in thet MeyB-
Me3 1 0% alssoctated™” et ~80°, Even at room temperature,
‘Me3Nie3 s dlesosiated emough that NegB end Me3N may be 1soe
‘lated from MM@ by frectionsl condensstion in vecuo. The
strein of the B~B bond in ¥io oBHNNe should be less than that
 in MesBie3 by mmxim“miy the emount comtributed by one

. methyl group.

| Ammr raewr mwlwa is tha wlauw ectd strengths
‘of the MesBR group end Me3H, wma—nmmmm_@m«% 18
-rurthw vealtensd becsuse the three methyl groups on the boron
.atom dleplace elecirons toward the boron stomp the electron
.donpity. eround boron is increased and hence the acid strength
of He3d 1s %ammci; Pecause the effoct of e third methyl
group is a‘bsam, the maﬂﬂ grm shmﬂa b u atmngw pcid
than HGBB; ut thérexpsected u.nerease"in atabilitr could be

173 I. Schlesinger end otherz, J. Chem, foc., 6
1078 (1939); B, Brovn, 3. Au. chen. facl: & AT e



overshadoved by the sterie interference between the methyl
grouns mma to the boren mﬁ plitrogen atoms yesuliing
in en mx*m foree which tends to separate the two atoma,
From the smound M Ho30 produced in the semple dlscussed -
sbove, the indlostion is that m@ms 1s 63 docomposed et
 room temperalurs, | -
N A xmz@im explanation ar the dﬂam&im ar mg‘aﬁ»
‘m&eﬁ may be found tbmu@x its cdlssoclation to form the come
~ pounds from vhich 1% :&a ponstituted, probably, acaardina to
the ﬁqum;&m : .
- SNogBHENMes + 2oy = (Mo B} ' - AN

Ia this syslem, the equilibrius lies to the left. This would
ascount for the sppesrence of Miez, The hydrogen end MeB
moy heve tholr source from the subsequent decomposition of
(sagbin)g which dlsproporticnstes to the lover methyleted
' | derivatives of dlborene, hydrogen, trimothylboron, and higher

boranes. %The hwdmm prodused would serve to stebilize the
systown agalnst further decowposition of Mo BHINs3.



In this chepter a reviev 1s mede of the significence
of the NeyBoE iy systen vhen the totremothyldiborans is in
. excess, In this esse 1% wes then possidle to determine if
the hypothoticel coogound m:!mwarmmmwﬂm eould bm
prepered in this menner, The preparatlon of the oo come
pound ves also sttenpted in enothor manner by slloving Mo Ell,
to bo in contect with HeyB.H.. Both methods felled to yleld
einstotremethyldiborenc .

Zho resction of FopBoH,«2iHg yith MeyDollae The dlame
montete of tetramothylélborens’ 1e similer in composition
to the dlamcntiets of diborena’® in thet eech resdily volve
- one equivalent of hydrogen won trestmant with sodius 4n 1iquid
eomonies This shows the dlezmonlete of teotremothyldiborsnas to
contailn the Myt lon, It soemed 1ikely thet en excess of totree
nathyldidborens, vith 1ts wa.ﬂ,&bw maaa groups, vould react
vith the pmonium lon,

Mmlnodiborane has boon prepered dy the sction of diborens

1% Seanpbell, Jr.s PhD Dlesertotion et the wwrn
gity of mmém Celiforniae.

mamwv end Burg, 69, 290, ixid.
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on the dlemaniete of diborene,”° The emslogy to be mede et
mmmwmmmhmmum@mm

rpperent resctlion. Resotion mms mm tetransthyldiborens
evelleble for resction with the clemonlete of totransthyléte
* borens have toen Ssecribed previcusly &s experimonts 3 md b
4n Tedle X on pagy 6, in vhich MoyB N, ves present &a en .
emowdh grestor then that roquired o form MopBollyeZllla, It
tatremethyldiborens ves not produced but
o i, end I, and the sxcess MeyS.l,y ves poe

covered from the reastlon mixture,

nlized, %he mmma resctlon vas a8 follovs
Siogily+ (Mo ER), = e RIITI Il (s)
Boncas 0.20 m:.ea»m‘ of Bo-INR, axd 0,27 moles of
SopBtly were slloved to stand in Wﬂ with soch othey
for tvo wocks at -80%, The mixture ves then veroed to +30°

%& I. tatde W”ﬁ e Ritley . .
G0, 2297 {1933)s WW s o 200 EDC0e I0%00

%nmmww 23 colowleted from tho
rwaa.& mole oizture of
pwmus the mixture ves




- presense of Mo I
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and 6,12 mwles of Hy wes colleoted.®2 The volatile materied
vas then fractioneted through a serdes of Ustubes haiga roupas-
tively &t the decreasing temperatures of =607, «80°, ~320°,
end «196%, The observed moleculer weights of thess fractions
vore 52,5, 635, 85,3, 204, end 53,4, 24 éo not supgest the
2 ¥hich vould hieve 8 moleculew weight

of 93.6.

It sppeers from the stendpoint of structure, thet
Mo DiHy would have & considerably lowver tendency to add e
borine growp then the enslogous EWE,® dus to the presence
of the two methylegroups ont boron, each teniing to incroase
the electron density evound the bovon stom. The presence of
ths two m‘mﬂ»;mwa on boron evideatly afford a Mook to
the formstion of the hypothetlcel corpound emino-B,B,B?,Ble.
entnodiborens, end §,Nedinsthylantnoditorens have been proe
pared by similsr mothods to thoss used have.2d

22mis 1s the expeatod mmount of IL, produced from the

ropotion of 0,11 mooles af%ﬂwm ¢« This emount of

gg‘ vag%mmﬁ in tm smmlevol Mo D, n o this exe
* _

ﬁg@g maqzﬁsk T * » Lo, SOy
MM(W’% Malph, o Lo [0 0T £0000



CRAPTER VIIT

mmmwmmm& ACILO WITH AUROUS HOL

This stuly wvas crrrded oub in order ¢o Lnterpret the

 yesults of the prelimtnery investigetions of the HoyBo¥i,-UHy
syuten snd the MopBoH-ilsg eystem in vhich enslyses of ocome

pounds by hydrolysis deta peve rosults which were éifficult

- to explain, Ao explanstion waa mmmwm found in tho

condltions employed Gurdng hmiyum The mumm study

:mwa hw this susplelon was confirmod.

. Fonarimentel sooblem slution, In some of the
first resction a&aﬂm of the mwgaa-tma pyetonm, vesulls
vero mwammmwmmmmmmuw
erature mmﬂm)wmmammamg, es messured by
the Mo BDOH ylelded upon hyCrolysis, ves very lov end (a) the
~ byérolysis of the products recelved from the ﬁ%"aﬂa‘ms
systen yielded 2 nonsondanseble pes indlceting the products
voteined soms hydridie activity, vhich would 2ot be true of
Hoglillips 1% ves dlfflcult to glve & ressonsble interpretation
of these results, - * ‘ : |
| Repoated exps

mewmgh vord performed in oxder to

35'W&W end Burgs Chome Dovses 202. ol
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the peproducebllity of the hydridie @umy of the
initie) rosction products, yleldsd thres sigaificant factey
(1) the mount of bydride sstivity reteinod by the resction
products ves not veproduceble, (2) the noncendenseble ges
7ielded won hydralysis vas mot hydrogen, but rather methens,
as 1dentified by vepor pressure, observed moleculsr weltht,
“end flms tests, end (3) the residus fyum hycdrolysis could
be titrated with Noo@ in solutlion with a lergs excoss of
Mennitol vhich indicates ¥ho presence of HgBog or MeB(0H)a.
Thus 1% eppeared thet the temerature of 243°, which
melntetned Gurlng m m&mw, vae M@ enough to
CAUSS & aiwmw of m mya w., MWI‘@N* hydrolyeis
stulles ot 1507 of some methyl derivetives of borie ecld
wwmmemmm mmymam attmhydm-
1yses of mwma end w 03 mm from the MoyD iy

m smawﬁ%m%p obtained from the thermal decoms
mmum of M@B@iy vere purifisd end hydrolyzed with en
mm«aao mﬁxmw mmw memu The emount of Me BOR

hyirolyses w those sarples ves seeled in

| ammmgﬂth mmmgcwm end hoeted in tho oven
for seversl bours et 110°, 140°%, mnd 160° respoctivelys A

ammmmmmﬁmm“mmwmmmm
mmmmx The detellad results of thoze studics e




ghomn 4n Tedle XIX below, -

- g mmm OF IV DERIVATIVES OF DORLS .
AT WL 4T ELIVATED SENPPRATURTS

magn ozl Mo 5 02 0w

Toghol 173 160 10 0,66 0.90
MBI, 0.1 160 10 057 0.36
Mo, 000 0 8. 0.5 0,75
ogXim; < 108 1O 2 0005 1.0

Mot 046 WO W <Y0es -

In & muber of furthor Wa, vhere Heglllly wes hye
 drolyzed 2% 1057 ta 110%, the time has boen extended to severcl
days withoud epprecieble methane formation. Hence Lt eppocrs
thet the productilon of mothans becomes eppreclidla at tome
erstures mich higher then 110% but wp to 110° the CHy-B bonds
ere not ruptured,. .

1t 48 evidond fyom the deta $n Teble IIX thet the B-0
boris of trimethylboron and dlmethylbordie scid were bhydrolyced
et 140° to 160° acoordix ‘

Meyd + HOH = CEy + MagBOX - - (9)
HogBOR +EGR = CHy + Me3(0H)g | (19)

with the ultismete hydrolysis porhans ylelding borle escld to @
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small exbtont us

HeB{oH)z + BMR =Cly +B{aH)y (11)

The vesults of this particuler ummm.ma elerdfy
the hydrolysis deta cbtained from the first experiment |
vestigations of the mwg-mg syrten end the Mﬁaﬁmms
systems Por exrmple, in e experdmentel study of the yesction
MWMMM ead Kisy 1.77 maoles of ﬁmm substense

sl B, TEOTL, EMM 55'3) vos

satile sz,m amlaa

vith e Dlulsh Flsms when ignited, The miocvo-Ejeldahl dotere
pination of srwrls in the hylrolysis residus indlected 1.71
wales. 1If, scowrding to squation (10), 141 mmoles of Me DiX
had wndergone hydrolysis and the corvect smount of Ve, SXI
 ebould be 1.76 moles. This then glves very good egreement,
topether vith the nitrogn determinstion, as what should be

spected vhien 1,77 mwlen of He s 18 bydrolyzed,

enother cass, the slightly volstile 3iquid obtalned

from the yeastion of 0.9% mwoles of MoydoRs end 1.50 mwles
of Mo} ves hyfrolyzed similerly overnight et 180°. Eyrolyuts
7ielded enly 0.13 muoles of Mo B but 3,62 muoles of & ome
condennslle gas mw 8 molsculer \mm of 10 ..&.. Vhen Lgnited,
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thet ves being used. A chloride dsterminetion of the hydros
1ysis residus precipitated 1.00 mwles of fgfl, 1f the none
condenseble grs 48 considered a mixture of Hy end I end
1.00 mnles s the expected yleld ol o DHITics in this pxm-?
tlouler properetion md hydrolyzes ecoording to equstion (6)
- to prwmmm moles of By, then 1,74 muoles of O ero

ﬁmwm in the wisture, This represents 1.7% rooles of Mo N0H
nwmmw end the totel emount of Mo BOR produced Guring

' hyﬂmimu wen then actuslly ma mm which is in amm;&u

potod mam end tha em.m&a sw"




 Mthough toth diborens end tetremetlyldiborens cleerly

- eoubine with tvo molecules of emmonls, 1% 1s not & simple

metter to write & formula fur these ¢leammonia complexes vhich

vould ecouwrstely indicete thels ﬁWW& or chemleal prope

erties,. The tvo nitvopon etoms epperently ere not equivelent,

Even though 4% eppeers thet two types of combinod rdtrogen

stots ere observed through chemleel resction, the strusturel
behitshed, ¥For exomple, the dlene

" momia complexss of both éiborsns end tetremothyldidorens yleld

imrodietely ono equivelent of hydrogen vhen scted wpon by

godium in Mquid emonda. Purther contect vith sodium then

- boretes slovly up to 407 wore bydropen vhich indicetes the

prosence of more then Just ono mole of svellsdls protonie

~ The folloving study wes made in order to obtein more

informetion sboud the dismoniete of tetramothyliliborans

It wvas deaired to doterming 4f the dlepmoniste would wnderpd
&l oplecomont wf%ﬁym strongor lovis bess Josl,

srformsd wmmmawmmwg ot
wmwwwmmmz&tanmww:wmmm

- §
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3 hours (mw:smamwwx before the removel of

" the excess Iy by dlstillation evay from «30% The Clamme
Plete was thon trosted vith seversl suscessive sumell portions
M Mﬂ {eprox ,;_a,.: 30 co as » gos) ot temporatures

“e30? 4n en uw to dieplece the smmonis, m ddeplecomente

» wmammmmwmmwmmmmum
Mot (observed 9 ma ot ~80°, Uteretuwre 6.5 mh The élepleces
product vas a solid, white mm

~ moved by mmmqm 43 yoo oh M over thad of the puve

eyl ooty ".‘*‘N s’y Yo

wvore completed, the mﬁ v varaed slovly to 35 i3 yooun
2500500 » ol o DNinee The Gotalls of uw of
sxperingnts sppoey in m IT on pepge 43, '
p 4 ﬁm& b Dotiond m Teble IV thet in emoriment
masmor mmwmw end 2lopleced @ 11¢t1e more than ooe mle
of % vidis 15 experinent yrolong
mmmMaMﬁmmmmeWu
1s 573 more then ons wole of Ky from the dlmmoniete, Uhis

onged stending of the dluws
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then indlestes thet one mole of Fij is readily ¢isplaced
vhills the second mole Lo but slowly displeced, This fact
pleys en Lvportent role in the mmtaﬁou of thia parua-
culey study,
TABLE IV
THE REACTION OF MeyBoll,«2NHg WITH Mo R

Experimont 1 2 3 % £
HoyBoHp teken (mmoles) 0.99 055 1,03 1.09 1,03
53 teken . 2,00 1.5 293 297 207
Npwonvermiag " 0,35 047 035 1.0 0,33
My recovered  * < 08 181 - 233
MoflH, " 042 = 039 051 0.2
ABEIT . .50 0,60 1,08 1,25 1.8
“Retio Hp/MayBoHa 0,35 0,31 0,53 095 0,03
Retio mgmm 155  1.09 1.0 135 1.3
mm Ky m% g@dﬂagév - .36 132 . 1.57

TSR In This exporiment the mnmw n‘@o IR eontecs
vith Wmﬁaz 3/8 ¢s of ﬁﬁﬁﬁ wg for & peried
of throe vesks before rmn
Epdrogen wvas indlezted t0 bo a product of the thermal
deommposition of the displeced produst 4n thst a noncondensebls
ges could be pumped into the ges burette by the Topler purmp
rorted & high pressure {(over 200 mn Hiz) even vhen

tompereture of Jiguid nitropen. Weore the gos
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mothane, the vepor pressure &f this tampersture vould have

dropped to 12 ma Hg. _
it nodimethylboring vos mﬂmm to Yo a product elso,

vhen volstile samples treppod et ~110° hpirolyzed to yleld

- _mm m not eny bydrogen. Foleculer welght determinations

of the «110% fractions vere mot used for identifisation bee
‘Mwuwmmmwmwmﬁmm e similer
maloculer valight,
| The Mogliltiey ves Ldentifisd by en observed melting
point renge of =20° $o «17% (Litersture velue -13°) snd vepor
pressures of 3.8 ms end 9.9 ma respectively et 23,57 end 45.5°
(1itereture values 3,7 ma end 10,2 m). Confirmetory identie
ficetion wes obtalngd by the enslysia of bhydrolysis data,
ZLlikioy hes Deen previously doscrided es
g dceopding to the following equation,
ogD0R + By + Mol eHCL (6)
H mmmmwmmzymﬁmmmm@m3 eppoer
4n Toble ¥ on pape 43,
The deta in Toble ¥ indicstes thet one mole of mxwnias
13 rooiily dlsplaced end &s in egreement with the following
gauation,
mﬁ’%*ms Wiey = Mo Mpigmies+ MWy  (12)
Upon werming, the complex MoyDolly«ily«Riey decomposes probebly

(13)
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| ‘Tquation (13) polnts oub thet the yleld of Me tiMl, and
B2 should elveys be the same, Thouch the deta does mot show
this very well, 1% is interesting to note thst the emount of
Fo i, detoctsd nover exceeded the emount of hydrogen ylelded.
 The enount of hydrogen 1s probsbly the more sscurste value
eince hydrogon eomt Do 8o sesily and corplstely removed end
messured, IS ves &ifficuls to isolete Mo XUL, from large
emounts of Mozl snd treces of Ny by fractionsl dletillstion
eondensation becose of the slmllerition of thess three come
pounds in their very lov vepor presoure ranges. Consequently,
lerge emounts of Mol dlsosrdod wﬁ% pmb:
£bly contaived smell emounts of Ho Ty
Vhen more then one mvmm; of Ki3 wves dlzpleced,
(possibly by further resction wwwn Mol and MeyBoll, *HHs .mgn)
the folloving ves observed; (1), more then ono equivelent of
M3 wes recoversd {2), more then eno mvma of Mo JIiliey
produced (3), Joos thenm ens equivalent of B, ves evolved
won vammg, end (%), less then one equivelont of Me I, ves
produced. 211 tbhis is obvlous in Teble IV,

onatitution of MeyB .oy, The structure of the
élamond oto m' Mbwm bas besn the sublect of much controe
vereys FPoroules based upon chemloal propertles, which give
some insicht to structure, still loeve much to be desirved,
Bovover, the dlemoniete of tetresethyldiborans should bheve
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the seme baste etructure es the dlemyniste of dlborens, so
¢ comperison of the pesults of the present vork vill be medo
vith sinller studles eoncerned with the wmothyleted pevent
sompound, end the interpretations of structurs which heve
Yoon mede, A | .
Three structurel formles have mmm for the

hmmmmm eccount for the one equivelent of M,
roadily given off vhen the dlemuoniete is trested vith eodium
in Lqutd emonts,2? 4 slow sscondery resction producing 403
more hydrogen, which suggested the avalledility of more them
Just ono equivelent of HI* lons, lead to the postuletion thet
the following equilitrius ves involved between the dismcnlate
of diborane end the smmonla solvent, . |
o mylmgmgT) amy @ oy (mgn”) (26)
- If the dimmmonieste of totremsthyldiborens wore vritten sinle
lerlys 4t vould be NHy' (Mo DITRITNIe," ). In ordey to acoownt
for more then one mole of repleceble Ny, en equilibrius enee
logous to equation (16) earmot be written decsuse (1) the -
emponie eolvont is ebsent snd (2) a resction betveen dlspléced
azvnla end NHy, (fo MIN I, ),tus reteining the amonis,
is wnlikely sinoe 4t has been found thet the displaced NIy
ves yemoved along with the excess Mol by dlstilletion,

lzonloninger end Burg, 69, 290, Log. olt.
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Hovewer, the shove formiletion, though setinfying the
econdition of ome realdily replacedle By, dlsrogerds anothor
proparty of the dlemontste, namaly that the a:.mmm ol
dlbormme eprears to contain the Wﬁa m

| wmsmwmmm fon end the DHy" 1mmm, the
¢temontate of dibovens has been formated®d as My’ (R AT
ng*h The dlemmoniste of tetremmthyldiborans oen be written
similerly as m (M0 i :
of Wg with Mo, the wmm mmlaxwm Yo mzm Ba

e

Mot "(MogMi M Wies") s In order to sccount for more replace
shle pmmonle & mmt.wn soquence cen bo formisted for the
reaction of the structursl units of MezNH (Mo XEn M trie,")
and Hosil as follows, o
Mogthi’ + HesDIMp - mass + Mo ElHy (17)
Hoglt + Mo By = MegHes” + Nl (23)
The formution of sudsequent NopBHiltes may then follow as
Hegumioy” + Hol¥te,” = Megfil + MeglilTle (19)
Mo T + Me3® = Mo (20)

The net equetion vould be
‘ %3m++ m:%mma +$ +w = WM3 +m13 ‘m)
Bovever, veriflcastion of m: reaction sequence would
not be a ml@ mﬁ;tw and 1y 1dx even.: questionablem viev of
the a’emwmm that maﬁmg mmly &4 not resct with en

msezmrm, Mems ond Koenlg, Iod. cit.

———
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fon contelning @ protonie hydrogen, similar to equetion (17),
vhen & samle of M iy amm smonie vas mixed with |
MogBolls es described im Chepter VIX, 7The only reaction obe .
servod wes thet betveen the smmonis end tetvemethyldiborons,
. A third formilatien for the dlamcniete of divorens
 which 1ndisstes the borchydride fon and e positive don cone.
‘teining Wiy groups has been sugzested™ as (H.B(NE,),*)EE"),
Vritig ¢ the dlamonlate of MeyB H, eimilerly would yleld
(tegn(d3 ), N I0tes ) e Doceuse the cbeorvetlons of the éise
placoment studlies indisats thet ong sewniz molecule 1s reedily
élepleced md thet the further dlsplecement of eny smmonta 1s
dona slovly, the formaila (MezB(NHz)a*)(H E¥e,”) ney not soem
1ikoly becsuse both Ny grouwps ere vritten as belng equivelent
end indloatos th&km%mia}mﬁwmp&mabl&asm
~other, This nsed not b the case, however. Tho replacoment
Mm%mhyamgwumvmmbmymm
- follovs, -

mmmmememymumMmmm«my
well sorve es e pertlel blogk for the smproach of a second
vlening molecule, such thed the folloving resstion
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(mm:sm%s”)(ﬁama )+ Wieg = .

‘ | . {meg8(mies)s" ) ttey” ) (23)

& stetisticel treatment could else be sonsidered in
Wils ¢ese, The firet HlMey molecule must have a givea mumder
of peths by which 1t may spprosch (Me B(BH3),")(H PMey™) and
displace elther oms of the emmonle molecules, Once 1t essunmes
the releiive position previously occcupled by the displaced
NB3 group 1t has then by its mere presence pleced en unique
1t to the mumder of paths by vhich a second Kisg molecule
mey epproach {Me SNH.iey )(R Bites ) end displece the remeining
B3 molecules The first m&g moleculs then has a cholce of
tvo Nij molecules to st Wem; the second Mg momme bes
no such cholce, 5mtiaM¢a11y makmg the amm nole of
emmonia would then be expected to cong off et spproximetely

helf the rete of the first one, neglecting other foctors.
© iny steris effects affordad by the presence of the first WMies
grouwp vould further decrease the rete.

02 the threse struotural formwmlas proposed for the di-
eonlete of diborens end 1€ similer formules are essumsd for
the odamoniete of tetremethyldlborens, the displecement studios
fevor & formulstion of (MegB(NHg)s )(E Biey™) for the folloving
ressons {1) both the horchydride end emmonium ion charesters
sre indtcated {(2),more then one mole of replaceble amonia is
indlcated end (3), & simple treatmont desed upon commonly sée
ceptad chemloal prinéiples cen explein the difference in the
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sase of dlsplacing & second emmomie moleculs from the compound
(MegB(MH3) 5" B De,™)



CHAPTER X
TR AULYSIS ¢ ATIUTATRDTIHCLAMIND MIXTURES

In orden to deteruine the effectivensss of Megll dlse
placements from smetinistied MoyBola, 4% ves nocessery to dovise
8 Tepld mothod of nelyring & saple f MeN for N, content.
This ves scooplished by dsteraming the vepor pressure-corpos
sition eurves for this tvo somponent system, st the twe &ifw
feront tomeratures «73,6° ( sublimetion polut of dry 108)
md‘wﬁz 52 (mlﬁng polint of ehloroform), There vas & pmai;-
tive devistion from Reoult's 1av, with & meximm ot & NMige
mole~frection of 0.6, vhich 1imited the epplicedility of the
mothod to the Mig-mole-frection yanze of 0.0 to 0.40, ‘nee
Iysis besed won thees deote gw soproduclble results, with
;m scourecy of epproximately Z8. {(see Pipuro 4, pege 1)

Tha technique exployed wan to suscsesively dlluts a
¥nown miount of W3 with knovn emounts of Hoal aftor eech

vepor proseure messurement until the mole frection of FHg
chenged frowt 1.00 to 0,10, For each meeturement a consten$
sople elze vas tolen end the wvepor 9Mam wvas roed for &
eyaten o constent voluues Tius, for each knovn ges mixture
the vepor pressure ves determined for @ constent muder of

of moles in & conatent volume, Five mirmtes vere alloved in
each eose for the mizture $0 peach equilibdriws before recorde
ing the vepoy prossure.,
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FIGURE ‘4. VAPOR PRESSURE - COMPOSITION DIAGRAMS
FOR AMMONIA AND TRIMETHYL AMINE

1 1 1 ] 1 1 1 L |

PRESSURE IN MILLIMETERS MERCURY

0 T T T 1 =T T T T
1.0 0.8 0.6 0.4 0,2 0.0
PURE NH PURE (CH3)3N

MOLE FRACTION



The wmm ot mwmmmm e mﬁhﬁm
wed 88 Yeported in the litereture to procoed
tave 48 fﬁlWﬂﬁ ' -
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A% lov terperetures smmonle mey be dlspleced from tho
Semoniete of tetremethyldiborens by the tromser Levis beso
trimothylenine, WVhen the resulting eomplex is vermed to oo
torpersture, thorasl decamposition ylelds Hp, Hegiiil,, and
Ko llilloge The net rescilon vbhon ons wole of emmonia 1s ree
placed with trimethylenine may well be es follovs,

ayBol, 23 Wieg = Hy + Mo By +Mo Rillley +205  (13)

Uovevor, nore thon just onw wole of mmmonile con be Gleplaved
mesordate of totrepthyldiborens, This may be soe
mumwmmm stdition snd removel of Mezl or by
mrondete to stend 4n eontact vith Ras% et «Oo°
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