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Abstract

The heats of hydrolysis of n-butyl-
lithiuwi and triethylaluninium have been
measured, using a Dewar-vessel calorimeter,
and the data used to calculate the values

#f%(n-Buli, 1iq.) = 31.4 ¥ 0.7 kcal./mole,
and Azzf°(Et3A1. liq.) = -36.5 ¥ 5.5 kecal./
ole. Using a rotating-bomb calorimeter,
the heat of reaction of trimethylaluminium
and acetic acid has been determined. The
heat of solution of aluminium triacetate
in hydrochloric acid has also been obtained.
These measurements are used to caloulate
the values AHfo(heBAl, 1lig.) = =36.1 + 1.6
kcal./uole and A::f°[(crzjcoo)341. cryst.]
= -451.8 ¥ 0.8 kcal./mole.

The nean bond dissociation energies
5(Li-Bu) = 54 ¥ 9, D(A1-Et) = 56.3 ¥ 4.0,
ard D(Al-tie) = 64.5 2 2.0 koal./mole
are derived.

1.
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Introduction

Therec is very little information about the strength
of netal-carbon bonds in the organo-metallic compouncs
hRn wiere il is one of the lighter metals lithium, beryllium,
or aluniniws: and R is an alkyl radical. The aean bond
dissociation energy B(M-C) is an expression of the strength
of these bonds and is readiliy calculated from the relation
S(-c) = ax°(R, g.) + 2aur%(k, g.) - 2aue°(iR, e4).

The object of tlie work carried out has been to

o .
sy of some of thwese

detornine heats of formation, Al
organo~ictallic compounds, in order to obtain more
information zbout the strengths of metal-carbon bonds.

Three counpounds have been s+ :1i-d in this investigation,
a=butyl-1lithiu:, tricthylaluminiuvm and trimethylaluminium,

Lececrrate determinatiom of the heats of formation
ol these coiypounds is difficult because of their Ligh
reactivity. There are faw reactions which are stoi-
cidoiletrically -rcll-dcfined and which are also suitable
for tlermniocicivdcal study. Zydrolysis under controlled
conditicns hies been gsuccessful for n-butyl-lithium and
for trizethylaluniniun, though less so fcr tricthylalum-
iniua,

Tl heats of Lydrolysis, at constant pressure, of
n-butyl-iitiiun and triethylaluniinium with gaseous water
heve heen reasured using a Dewar-vossel calorimeter,
widch 1s chown diegramiatically on page 27. For trimethyle
alwiiniun, wiick is considerably nore reective, this
metlwod proved unsatisfactory, but the heat of reaction
with acetic zecid, at constant voluuze in a rotating-bomb
caloriioter, :zs been neasured. This apparatus is
shown on pagas 28 end 29. One of the products of this
reactlion is alumiiniwa triecetate, and as the heat of
fornation of this compound wes not aveilable, it was
ceteriiined froi: neasurenont of its heat of solution
in bydrochloric acid.
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The tl:erizocheniecal studios of the three organo-
metallic coupounds, n-butyl-lithium, triethylaluminiun
and trinmothylaluwidniw: differ in a nunber of aspects. The
- detallls of these investigations are presonted, therefore,
in thres coparcte sections which follow.

iublications

rarts of this work have been, or are being publisihed
e.s follows:

1. JZeozts of Torunation and Bond Znergies. Part V.,
n=3utyl-14it-iun.
3y Pshse Powell and C.T. llortimer.
J. Caer:s Soc., 1961, 3793,
2. Jents of Fori:ation and 3ond Znorgies. Part ZIl.
Trinethylaluiniun and Lluainium triacetatee.
3y P.T. Celliers and C.T. llortimzer.
Jd. Chierte J0c., in press.
3. Yeats of Formation and 3ond Znergies.
Triethylalusiniv:a,
& 3y P.A. Tfowell and C.T. liortimer.
To be pudblisihed.
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Triothylaluvrdzndus

Ty Tk Fowoll and C.T. lortisor.

The Dcat of hwdrolvcias of triethyl-
civizindius: kas beon fieasured. A Imown
rengit of water vapour was allowed
S0 react witl. an excess of iiquid
triethylelwidiniusg in on isothernsl
cclorizeter at 2503. The neasured
hant A = =25L4,0 ¥ 2.0 zeal./m0lo,

o taien to refer to tlie roaction
fn == " g2 T13a )
'\:?""‘E_" ’ 311-.5 \ l.»(: L + 3&.20 (6) ->
N N - ~ - \
1;(CN,3 {c:oroire) + 3C 5 (g).
. . —epO
Tie hsat 0of forration ATF f(c2 ‘))3,-1 1ig. ]

L.
2 =%545 = U,E zeal./m0l: ic calculated.

~

Teledirlaealviadniwt Lo Tizhly recctive and nany of its
reactions are 10t wnil defined, vnless carried out under
careltlly controllcd coaditions. Thus, degradative
oxidntion {couibtstion) vroduces = mixture containing
e muber o7 ¢ifferent nroducts. n addition, trictiyl-
aluwiiniuw: Lo difficuit to »urify, so tiat the lect of
co.buction, wiricl. -7ili D¢ large, would be subject to
2 large absolute error, due to sucl irmurities. A
recction in w.declh tiio products are .lore well defined
an? wnich is oiceomdanied by a siiall eat cheonge would,
tharefore, e L.ore sriltablo
Juehh = reecction g that Votween trietuylialuniniu:
end iodine, in an inext solvent at roonr touperature.
There 2r 2 quzntitative yield of aluminiuz triiodide
o ethiyl dlodice. Towever, to ieep a coupparciively
large voivse of golvent, in widiclhh the iodine is discolved,
free from weter to avold a commpeting hydrolysis reaction
nracents consideradle experii.extal difficulties.
Iydrolysis of itriethyl aliuminiun in an excess of
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agrser lhas tleo edvoltage tlhat the f£ianal state of the
aiumindint condent would o as ant agueous solution, which
sourd Do a ther.oclwenically well-=defined state. ovever,
Lydrolyels Lm ooxecess vater is vioient and a nunber of
yorocerhons otlier the etl.enie are produced under these

coinditionc. Cince Tacilities were not zvailable to carry
o0:t aralveis of the gascs produced tals aporoach was rejected.

Instes.d, en atltcunpt has been rlade to ileasure the heat

~

ol hydrolvels wmider itore controlled conditions, by pessing

T

2 Izowi: relglt of weter vapour, i a gtroan of nitrogen
o carrier 2us, into licuid trietihylaluniniua. Zt was

r0% vogsidlie o analyse tlic goscous mroducts, but it is
reccozadble €9 couvrtie that urder iLhese :iild coaditions,

1t congistel entirceiy of ethanc. On tixddsg essumtion it
oe boonn " ossi:le to calculate the zeot of Torzation of

SR I T TAL

Cooritge= Trictirialuinixt was suppiied by ixre. TR,
Torsoaw or Carrington Rescarclh Lovoratory, Feirochenicals
Lt ., anciraster, Uelle The saupie contained trietiyl-
2ru driw:, $5.7%%, dictaylaluminium hydride and ethyl-

- -t

oludnin cilydride, 2.9%, alwiniun triethoxice, 0.08%,
aac tributysalwziniui, 0.9%. It was found to be difficult
t0 purify the gauple further.

Caloriiieter.- Thie calorineter used to study tho heat

ol hyc¢rolyscis of trietiiylaluainiun was a modified form
of tha$ ceceried previously by Pedley, Sldnner aad
- K] L] l
Clherniclz,
The reociion vessel wes charged witlh: about 10 i,
£ trictiyleiw iniw: in an atuosphere ol dry nitrogoen.
o celorincter wes eggsenbled and allowed to reaclh

ot me e m e ke 1 i Sem b e Al bR - PP -
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thermal eouilibriun, A stream of dry, oxygen-free
nitrogen was pacscd through a glass spiral immersed in
a bath ther:ostatted at 25°C, and was allowed to bubble
through the liquid triethylalwiiniu4 for a pre-reaction
reriod. The nitrogen stream was saturated with water
vapour, by bubbling throuzh a 'water-saturator', a weighed
vessel containing liquid water, and allowed to pass into
the reaction vesscl for a short time. Finally the
strcai of dry nitrogen was resumed for a post-reaction
period. The aniount of water which reacted was calculated
fro.i the loss of weight of the 'wator-saturacor' vessel.
It was found necessary to corrcct this weight boecause
Maving weighed the water-saturator and set up the apparatus
a small anrount of water vaporiscd and condensed along
the walls of the nitrogen inlet-tube, at the point
wrere 1t onters the calorincter. This water was normally
swent into the cnloriscter during the first few ninutes
of the pre-rceaction period. The ‘vaporiscd water
correction' was norially 3 to 4% of the total woeight
of water cvaporated frou tho water-saturator.
A sccond corrcction was applied, in this casc to
tie obsorved tenperature rise of tho calorimeter. In
e process of co:rrocting the water-saturator to the
syston, after weigching, a srall amount of air found
its way int. this part of the apparatus. Tho first
fecw 1l. of nitrogen which passed through the wator-
saturator displaccd this air, the oxygen content of
which roacted immediately with the triethyl aluniniun.
Poll-owing the torporaturo~ti-ie curve it was quite casy
t> distinguish this reaction from the hydrolysis which
followod iiviodiately. This 'oxygeon correction!' normally
reduced the obsorvoed tempcerature rise by about 3%,
Thesc two corrcections act in an opposite sense and
tend to cancel each otlier.
Typical reosults of a series of about twenty runs
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are shown in Table 1.

Here AH.is taken to refer to reaction (1) below.
The uncertainty quoted is twice tlie standard deviation.
The error introduced by the impurities in the triethyl-
aluminiua is umuch less than the uncertainty we have

quoted for the heat of hydrolysis.

(0255)1A1 (1iq.) + 35,0 (g) - Al(OH)3 (amorph. )
+ 3C2H6 (g) * o o (1)
TABLE 1
Heat of hydrolysis of triethyl aluninium
“It. water (g2.) -AH {kcal./mole of EtBAl)
©.0106 155.9
0.0115 151.1
0.0212 162.2
0.0206 150.0
0.0240 157.2
0.0192 152.0 lean 82 = -154.8 £ 2.0
kcal.[mole
DISCUSSION

The heat of formation of triethylalurmiinium can be calcmlated
fror: the therniochenical relation
AE (hycrolysis = AHf°[A1(0H)., amorph + 3A5f°(czns. g)
- qf°[(02H5)3A1, 1liq.] - 3AHf°(H20, g).
e following heats of formation are used: I,0 (g)y ~57.80
erd C % (g), -20.24% and A1(oH), (amorpn.), 304 % 4 keal./

mole.g’ 3 These lead to the value
8:£°((C,%,) A1, 11q.] = -36.5 ¥ 5.5 kcal./mole.,

A large part of the uncertainty attached to this wvalue
is due to the linaits of error associated with the heat
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of fornation of amorphous alwiinium hydroxide. Also,

it may be that under the partiocular conditions hydrargillite,
A1,0,.32,0-0 (eryst.) or bayerite, A1,043H,0-f (oryst.)
is produced in the reaction. iiowever, this is of little
consequence. Their heats of formation are -615.4 b4 s,

and -612.6 ¥ 6 koal./mole, or -307.7 ¥ 2.4 and 306.3 ¥ 3
kcal. for one half role, respectively. These values
differ only siightly from the heat of formation of
a;iorphous aluainiun hydroxide, and are well within the
uncertainty attached to the figure of =304 Ty kocal./mole.
In addition, it may be that the aluminium hydroxide forwed
in this reaction is slightly soluble in the liquid triethyl-
aluidniun,.

These difficulties night have been overcome by measuring
the heat of egolution of the precipitated aluminium hydroxide
in (a) tristhylalwdniun and (b) hydrochloric acid solution.
It would thenz Z1ave been possible to express the heat of
forriation of triethylaluninium in terms of the heat of
foruation of the nore well-defined state of an aluminium
chloride solution. However, with the particular design
of the cealorimeter and the presence of unchanged triethyl-
aluniniun in the reaction vessel, it -as not possible
to extract tie aluninium hydroxide precipitate.

Tho mean bond dissociation energy for the aluminium-
carbon bond in triethyl aluninium, 5(A1-02H5), can be
calculated from the relationship
5(A1-CyH,) = %-AHf"(Al, g) + &ur°(C,n,, g) - %Aﬁf°[(czH5)3A1, gl.
For this calculation to be made it is necessary to dexive
a value Tor the heat of formation of gascous, monomeric
triethylaluninium from our value for the liquid compound.

Laubengayer and Gilliam“ have rieasured the vapour
pressure of liquid triethylaluninium over the range 110 -
140°C and the molecular weight of the vapour over the
range 140 - 200°C, The heat of vaporisation at the mean
temperature of 125°C 1s 16.6 % 0.4 koal./mole. At 150°C
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trietiylalu.iniw: arpeare to be about 12% associated
to the dimer. For the process (C ) Al (liq.) =
(C2 5) Al (nonover, g) we estinate t.e value Ak = 17.5
2 0.5 keal./:10le. Using our value for the heat of forma-
tion of liguic triethylaluiiniui we derive AHfo[(02E5)1A1, g)
= =19.0 ¥ 6.0 xcal./ ole. Incorporating the values '
a1£°(A1, z), 75.0 keal./g.aton;” and A£°(Cytg, €)) 25.5
I 2 vcal./-012;° we obtain the value 5(A1-02H5) = 55.8
¥ 4,0 1eni./0le.

Telding the values Anﬁo[(c
¥ 5.0, and A;f°LA1-3,
wa nay esti iate the heats of forriation of the co.ipounds

Al, conomer, g] = =19,0

2“5 3

ononer, g] = 13 ¥ 10 kcal./z0le,

(c, Ls)zAl; and SpiigAli, from the hypothetical reactions:

2 . .-
l(02..5)31\1 + 3A1“3 - (02"5)2A1N, and
=(c 2_5)3A1 + §A1:3 - cza5A1“

If we assurie that for these gas-phase reactions the 4
values are zoro, {(i.c. that bond cnergies are constant
fro:: o-e¢ ":0lacile to ﬁnothor) thien we calculate tho heats
of foraatio» AEfo[(Czus)zAlﬁ, pnonomer, gJ = -7 7 and
AT °[C2: All,, ronomer, 2] = +6 ¥ 3 kcal./mole. It is
Aifficult to esti-tate accuratoly the heats of association
in the gas vlhasce, and the latent heat of vaporisation.
Towever, using a figuro of 17.5 kcal./uole, for the sunm
of thesc two quantitics (the samc as for triethylaluninium)
the hweats of formation of the liquid compounds will be
-24.5 £ 7 ara -11.5 ¥ 8 kcal./mole, respectively.

Usingz these, and othuor heats of formation quoted
proviouvsly, the heats of the following hydrolysis reactions
ay be enlculatoed.

(c “5)2A12 + 3,0 - A1(0:), + 2C g + 2450,
83 = -147.5 kcal./role
02H5A1:2 + 30 . = .u(os'r:)3 + Cyizg + 3.5H,

K = =139.3 kocal./mole.

)3




13.
A 2.9% inpurity of diethylaluminium hydride and ethyl-
aluniniur dihydride in triethylaluminiu~s (for which we
have a heat of hydrolysis of 4% = -154.8 X 2,0 kcal./mole)
would probably introduce an error of not more than 0.5
kcal./10le in the heat of hydrolysis. Iikewise the
error introduced by 0.8% aluminium ethoxide and 0.9%
tributylaluminium will be snall, These errors are well
within our experimental uncertainty of % 2.0 kcal./mole
and are, therefore, neglacted.

References
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Trinethylaluminiu~

3y C.T. lortimer and P.¥. Sellers.

The heat of reaction between liquid
tri-iethylalunminiun and acetic acid in
tolucne solution to give aluminium tri-
acetate and -:ethane hae been measured.
The heat of reaction between aluminium
triacetate and aqueous 4.36i:=hydrochloric
acid has been tieasured. Those data
havo beon usced to calculate the heats of
foriation of licuid trimethylaluminiunm,
Aif® = -36.1 2 1.5 keal./umole and
crystalline aluminiua triacetate,
a::r® = -451.8 T 0,8 keal./m0le.  The
~can bond dissociation onergy D(Al-iic) =
64.5 ¥ 2,0 kcal./mole is calculated.

Accurate duoterniination of the heats of formation of
trialkylalu:iiniui compounds is difficult bocausc of their
high rcactivity. Therc are few roactions of these con-
nounds which arc stoichionetrically well-defined and which
arc also suitable for theruocheizical study. Long and
Norrish1 measured the hwcat of combustion of trimethylaluminiu.z
using a static-bomb caloriieter. zlowever, degradative
oxidation under thvse conditions is not woll defined.

The difficulties which are encountered in determining

the heats of coibustion of organo-nuetallic compounds have
been reviewcd by Good and Scott.2 It seemed likely that
rneasureuent of the hoat of a reaction which was less
violent ancd more woll=definocd than degradative oxidation
rvight provide a '1ore precise velue for the heat of forma-
tion of trinethylalu.iniumn.

According to Whincup,> a 30% solution of glacial
acetic acid in toluecne, at —50°. provides a reagont for
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the liboration of the methyl groups of trimethylaluminium
as nethane, with little tondency to form unsaturated
hydrocarbons., The low tecuperature of -50o was unsuitable
for our thermochemical study, and the roaction was carried
out at 250. The heat of this reaction, AHl. has been '
necasured, using a rotating-bomb calorineters
(Caq)BAl(liq.) + 3C:,C00x(toluene soln.) -

’ (cr~:3coo)3A1(cryst.) + BCHu(g) o o (1)
The heat of formation of aluminiun triacetate was not
available, and to provide data from which it might be
calculated, thc heat of solution of this compound in
4 .36li-hydrochloric acid was measured:

(CHBCOO)jAl(cryst.) + 3iiC1(4.360i-5C1 soln.) -

AlClB(h.36IC-}IC]. soln.) + 3 :ijcoo:i(u.36;;-xc1 soln.) . (2

A Dewar-vesscl calorineter was used to neaosure the heat of

tahls rcaction.

EXPERII TNTAL

Compounds .- Triacthylaluminium was supplied in steecl
containers by the Carrington Research laboratory of Petro-

chenicals Ltd. <t had beon analysed by gasiomiotric methods.u
based on the liberation of the alkyl groups as methane,
developed in that Laboratory. The trimethylaluminium was
99.5% pure. It was found difficult to purify further

by fractional distillation. Aluminium triacetate was
prepared5 from aluninium chloride and acetic acid. It

ras analyscd for aluiiniun coloriiietrically as oxinate.

Found: Al, 13.69%; calc. 13.21%.

Units.- Heat quantities are given in units of the thermo-
cheriical calorie, 1 cal. = 4.1840 abs. J.
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Rota+tinz-honb Calorinetry.~ The reaction between trinethyl-

alwiiniv: and ecetic acid was carried out in a rotating-
boith calori :eter, which was designed and constructed by
re S. Sunrer at the University of Lund, Sweden. The
Yooy was of stainless steel and was platinwi lined. It
hed a capacity of 2061 =i, The boub was held on two point
bhearings at its ton and bottou in a jaw, which was rotated
by means of a synchroncus ::otor. A uitred cog at the centre
of this Jur engazod 2 set of uitred teeth round the middle
o the bo.d. As the jaw and bomdb rotated end over cnd,
tihis mitred gear provided ~ rotation about the point bear-
ings supporting tlhie bYonb in the Jaw.

e "perature measurcients were nade by ieasuring the
change in resistanc., 4R, of a platinu. resistance thermoneter.
The fundeoiiental interval of this thermo-cter was 9.3047 ohns
Yetween o° anc 100°,

The energy cquivelent of tie calorinetcré Es’ was
doternined according to thc metkod of Frosen, by cowmbustion
o7 a sawle of berzoic acid (3.7.3Z. Thernochenical Standard,
batch no. 760161), having -8U, = 6319.1 2 0.7 cal./g,
ctanderd Jeviation, s3 = ¥o.01%. The %oub was charged
with 1 11l. of water and with oxygen at an initial pressure
ol 30 at-. Zach saaple wes fired at 25°. The combustions
were initiated by a platinun wiro and cotton fuse. The
cuergy ecuivalent of tlie uncharged bo:b, at 25°. wes cal-
culated veinzy specific Leat data given by Eubbard, Scott
and Waddington.7 Es = 69744,6 cal./ohi. 82 = 20.03%.

The heates evolved in ancillary processes were taken to
have thoe vaiues quoted previously.8

Trii:ethylalurdiniwi was distillod into thin, weighed
glacs phials whici wore placed in a platinuu crucible in
tixe boub. The boub was charged with glacial acetic acid
(5 11.) in dry toluene (18.5 al.). A szall quantity of
acetic anhydride (1.5 nl.) was also added to ensure the
absenco of freco water in the solution. Tho bomb was
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flushed out with dry, oxygen-free nitrogen at atmospheric
nregsure . ‘Then the bomb was rotated the glass phial of
triethylaluainiui fell out of the crucible, was broken,
anc reaction occurred. The hcat change which accoripanied
this rceaction was iicasurcd.

The gascous reaction products were analysed by gas-
nhase chromnatography. A silica-gol column was used for
the separation of methanre and hydrogen, and a combination
of two colums, of dimethyl sulpholanc and of dinonyl
phithalate for the higher hydrocarbons. The only gaseous
products dotected werc methanc, hydrogen, and a hydrocarbon,
04:8’ which was identified as isobutene using a glycol/silver
nitrate column. These annlysacs were carried nut by the
Carrington Rwescarch Laboratory. The anounts of methane,
hydragen and isobutonce arc shown in Table 1, as % v/v of
the total gascous products of reaction.

The heat correction, Q(ChHS)’ for the hydrogenation
nf isobutene t» methane, i.e., Chﬁa + th - bCHu, may be
calculated fro the heats of formation of the gaseous
coupounds;  isobutene, -4.04; and methane, -17.889 kcal./
nole.g In three cxperimcnts. there was slightly uore
hydrogen, and in two exporinients less hydrogen than the
quantity required for this hydrogenation. The cause of
this is uncertain and no heat correction has beon made to
allow for the excess, or deficioency of hydrogen.

The bomb was opened in a dry-box and the gelatinous
solid separated fron the toluene solution., An Xe-ray
powder phrtograph of this compound was idontical with that
of aluminiun triacetate. The compound was quickly hydrolysed
to a white, finely dividoed powdér on exposure to the atmos-
phere. An X-ray powder photograph of this compound was
tho same s that of aluminium diacetate hydrate, n(on)(cnjcoo)zazo

The infra-rod absorption spectrum of the white solid showed peaks
at 1600 and 3500 cm'l. indicating the presonce of acotate
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groups ard of watoer of crystnlliaation.lo A mioro-analysis
woe cerried out. Pound: €, 26.18; =&, 5.03%, Cale. for
;.1(035)(c::,3coo)2.:-:20z C, 256.67; H, 5.000. On this evidence
it wes concluded that alwiinium triacotate was produced

ir the %o.'b rcaction.

o tracce of carbon was found in the experiments for
wiich recsults are reportcd herc. Atterpts were made to
increase the nccuracy of tue therwaochenical measurements
by inercasing thce quantitics of trimcthylaluminiun, acetic
nclicd ond toluenc. In thesc expoerinents large anounts of
carborr ~md unsaturated Lyydrocarbons were produced.

The et of solution of methane in toluene solution
wns icasured Dy dreakings ohisls of 25 il. of toluene
solution into a: atriosphere of mothene in the boab. The
ezt chanre waro egligiblce. Tlx ceat of solution of
Alu-iniw: trincctnte was found to be negligible.

The rosults of tlw experinents arc shown in Table 1.
The decrease in i-iternal encrgy of the systom, -4U, due
to tie recction of ono 110lc of trimnethylaluminium in its
standard state, ot 250, is given by

-0u = 1077[E(z_ + 2 )8R + a(CHy)]
whoere Ec Lo the ciergy cquivalent of the contents of the
boub after the rcaction, calculated by using the following
specific heat valucs: tolucne, O.404; acetic acid, 0.480;
acetic anhydride, 0.4734; mothane,ll 0.530; and nitrogen,l2
C.243 cal./deg./z. at 25°. The standard heat of reaction,
AHl, is dorived ugsing the relation -Aﬁl = =AU - AnRT,
wihicre An is the awiber of —oles of gas produced in the
rcaction,. The overall uncertainty intoerval associated
vith tho valuc of A%, is twice tho standard deviation, 23,

dewar-vosgel Coloriietry.- The heats of solution were

izeasured in calorisieters whiclh: have been described e¢lse~

where.lB’lu The heats of solution of aluainiwi triacetate



Table 1

19.

Heat of reaction of trimethylaluminium i, 72.07

Experiment 1 2
Tt. Ve,sAl (g) 0.4819 0.5801
AR (oha) 0.01193 0.01411
Cizy, (%v/v) 98.7 91.9
C,2q (% v/v) 0.0 1.4
Ty (% v/v) 1.3 6.7
q(CuHB) (cal.) 0.0 23.0
b (cal./oun) 115.6 115.4
-4U (kecal./mole) 124.5 125.2

3

4 5

0.6609 0.6435 0.662C
0.01590 0.01526 0.0158

97.8
1.9
0.3

33 .4

112.3
124.6

97.4 83.5
2.2 2.9
0.4 13.6

37.8 55.6

112.5 112.3
123.5 126.2

i‘ean -4U = 124.3 kcal./10le (standard deviation of mean

0.44 xcal./=0le). AU = XC.35%;
AnRT = 1.79 lzcal./nolo.
-84, = 123.0 ¥ o.9 kcal./m0lc.

|8 =

20.35%;

and acetic acid in hydrochloric acid were measured in a

spherical, silvered Dewar vessel (capacity 1 litre) with a

long neck. For the solution of acetic acid in toluene,

a smaller cylindrical, silvered Dewar vessel (capacity 300 nl.)

was used. Both vessels were l:moersed in a thormostat

bath at 25°. Temperature measurements woero made from the

resistance change of a thermistor eloment.

The caloriwmeter

was calibrated electrically by tho substitution method, to

an accuracy of X 0.20%.

Results of the neasurcnment of the hoat of solution of
aluniniu: triacetate in 4.36il-hydrochloric acid, Aﬂé. to
yield the products in solution are shown in Table 2. The
heat of solution of acetic acid in 4 .36M~hydrochloric aciaq,
to give solutions of the same concentration of acetic ~oid
as those produced when aluminiun triacetate was dissolved,
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hes boon nonsurct as &%), . _0,12 ¥ 0.01 keal./mole.

Tiz¢ heat of solution of acotic acid in ~ solution of acetic
anhydride in tolueno, to give solutions of the sarie concen-
tration ac those in whiclr the rcaction of trimethylaluminiun
oln, = +0.21 ¥ 0.04 keals/
12le. The uncortaintics associated witihh thosc valucs of

ceccurred, nes beoen ucasurcd as AR

AT are twice the oveorall standard deviations.

Tablc 2

Zecat of golution of aluniniua triacotato i, 204,10

Zaperi ent 1 2 3 4 5
T, (CH,‘COO),)Al(g) 0.7214 0.473¢C 0.4301 0.8441 0.9670
-4%, (keal./ole) 22,06 23.13 22.97 22.34 22.66

iloan -A¥, = 22.53 ! 0.42 kcal./mole.

DISCUSSION

The hoeot of foruntion of cerystalline aluninium triace-
tate cai. be calculated fro:x the thermochenical relation

8%, = "fc(AlCIB, 4,361;=2C1 soln.) - 34:f°(2=C1, 4.36i soln.)

+ 3A.{f (cx=,C00=, Lk.350=:C1 soln.) - AxEF°[(cC3 COO)BAI, cryste.].
Cowgclinls ac mcasurcd the differeonce in lhicats of formation
AI~If°(Alcl,3, L ,361.-:C1 solrn,) - 38:f£°(:C1, 4.36k soln.) =

-127.05 ¥ o 12 kecal./mole. The valuc AEf° (cH,CO00H, 4.36M-3C1 soln.)
= =115.2 ¥ C,1 lwal./-ole nay be caloulated frowu Adfo(CH COOH, 1iq.)
= «115,7 ¥ 0.1 xeal. /1010. 16 id our measurcd heoat of solution
A:soln. = -0.12 ¥ 0.01 kcal./cole. Using thoso heats of

?ornat101 the valuec is dorived A: o[(CHSCOO) Al, oryst.] =

-451,3 ¥ 0.0 kcale/tiioles This can be used to dotormino the
heat of formation of liquid trimethylaluminium from the



21.

reletion A1, = Az (c= COO)BAI, cryst.] + BA?fo(Cd y )
- 3a=r° (cg3coo:, toluene soln.) - Ahf[(C“B)jAl 1iq. ]

The following heats of fornation are then used th(g ),
-17.8309; C: qCOOh(tOLuene soln.), -115.5 ¥ 0.1, calculated
Tiront the eat of formation of liquid acetic aclid given

previously and our ncasurced heat of solution, Azsoln =
L ]

+0.21 ¥ c.0L zcal./0le. The heat of foruation is then
caiculatec "~°[(c_q) Al, 1lig.] = -36.1 1, 6 keal./mole.
Thais niay be counared with a value of -20.9 - 3 O derived froua
te date ziven by Long and ﬂorrisr_.l

At 250, gascous triziothylaluainiuwi: conslsts of dineric
swiecuies. 7 The latent hcat of vaporisation of ligquid
trimctavinliuiniw: over f:“ ronge 230 - 70o was nieasured by

Lovbengayer ond G:.ll'_a.':ld as 9.6 kcal,/ri0le of diwer. Recently,

EcCullough19 ag ovtained a mcre reliable value of 10.01 : 0.05

ical./0ic of “imer, at 25°. Tic heat of cissociation of
ascous di.-exr to two i1iolccules of nononer has been givenl8

20.2 lical./0le of Zirer. ilence, for the process

{(Zic.), -» (Cna)qu(g., mononer) we have the value

Seli lical./rioie. Encorporating this with our value for

the heat of Tormation of liquid trimethylaluminiux leads to the

volue AT [(CMB 3Al, Se, monoiler] = =21.0 2 2.0 kcal./mole.
Tie ean boud dissocintion cnergy D(Al-ile) for the

alvsiniuri=carbon bonds zzy be derived from the relation

Bai-ie) = A (c“ o 8e) + A77%(41, g.) - A3f°[(c33)3A1, Ees

nono:cr]. Taldng our value for the heat of formation of

gaseour tri:etbyluluu*niuh and the heats of formation:

C: Q\b.), 2.5 21 ;cal./nolezo and Al(g.), 75.0 kcal./g.-aton,

we obtain the value Ml-ile) = 6L4.5 a0 Izcal./z10le.
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Illustrationrs

T two caloriiiotors, whiclh have been usced in these

1

inregtigatio
=]

m~e

Te caloriaacter used for uersuring the heats of hydrolysis

16y, arce illustrated orr tiiec following pages.

of n=Huityi-lithiriw: and trictiyleluminiun is shown in the

Sirst Sdircoran, Dry anltrogen enters the rcaction vessel, F,
¢isher directly, or via thce water seturator, G. The

reaction vessel is imwersced in water conteaeined in a Dewar
vessel, O, which fits tightly into = coppor can, 3. This
can 1o provided with a flange 1id, A, The water is stirred
by tic vropellcer, &, and toeuperature measurenents are nmade

Lty the thermistor cletient, (nct shown) which lies behind the
¢leetrical calisration heater, .

The gceond illustration siiows the rotating-bomb calori-
~:ter, uscd Tor tiac worlt on triucthylalwiinium, "exploded"
into its ialn couponceits. Tie bonbd and rotating mechanis, A,
are supportel frou tic 1lid of a cazlorimeter cen, B, which is
Dilled with water. This water is stirred by the propeller,
C. Tie ass:ibled car hangs inside a actal cavity waich is
of the sa i sheo, but ciightly larger then the can, so

ot o adr gon seperatces the can and cavity walls. The
tank, J, of water which is thermo-

sctotted o circulated by 2 puap, =, round thie outside of

o

cavity is subierged in

tie cavity and tlhrouzn the 1lid, F. Tae calorinetor can is,
therelore, currou:dod Dy an isotlermnal Jjacket. Temperature
change% in e cunr arce measurced by the platinunm resistance
thacrmoneter, not showii i the figure.

The third illustration shows in greater detail the
rotating nechaxnisn, supvorted on a stand for domonstration
PUrDOo8ec. Th:xe bomb is held on two point bearings at its
top and bottoa in a jaw, which is rotated by a synchronous
riotor, G. A 1iitred cogy i, at the coentro of this jaw
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engares & cet of idtred teethh round the middle of the boub.
Lo tie Joew ond bomy rotate end over eid, this aitred geer
vrovides n rotation about the noint bearings supporting the
Dol Ln thwe Jav. Other feotures shown include tize niotor, J,
wiler drives tie prodeller, C, usced to gtir the water in

the caloritetor can; and also the wiring, L, which carries

electric currcxnt to initiate tize combustion.



CALORIMETER FOR MEASURING HEATS OF HYDROLYSIS
(WITH WATER VAPOUR, AT 25C)

A flange lid: B coppercan; C Dewar vessel, D heater;
E stirrer; F Pyrex reaction vessei: G water container.




ROTATING-BOMB CALORIMETER FOR MEASURING

HEATS OF COMBUSTION.

A bomb held in rotation mechanism; B calorimeter can:
C propeller stirrer; D tank; E pump: F lid



ROTATION MECHANISM OF ROTATING-BOMB CALORIMETER

(SUPPORTED ON A STAND FOR DEMONSTRATION PURPOSES)

i = S
& e I
¥

‘gl P

4 B

3

« -6

C propeller stirrer: G motor driving rotation mechanism:
H mitred cog; L wiring carrying electrical firlng current.
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Conclusions

Tho :ajor coiciusion witdelh may be drawn from this

wo=iz 1 ti.ot reaction calorinetry, especlally in a closed

-

srote.ny, is e sultable metlhwod for doterviining the hects
of feormaation ol highly reactive organo-metallic cocnounds.

ilore articularly, the uge of the rotating-bomb
cclorincetor iight be citended to situdies ol the heats of
hydrolysic of such coapounds as ethyi-lithiun, diethyl-
cluwrinivs aydride, or even to the alkyl eluniniun halides,
such 2g fletiylaluniniu: chloride or ethylaluminium dichloride.

3ibliogroniy

~

oo relorencas Tortinent to the tiwree irvestigations

are listes ac Tolliows:

r.-butyl ]It U 6 e 6 6 e 6 o e o o o page 5 ( overle af:
tricthylalvmiindie . o o o o o o 0 o o o " 13
tricothylalundnium o e ¢ 0 6 6 e s e " 23,

Sy:rhols

These are cocfincd in the rcievant parts of the toxt.

~
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