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Hotdyd= and WAl 3i40ton huwe boen grepared a8 pure orystaliine
saberials, A wew mothod for She Wntheesis of wetdyi-ditiius
WMWWWW,MW&WM“MWE
Althims 4% beosens soluwiion.

Ry diffraction dats o She sryetaliline
evtablishing he cyyetal class and uniS cell dlmenions
watsriale. Vhon umed in metdon with rpn—
wpess group for olyi-lithbas orysbals. Hethylsiithius ie of onbide
symetty, wnit oeld dimsselons 8,508 2 0,005 X, 16 noleoulee per wnit
onll, Bthyl-lithius is sr¥herheddic, wnit sell dimeneions, ao » 645 i,
m.swmﬁ, w&mﬁ. ammmmwmmm, spass group P2,

e shesrved s of stoste snd orientation pelarisstions foy
probedly net lese then 3.6 Detge,







The Jitkion alkyls to be discassed heve are meubors of & large
€lass of sompounis kaows a8 orgEcastalils, in orgamowstallis couprund
48 definod as one 1z which thers exists a diresh savhom-$o-mnebal bend (1).
sade by Premidend in 1819 (2), the firet prepoation end isclstion of
Jithins alkyl wan not deme unbil 1937 vhen Seddank and cowworkers pree
pared & sunber of these cumpounds (3}, The resstion enployed by thess
sarly workers Lmolved the astion of an alkall netel on the appropriate
meroury o sive dislkyl, the veectlos being carrded out in bensens. It
wss noted in these m pupars that the corpounds wers in  genoral
air,

In 39%; Heln apd othors studied the bedavior of alkeli metel
slighs in dimetiylzine oné trimsthylelinitun a8 solvents (), It was
conoluded frew these stadiss thet the alkali motel sliyls were selt-
1ike in thedy belurior in these sclvents, since their soiutions showed
good sonduotivity, It was else noted, howover, that fused otlyle
nmmmwmmmmmmmmw
duotivity which the solutiens oxlibit is due to » solvelylls reaction
whish profucos cuplexes of the type Himd, whick lemise (%),




Sinse Jithium «ikyls are siossly relsted t0 the corvesponding
#lkyl Grigeard resgents, 1% wes reellised swrly that the lithive come
pomndn uighd Yo of considevsdbile Waine &8 & aysthetis ool in orgesic
resctions, K. 2legler snd oosuwriars sucsesdsd An making them svails
prraliol. thoss used S wukdng the Grignaed resgente (6). The previcusly
m“w mmw«mmwmmmmwu

The zethods of prepevation deviesd Yy ZSegler were further dow
volaped tn this eountey by G (7).  The preparaiicns favolved the
resstion of the sppropriste saliyd halide with lithian metal in bensene

BNL &% 8w I —s Held & 34X

swdivm,
wrk, It 48 inberesting %o mobe, hewerer, that widle the usos of these
muwmmmmmwmmﬁ




amwmwm, ﬁmmmwmmum
mmmm»u—mwmammmwm
Idihden Adiyis so e compounds, and with e phowioal propurtiss of
has racelved several cxwellent reviews, of which thoes of Oilmen (1)
and Braade {§) are pordaps woet songlets and wp to date. The work done
nob setonmive, Tuble X S8 & suoesey of all the swisting Anfermatior
howewer, dlaetiyinercury © I8 asuisd So rosot with ebbyl-lithdas in

Hg (CRg)p » 205804 ——> Hp(0,0,)e + Xl

MMMWMMW;WMaMW, sottlos
mwmmMmmmm Magdier nado use of the reastion
of pbaty) clderide smd Jithinm metel (). In 2953 Y. V. Taladavwa
prapered ethylelithiwm by resction of sthyl brouide with lithiwn metul
1n pentane, followsd by seystallisation from the reaction solvent (20),




ety h-2a 0t - mmmmm FT—
posrolaom sther, bt mderataly solable in ethers
{3)s Selution In pheoetols whabde &b 250%C, for
wwmwmum_

Elpie-dithing « mwm»m.mmmym,m%m
decoupostsion (3). Gan Do maddined st 95°C, under
Migh veousm (9). Solshle i ethers, benseas)
mmm m in m m_

bis 4o m; m {:mnh

B Bulyleiititum « wm uw Vagor pressure &t w"e*,

b x 10%%m,  Setdmated heat of vaporisation,
xoul/uede (25). Asmooisbed 647 fold in bupsene
(25), Dletdliable undemr high vecuss (9).

raturs 0,77 gu./ed(9).




fron hacaoe, ALl resvtions wers carrded sub in & closed glass aysien,

ditinne whioh parsit subsegount opseations %0 be csvried out om them,
A stmdy of the phywicsl propertios of the lithius slkyls is pard

of the larger problen imwolving metal aliyis in gensrsl, Sxsaind

of the existing body of inowledge regarding this cless of cospounds

Mmmmmwmmmmwu

slasnitdoabion. The sllyls of the metede of the firet

tares groups of the periodio talls sbow markudly diffecent | _

WMMWM¢ MW,wmwmm,mwb

the properties of some vepvessnbativ R

thewe ocaponnds has podoted out the properties which shey eshibit are

not eamily sxpleined fa terss of the simpler idess of waleney (11).
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THRORY

One approach to the valsnoy probles presented by these sompounds
um»rav,mmmm-mwmauum
deficiens (12,13). quWmmamu
mummmwm-mummwu-maum*
exoesds the musbur of slectren pairs availsble for bemding, Perhaps the
wloplest exanples of eleotron-deficient bonding are the metals, in
wiish onch mntal aton is beund to xsty asighbors by sssns of slestron
paive which resonate eming the various bond positisss (1hi). The typs of
sloctron-defictont bonding wiich Fundle proposes for the metal alkyls
n«mumwm«mwwuuummm
howeesy, frowm that whioh Pasling unses in his theory of metels, In the
Zorsay instance an elssbron-daficient coupound is desoridbed as one
which containe a seb of stoms A having unfilled orbitsls in the valency
ohel) (mstel atoms), and & set of atous B which utilise the unfilled
A orbitale in bond formation Gy use of one or more of thelr own orbitals
for more than one bond, The bemis tms foreed srs of & frastional
bond oxrder,

AS an sxample, in tWrissthylalesisam the sluminas ston posssuses
feur crditals, only thres of which would be utilised in forming
AL{CHy )y monomer, The scumpound has besn shown to bo a dimer in solue
tion, Dowever (15), snd the erystel stracturs of the dimsr has besa
detarmined, showing that it possessss & dridge stracture with aethyl
goups coeapying the bSridge posivions (16). Rundle proposes that the



wotal atoms, and that bonding coonis as & result of overlsp of eash
of thase carbon orbitals with the tw Setrahsdrsl mtal orbitals die
restad tewnrd b, 4 thresegamber bond 19 thos established, Mvolving
the uee of one carbon orbital in bonding with twe metel ovbitals, The
A0 distanss for the tridge cavdens is 2.2k X, compares with 1.59 %
for the Al«0 distense to the outside methyl carbens; the larger
distance for the bridge bonds is in keeping with Sheir fractiomal bond
erdsr, A schesatic disgranm of ths bonding atomic orbitale in the foure
nesbered ring, taken from Sundie’s paper, is shown in Figure 1.

A stmilar struoture has besn found fer dimethylbderyllium, in which
the baryllius gtome are tetrahedrslly surrcunded by methyl greups (17).
Avether esxazple among the metsl alkyls is that of platinum tetramebiyl
totramer, in which essh pletings stom ia octabedrally murrcunded by
mothyl groups (18). I8 may be satd from thess sxauplos that metal
alkyls sond %0 assume a oonfigaration in which the motal stom vtilizes
all of the valency shall crbitale in bonding, In the oawe of the alkals
motal alkyls this would fnvolws ths formstion of thres sdditionmal bonds
per matal atom via elsotron~daficient bonding.

It is possibles %o generalige %o some sxtont on the conditions
shiioh will lead to fermation of sdeotron~deficisnt bonds of the type
proposed by Rundle (13). The firat sondition, as stated a 1itile
arffarantly fyrem shove, is that there bBa a set of atoms A whieh hawe
Sower valangs electrons than stable crbitals, and & sst B which cansot
uss the extra bonding orbitals of ths A at-ms without using seme of






thelr swn bond orbitals for more than one bond, Tims & compound such
& baryilive diskloride, iso-steuctural with the dimetdy) sompound, is
et an eleotren~dslicisat cospeund, bucanse the hond wich the chlorime
atons form wish the seavnd watal atew 18 msrely an slectron donor bomd
he seeond owndition concerns the elsctronegativities of the
atons iavelved in the elsstrun-deficfient bonding, snd eun bast be sesm
1o terms of the slaple aysten of stoms A, A' and B ehewn 1o I smd II,

A' «B & A' B wA

4 X

The stebility of the thrsseponter bond whish 1» forasd Shrough ressnenee
betwesn structures I and II is determined by the symmstry of the
the same, a8 in H,'. When the arrangesent is symsetrical, with B dif-
Paress from & and A', & stable arvengement would StAl) obtain, the
stability perheps badug greatest when the slectrenegativily of ¥ is
slosost o that of A and &Y, Nhan 511 Shree atoms are different, it is
%0 be expuotod st the arrangement will be most stable when the BeA
and BeA' bonds are clowest in bomd strength,

The thivd condition whiock wnst be met 49 that of correct spatisl
carbon atoms in ferming the sleotron deficlent bonds in ks mstal aliyls,
there maot be overdap of Shass orbitals with those of the metal atoms,



1% 40 of Inderest %o xunine the sristdng information om the groups
I, 1% and IIT metel alkyls in the light of thess conditions. The fivet
reguiranent is of courss met, the metal stome having etharwiss wnfilled
orbitels svallsble for bond formation. The second Sonditien is met %o
am«w&&mﬁzmmm, jaiom, u&wwmo
sxoeption of the alkali metals other than 1ithtms, Table III shows
the slsctronsgativities of some of the metals along with tha values for
carbon and hydrogen, an teken from » redent veview (19). A& three«
omter bond with savbon as the canter sten and hydrogen and ths mstal
as She A amd A atoss wuld be ammpymsetrioal with respect to elevtroe
negativities. It i reasomeble to axpect thet 4f the alectron~defisient
bonding were of this type 185 would be least stable with metals of lowsst
elootronegetivity. It will be pointed out later in were detall thet
the revorse is apparently true, There is mo ovidenoe at pressut %o
wapport the fdem Shat the wethyl hydrogons ave fnwelved in eleotron-
deficient bonding in the mebal sliyls (16). A bond which involved
oarbon s center atom and twn of the metsl atons ax end stoms wuld of
course always be symssteical. It 48 & boading of this type which Rundis
hat proposed for the aluminam and beryilins conpounds previcusly mens
tiomed, AlSheugh 3¢ 1w mot possidla %o prodict with certainty how
the stability of this type of bond will depend on the electronagativity
of the motal stons 46 would seem from considerstion of all the possible
comtriduting strusinres that the bond wonld be nost stabls when the
motal slectronegativity is closset o that of esrbom, It 18 very likely
not strongly dependomt ont this vardiable in any cuse,




TABLE IIX

A T D A I G ¥ Al T+ ek NPl et e e T, S i ersavs - " re—

| Eleotromegativity

— 2.5
' 2
Hyaro 19

. . 1.2
M" ':m 2.0
Sodiun o9
Potasaton 0.8
. 1.8




It £ wrth-wiile 40 sxswine the dats in Twdle IT with ths cone
sideratdony which have bem disoussed sbove in wind, It will bs noted,
for example, thad Arinsthylboron does nod form slisetrowdeficiunt bonds,
Parbor, An guing dowmward 1n any one pariodic growp iS 1s seen that
the sxtent of slestronvdefiolent Bonding spposrs to incresss., Thas ie,
tn eonparing the cempounds of bwren with slaatres, besyliiwm with
sagnosiun o Jithtus with sodium Shere appears in sach case to be &
considerable insresso in the extent to which the matarisls are polyser»
ued, as evidensed by melbing eud beiling points, and by Sisrmal

" wtabilitdes, This relationship would mot have besn predieted Irom gone
slderatisns of sloctronegetivity alone) L€ mything, the reverse might
romoved from that of sarben in going dewwmrd in eny one pertodic
group,

The agresmont of known structures with the third condition, that
of carvect spatisl avangemsot of the bonding ovbitels, provides
dotemained wilok are of interest heve; these ars didorane, BgH,, the
thres oases & four-mswbeved ring of the form

x
w Su
N

is formed, whars I vepresenis hydrogen in the case of diborans and
savbon in the ocene of the slunings and beryllinm cowpoundss M represemts



the metel atons. The pertinent data on bond sngles and distances in
the ving are susmarised in Teble IV,

IS il be woted first Wt the metal-nstal distances e @uite
short. Trom sonsidaration of a Jarge mmsber of structaves Panling had
devalsped & table 0f covelent radii fer setals as well a» sn expression
relating bond length to Yomd ovder (1i). The sxpressica is

ﬂ(” o m(’) » 0,30 Log »

whars R(1) An the sum of the covalent radii for the two atoms {nwolved
in the bond, E(n) is the observed interatomic distsuce, and mn is the

- enlealated tond order, This exprassion $s Best considered a# a yough
rule, simoe She valus of 0,300 18 & best valus from smong & zmmber of

three structures cbove are inserted in this sspressicn, metal-metal bond
orders of about 0.5, 1.0 and Ok are cbtadned for the boron, aluminum

and beryliium cowpounds, respsctively.

Setal-metal bonding has besn stresssd in oomnsction with the
structure of ths boven hydvides {20,2),22), slthough this factor hes
boen ignoved in veosnt work dome in imberpreting the chmrscter of the
bonding in terns of threewcanter bonds (23).

fondie admite thwt in the cass of the aluninum compound some metele
sstel bondiug is Jikely, Dot his approach in gensysl has been o
sininize its inportsnce, and to aPgne et the small metal-motal dise
tanoes are the remuilt of & configuration which derives its stadilisation
Lfyom the threswocenter bond formed botwwen carben and the twe netal atons,




LT IV




The sl HCwdi angls is thus considered to be & sonsequanss of e feod
the ome carbom orbital whish 1ies betwsen thew,

Vith ssoh shert intevmetellic distences, howsver, it is dAffioult
%o pistars sn arvsapesent in whioh thers iz mot soms sverlep of the
ing considerations when viewsd in the 1ight of spatiel or steris cone
the metals, Sakem from Pauling's table, are listed inm Teble ¥,

It has slready hoen vessried that although boron hydride forme sn
slsotronsdoficlent dimer, trinsthyiboron does net. The triuetipl come
pound doss forn stable complaxes with slectronwpalr donor wolecules,
deficient dimer i ondoubtedly csnsed by sterde repulsions dus to the
large sise of the methyl groups velabive to the radiue of the boron atouw,
dnn alkyls as comperad with those of buvyllism 48 probebly dus to the

Those steric offncts may be inderpreted ia esither of two wayse,

If the thres~center bond i ascopted as belng of primary laportence in
Lolent bunding, the merde effects must be considered as
preventing the formation of a more stedble configration as far s orbital
overiap is sopowroed. It is »ot poesible st present MW.M




TAMLE V
SOME VALUSS OF HBPALLIC mADIT (I %) (2k)
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whare 1n the structure thess steris sffects would ba most important,
s the axample of trinetiydboren aan de wsed 4o fllnstrete the point
in & geeral way. In a hypothekiosd strusture for Bg(CH,), one would
expact thad W Dol angle iz the ring weild be sesll, ap 19 the cane
in & CoB-C sngle of sbout 32¢°, Fven without knewing precisely what
wvalus %o take for the affective radius of the mthyl groups (1.73 A has
been given in oonmectdon with other studies of steric efects (28)) 1s
10 rendily semu thet s structure of this type would lesd to wbreng

An alternative view of this steric aifect would be to suppose that
the repuleive intarsctions operate S0 prevent the melal stons from
spprosching ons another closely omough 4o give good metel-ustel bonde
stabilitien. It will probeably not e possible %0 resolve the guestion
these compounds watil the structures of wore metal aliyls have been
doternined,

It s Stevasting to mote thad the alkyls of metele with £illed ¢
sababalls haws Jitdle or oo tendenay to form slestren-deficiout bomds,
Porbaps the Lot eplamiion for this is that repulsions due %o filled 4
orbitals provent the attainmest of metal-metal dstances whish are
suall eneugh %o give configurstions whick wuld be saitebls for elsetrone
dafioient bonding, It 48 % be moted that the setal-mebal distances in
in motallic styuctures,




The dvy Do ssed in She hendiing of lithiom slkyls is afailar in
genaval construobion 10 othars whdeh have bean dodcribed (29).
A masber of now festares wers incovpersted inte its design and spwrabien,
Nowever, uhiah are werdl redating. A phstogreph of the box 18 shown S
Figare 2. IA &9 construoted of 16 gmge galvanised sheet fron with 46
seans viveted every two inchos end scldered to give an alrtight casing.
The window is of Plaxiglass drilled to f1t on Whrended stads plased
every two Smohes avound $hs edge. A gasket of 1/A6% yubbor ves placed
bl gasket by mute om he threaded stude., A sofé sealing eowpound
was appliod to both sides of ths gasket befove the window was prossed
Sxto pleme, & flnorescest 1ighting flxture was used for {llustwabion
tohe of Slightly Jarge dismeters the alriight ssal with the wells of
the bax 10 nede on 430 cuteide of this basvy tubing, thus eliaduating
amy siress on the Jight fixtare.
shows in Figare 33 the pecking guakat ie of the type svmmenly avelleble
for plusbing spplicutions,

The box i built in two compartaentss the lower one is used in
trsneferring seterials 1n and cub of the box vitheat sericusly come
tesingting the atmpsphere in the box, A one-~foot-square port on the




Figure 2. Dry Box
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the odge of this port thare 15 & Svough 1/2* by 1/2% whdoh is filled
with Aplesonei wax, & Black, nonwwelstile solld of patipwdike consiste
may. The port door 43 consteweted of 15 gauge ehest matal snd has &
3/2* xmife edge vurming svound 168 lower side of such dimemsfons that
whon the door is placed down ever the port the knife odge colneides

with the center of the trough, By preswing the door down into the wax
an adrtight seald 18 areabed, Wus isclsting the lower compartaent Lrom

The cuter door alse consists of & onsefooteguare port. The trough
widoh surrounds 1t ie nins inches high, howsver, ss is the vertdosl
odge on the lower side of the outer pord door, This trough containg
minerel o1l up to about s five ineh level, When the door 1y dropped
down inbe the trough o Jiguid seal ds formed.

Attashed o the Sop of the box 18 & gasomster device, 1llustrated
Sn Figuvs L, The purpose of this device is 1o purmit changes in Yhe
wolums of the box cocasioned by movement of the avas in the glovas, or
by loss of gi3, withoud any spprecieble chunge in pressuve inside the
bear, Nimeral ¢dl wes used &5 the liguis in the gasomster.

Belov the window, en the vertioul fvomt of the box, prevision for
gloves is sade in the form of tws ninseinch holes with 2* fanges for
atiaching the gloves, The gloves used were of Neoprens, They were
wttached to the flanges by stretching thas on, then winding Sghtly
with elestrisal tape,
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. Schematic drawing of gasometer device

used on the dry box.
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oure velssse, %o 1* outlete on Ais back wall for Jeasing in sspirater
1ines or sy other dewived FivGings, and an olestrisal owdlet on the
bonk wadl, The inslde of the bux was well painbed, the Finsl coat
being white %o Anprove the Jighbing. ,_
the box vas placed 1n opereddon for the handiing of active saterie
18 by Duabing 1% thoroughly With prevpurifisd nitrogen over & pericd
» sadl Biowsy fan of about 80 cubde Leet per minute cupacity was
epevated, and the box allowed to whand for s psricd of aboub 2L bowrw,
It wan found wecoasary to stir or sdd fresh phosphorus pentexide daring
avidensed by the bebavicr of She desicoent, it was ready for uae,
«f oxygen ws sxployed, A coppwr Parmace was enployed for seme time,
the box aiscuphere bedng cireulated threagh 4t by weane of the Diower,
furasece, rednce any copper exide which may be present, produsing water.
The tnoreased demsni obt the desicsant €14 wod appesr o be conpensaied
for by a serked improvesent in the ¢uality of the box atssephare,
Iosofsr s oxygen content is conswrnad, shorough Ziushing of the box
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aypeared %0 be adeguate) prepurified mitvogen is elained to have only
0088 or 1ese mxygen,

Cow of the st swrious problens encsuntersd in the uss of a dry
box of this Sype ie dbe diffuston thvough the glovas, In st offort
P W Whe glove perts, snd the porte vovered ever with polyethylens
shosts huld in plece with lavgs rubber bands, Secundly, s second peir
of gloves weve donued mind worm dnsSds the box gloves o prevent the
gront balp An keoaping the stmosphare in the box dry and oxygenwfres,

Whan the bex had been thoreughly drisd & problen arose beshuss of
vy diffisult. In ovder bo minisise thess offects & very samll sample
of & Mgh mergy gomma asitter was atthohed to the bottem of the bax,

preparation which was finally arvived st ax being the best, and %o
follow this with resarics on any alternstives wiieh werw tried at ons tine
o another.



S05nhs was uned, A dvoppiumg fumasdl with & tube axtending Latuesn the
the mechy, & stopecck was Dlown inte the prossure equalising tabe, and
e used for admissien of & strese of proguriried sitvoges or helium,
in the cembar neck, and & Friadrioh's {ype cmdanser Lo the thivd, The
well fiuebed with mitregen, Aboud 10,9 grens (1.5 moles) of sediune
fres 1ithinm i the forms of 3/8% yods wes Lenten cut with & hamwe to &
hicknese ¢f sbout 3/38%, These shawka wers then out up with & selssors
into pleces abuat 3/4* wide and the pleces jissed fn » VWaring Bleador
Sur with adoud 3050 al, of ligreds or other adiphatis NWydvecsrbon bolle
ing tn the renge 50-90°C, The cowered Vneing Blesdor way then oparsted
for sbout 1I0+15 mlmtes, safter stdeh ime the 1ithium metal wey largely
in & Mgh stely of wbdivision, The matal and the solvant were than
asded to the veastion flasky asy vaguived rinsing was done with nepentsns.,
by phosphorus pentoxids or magnenivs sulfate, AfSer sddition of the
mateld to She fiask, about & liter of pentens was added, and 51 wl, of
the stirver was plased in oparation and sbont S8 ml. of ethy) bromide
added to the flask,
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The flask was heeted with & hasting muntde untdl & mderate smunt
of yoflux wap svidet, The baginning of the resstion wes sasily seen,
dus to the formetion of » blue miterisl on the surfase of the 1ithium
ol in the solvimi, Ae scon s She resstion had begun L6 was necessary
Maitten of edhy) bromide was then contiousd dropwise so that the ree
ptirved for an sdditional De3 hewrs with very low hanting.

On ssopietion of the resetion the condenser wie rewoved ubder o
strean of nilvogen, » sido-arm tabe was plaged In thls nsck and the top
outlot of the condenser attached to this sidears tubs, A twoenscked,
ons-liter flask wes then sttsched o the botlom onltlet of the condanser,
the vent line to She doylng Sower baduag attached to the other neek of
the flasicy LOO al, of dried bunaens were then added to the fiask throwgh
contimed watil sbeud SO0 wl. of solntion Pemsined in the veaotion flask,
At this t2as ihe stirrer was removed snd yeplased with & stoposek plng,
the oondennar was remvwed from the side aom and repisced with a seltling
tibe, and the dropping fumns) wes veplased with & stopevek plug which
is attached to the nitrogms swpply,. This aremagesent is shown in
FTigare 5. The settling tubs was sbout 50 mm, in dlanmeter, snd of suoh
s langth as to give it & ompacity of sbout 500 wl,

Most of the sodid satowdial in the rosotion sdxtare wus allowsd o
settle, during wikied Sime the sutives spperstus was Slushed with ndtrogen




Figure 5.

Arrangenent for decanting reaction solution

into settling tube.
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by venting Shwongh the stopeosi at $hs hotiom of the settling tube.
Than, with only She center stopeosk epan for venting, the spparasus wes
turnsd so that the sedttiing tabe was nearly vertics), and the solntion
Allowsd t0 ron So80 4% webll 4% wes full, Sost of the solid seterisl
rennined in the vesstion flask duving this epecatiion, The settling tabe
s guiokly renoved and eappod with & glass plug. X6 wae thuw elaaped
snd allowed to stand for shoud 2h Dours. Buring Shis time sny suspsnded
netter settled 4o the botton beluw the level of the stopeoek,

The solid material resuining fa ths revstion flask wee dispowed of
hy washing 16 inte & luvge beakor using bensens, allowing 1% to Btand
in the hosd for & fuv duys, and then cantiously sdding an aloohel te
 sottiing tube wes somnectod vie o sberd length of Tygon tubing to o
snp-liter, throewnedh fiask with standurdetaper Sodwts, The cexter neck
to & water sapirator. After o thoveogh drying end flushing of the
aysten, the chear scintion sontatoing sthyl-lithiue was allowsd t& ren
was thon yemoved and & glass plug fuserted, The saplirator was started
Sf%r sdfustoont of the nitrogen mupply %o give 4 very slow vate of
sxdob,

I6 4 worth sentioning that in evder 30 svold contaminetion of
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o be made alrtight. The slow tricide of nitrogen served to pargs the
is the pressure deoressed the solubion begen to boil. Heat wes
sapplied with a heating mwntle Yo heap the rale of evaporstion high.
By the Sime that 755 of the solvest hed been rencved in tkis vy Mhore
wa connldmrable precipitate in the flask, The asplrator line was then
pinelied nff and pitwvogin adaitied to the flask uwntil stacspberie prese
plashed off Sightly, the hoses sut Just Qwve the pimeh clemps, snd
the Liask, singo the tuuperature easfficient of solubliity of ethyle
for sowe tise the swotion line wes discomnocied and the smmtunte of
the Dask powrad theough & cosrgsegralosd, sintered gloss filter, The
poured tirauga & £ilbar, The precipitete of sthyl-lithios wideh fovmed
whon the celution cooled was thon filtered from the mOLher-liguor.

In o8t cases this single rempywiellisation was sulficient to glve
pure obhylelithiom, but 4L for some reason it did not, the mema proe
ewdure WS ropoated.

In eariier prepavations of sthyl~iithinm the solution which wae
aokvent ot Slwowpharic pressvrs, It was found, howvever, that at the
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Mgher tenparatures necesmsary for this 1% wes quite d1ffienlt to avetd
mm«mmmm

Lighdnm - Shout W ., of 0,1 W solutlon of purifiod ethyl-
umummam.wmmmmmwmmws
al. of benmeue wars used, Both sclubions were convled in thw dry box to
about 5-20%C,, und then mixed togother while stdrring. 4 fine white
prosipitats formed after o fow seoonds, Aftar sbout a minumte the solue
metion. e prooipitate on the filter was washod twice with bennane,
snd then with pentans to add in dwying.

Stooe sethyl«1ithine bas mot bBeen yoported an badng made by the
shove method in awy previses work, it wes ales prepared by the classicsl
nothod mantionsd iz the introdgction in order o provide materisl for
esaparisen, This wethod of preparation Livolves the vesction of di-
Myineroary snd etlylelithine in benssns, resalting in & precipitate

ey WRS propared scconding to the directiens of Marvel
and gould (30), About L0 g, of purifisd product Boiling in the
renge 91.5+92,5°C, were cbteined, About § gms. of this maberisl in 25
a3, of denseme was addad te 50 xl. of 0,2 ¥ ethyl-lithium sclution in
the dry box. A fine white precipitate formed after a fow socomds, This
matorial was trented iu the same wy as the pracipitate obiained Wy the
othar mothod,

Seversl attempts to prepure pure methiylelithium by uee of the roe
memmﬂqummmenwlmm




J2

unssecannful, The resction procesdsd well with methyl fodide, but it
wme not fonnd posstbls to separate the muthyl-lithium formed by the
resstion from JMthium $odide, which 18 also a resotion product., A pro-
esdure similar to that ueed in preparing ethplelithicum was attespted,
bad a mixture of Jithian fodide snd metipl-litiiom was obbained,

Aliguot portione of solutions of lithius slkyls were decorposed
with weter and $dtrated with standard aoid to yieadd the amount of total
base, To determins the amount of basic material other than 1ithius
alkyl an aliguot portion of the solubion was sdded to & 108 solution of
bengyl shloride in sther, &Wﬁwmlmmrmwmﬁem
formation of benayl-lithiue, The bessyl~lithian reacsted rapidly with a
sacond molecule of benayl chloride to yield dibensyl snd lithduws chloride,
bass, Addition of wabter and Liteation with standurd acid yielded the
does mot veset weil with bensy) ohloridse,

Balide lon was smlywed for by decomposing an aliguoet portion with
water, seidlfying vith scetio sold amd titveting with standard silver
sitrate solution, using the sppropriats indicstor,

In addition %o theme methode of anslysis the results of xeray dif-
of valus in fduntification snd ewaination ef purity,




a3

1% L8 necessary, in propaving solids for infreved spectrs, to
0t with solvent, 1o & small sideearm flask fitted with & oneshvle
stopper and & mall separetory funnel. The acldd was pumped on for sone
come to staeapheric pressure, the malling agent was yun inte the flask
be no condamination of the selid frem resction with ho dry bex ateospheve,

The slid was then removed from the sidessrm fissk with s spatala,
placed In an agate mortar and groand S0 the conslstency of & orosm witk
the mdling agent. A drop or twe of this ovesn was then placed on &
salt plate, and the sscond salt plate pisced over this. The sssesbly was
then olanped in & holder,

A3) the mlling sgents were prepared Lor thin pacpose by werming
them to st et 3007C, for su extended pevied of time whils bebbling
sitrogen through the liquid, Hujel appearsd to form good mudls with
both sethyd)« and etiyl-lithinst parfluorokercsens appsared to ba aatiew
in the case of stiyi-lithiua, Perfluorckerossne did not appear %o web
the latter compound, snd At was not posailbls o JMepmwe 1% satisfactorily.
By placing a mixturs of the cowpound and mulling agont betwsen salt
plates snd rubbing them together strangly it was powsihle to obtain s




daywr of styl-lithing whioh wes thin secugh S0 Sraammdt, The small
mlficient %o pravent the fmediate decoxposition of the solid,

& attonpt wes made to nee fluorolube ol as & wdling agant for
odhyl-lithiun. This oil is & tetrehslogmsted stiglese centedning
thros Loorines and one ahlarine atom par structursl wnit, About thirsy
sevends after nixing thess fwo matarisis togetbher, howerer, & vigoveus
reaction tes: plece which lefé & dlaek, carboniike vesidus.

Solutions of atigi~iithinm, aosslysed for concentrstion in the manner
already deseribed, wore losded fnte sedlum-shloride-window sclution
ewlle in the dry bex, Hatohed cells of 0.5 wms, thinshness were saployed.
recoyded on & Porkin Blase Hodel 21 resording deubloe-dDems infreved

sbion and Hicroseopic Studies

Qo3 mm, dismpter Aithius boreln glase tubas wers used to contein
the powdsr senples. Shark Jengthe of this txbing, susled % the lows
and, were nounted in tho brass sartridges shich £14 the bolders in the
POWinr CamoTRS.

The solid oaterizls wors ground to & fine, dry powder with an asgate
Yy imaorming the end of the tube in the solid, and Shen tapping to
tubss sre oarried out by Molding the brass cartyridge with o foveeps.



The wnd of the Wwbe was then covered with & ssall ball of putty and
Duse cement wpplicd over this 30 sssure sm airtdght, swehanisally firs
seal,
disation step An the purification of stiyielithinm. The crystals wore
net wall foresd with raspect o Save devolspmant, but tended for the
wost part o grow as £lat plates of sboud 0.5 sm, thickness, The cryse
tals were plased in tuber of thinwmilad Fyrox or sofd gliss sad the
SANplen,
powier sumaran and exposed Loy pericds up to 2 hours. The singlew
cryetal ssoples were mounted in a Unioan model 8.25 gontomster with
eFiindricel ceavrs, The sseples ware sligned visually so thst the flat
sides wirs verbleonl; $he slignment of the direction at right angles to
this was setimated by sonpurison with the resultds of sdovossopio obmerw
wvation (sow below), Cthor exposares wers alwc ssde of the crystals
position, The goniometer wes then plaved on the reesk provided for it on
The dixfraction macidias uead was o Nordh Amarican Fhillips Hededl
5000, A copper twrget was used with & plate welisge of JSXV and o
plate surreast of 16 adlllanpoeres,




Gpesings on the powder £ilae were raad o sn coouracy of 0,05 mm,,
thase an the wylindrical sumera £ilee to the mearest ©.5 e,

For purposcs of micreseople cbssrvation the single orystals of
ol andt & cover glass, It ws mot possidds by this weans o odtain &
view of the crystals other than with the fist sides horisontal. In order
about 1/460 mineral #il in & weighing bettle cover. The srystals wers
thns protected from the atmospbare; Simwe the demsity of She erystals is

Mmmmmmamwmmm
@ite amall and & yariety of oriemtetions wes cbioinsd in this way,

The erystals ware shesrved with & Bpeneor pelerising sdovessops
£4t0ed with Nicod primes,. Both white Jight and eodium light were uwsed,

wants on Bensene Solutiony of Bibyl-lithies

mathods previcosly disccessd, The solntions wers sssetlielly free of
tapuritics as deternined hy Shese amalysss,

A 25 u).. pyomemebor with side arm markings was calibreted using
diatilled water, The resdings on the side swrne were ftaken wiile it was
{wmerasd in a thernostated bath at & tesperature of 25.0°%C. The benwens
used in the determination of density end dislectric constant was
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from the box, plased in the bath and ihs veluee st 25,05, resd,
Welghings were done on & (hedstion Bavker Chatmomatie balaonos with a
precision of 0,1 ng. The pyoncneter wns wiped oavefully after remowval
Trom the both end sllowed o equilibrats in the balunse came for sboud
eployed; & standerd capacitance 15 waried %o wotoh changes in the
davtion of the solutions r selvent, The solubions were losded in the
dry dox inte & glass bulb to whioh wes atteshed on the button & stoptock
and standard taper Joint wilch £30 the standard taper Joint on the top
of the capacitense oall, Matoh positions wers obtained on the atendurd
copacitanse for the cell im air, and when £1310d in turn with pure

In order to mindintse the poesibility of & falme resding dee to entyrapped
air, ench reading on & liguid wns token am an sverage of three sspevete
betwoun them, The thres valums wers in good sgresment with one amwther
in svery oRBe,




The ¢ells need for fressing-point depression messurssent are of
e type shown in Figure 6, The capacity of the sells is about 30 ml,
he sxadler tube in the center of the cell fe fitted tightly at the
wp with nbbar Sobing.
in ene oell, the solution in the other. On yemoval from s dry box
frosen, The cell wes then issorsed in & slush of frosen bmaens in a
Powar flask. The sclution cell wes imserssd in ean ice baths coppere
tubes wore mads to it Jeosely im positicm and could be moved encagh to

The thermocvuples wers sommeted to & Lesds and Northrup suplifier,
Bsesuse of the seall tesperature differences neasured, the thermecouple
ontput was quits small, and the highest amplificstion setting of the
anplifisr cenld be used, This gave o scale of abeut 0,12%C, per large
diviston on the chart peper, and permitted rosdings to ths neavest 0,002%,

The oo}l centeising solution ws ¢tirved vigovously as the besparas
tenparature, 8 loveling off, snd thon & comtimuing dscrease as Lempens
continied to freess cut, This lstter time-tempersture line was axtrse~
polated dack to the first line to sbtain the freesing point, The type
of tme~tenpovature curve odiained and the method of extrspolation are
shoun in Figure 7.




Figure
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Freezing-point depression cell.
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Figure 7. Time - temperature curve obtalned in

freezing-point lowering experiment.

LO



Yasperatare Juscbion Su a5 toewwater bath and the highetenperature jume~
tion in & sodiva slfete«odium sulfate decalydrate sixture, both
referense nixtures Buing in Dewar flssks, The thermowouwple cubput

The teuperature stability of the cell containing pure Busswns wes
abecked by messring the thermocouple output s8 & funstion of ime when
ether in ths oall. With wery Iittle stirring of the banseno eell the
cutput voltage held constant over & 15 sinute perind to within the
sscuraty of neasarsaent,




RESUL?S

The purity of bensens solutions of ethyl«lithium was determined by
the methods discussed sarlisr, Sclubions made up frem reorywtallised
sthyl=lithium sontained less than 0.5% net base, and gave & negative

In order to deternine the ameunt of decomposition undergons by solid
mtiyls and athyl-dithiun on exposurs to the dry-bex atzosphere, eihyle
1ithine was ground to & fine powdar in & aortar and pestls. This powde:r
e then added %o bonsens and the anslysis carrisd cut os bafors, m
sition a8 indicated by the ned base content wem 2+5%. Sinow asthyle
be taken a8 an upper llnit for bBoth sompounds,

In preparing metiyl-iithium by the reastion of ethyl-lithiom with
methyl fodide inm bansense, the possibilily exists that the coupling re~
sction will ccowr, producing propans and lithius icdide. In order %o
doteruine the extent to which this reastion oovurred & sample of solid
sethyl-1ithiun wms 8dded 4o ether and decompossd with water, The base
wap Sitrated with standard asetic acdd, %WM{MNQ&WW
8 fow more drops of aeid wers addsd and the lodics titrated using Bosin
Andicator, The mole percentege of indide determined in this way was
ahout S%.



The wethyd-ihien prodused by the resstion of stiyl-Jithiue with
meray diffrastion petterns for this meberial were idemtiosl in AL
reupects with these for nethyl-lithina prodsced by the other method,

are shown in Plgures 8411, The apectre of twe ebipl«1ithinm soiutions
Figaves 12 snd 13, ALl of those spectra are drewn from the eriginel
data, with the fentures charwctecistic of the solvent or mlling sgent
ixinated in the latersst of olarity,

Teblop YIAVIII sre o 1isting of the Lreguenciss of ths pesks for
ssch of the compounde, With ostimates of relative iubensity in parens
theses, Those values of intensity sve based ox & value of 10 for the
sost intense maxiuun on oach Spoctum,

Tabls IX Jists the value of @, the reflsution angle, and &, the
intevplanar spanisg, for sach 1ins of the powder diagren of metigls
lithiow, Teble X 1iste the value of & and #ia™ for each lime of the
powier disgren for ethyl-Xithium, The valus of relstive intensity,
estioated visually, & alsc given for each linss the values are based
on & figave of 10 for the most intense line and 1 for She barely
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oppomite sign are listod in Pable I,

a& fiab plates, VWhen viswsd ender the nlerussops with the fiat eldes
with & witite light sonros tha crystols sppesr colorless exeept fov
eooasional polarisstion colore, The oryetals do sot extingutish when
retatod under eroased Hicols through 360°. Whon viewed with codiue
I3ght under crossed Nicols the crystels ave bright evoept for priches
seotitons sround the edge of the orystals do sbow extinction every $0°)
the oriestation of the erywtals with rempest to the plame of polarises
the gonfomeber for axpomire b5 Ewrays,

hen the crywtals are viewsd with the {1t sides vertiesl they do
show extimotion every 90°, both with white and sodims Mght, The one
tinotion cocurs when the plans of the fist foces i parallsl or novmal
%o the plane of polarisation. Althwugh weny orientations of the
orystals were sxamined, sone were found in stdch the evywtals appeared
A

The erystals of sethyl-lithium, when viewsd under orossed Nicols,
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Sine, whide still coversd with a 1itdle oil, thay were traneformed into
an sxteotropic matariul, preswbly lithiwmm dydrexids, From the faot

et o sndsctropdo material was prosent in the preparstion sten first
viswnd 4% way be inferred thut the saterisl wes ssssnbially fves of

Benseney Solutions of BE¥hyleiiskium

The dats ebtainnd fron demsity, dieslectric conmtent snd fresaing




2.288y

2,999




63,3190

63.3366
63,0967
63,138







Terny Diffvaotion Date

under aromped Hiocals it may be inferred that they are of subie symtey.
By proceeding on this assesgAlon i% 18 & reletively simpls matter %o
ihe pattern is obtained from the Sragg reletion, & » »Rsisk, Thie
value of 4 4s related to the Wit osld dinension ag by the relation
ae = ¢ AV RVEIY whare by k sud 2 sre the Miller indices of the
plane giving rise to the rafloction (32). In Table I3 the values of ag
Fron these valuse of &y an sversge valas for the untit oell dimension,
ag * 8,909 % 0,016 £, 10 chiatned, If 3% Ls asswsed that theve are 16
polecnlos per wnit eedl & walus for the density of methyl-lithius of
0,826 gu./om,® is obtadned, in govd agreement with the obsewvatien thet
he crystels have sboub the suwe denslty as a solution coneleting of
ebout 508 bensene (demsity 0.07 gu./om.®) asd 208 pantans (density
V.63 gnefomed)e
way be sssigned 1% 38 mecessary o dutersine the aystezatio abasnces,
Af any, smong the ysflectiens. Inepevtion of the list of Sadices in




é2

Tadle IX revesls that the only @ystewstis sbewsces presunt ave the hOC
reflections whers h 48 svem, Now 4% oan De shown that his systemtic
absenos caunet bs tho Tesit of auny of the wumelry elesrots which
umally prodnoe sbommess, such A8 sorew soss or glide planss (32). It
wch o Jow intensity thet they are wot vistbis en e filw, or because
the uymastry slenents mmnticned sbove, Jeads $o their having serc
Anvennity,

Sinse thare are no systemstic sbeences the lattioe type mast b
prixitive a8 opposed to fases oF bodywssntered, Inspestion of the
mmmetry mopartios of all the priaitive Jabtice typss belonging to the
cukic systen revesis that there sre five shich are withmd systeambic
sbeensen) these five ave FE3, Pud, Pi32, Pida and Pedw (34). In oréer
% deSsrndne which of these five spuse groups to assign 2o the methyle
1ithivs cryatals it is neceseary tu heve meve inforontion, Space groupe
P23 end Pi32 are enantioworphouss thet im, $ho arystale which have this
spece group symmetry are sither right or lsft-lwnded, If a crystel
exhibits option) aetivity when vigwed under crossed Ricols it slmowt
of thls statenent i oot trueesnany orystals whded avs enabisorphous
do mot show cbeervabls opticsl setivity, The methyl-lithiun orywtals
do not ahow chesrveble optisal sotivity, and €ms cammot be assigned
on Ahis basis to any one of the above five spsoe groups, ner can they
be exoluded from suy.
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Hhan the spase group csmmob be unenkimonsly sssigned as in the
presont case it 48 wsuelly vecessery to procest with & strustural ansly
19, comparing the sbeerved Sutensition with caloulshed values based on
t4al struotures involving the powsidle spaos groups. Singe 1 is wet
posaibls to sbisin sufficient inforsstisn from the;inten_sities_..of “the
raficotione frem powdar pattarns, wo further progross cun be made in
soops was of considerehle help in smlysing Whs xeray date. The fatlurs
of Yhe srystals te extingsieh when yotsbod under crossed Hlovle i
evidenve of sptieal setividy, This property lismits the muxber of
lnck planes of sposabry, MWMmWWW Prom
the fach that the aryetels sxhibilt aunisotvopie bebawior in all eriomtan
tions 1t nay be infarred Shed the symmetey which they possess is of 4
lowar order than that possessed by the tetragonal systes, einse for Whis
cluse theve is cue orisutation wideh axhibite isotrepic behavior,

tal votation phetcgraphe wers teken of the waterisl in
senter of the pictare, indiceting thst the lathice possessed sutuslly
perpondisulsr orystal sxes, This evidence, in combization with the
results of sicroscople cbsarvatlen, fived the eryetal systenm os




erthortonbic. e assignnent 48 in agroasent with the fect that
Wit oodl dimemsions a, » 7.25, by 9,50 and ¢ = 4,07 R wre sadoue
1sted, |

For the purpose of indextag so ertiorhosbic
sxpresaton of the fown

#in%G » Ah® o BR* o )0
49 oot used (1), The comstants 4, B and § are defined by the relations,
e (2 re ) e

Using the values for the unit sell disbmeions shtaiosd frem the layer
Mne specings, provisionsd values of A, B and ¢ aay be detarmined, Thess
values may Shen be ased to cslsulate valuos of sin® for all reflectiom
throngh shout the FIfSh order. dy couparing thess calculated values

with She obesrved values (Tabls X), an sssigmuect of indices can bo msde
for et of the refleotions on the powler patten. Sincs the velues of
most precise souroe of data, more scourste values of the umit cell
dimonaions are obtainsble once the correat indioss for thase reflesctions
have been detersined, By procseding in this mmnmer the unit eedl

By » &.65 £ by » .03 § opw 8,30 8



&

mewmﬂammm-mmmremen calcu-
lated, These srs compared with the chwerved values in Teble X, It vill
of tndices %o & reflaction, espsoislly sneng $h0se with levger velnos of
sinte, WhWMWW#fWﬂW&W'MMW\
baving the sumn, or nesrdy the sems, valus of aln®,

napeetion of the indicus llated in Tabls X shows that the only
syntematic absences are the ool peflestione, with 1 odd, This ie
widanes of & twiefvld sorew sxis as an elenmnt of mymetvy, A in O
prosent 1 wvidence that the lattice s peindtive,

From She opbloally setive bmbuvior of the crystals & Darthor res
thowe spaos groups with the pameeal sysestey subol P2R2 4n the orthore
houdie systen are snanticmorphions, From the systemstds abvences noted
sbave 1% may bo deduced that the sorreot spaoe group is PI2;.

If the nuzber of molecules per wsit eoll i3 aswuned o be B, &
valune of 0,98 gu./om,® S8 cbtaimd for the dansity, in agresmer
the chewrvation that the eryebals appear to be denser than bengene
(domsity 0,09 gna/om.®)s

The largest muber of eguivelent positisns per unit cell for the
P22, apase group 1s b, Thore are thue et least tw molecules por
squivalent position, Since thare are thres ¢ ing atonil, pesr molew
m{m&mwmwmwmwummnxtwm
peglecied), the positions of six stons are reguired in order to detersdns




e aquivalmt posttion copletely, The aingls cryetel rotaticn photo-
gErephe chteined with the availabls squipment were ot of saffictontly
good guality b pemdt nessurenmte of intensity on & scale DECesENTy
for a steustural analysis. Also, not suough veflsstions wore chewrved,
Tt S8 moh possidle, therafors, to detirwing the Jooationy of the atoms
in the orysial lettice Irom the dete sweured Su the presmnt wrk,

npities » The densitdes of puve bonsens and of the thras stiyle
for air busysncy wers wade using en atsespherie pressure of 7.0 M.,

508 mmidity, snd & Sempmraturs of 25°C, The remalting values of density
for bensins and the thves solutions ave plotted tn Figuvs 1), sgains the

mmmwemmmmmmmemmm
average dogron of ssoocistion, B. Values of B are listed in Table XIV
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mn!ma.maxsmmwmamm
sapanitor, 8, fer the oull in efr and when £1lled with solution or pure
bessens. I 16 sess tat the pointe defise an apprexisstely inesr
mve, The value of the dialestrie vonwbent of alr mey ba taken a8
1.000 ant thet of puve bensane a8 2.87h5 the difference detwoen the
sspasitor resdings for these twe meberisls is 107.48, Frem this the
valus of ¢ €/ 43 is 001186, Using this valus Whe dlelectric uoustant
of & sclution of mole frwetion My Wy be deternined by zeting the
ditforenca between the vaive of & ot wls fraction By and Giw sxtre-
polated valus of 5 ot Ny » 0. Thbs dAfferance is mitiplied by
u.%wmmwmmammmmumumnw
ion,

Zha molsy polarisetion of & mlution, Pgy, may De eapreassd su

whors ¥, and My are the mole Drasiions of sodvent snd sslute in the
solution, M, snd Hy sre the respsotive woleoulsr weights, and 4 the
denedty of the sodatien (55). From the reletion

Pag® WPy ¢ WP

vhare Py and Fg are the molar polarizsidon of selvent and soluts, Py
may e caloulatod shon Py 18 known,
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fron Abe vesults Listod abuva ia 26,8 on,®,

The total melar polarisstdon of & seapound sey be vonsidered 4o be
the sus of Wwes ssparate yolarisetion offects, the orismtetion polari-
satdon, Po, the sdevtronic pelarisation, F_, and the atomis pelarisation,
‘?f*& Py ie the resuld of & pementent electric sonent withix the wdsonde,
Py in the resnlt of dlistertion of the vlsotron distridation in tw
molecale vnier the iaflusace of an spplied field, and P, arisse through
the Tormation of su Mm& womsnt boosese of changes in amolear position
wnder the infiuemss of & field, The sagitude of Pg 48 detarmined by
Wﬁ%&ﬂm@kmﬁwbﬂﬂnm&wﬁﬁnmm
fraquensdes; the pariod of the crimtotion snd etomie polarinetions
is too Jomg for them %o contribute to the toted polarisation at Shese
frogmencien, The stomis pelarisstion i d40fienit to evaluatey 4% is
sall in ecepardscn with the orimtation effeots 4n sost cuses aud ia
wsedly dgnored or taken 88 JOWR0F of Py, When 4b 18 net powsibls to
dbtain reliables values of dislectric cenmant st cptissl frequensiss i
s possibile to epiimate P, ly use of sdditdve velues of stomic refraction
for esch atem in the moleculs, The valus of P for ethyl-dithiue esti«
sated 4n this wy 3o sbout LN.§, using @ value of 1.2 for the sbomis

don of Jithium, The sux of stomls and srisntation poisrisations
is then £6,8-11.5 » 16,3 an.™.

M e 8,008 JFF




shere (. 48 the dipode moment of the moleesls in Debyes, and T ie the
absolute Semperatuve, may be dertved (35), If the value of 15.3 om,®
cbtsined shove ¥ essumed 40 bs dus sntively to orientation polartsstion
& valne of 0,06 Dabye 1 obtained for ths alectric moment of etiple
J4ahtwe in Denusne,



fivet tine 1% 48 freguently helpful te compare it with the spsctre of
o the volwss by 3, Jo Sedlaay (36) and to the LandolteBlrnstetn
soupilation {37).

vikeutions shich ecour tn Shis vegien for methyle and etiylelithium sre
aspigmalile to this eloss of vibwations, In obeesrving this rogiem of
the spectvum with an instrumont which uiilisss & sodius chloride prism
4% is met possible to deteot masll differences fn frequency with wnyr
asourssy becsuse of the lov dispersien of sodius chloride in this
region. IV doss appear, howevsy, that the Ce8 frequensies oheerved for
at sbout 2730 ea” fn both methyd~ and ethyl-ifthiun and the bend whioh
commrs ot E590 en” in metlplelithiun sre wmemally Jov in frequonsy.

baorption st 2577 en™® has besn observed
that sithongh & mmnber of hydrocarbons ahsord im this region the




3

inbensity 1s vory weak, Cyolic compounds sach a¢ diowen, tetratydroe

Exandination of he apestrs of & shber of seallering ovapounds such
ayolopropens i cyclobutans derivetives (38) stows that they alws show
sbavrption in the reglon 20002500 on™>, It So Quite pessible Shat

the alturptivns chsveved 1n 4is veglon for the 1ithiwe olkyls sve due
6 the presencs of rings sach as thoss discussed in the imtroduotien,

formed thvough slsctron-deficlent bending. It 4w significent thab mebal
alig7is smsh as the sing, cudaium, wereury r tin nobkyls do net abssrd
4% the rogien in guestion,

Avporptdons in the veglon LhB0«LITS am.”® are associated with
deformation vibretions of the CeRl 2inknges in Gy~ and =Gliye growps.
The one Band &b Ak2 en*® in nethyl-lithiam snd the Shres bands in the
regisn LWO0-AA5 ua,”" in ethyledithion may be assigmed to the
asysmetrionl hydrogen banding sode, whiile thoss in the visiaity of
1380 om.” are essignaile to the symmetricsl mode. The assignmsent
whioh e proper to the band which cocurs &8 1612 em.” Sn metiylelSthies
18 ot known, IO doss 2ot sems 1ikedy that 1% could De dus t0 8 OeH
deformatdon mode; 4t 18 trus, however, Ahat the Celt defurmations in
strained ring systems tend to oceur ab Mgher fregue |

T4 18 mob poudids to aseign the sbucrpbions which ocoouwr in the
epectval venge 1250500 em,”" to partfowier vibratdons, In gemeral
Shewe are associated with sketetal vibvadions of sarben obiEns and of
ring systens, Since the syvangemant of bonds in the erystallins
34thiun slkyls 18 Dot kmown 1% osn omly bs seid heve that thess bands
may be the result of skeBetel vibratiens lnvolving ring structares,




1L

XS appears that the band oscurring 4t ehens 850 em.” s due %o
e stretch vibrutton of the netal-oarbon bend, It is present in all
the apeokrs of both melyls and ekyd~31thinm with moderate to #hrong
Satensity. The vibratlon dess uet sppess 40 be very sensitive %o mase

There 15 & relativaly Jargs tnoresse of k2 on,”  1n the frequensy
of this vibration for etipl-ifthiun in bensens sclution a8 conpared
vith the sodid, Iz ddlate mintion, huwever,  bend st 675 ca.” ie
evideat 33 & Jow dntensity sheorption, Fince sthylekithius 1
‘assosisted in bemsens scintion, AS evidenosd by the Zresstng-point
deprossion remults, 3% seans ressonsbls to suppose that the band st
920 sm,”" 18 due to LiuO bonds wileh ave fwvolved in asscoiabion, that
ot 578 cm,”" to the uneescolsted materisl, Perther indfcation that this
18 the case is provided by the fast thet in the more ilute solutiens
ko pesk at 876 on,” appesre %o grow relatively move inteuss in ocme
parison with the ene a3 920 om,” as the cancsutwbion is decressed.
This is vhat one woald expeot if an amilibriun axisted betwown sssouie
sted snd umassocisted spooles, If 1t were possthie to exauine mors
a13nte sclations this point oould be tewtad more thoroughly, bub in
order 4 do this 14 would be nezessary to enploy lenger path lengths
of selutions sinee bsnsens abseyds vather stronghy in this veglon the
transatsaion of yudistion through the oall would he unasceptebly low,

It 1e porhape eignificant that the peak st 920 en.” 1s of relstively
sarrow baiwidth, In the case of sleohols, assooistdon threugh intere
meleculer hydrogen bonding rosilte in a brosd sbssrption band dus o




]

he stretehing vibrations of assosdsted Ouff bonds, The broad shape of
fuvolved in bridge bonding %o different extents, se thab the broad
tand cheorved Ly & componite of & muber of shavper bands. The Barrow
width of tho band due to ansociated sateris) in the case of ethyle
3ithinn lndisates that the asscoiation L8 not the result of & more o»
bonds of dafinite snergy, This is alse indiented Ly She large ALffevrenss
this sapgaitade polnts to & mked shangs in e Jithinwsaarbon Dot on
I the sbacrption at 878 um,”" is aswuusd o be due to LieC sbretohe
fag in mocaerie mtigielithium molsewlsw, and 4f & harmonic oscillutor
spproxisation is sade, 1% 4 possidie to ertisete the megnitute of the
fores vonstent for the vibretimm, The freguancy of & harmonic oseillator
18 redated to the forvs constent and the wibswting mass Ly the exe
presuion,

Ve fé;f'r""’
Tn exlsulsting X for $he Li-C stretoh ths vibrstion is sssused $0 lmvelve
s motion of the 1ithinx stom as ons sud of the osedllistor and She iyl
radionl, ~Cgfly, 89 the others the value of tha reduced mass for ihis
aysten, 5.59 gus./wole, is used in the shove sspresaion. The value of
& caloulated in this way for otdyl~lithiom 48 about 2.5 x 10% dynes/om.

i& _
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s value is ouly & rough spproxiwetions the ssswmption of harmonieity
i nod Jikely to cuuse & vory Margs orvor, bt the value whioh shouid
be chossn fev the reduosd xasw 38 open o question, For lsok of meve
inforsation on the state of the molssule, the assumptdon made above
ssens %o De the desty Lf the resudting value for the fovres constant ie
in evvor §t in probably low,

I% 48 of intevest to compare the csloulated vales of k for She 14sC
#tretoh with that of odher bonds o oarbon, The values of ¥ x 10°
dynenfon, for the halogen bonds are 3.k, 2.9 and 2.3 for CeCl, OBy and
Cul, renpsvtively (38). It 15 sows that the value of 2.5 for the LisC

Brands {8) bas vemarked Shat the bond energy of the carbous3iitiium
bond smat be of the sams generel magnitade s that of oarbomechloriae,
Ths dissocistion ensrgles of the sarbon-halogen bonds in etlyl halides
mmmmmmmm&umwm«m).

Dgla~Cl 88 keal./ole
CaflgeBy 6 koad./ools
Sofle~1 54 koal,/eole
16 i ssen that there is & parallel relation betwesn the mgnitude of
the force constant and the bond esergys this is shows in Figure 18,
I¢ this relaticn wore %o held for the earbon-1ithinm bend the bond
energy wonld bs about & koad./sole.
14 s 21ffienlt 0 scommt for the streng band which appears at
672 on."" for Rajol mlls of both nethyle and ethyl-iithium, It is
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in @is reglon 1V 15 not posstidle to deturmine Mith csrtalnty whwther
ars uads wp, Wb the possibility exiszts that the band is das to vreaction
mumawmm;mmmm
there are soms maberials whioh do show characteristic sheorpbienss he
048 benting node of sostylenic carbons £alls in the range 600-700 mN.",
cyolohenats bas boun chasrved $0 show & strong narvow sbscrption
mociomn b 675 om.*", If the bomd roaliy 4w duo to the Athiun aliyds,
dus to the fast that it i» preduced Ly wibretions of bonds which are
Broken on solntion of the orystad saterisl. In Sde comnestisn, however,
4% shomls be sadd that soms preliminery work wisich was dons on the
specire of sthylelithium £n pontine showed the prosoncs of & band ot
612 om.*’,

Benzene Solutions of Bthylelithiun

Lithough the unosrtainty in the sverage degree of sssoaistion ae
sessured by Drsesing-potat depression is quite lsrge, the deats mske one -
sobabdow., From the viewpoint of molemlar structure Shesry 1t is of



: mmmmmmmmmaw.amam
memmmnmmmmm ¢ 4
¥oe ationdc polarisation is taken %o be seve a value of 0,86 Deye for
saterisl is associated to the swband of aboud alw~fold, howsvar, it is
spparont that the enkities which give riss to the sbserved polartsation
'MMMRWWMN{& Por sxemple, if 16 is soswaed
Shat the ethyi-lithium existe sntirely an & haenmor, then the moment
of enoh Bawamerds seleculs wuld be sppm baly 2,1 Dabyw, IV L8 wot
ualiioaly, however, thot an spprecisble fraction of the obssrved polarie
sabion is dus to atonde polsrimation. Davidson snd Sutton heve related
e sagnitade of the atemic polarisation to the presuwe of low fremensy
vibwations in the melsculs which produse & change in elentrio mesment {39).
noden of bonde, In the case of sRipl-lithian the LieG bond probedly
has a Jow Drequensy bonding mode with & relatively sasdl bending .
oonebant, and this vibration will give yise 3 & contribution to the
atenis polarissticn, In additfon to this the configurstion w

Loraed $hrough essociation will heve aswcolated with 4% soas low energy
deforsstion frequencies, so the atonis polarisation for the configaras
tion will Do groster than the mom of the atomie polarisations of the
individus) ethylolithiwm molecudes, I the Iroguencics of thawe lowsr
energy vibrations wers known fyem spestral studies in this reglon it
wils bo possidle to estiwate F_, but this infersation is not avatlshle,




Plévpimeroury (40) in Densens selutdon Mas an atonlo polarisation
of 319 xS, The value of the stonte pelarisation of moncmeris stiyle
Mtton mét surely be mich leas than tis, If sblyl-1ithium 18 assumed
to ba hexsaerds in the sclutlens, the total molsr polarisation for the
baxaser 1 sbowt 150 em,®. The slestronic polarization would be about
70 en.3, leaving & valuo of showt 90 ou.® for the sum of atomic and
ovimation pelarisations. It doss not wesw possidle that such a larpgs
pelavisation ean be dus sutiredy to atomic polarizstion, so that the
suppened hexsmer would have 1o gossess a pevsanent elsctele dipols of
magottude loas Whan 2.1 Debye. The nfraved apectrs show thet in the
athylolithiam molevalion axisd aluowt entirvely a8 nsscolated species,
degron of assooiation of six, the weapls of bhexamer formation which s
seed shove st represent the actinld situation o & faly extent,

I£ 4% is ssemend thad & hexomer 18 formed, snd thst the bonds
which are awed in forming the hexemer do wob contribute largely to the
stomic polarisstion of the polymar, a yough estimste of the valus of
the upper linit of the atomle pelavisstion of such a configaretion may
be attempted, F, for disthylmercury is 3.9 @a,®j the value for the
sonomerio othyl-lithinm is probubly less than half this, since there i
only one astaleosrion bond ia the lithium coupound, end the froguenciss

wponding vibrations are higher. A walns of 1.5 @5,® ney be
taken as an upper lisit) sinoe there are six malecules in the supposed
haxamer the sun of atomie pelarisstions due to the individusl melecules




is sbout 10 am.®, In addition o this polarisation, howover, the
possibility of contributions to the stemis polarisation from low fre-
ency skelobtel vibratlons of tha hexamerie sonfimmration existe,
Baryllten scetylasetonste (A1), widch containg two stx-nesbered, ninve
planer rings possosces an atomic polarisation of sbheut 25 em.?, If
skolotal modss of the efhylelithiue polymor make to the stoate polarie
pation the totel polarisatien is then 35 am,®, This lesves ehout

55 em,® for the value of the orientstion polarisetion, aorre pondiy

to sn slectric moment for the hemser of 1,5 Debye,

Thers are undoubtedly meny possible waye in which the ethyl-lithium
mlecules oan be aveanged in besmerie configeratdong whiieh possess a
permanant dipole of sheut 1.6 Dibye, MWithout more detelled infersmtlon
howevar, an 2 ths nature of the bonding, hond sol wod Bond
angles, mothing further can bo sald in this repard.
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ARBTRASTY

The integrates Intensity of the infvered sbsorption Dend due to
The clunge in slectric soment which givos rise 4o the shevsrpbion 4e
connidered to be the vesuit af & ohango in the degroe of leais
churacter of 4he Ow Do with shenging bond distanss, The Sntessity
wmmwmmmmmwmwum
mwmammwmm

I% 35 comeluded from the yemidte wWhich were obtained that the sign of
the firet derivadive of the bond asasut with Tespsct to the Lot
nmmm,ﬁﬁwmmmm




83

The Mm of ineident electromagnetic radiation by s awlecule
may osuur a8 & resilt of & vAriety of energy changss within he moleculs.
mm:mwmumumm-mmmm
e to tvantyeive microns suvelewngth, part of the sowcallsd infrered
Tha mergy change which the molecale wdergoes in this iustance ts
assoeiated with & vibrational sotivn of the constitusnt stoss relative
to one another. Rotationsl motion is alse imvelved in sonsidering the
sbsorption spectra of gases, but for wolecules in & liguid medius the
rotational cosponents ars mot present, Since the work W bhe disoussed
diseansed,

For purposes of ansiysing the cbasrved spsetee b is comveniont %o
oonsdder the aoleculo as malogous to o meobanios) systes consiebing
of point musses conusctad S0 one swother by eprings which sorrespend to
the bonding forces belwesa atoss in & molaouls (1), The mschanioal
snalogus then possesscs the saas spatisl form end aywaetvy ss the wmolew
cule, and the vibrations sideh 1t undergoes whan one or moye of the
wasses is disploced fyom 4i%e eguilibrius position will correspond to the
vidbrations of the molecsle,

The vidrakions of 8 oystem of disorset masses are subjsct to analysis
by the methods of mesbantos., The aystem has 3N dogress of freedom,




here ¥ is the muber of particlen, Of thess, three are translational,
taree are votationn) and 38 « 6 are vibratiomsl, 'When the 3N « 6
vidbrationel noden are sxpreseible in terss of & set of ovordinates
Sermod the norsal coordimates esoh vibration is independent of the
of vorns). vibrations is the subject of & large Mtaraturs (L2,l3).
Suffise 1t o say hors that he novmal coordinetes trestamt of & great
many of e slapler molecules Nes bBowe csyrisd cut and mach inforwation
regarding the ferm of mlaculer vibvations and the mugnitudes of force
A& soefes of nslovules which contain in common a particular funes
Sensl group or srrangsmind of bonded stons freguently exhibit a sommen
shsorption in sows narrow yeglen of the spectrum, For acesple, moles
sukes «mmg a carbonyl w show absorpticn in the frequenty
me. to 3650 em,” ,mmmnﬁmmwmmm
range 367% om,” * o 3600 " 2, It 49 comon practioe to assoeiate
suek bands with & videstionel aotion of the atome in the commen
fonwticnal group.
pomml vidbrotion which gives rise to sbeorption imvcives not merdly
s motion of one stom with reipect to & rigid structurs vhioh s the
rost of the molacule, but & motion of all the atons with respsct to one
another, 1% is trus, nuvertheless, that in many oasee, such as the
ones nentioned showe, a large part of the vibrational energy resides




in the atows of the funsdional group sssseloted with the vidbwvation,
his is particularly trus when & Light aton is vidbrating against a
Masbively much heavier masw, 48 15 sardben-hpdrogen and ouyyousigdrogem
Streteching and Bending medes, In the cums of aloohols, whish are the
mbject of thiv shody, the vidbretion ceourring ab sboud 3625 on,” 18
esseiated with the sxygenshydrogen stiwtohing vikeation, sod may be
taktan to Lowolve a wstion of the Mplrogen against & stationary Sywtes,
For a seriss of aloohols, then, 3% my be assomed thet vearistions in
the G band are due, mot b changes in She fors of $5e nevmal vibratien,
but to changes in the sxygen-hydrogem bend,
active, thut 19, leod to shserption, In geeral, infraved sbserpiion
oscurs whan the vibeatdon Liowolves & changs in the verter magnitude of
the sieotric mowent of the moiscnle, From yadletion theory it may be
detased that A,%', the tntenstty of & pormal vidration vhdeh represente
s transition of the atlacele frem the ground stute 1 o ths vibrationally
sxeitod state 1% is given by

h‘*{’u/ ) @i"{'

i wl *

L. ﬁ” . e —VE” ¥
wvhere mwihﬁm mmmmhatmwwm
elsctric moment for the transition (hh).

One sesuld of norssl coordinate trestment in comjunction with
sonsiderations of statisticsl mschanios is et exch normal coordimate
may be srostel a5 & hammonie oselllator, From this it Ccllows that

»

1,
i»




= e () ()7 ()

vhare Q; is the novmal cocrdinets for the tramsition, Wien Q, is
wmmummmmmmmwum
% be jeoportions) to (j)%h) for & stretoing vibretion and hnk
m:mmumnm, m%ummm. Agein, for s

Inspeotien of the Ol sbsorpiien band for aloehols in soludien in
& solvend wuoh ax carbon tetrechloride ahows that the ourve reprosente
ing the change in absovption with froquemcy Ls of the Lorents type.
If the absorpiion s 4 frequency is expresmed in twms of the opbisal
donmity, = Log {1,/X), vaera I is the trenmmitted Latonmity at
frequency 7, and I, 16 the transaitted intensity in the sbsunce of
sclute, the sbeorpticn cwrve approximates the form

b & N Mx@/}i} -

vhore 7 4 iv the Trequensy of waxfmam absorpbion, A and B are sonsteats,
An sbuorpiion curve of the form of IIT i¢ shewn in Figure 17. The breadth
of tho shecrption band ie the ramit of coliisiomal provesses ceeurring
betwsan the solube molsoule and the walle of the eage forasd Ly Shs
sclvent, As 18 wvident fyom Figure 17, the obsorption epprosches sere
memﬂwmmwwmm.
mmmwai ' 18 related to the value of ¥ at frequency 7 by
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Whars o 44 the concentration of sbsorbing speeiss in miles per 1iter,
3 45 the puth leagth in am, and 7/ is tho frequenay to which the epecte
rometer 10 se8, In ovder w0 cbiain the corvest value for the intansity
the sbasorption wald have to be datermined Sor freguancies Ine rwsorsd
from band senter on sither side, Since tae spectrometer is nob capuble
of sosvratoly measuring sxell shecrpiions it is mot feasible o determine
the abserpticn onteids » suall intezval on sdther side of band cemder,
This situstion 1s fllustrated in Figars 37, 1o which the dotted Lines
vopresent the liaits of meaningful meamurement, I io evident that
imtorval of messsranent 3t will aot be possible o obtain the trus valus
of the intensity.

Apother problem ardisss in comsection with Bguation IV, In Ste most
rigorous form this wpreseion for A assumos that the spectroneter

shromatie, whoress the instrument sctually possesses a finlte
spentral width, The rasult of this 15 that for say paitie -

pestron _mwmmmmwmmww

width, Avi,mmwwmmm&mwmw.
The half-intensity width, shown io Figure 1, 1s dafined as the Irsqency
onewhal? the sasieum, The speotral. #lit widéh i dafized in o sisdler
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Wy, asmmdng Yt the plot of tastrasend response vg. frequenay 4o an
neamaranast of integrated fnbensities fur compounds 4w solution (45),
If & band shapo curve of the form of III i obbainsd, corrocifons csn
e made Yor the residual bserpbion sress lying svtslds the inberval of
integrution {wing correction). The offect of apsstzel #)is width s
alac bs evsduatod, mm«mmﬁa‘ﬂi enoountared in the ssse of
emall, howover, snd for sech compound atudied s correstion

Teon & chwuioal point of view the interest in the inteprated ine
the wariations in this property for s series of meleculss with varie
aetion, #0 that the electron dlstridution way be considered te be slways

4t prosent it is possible to make only qualitative statemsute abowt
the molecede shretohos, For wumple, in the case of alechels, it is
pelieved from dipole momenht studies that the bond mement of the U
bond i the direotion OwX, where hydvogen is the positive end.
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howerar, i whether the over-all momend of Whe hydvonyl group Amcresses
o deorsasny vith laoressing uxypenshy@rogen distence. It 18 cbvious
frem the fant thed slechols sre sapabls of dlsmciation to give hydrogen
This $8 noh necessarily the sase for ssall dlepleconswte, howwer)
srpmants have besn advanced for the view it the swamt desrosses for
soll Anoresnas in O«f distance (LAGLT). A peseidle solntion to this

Tho group to which the hydvoxyl ie sttashed in an alechel il
sffeoct the intensity of the O« band by virtse of the wny in vhich 16
fansiden for Ghe O-H group vonsidered Ly Ltasll is expressibhle as
Yok ¢, + 5 ¢ were (] veturs 1o the lintbing shructare 4
aad (£, to She strasture B, A% & Sirst apprenisation

: *
Boe0f X Rw@ ¢ H
A B

Skt the presence of ¥ in ths toted wave funetion with an imperteuce
detarnined by the sosfficient & secounts for the cbsmrved moment of the
Ofl bond, This 1s enly agproximtsly true sinee ether contributicns to
She mowent suoh an the overlap momsat and the hybridisstion wowens have
besn neglected (48)., 1L, a5 the O-H bond distence incrssses, the lonle
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Vs, beosnsy wore dnpertant, the bond mment will incresse with increas-
ing O« distunes. If, om the othar hand, the fonle term decresses in
faportancs the reverse will) be true. With thoss poimds in sind it is
now possible %0 ovaluate the offost of the gwup R atlached to the
The growp X may affest the elestron distribution in the alcohel
solacule 1n two ways. First, the proup sxarts & certain polsrisation
affvot on the meleoule, That is, 46 possessos o certain shilisy to
sttached, This effect is & pormunemt one and affects the overwil
dlestron distribution in the wnawsited melestile, and contridutes to the
In sdditien te $his golarvisatdon, ususlly referved to as the ine

certain iiiity te redoase or withdraw slectrons an the situstion demsnds,
This polarisctility i» to s flret approxisation bd-iirectionad) thas is,
the group velsases or withiraws slsctrons with squel facility, dwpending
on the demands made upon 36, Sinve this 10 wo, 1t L8 to Do expovind
sorybaising thy nore polarissbls group, 7The reason for this is that whute
svar chengs takes place in the elsstron distritutien in the mleoule ae
the O« bond stretohes, leading to & change n the siovtric moment, the
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effeet will be more promomnsed for the more polarizsble grewp. Freo
i 16 oon be sadd dimt 42 the polsriweability propertics of the

group R were dhe controlling factor in detemdning the irtenstty varie
mo#t polavissble group R, Sinee this does uot prove 4o bes the case, 28
wiil be seen lsber, it maet be concluded that tbe pormsuent indastive
intaveity vavistions,

Using only the degree of femic charastor in the OuH bond a8 &
noamare of the over-all slecteds meent 44 may be said Shet in srder
for g% o have s nagative valus the amewnd of Somle charester in
inoveassn., This means that for ap incremental change 1 r in the oxygone
slectron palyr wuld bavs %o rove & distanos greater than -%gw
Mmmmwwmmmwmmmmm

setronegetive, that is, when m group & is mosh
—— mmw%@,m# *g“a is negative,
the mest olectron relesaing growp. smmmmmmam
that the opposite is truwe, it would seen that the siga of -‘3—% in
positive,

hs validity of this interpretation dependis upon the justificstion
for megieot of other factors wiich combridute %0 the change in electris
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nomend. The change in orerlsp mossat is probedly quite small, sinee

the overlap mesente thevselves are not large, The megnitude of the

chnage in Mybridisstion nowent Lo ALffiouit to assess, Tt ie prchably

asrrect, houevar, 4o say that the effect of ohanges i the ovbitel

the 0«5 bond fa ment lonte, sinee in thase sases the bending slectron
dregen dlytence, It fe for thess componnds, however,

shat the intensity 48 largest., A&s 2 resuldl 4t may be coneluded that

e affeot of erbitel ybridisation changss 18 of sinor Lupovtanse in

srgunsets, and 4o provide date for ths evsluation of the relstivs
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There ars nany phases of the general peobles of intensity in infrae
vod sbeorption, ead meny of them do not relate to the typs of work
hore & bonring on the mensurcosnt of Intensity for conpounds So solstion

An s nentioned iu the previcus seotion, gases show = diffsrent
typs of absorption ourve fiom coupourds which are in a liguid medies,
The gason possene rotational wotion which gives vise te & splitting wp
of the vibretionel bamd inte n serias of closely spased marrow bonds,
sath corvespending to a dfferent rotations) guantas waber, The sus of
vidyntione) tranadtion fnwolved, The MINeuwlty of Sntegeating ¢
Wmmmmmmwwmuwwmww
broadentng, whieh favolved the sddition of & forsigs, non-sbseabing g
in suflicient prosware to causs & “smearing® of thess limpe together to
forn & single brosd band (49,50), I3 is then necessery to ssan over
Bguation IV, This sdvance in Sechmique bas glven xise %o a considersdle
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anount of werk on vibrational bands for geasiwe molooules, By meens of
hnbions, sod bond mement derivstives, «'%% + in the csse of shretobing
vibratdons, It haw been pointed out en several cooastons in Yhe recent
sppeinting in tarwms of the relisbility of the veluss obiuined (51,52).

I the asne of compounds in & Xiquid madium therw L8 2o sotationsd
fins strooture to conmider, and cndy She single band, brosdenss by
oollintonal procelscs aypsars. This bend L readlly intogreded and,
tHan Antensity sa veadily deteweninad, Soss of the snrdiest work done
on Jguids was dooe im 1935 by NAL, Liddedd and Eemdeisis (53).

These workere suepsured in & rather orude way the wrelative intensdle
s of Owil aod NeR overtons banis, Fraoeis, in 1951, weing & greting
spectyometer vith & very sarrow spoctyel 13t width measured the
abporptisn isbensitios for variows funetionsl groupe, including Celf and
sarbonyl groups (S4). In 1552 Rmumey disouesed the msasuranent of
uds in solutdon (L5). He showed that for symmetei~
y tiat of a Lerents cvrve, as
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fdnee 1% is 0ot possdble 4o Sake inbo scommunt the forees which are
asking ou the moleoule in solutden s noruml coordimate anelysis is ont
to 1is in the possibility of eerrelabing varistious in intenaity with
for o partionlar nolecdle with change 35 welvent preperties is aleo &
sborodd moleonde (§5), Derwow shewed Shat tho intensity of the carbosyd
band in & large warlety of eurbonyl contadning soupounds was relsted to
o worden of sliphatis aloobols (57). This latbar peper is the only

Finally, & vocent shord e faw of Anbensity work Lists pupers
dealing With other sapects of the iubensity peebles (58).
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AL) of the alochols studied wape obiatned commirolally, and were
parified by dvying snd frectional distillstion prior 40 use, The satue
and ths other alochols wers drisd ueing Drierite,

Ihes alochols wore fractiomsted In & mull, Jscketed Vigresumetype
distillation colunn, a heeter winding on tho Jacket being used to produce
of distillate & middls fraction with censtant Doiling point wew collected
ol tested for purity by means of vafrsctive iadex, I the refrestive
Index way in good agressent with reolisble litersture walues o larger
ssuplo of the fraction was vellected for uwse., In the one or Ywo cases
where a vraliable refractive inden velue wus not availadle, the dilstillue
having s constant bolling poiat sud conelant vefrastive index telken as
the pure materdal. The eleohols were used in the intensity messuraments
as soon a8 possible after purificstion im arder %6 mimimise denger of
studted confirmed the bellef that the sasples were dry. Table IV fa a
1is% of ohmerved refrastive indices and bodling poimts (uncorcscted for
pressurs) for the parified sleohols.
making vp the sexples. At the cell thlskmess smployed in this study
rogion of intersst.




0 POINTS FOR PURINIEZD ALCOROLS
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FeChloro-lepropunsd.

a.a’z.. al'lorsathnes]

1.4530
14651
1 5h0k
1.6328
2.a1263
L hB5C
1.3

2447
1.4850

160,58

123 (30 ma,)
96

108,85

103

85,5 (37 mm,)
L3 (3 s, )




e solations enployed in the measurements ranged in consemtratica
from shout 0,09 o G,0L molar, with most of the msasmwrenents being made
on stinticns whioh wore adsut .06 melar, The eell which was expleyed
had windows of sedive oWloride and was 0,494 sm, in thickness, The
thichness wes deternined by the inderference fringe method (59).

A PoricineElnoer nodel 21 doubls bess spectrometer with sodium aXlovide
prisn was suployed, A mechantosl s1it width of 0,005 me. wes used,
resulting in & speotral slit width of sbout & om.*’, The Lustrument
rooerding paper insuribed with an opiieal density scals, the pen penie
- fnstrusent was oparated Ahveugh the spestrsl region of intevest uwing
A sumple of the strves cbiained in this way 38 shoun 4o Figwrs 13,

Since tha instrument esploys & drive systen shioh &8 linesr in
wavelength, 1t was nooessary 96 comvert the data from the chart, on
vhich was recerded the opticsl density as & functiom of wavelangih,
to velues of optloal density ys. froquency in om.” , This was acconpe
Iished by pruparing & table in whioh was listed the value in frequency
corvesponding to ssch amall wivelengih imterval on the charb, Using
this talile the valne of optien) dennity corresponding to eash Irequency
wan written slongside, and the tehle time cbtained, containing wvaines
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data on greph papsr which was Linosr in optics) deneity end fregueney.
ing planimstor, A rectangulsr ares of koown siso was integrated for
8 ¥ & stanisrd, For ¢urves of average area 1% was sany to obtmin
values for dhe aree with wn average devisiien of 0,28, Frem the valus
for the sres In om,"", detarnined with the use of the planimster, S
fxbensity was osloulated by use of Equation IV, This intensity Siffwrs
dinoussed sxrlior, In order to cbtain the wuing correciion it is
Becessary to lmuw the half-intensity width, This valne was esslly obe
tained from the plodted graphe, Teble II of Rawsay's puper shows the
poreant correction for wing edworption as & fusotion of the ratie of
AV} and the inbegration istervel. This tadle is reproduced graphically
tn Pigure 19 and extrapolated to lavger valuss of percentags cerrsctiom.
Using the waluns odbained from this tedle the correstions to the intens-
ity were made to give the finadl walue, A,

No atbempt wan mads to detersins the frequasncies of the band maxime
érive, make for s largs unsertainty in the frequensy in this region of

The valddity of the corrections sade muy be Judged in light of tw
eriteria, the firet belng move rigerous than the other, First, if the
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b6 mamot, sud the £ine) Sxdensity thus dbbained will oqual the sheoluts
asmorpiton intensdty to vithin the acourscy of the messurssents,
Mﬁrgmmmmwﬂwaxmmmm
baing shout the same, It wlll be son from Figare 19 that this is the
vapldly on the low frequuncy side as on the otder stde. It £s %0 be noted
that this snme shapo wos sdserved for all the alcohols wtadied. Thes,
Wille the corvested values for the Autansity may be 1«2 pereant high, 16
#ince the epectesl alit width eaployed, 6 cm,™, ws small ia
coupariscon with the haif-Anbeasity widthe chewrved, about 35 em.” s 4%
ia to be supucted that the evrers dus to alit width efieots will be
snall. |
the jeobles of hydrogen bending in the aloshels. Notdossble sssectation
Sinoe the poswidbility existod that this associstion might resuls in &
atrong consuntration dependense of the Antansily, & saspls of 2,2,3«tris
ehlorosthancl wes sucosssively diluted in the convestraticn renge 0.08u6
§ %0 0,0329 ¥ and the inbensily of these samples detormined, It will be
stent fyow the resmulte of Table AVIII that there is me regilar dependence
of intensity on convsutrstion. For many of the other slcohols, where
& fairdy lovge difference in the concentration of two sanples cvourred
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If & sencentyation dopendamce were to cosor in this caes it i %o
be spected that the intensities would incrcase ss the concendeation
dotrossnd, Perhaps the nost fuportant pesnt in Whis connostion 1s thatd
211 of the alsehols sxhibit the sams behavior, o that thefy relative
whieh does axiat withim She accurauy of the msasuremsnts,

Tha LoXlowing remavke aight bs mads regarding the overwall scoursay
of the Cloally shiained valus for the correcied intansliles; the acourscy
To thls is wided a corvection amounting in sems cases %o eboud 0¥,
are stmiler, with sieiler valuse of A 2/, , giving siziler sorrection
angnitutes, 4% 18 felt that the uncertainty in tho relative waluss of
the corrected intensities 18 nob smeh greaber thas 0,02 amite,

Stuoa the aurves do nod deriste from the thatreticdl shape by &
graat deal, the corrested valnoes are probably within S«1C% of the true
. walue for the sbsorpiion intonsity. -

As an oxample of the mathod cutlined ehowve, the calowlations for
neoeopanol will be given, The data taken from the sbsorpton omve sre
given in Tsble XVI, Thass are plotted on & largs sheet of cantimeter-
mmmw,uwimﬁngmuﬂwnsmwmnhm
1 em. = 0,30 as an optical denmity scale, The planimeter is then nsed
to obtain 116 values of the aress and the celouwlations cutlined ia

Tekis IVII ars cerried sut,
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(undte ave mode™” Liter om,”*)
Half+tntenslty widsh i em,”3 3% omat

Wing scvreation as tsken from 20,04 1948
Yigare 19
Yadus of corrected inbensity .53 0.5

} )

o N o . e W

%o 2,303 is ineladed to cbiain the value of the inbensity in
torms of maturdl logeritics, in keeping with the uwsaal practice,




Tablo IVIIX shows the resdts of the intensity experizments on the
are JAsted tn the seeond oodusm, the unsorrected integrated futengitios
tn the third, the halfeintensity widths in the fourth end the covrectsd
values of integrated intemsdty in the fif¢h column, The soncenbratien
is given in meles per Mitar, Whe intensitiss is wnits of 1 x 10° mles™

Mter en,”", and the helf-intensity wisths in em,” .
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Examination of the data in Pable IVIIL reveals tmt, with a few
srror,  The watio of the largest value of {ntansity te the smillest is
shout 2.5, indioating Shat the meusuresent is highly swmeitive to
strwstaval changes in the alochols, Klectris moment velues, on Whe
otder hand, do mot vavy over a grest range fur the alipbatde aloohuds.
I% 1e of tuterest to axanine the varfations of intensity shown in
tbutanel) the lnteneity decrestes a8 the electron-densting power of the
alkyl groups froveates, and ss the polarisbility incresses (80), In
amomg the sompounds in the Sable, #3) of which illuetrate the following
posads  the intensity of the Ow1 gtretehing band in the aliphatic
Ahe substituont group attached to tha O«H, being grestest when the sube
stituont group is most elevtvonwithiraving.

By mossuremsnt of the relative lmtensity of algohols the relative
slsetron-withivewing or donating powsr con be ascortained, For weampls,




group L» groster tiun that of the GB C«0H, group. Similerly, the

romite fov allyl, bennyl and propargyl alochel show thet the withdrawing
power of tha unsaturated pdrosarton redisale i in the ovder stlgmyl>
phonyl » vinyl, This oxder is in sgressent with cuwrrent spiaton,
awmmmmmmmmmmm
Rectrens-adithdvaning powse of the plenyl radicsl closer to the etdynyl than
o the vinyl, vheress the vinyl and phenyl radicsls sce useally considered
A Bedng shout the sane i this respect (61).

pontyl ¥ng is zore adscivon-adithdrawing then the opelobexyl, & somtivelion
shich 4s in agrement with thet of othor werkears. (52).

sthyuylseries An Sarns of the changlng kybridisesion 02 the ssvbon stom
(63)s The bond which joins the mbiws allyl radicals to scw ether

A the amownt of & chwrecter in the orbital Drom csxbon iuoroasss, the
santor of churge of the bonding elsctron pair roves cloder to the esrbon
aton, remsiitng in an effuctively mors Mmmﬁwm frege -8
draving power ol the smll rings, since the hybridisation of the bonds

% carbon i changsd from the noymal arvangemest du




win reisad in the lntreduction, It wes pointed out there that if the
sign of the derivative were positive 1% might be expeoted that the |
iotensity would incresse with incrsssing sloctrone-withdrmwing pewse of
the sbsitinant growp. Slsce this proves to bo the case 1t mey bo selid
that the results of those lobensity studies point to & powisive sign

for the vend-monant darivalive of the O«H bood., Tiis conelusivn i Dased
upon the sswuzption Wb the bond moment of the O-H bond is directed
eppostte is trwe (S4), The laberpretutivo of the fntensity date remaing
tive woudd then bo negative, however, instesd of posttive,

It bas besn merdioned alresdy that the only other instence of ine
tordty mensurasents on &liphetic aleohols 48 a recent paper Ly Barrow
(57). 1% is GLefieult to cmspare the resuits cbtaiusd here with his,
tut the agremsent does pob sppear te be very good, Darrow did not stete
W use, e intarvel of integration wms mob stated, wor was any fmile
eation given thet & wing correstion had heen applisd to obtain the




FART X

A sy s Doen mads of the properation sni some physisal propers
tow of She crystallise 1ithiws alkyls, msthyle and okhy)-1ithivm,

Hatlyl-118iun has boen prepared by o sew methed, lnvelving the
reaobion of athyltthinm with methyl iodide in hensens. Yhe matortal
ebtained an & prooipitate $n this reastion is Sdentissl with methyl-
in beosene, The infrared specire of Nujol and perfincrokerosen
diffvaciion studies of the cryetals reveal that nethyl«iithius &s of
oudis aymsetry, unit sell dimenaion se @ 8,909 £ 0,616 7, 15 molecules
per unit coll, density 0,826 gn./cm.2, ‘

Ethylelithinm hat bosn prepaved by cansing ethyl bromide to resct
with Jithinm metal in & clossd mystem, wsing pentans &8 a sclvent, Purs
cryetalling netarisl hos been chtaloed as o produst eof this resotion,
The infraved spastrs of Hujol and perfinorokeresune mills of solid stiyle
of the selld seterinl veveals thet the crystels are of ortiwrhesbile
symastey, unit esll dinemaions, ag=6.65 & , bg= 9.03 4, ey= 8.10 &
Thare are § wolscales per umit eell, density 0,98 . gaJ/om,®, The space
group FIiE, has been asaigned to the orystal, Stadien of bensene sclu~
sdons of sthyl-lithivm revesl thed the materisl is ssscoiated ebout




nonont,

FAR? IX

The integrated intansity of the infrared sbworption due te $he OwH
strewmhing vidwetion in & series of aliphstic aloshols has been
dabarninnd, WWM#M‘WWMW'M
hydwoxyls it is influenced pricerily by the slectrenwwithirewing or donate
ing pover of thess growps, The inteneity is greatest whem the alkyl
greug is mont slemtronsuithdraning, The messarament thus provides &
seitive sessare of the induwabive offeot of the slkyl groups attachsd
o the Wydrexyd, Froa the munnee in whish the intensity wvarios with
slestrcomvithivauing pover of the sild group it csn be inferred that
the Oof bomi begumes morw lenic s the bond distanos |
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