
Dlpii o f  B o m aufcatitute&
O jp«loteUM  Qaastpmmto the Salmfcieii Mltaatf

H jr
3  C', Sf e. y

f  a in t  Lm m tim f

ffm m lB  submitted tfr the Fatuity o f  the Ora&Mt* sehoal 

o t the Vkdvm w rnttf d  MmvftmaA in partial M UlllaiBt 

a# the fiq ttim ifiti far the aegre# o f  Baeter of ŝ itilaeaphy*
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assistants timnigjiout the course of this worm• I alas 
wish to tester Messrs* John Frenah and h#w* teasefe* and 
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a

of tea atestanaa in a tio*i*t»oXa* aolaant* tUaft teara la a 
iinaw vaXatton with aonoenira tI<m9 isrovldao aasoal&tioo 
afftata ara abaanb# white mtmrn allows taa m X m lm % i® n of /a* 
Ttiia teas is %m ao&eornaa wit* tea- attend#

Oalsolatiosi of » |  ba m 4s by Mans or aquations 
tele& fallow* bass wars davst^bod a&lafXy by iteya/
Tha solar ôlartsafclori of a m  of two ao®Ttoria*3.te la
ftlfta byi

, p - *f, __ P/Jr +£?M .
KQ * 1 *  O i  ^ j . v -2 .  ----------------------- -  ' '  '  * ■ ' * ■■ >

tear# tbs sabasrfi>t %M rsfsrs to %b# solution* atiO Z%- i* 
tea aala* laolarlaatl^m of tea sslutl >•*# £#1_ mm& € l2_ ita 
OlaXsetwis ocMiataat «m€ Sanaifcf* i, atMS rn^m im tea ^olooular 
wsl&iits of tea saltant umi salts t#* U, ana s^ara t&sli* 
«iola Ibpaetema# FslOa&ily- tea ^olawlaatlon of fcha solstlatt 
la an. aS&ltlvs ampaaty of tea swiariaattoft aisss iba ®#a<* 
eaiitpsblogi of tea itkttlvioual sasstaa l» tea soi&tloo*

Tb# polar i as tl-:m of te# aolaaat n#* It Satars*i»#«i from 
tea raiaii<m of i-laust#* aaO ititltli 
B q .  « •  P  =  M  ,

€  , -#-Z.
team tea  U a a  baas tbo saw* •Igalfi.oaaoo fa" tea solaant 
aa ttos# in i%, 1 €# far *ba solution*# *fM® aquation w»# 
SsalwsO aifemt taStiag tat# sesotmt aolssfiXar tntamabtoa 
axxn la aaaaaQoantey rearms o»ly for tsa &as teas# teara 
Intamotloa is small s&on$ti. to ba aaglaata4* tto*#w#r, it 
la fotm& to m  ap^Xisabls to mrnmmp^tmp solwmts wh#p# tea 
«BOlss*ilai» intarastloo la aaall* Ffco* 1 it follows tea it



a

-  t m P = -  Pt ( !  ^ 4 2  #- 4 *  o .  / v  -----------

If /a_ is detern&ned b f SRSeeeriiig die lee trie senstente end 
dsns1ties for several rentes at eonstent
tesŝ iemt̂ t»,## then* sines ea& he deteraittso from S*
112_ will ales he determined at theme tt^iniwii^* A plot
of tli# ^  values vs# b# e&trepalates te fete® infinitely
dilute solution to obtain the $\aaxit%%$ '■■* * which is the
®lai* pslarieetfea of the solute In * eeaditio« where solute
isolesule* are far enough etiart so that thef #h«mi€ eonrea**
pond to the gas $he«e* i*##* w® aaseelett» off sets should
he present* Timm Wm equation of febfe .for the aotariso*
tloo of a gee should be a$»$lls*hlet
?•<». 4 .  / ?= 4 ^ /1 / * £  1- i n r aJ oLa +  i k r

J 3  *  s  /t ~r *
or written simply* P= f i *-%-*-% * where ^ ere the eoatrt*
buttons as# to the molar polarisation b f electronic sod 
stearic shifts it* fell® field sad ?d 1® the confertbutton sods 
by the erlentetlon of the dipole the field*
Keoleeiiog  ̂by * * ‘K«t* # wmy he solved for /a to obtains
R<S. 6  ><-=<=. 0 /2 7 3  x/t>~ n  \]L n ? -(P e rP ^ n  7~ J

'Shieh la the equation used for the calculation of /at*
> simS assy he deiwreiYied free* sessurosemta of the re~ 
free ties I sides of the oeia&eoad* or front the eun of the 
steads refrecti v&* for the atoleeule which *«ey nm ohtslnod
f r o m  t a b l e e *

Bipole awwaents ebtei«xed frost solution eeesureeettts do 
not usually agree with those obtained fro®* gee phase



f

« fl»l» Is afctrltot## to Intoroetlori of tfe#

totooxit #* >l##uiaa with tton# of %im aclu t#  nmmx* t m  ganarai

%mrm "aoloatio** V&rlcu# awprrlc&X •$w#ttoa* tmm
h##«i tom top#*® to attotapt to bring tt»# two ##tho&a Into

s~
#gr##fs#f!t with m\If  cum###* :3tts&g#r an# îrk*

4wooi b*v* tomto-pto Ha aquation w&iloh atom# that aolwtlm 
MM-uraaiaato should sot to  «apaeta<l to  mgr®# w ith  m M  
pimmm nmmmmmimxxt® tot m tmuM loadt to higher -m.lumm of j&«
S o ,  tii# a o l u t l o n  m t h t o i  1 m a u b jo a t  t o  i «  metrlsl o t 7 *

Ip aplt# of this* a coaaltoso&X# to#y of ^poriwanbal 
ssli tea toon tollt no f  tm eMftamaftnli which
mMmmm timt to# **Xu# of ja la to# to#tor #w» of mil th# 
ton# » » il i  in # s§liiuif» an# ##fMMfc$ii*&fclar If ml mm  

t m  tom# moaosito um! t t o t r  angl## ##n to  *##ign## frost 

aotetlofi aoaaurawNi&t# ttott j& atouM to #ap*bl# of oaiiawH* 
tloa tor * ftisppcfttot atractor# of a moloouX#* s#wpari##a 
of toi# « attorn to 4 atcaaxkt with that to tonal «## r! 
mXl^g ttorafar# offer# ■# m # m  of totoradnatian of tft# 
atructur* of itsotoomtoiu tto motto# ha# oorko# out vary 
wolf tor &ol##ulM otor# an*XM ato boŝ  mom®sit* can. r# 

•atlantad #ito # fair togr## of protoMXlty* tow#o#r, 

i s  many ###«• mas^lgwoua a trac to r##  #r# not nacaaaarlX? 

t o  a stoXitcmX#, *»& tli# ♦atlwatlon of tto 
sosast m y  to &*to *a*r# ##atpX#x Of #^#h corn Iter* 

atton* a# fra# rotation of groii'p# a«# part# of *oX##cl#a 
atoto #,a 1# rctoticn to# to « variety



of earns©®* various kinds of toutoinerlsm* hydrogen bonding, 
ftad r i s o M ^ # *  Kablasted moment® may be #xpeated to agree 
with measured memento In these cases to a degree depending 
on how completely mad quantitatively th© various effects 
which give rise to complexity may he treated* A discussion 
of the theory of such of these effects mm may be applicable 
to the eabounds measured in this work will follow*
Um IIS'SK 'BOffTIOfls If a group of stone in a molecule m y  
be pr*auioe& able to rotate freely about a single bond* 
than by consideration of the magnitude and direction of 
the vectors associated with'the groups# appropriate 
mathematical treatment should afford aquations which should 
accurately predict the measured dipole moments if such 
rotation is really free* This should be true provided 
that thia Is the only effect necessary to be considered 
and that the moment estimated from free rotation 1® 
different within the limits of experimental error from 
that which might be estimated from any reasonable co.nfi.g-" 
uratlon of the groups concerned* or combinations thereof*

As an example* consider a molecule which might be 
described by two vectors of equal mgnlbude Which make the

aajoa angle with an axis 
m nd which are both able to 
rotate freely through an
aatsmthal angle of 360* 
as indicated In Fig* 1 *



I f  tlm woo tor#  mrm a*os®Xvo# to t#  to o l*  ooaponoat* 

too ox.t m ata# porpoa&teixlar to  i t *  too eo^o -on to  fttorig too 

■mat# ooaool* mmi i t  is  only aoooooory to  oaaoi&or to#  

omp^motit# ro ta tin g  i«  too pis* m o tp^poadtoular to too 

o&la* I f  m m  owjwinottt io  M id i f in # # *  mini too otoor
o

ollowod to rototo to ro u ^  360, tin# pooolfeXo m i oa^loo
o

f e t l f t ia  too wwotoro lo  180 an6 o i l  oagloo oar* oqaatiy  

p f tM W i#  too o q w tlo o  too OWOrogO Ô OOYNt *>##8*1%
7

fo r  to lo  aotiol hoo feoon te rfo o 4  to  to t

jv4|# # ♦  ^  SU4? &  J

toora  m io  to# p a r t ia l  or w i i l  on# ^ lo  too -Mgl#

i to  ro o a lto a t wootar mfeoo o lto  too ost# o f  ro to tio a *  

to lo  wcSol hoo booa opp'llo# to  oifcflo&o dio&loriOo  

mu# o ooliao o f X#®£ ms# foaagl in  toonooao oolotloo# to io  

mlt*® io  lowor ttsosi too t ooio&lotoa fo r  fro #  ro to tlo o  

l§*WI# tirofs&iiijf Ooo to intoraotlW* m i to# otr^ig 0*01 
t o n #  a&M&to stolon oo îooo too * t o  mmmmrn pooltisao ouoh 

to o t to#jr or# gottoraXlf in  ojrpooitlon.# l i t  Is  ua^orotood 

to o t t l i l#  ro ta tio n  I#  in #  to  th o rm l saotloo oa& lo  oloo

to  to o t too o l t o r m t inn f to M  w i l l  #stopw too molo* 

ooloo o a to o t too « o ro g #  aom at w i l l  tao# to too l#ool 

oooo# tho roow lt o f o o to t lo t lo o l <$latrlim tio&  o f wootoro 

torattgih o i l  poool&lo on^loo*)

#
In to ro o tlo a  o f  p a r t ia l  tmmmntm to  o w lo o u lo  w i l l  lm 

w si  i*i m la  to r  oootloa#



• aatl m  wft« alao tm diahtorIda
jGl % lî CHjCiI # wfcieh ilwuM ®*mm® lilt* 

ii#kl,0ri## without #apa««l#aaa haaaaftft tlift •dH&01

gr&vtr** fti*w naa ft# far apart fetaat iffctaraahlan i» imtfNiIf *
Tlsft eftloulatft# wlsi# 1# a *m  wfeloh i # tit stwifelag mgrmmmmto 

w ith  sa obftarvaa wmlwm ®t ®#8$#

E$* € appiiftft tw ft ilieltftd aa&a of fra# whara
t&ft ftMft# o f rotation o f tha group# nr# at aa siagi# o f 1TO° 

io #»• anoitiar* In  whtah mm® mil fm tha whala
mrm m qm m ll'i prot»fcla# Wm&® i tm baiwaan tha

o
ftx-ftft of rotation is  diffaraiia from MO* »1.1 ftngl## ara not 

a$i*&ll;sr piM &M &M f as will ba wham Is tit# fallowing aaalfftla 
0#aal##r tli# aaaa af two a#atara af angiial «gmlt&$a 

mMofci aaka tha aaaa mxi&\» w lW t that# niftillfi axaa of 
rotation* liaifttt a&as mvm at aay angla^ atffarani fmm  XTO°

#r 0° «a lllufttftatad la fig# i*
Lai i t  ba mmmmmiA fo r it ia r  fu r  

puroaaaa of ain̂ ftliflftatlaa 
th a t tha mngtmz whtoh Mi# 

wool#**# i»®# with th a lr  axoa
a

mi ro ta t io n  mwm #0 an# th a t  

ftha ftnglft/2  ! •  TO? In  th la  

aaaa* tha w#«%ora way ha 

raaiMmmta& aa ro ta tin g  in
F ;< i. zv two eiromiitr blanaa whiah

©®ml€# an nm§l# of #0 with aaoh oltsar a« illaatrataa i n  Fig#



It in m% m%m ovl&ont timt fhoro wro m l$  two powittonw
o*oh M b  of «n infInlto 
mts&or whiob m i l l allow tho 
wtori to b* at mrngtm® of 0° 
si* 1 8 0 ° b a  *& & h  o t h e r t  otwa t h a t  

the probability of the flalci 

oatohlng any »»ol«ettl«a In

position# la v*rsi»htngXjr 
teoXX# »nd therefor# tftoa# 

position# will oozitrltn&te sl&ost nothing to the svorogs 
moMmt of tb* ?&ol#ouXs* M.& & v *m t* r than 0°or l® m

o
than ISO or# eoiisiderod thslr probability lM m «§«

<̂ h# distribute!on of profcstollltiss for t t lf  suxlsl h*sa*t 

boon worksd out with sort#lot?* but i&robsbXf rssohss s^oal
O O ©

^Kifn *t && #.«& ISO with * mlniw»m »t t01* fh# scodsl 

also indioaton that for tho Xiadtsbtons wbsr# tbs

angl#/$=/20° fch# asm swrsg# m m m nt wm*M bo prsdtetod*

Ch* sn̂ Xss f t- (p C 0o r lZ 0 0<zyfc/ci = 9oG -®mr® »#X«ststi boosus# ihss# 

somlltlotis represent to * vsrf sppreaisistion fchs os## 

of tbs ortho mm. »bn dlhydresjr bsimsis# faoXoouXss whsrw ©f
o

in  a s t i i i l @4 to  bo about 88* Tbs^r w i l l  b# diaeussed la  

growtor dotoIX X*i«r»

It 1# now proposed to prsssat a wootori*1 dsrlwstloa"' 

of ait osiuwtlon based on ths so&sX of *!#• t .

'This U r in a t io n  woo j»#&s fa r  os by «lofcft RjcfM/tP*  ̂o f th# BsXX
T#lentone ■;abor#fcori##* m irm y M X i#  K«J« ~'im mrnm mqn&feion 
has hssn to r  limb oroviouwiy by snsX yties l ir*eitoto# I'^mlm9 
Z®it* for Physi*# Cbsa# At>* 8* 1,4# 34E U M I ) .



9

"■ha total 
9 m m & t tat a Z * =J u t  +

= ^r/,z +  2 ^7 U ± L  i-  M i

/ ^ /  "  ^ Z -  =

—=? -5> ^  - 9
'M x . =  <>/£ j

l i n e #  jwp ansiS ; i ^  mtm  l.ncS #p#fi6# .n f *

JZf - £ m c 6 s &  ms m im ing itmm

rotattaa* mm^ tfaa a&ssa foot##
^>>far Mj.. l f mmtM t c mrm tha u a i t  raatora trid  le a  to ll in  Wm 

a i«  r*aT«. ,*. 2 * J - ( / +  2 ? .x £  e *s *-~ ( )  _, a ^ J l j

" 5# 7 * 0 ? -  =  Z t* * ? ~ ( t  -t- & >S (6 e & s ^ o i ) ,

Thia pqantlcm  is  g# ja r  a 1 f o r  MXae&iaa e o n ta in to g  tm® 

lo#ntl#®:I gravvi» whiah h«tt a fixed en&la between their 
n%mm o f  rotation*. It to easily extended tci 1 te ?t%al©0 -ul©# 
woerr# t li#  4**outi0 a r»  d i f f e r e n t *  r# im lt l? ig  In  ¥ « e tw s  -y£~ 

dtffsrant itoto bav * ul * f Mint a *% 1#® tf, end of*, fpitb
fctoii* s x «  of rotations
? s # Q * +  2*U , U4^_ <£e>S/$ £&S<X, e & sa f^  .

it s f r m M  im  #apal>&© of &-t tension to t&a a*ss* wtoi*# ̂  
imrfaa* i»a# far ^Xaaulae having three degree© of freedom 

of rotation* .It a-rad tot* that if the rotating eaat&s**'
o

mmkm argto# atosa to with fch# l r  exee of rotation* than
the wtoeuX©# #on%aiivirig thasa will i!ii« ifiu p  * a ft# 

a l i i  e h  © re  w s * f  a to a a  t o g e t h e r  t o  m g r i i t o t o  r a r a r c U a a t*  o f  

tha m l  a® o f  ’>* the  ir ; r« rm ^ e #  o f  ©oaof in

tii# ©ae<md tmrm lit the Thia is the



to

oitlot£fi& ia tint cttois* It Is ml®o ortSont toot »iJ®r« fl-z fro* 

r ,q % 7  r o & i iM #  t o  " 4 *  6 *

Th* # p i> I la s t i«  of too £w®m ro ta tio n  p ria o fp i#  Im® mmn
/osiS)i& to to# ortho# ooto* und gmi*# iooMro of tbs <£lmttony 

Oorlootloos of fc#n»#no by Fuoho s»d ^otf * ftoy %i##H to#
OQOOfctOflO;

for orthos j j J *  = iu_^~-t- u u £  -+- su, tUx. £e>S0, &>s 0*.

■for Mtoi = lu ^-b uc^- -  tu , tu ^  e&s 0 , e*>r 0*.

f« r  m%mt = m,*-+ - 2-u*, uŝ e&stj, <u>s 0 *_

siisr# to, onS S l I t i  too oogaitoSoo o f to t  oorfctot ssss^tt

and </v s^i oro too ongtoo to# irsotor# ask# w ith  their
ooo* of rotation* ifbooo OQitotlono oos& oootly bo alKfwn to
to# opoeiol eoooo o f  to® i# n i f s l  fo ra t 3ci* §* uim®  o&o 0

for too ci'Xlffj j m  a I# elooo to ooro C by tooir
O S tlM 'to ) til# OOlOttlOtO# OOllttHt U t i l  tom OSpOOtoS to  t»o

a pprryx Imm to ly to# mmrnm o©4 oro* Ut?, 1. *TI# m ut I *©9 for
to# ortoo* S9#t#t snO. &oro ioossiiir# 7fm®m mmj

n
hm ooteporog with to# ooporioootol filial? 1*31, !*§§, # M  
I#S1 in tli# mmmm os*0#r« Tteoro to rmmmmtmtol$ eaoO s roooont 
for to# awtt# and Isoasrs, but i^foo-noni for th#
artoa, Farea^sr, to# ra.,nitu&oo taoroooo in aaoooito 
dlrooilono# fbo ortho ci®«# m%!i% bo o*3»tolfio«g *tuoXXtofcl#o»
I f  'tof oborio hindronoo or &tpotor taborootton oitoor ol" 
oil toft shouts tons to ir#«p %tm €t^al#s ia i ^onorotiy 
oppoooS oonSltiaa*

Aa^ltoobtott o f tli#  o^mtiono o f Fuoho oi <f ia f  o»o
f2-oo£o to  ootoo&ol, roooroinol, onS fe^Oro^ulnono * As



IX

its* rnqprnttm* afar fto« wo%m%lon mm<* 

Slats la tbaaa aasss IIm% ths snigaitvudmm af ths mmmmtm

ealcn&latad an tto tosla o £ If## rotation m h m M  hm & limi t
otfe# mmrnp toasS o& an angla ^ aj? SS# Tha aal&nlated valas

Is M#5ll* 'Hi# axpaplsMmtol fii^is war# raspastltoljr 3*#S*
$•07* and I  #4* a > jwantlf Ito* patatton I# nat stopsting
tor# wMaii again »| fe# dna at .laaat In tts# ofito and mmtm

sasaa* to  ln%m^mo%%on mt gp&aps* Xu t to  aaaa a f’ eataehal
t o a a v a r t  In tra w a a U M S u la r  fe y d p # g # fi to s i& ln g ; a s j  t o  a s t l n g ^ 3

and in mil a&aaa wtaianai sfolab lasto to m &# tlia ton#
lati partiml datola to4id ehavaata? na# to sating to toad
to kasp to# 1 a taw la tha firna# a t tto ring*

!*f1 saanfcly* fCtwl#i* and Fatolan appliad tto Jfrna rata t ton 
priitatpto to to# intorppatattaa of tto mmawtmmtmt 
mamat* af storala and andraatona darltotlvaa* Tl»f f?#r# 
abla to a#M«ir« anljr a lint tod latofKpratotlanf Itnw?* 
itoir f§^ ia tadisattirs af tfca rang# a t sppllsatlan of 
Ito ftoa ratoiiaft paptaafpl# in analysing amlaaalnx* mmm**

&  ganai*ai* it la anpiatod ttot wmmntm a t  m ataaulaa 
#jf Ilia tyas* aaMldara# atosld to aapabla of aatiasatlaa 
imlaaa tha ?ststi«  ia pravsntsS <hp laisltoitsS fey atapia
fein«Simtoa# 4ip#l# l&tattmstlaiif fcy&ragtis tondiag* 
ularly in fctis artfes iii®i o r  trtor# ^ttop aaitapt tasting 
fan to** stoli as lHdteaanas say a&tap to#



i*sJ

r*  . < i ' i  $ ' x 'j— < r  *? •"1 >*vr , ' * *  >4;~' T >'.'• -*''** ̂ «til#M©MKNiMyisiSMMmi<©MSMMNfe#©M  ̂ "'
MleeiiX©© ©©attaining two or m n  $olar g ro u t#  ©hi eh sslght 
Is© ©apaeted to rotate freely tn the aheene© of atari© 
hlttOrana©* tin© freadeas of rotation ml*|ht tie inhibitiwl hy
th© ft®Ida of fore# t r m j  mmmrt ok « ©  ©nether# Th© wan
relative orientation o f ©$©h groop© w o  id  than <3©o©nii on

their « s i t m l  p a t e n t l a 1 © ts e r ^ f  •
/ Sa©;j©r ha# used ittia ©enaideratloa to dew loo * for 

tli# ©plantation eolarlaafcton of a ga©©ou© sseleeule*
P i j .  9  g  = ^ v -aJ  Z j u l s u S e  . ( , - x )  J

3  3  ~fc. /"
etitefe may be ecnapared to febf#1© ©apres©lorn

P i  , ^ x * -

Iti Nearer*# ©quati-m at t# the mean &&©©&$ in th© $irestion 
of th© field# £ 1# the angle heteeeit th# laemnt ¥#et-t»r 
aa4 It© MS# of retailon* an© a i© a e « i «  funetlon of 
the fa©tor© w'hieh determine th© mtual potantlal of the 
dipole© end depend© on the geometry of to© aeleeul© • 
a is  eoneiderad to  b# ©©all when tin# potential
energy between two dtneles i© 1®## than 1 /1 0  I f f *  I f  the 
©nargf 1© of the order kt Cat «*©#« temperature kd 4 %. 10 
erg# per molee&l©) than tine resultant mmmnt assy be ©xpeeied 
to oe ©©riouely fHMlueed# Hts© axutu©! potential energy of 
two sso&ients m 7 and i i al i iistaiie# d is about ?s,
and ©enaequenfcly the energy 1© ©tout equal to v-o ©hen m ,

-/s -*an© 1 Jt 10 and d-5 x 10 ess* Ills wans that if the
distane© he tween the oartial «kafs©at» la smelt greater than 

- 2  —/ ?0 * 10 or if the asaswmi© are ©rah leas than 1 a 10 # a
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m m f to# tts d  I n  k$ #  § *  21̂ 5 ^ 0  t ^ o ^ a w i  # Q u tm «

l i n t  to js*~ It i r#tof#*« #*to*wssitoti# &Xs# *  &m p m m s  w ith  

ifismttslftg fc§Bj*i?ituw so ttosto at high tm$MWstwr*s 
$#y#r'#s sxpiHMisitoo m m tm ^ m m  at * limiting an##*
*■ or l#r&#r m , *n& ai# ttoo Mpsrstloti s i t  tm  grantor In
ardor te a t  nsX&rlsstoioii m y  not to# s ff ts to d *  Thus I f

- /?
* ; a n a  « t  a r e  §  *  1 0  tto #  s o to # * * t io « t  m l  &# to * tw « # n  4  a r id  

-1
8 if \ 0  #m*

&topli##tlo*ai #f tints# somlusloti# toy M«y#r*to hydro*
<$wiftoae O im ih y l #& )#* wfitr# th# Mgfetfftfciovi o f ths 41tool##

- f f  - / y
-Is stoout $ * 10 am* «m£ t e s t *  it®ag»ite#t# #to#ut l * t l  *  10

r#swlt#d %u * mtuftl ^atsnttsl of ttos dlpo!## nsill
#»ou&ti to  admit #o»tol#i#ly f lfw  ro tfttlo iU  T ills  is
#PP#f*#atlf Justifiod toy ttis «t&y##Mii& of tto# mas-uro# 

m a t  w ith  fctmt esl#ul*t«a l |  1^* I  m  toms! out Xy

wmm&lm*#&•
Thus# ta sstimtios of tto# of ths mttwsl

pmtmntimX sntrgy Imtwmmn %mm dtp#!## to # salmli' toy tto# 
®#tt*#ft o ff### *  q m li ts t l i r #  mats# o f Judging 

wtosttosr o r not ro ta tio n  o f te w #  groups should to# f m  or  

l&totbltod h f  € ip # l#  totwrsototott#

~* ; ^lu hiodmoM a»i to# oiuioot#* to
to*## an offoot an tto# worn at #i#ft it tolooto# fro# rotstltoii* 
Tto# offooto sill aot to# A n d  o#Kiso$wootly osofe # # # #

would feavo t# to# omj&2oo& ta&twiduslly far its offoot m  
tto# mmmmt* of storl# Ma6**oo# m y  ®mm
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te mwmi&mt If tte $**«> «}>• totonmrnffd tew 'tariff
m n l i  n i  nr# ml^u# tetotouto* In «%£&& * m,m

tte Imtmmmtlmn mnm%j toteuId fen touffldlffat to »r#̂ ®nt 

f r to f f  r o t a t i o n *

P »  ^ a r ^ t e f f f f  o f  t fc lto  p * p * r § o n ly  to q t o t o l t t t o t im  m»%%wmtm 

of tte pooiiIMtity aJT froo nlili-m 1® gffffirtod mnS. 

mitrnrnm mnrntl te 3 **%#<$ toy »*•»• of* Fte#te*^ten#ftol$ #io&«lto*

' >*w^7T/',r i £ĵ tote»to&to# an tte te»lff of in# 
mcltol## non!# #mInto in t»o § » f i | a « l l 5 i i i #  a «̂&te!.irs #te 
to #toflMitw f»s, lUnfttrmtffd in ?in* 4* Jte mmm wm&wm

tte immmmmm m  in te o n # #  o jr  

tto* & m  mmm

m o t i o n  natototou^toffffntff 9 ffp fff ft jp fff fto ff-p lf f w r & *  l r i f r s * r # €  t i t o o r p #
t?to! ■*ifi toptofftjwi* ton# teXorisatotrito mttecUi la wttn

/9
*P®q$i k m m p %* «lnte tew totem ttet m m bm tm m tlm ltj mil of 
tte «9toltofful#to fftolmt in tte totals f m  town #t ordfntory 
te m p to n tu r to f f  *

toufe jto to t t e  to o a fc tw to r to ^  T im  

crt/HR f o Rv \ cant ttet ifftofftote mr® ntowr
XtotoXntod wmn Im d to tte

13o aT  F o r /v)

F ;$ . +

fftototnltotion of to rmuici innt* 
morinas Hiwti tli# ten fwn# 

*£»ltoh  f i u M  g i w  t t e  isoXtotonlto

ton anw&i flat fim, in 
moont |fifl toltotofer̂ n cilff**

/7



m

mt tte #fn e t m  @f: a^latex*!***
/?

r*t%xm#9 at* «1* tew* Mfci rented ttet vlbrattan of tte bate* 
vblah allow pasaaga mt tte atetr font to tte teat ff«rw 
i*m & Y M  *  mmmtwrnm of 14 k®&tm0 whilm

ttet tjrte af vibration m h irn h  m tt& m ® tte bteir farit ba 
p a s s  t t e w & b  *  p la n a r  # a ? a f % t t t e t ia a  i n t o  t b «  c r s r t e ib b

20
e h f t i r  fa rm  l« a i i r # «  am a a a rg ir  o f  3.1 k t e l *  Kvm t*#

#«t t e i t t e  t t e t  t t e  te a t  far®  « l p J i  t e w  a feig ter #»#rg,f 

than t te  © te lr  fa m  )»g atenfc f**M  t e l *  f te s *  two feitea 

o f t e t e s r t e  art # M # ib te  in. t t e  ajraloteaan* u t e U t  

a t e l r ^  a te  la* a n d  n t e f x » ^ b o * t »  a l t t e b g h  t t e  m u n t  o f  

boat f § »  mm%  te  w r y  m i l l *  Sumter M tte ifc te  stemt 

0*001$- an tte tea lb of t t e  amrrgf M t tm m n m  mt raaw
tM te tb tU iM *

/ f  / £
^ t t a a r *  f o l l o w i n g  a n  a n a l y w i *  # t e  t #  & * • * * ! »  O a w la jM k l

tte ttet m*T te mm a m a l t  #f tte
0te .fr  a t e i r  tmmtmmvlmm mmA him o a m lM la n a * aatplalaad

ate will te dlaMfttaaad ate mf»plf#n to thtm work
t a  t t e  f a l l o w i n g  P *S £ t*«  t e a t  f a m  w i l l  t e  a o t t a id a r a d

to aa$ll$lhla affteta*
H  tt&  t t e  a ^ te te J ta n a  m a la a s ila  l i t  t t e  e t e i r  fa rm  t t e

hgdrnaan atom in ayeldteJEana wm$ te dlwiaad into two tupM
ballad palar ate a%aatarlal.* If tte aarteti plug fa wiawd
a #  horizontal t h a w  ara ttiraa p o la r  ltp tro g # rs fi mrfeadly
ateva a te  t te a a  m r k a d ly  t e l  aw t t e  r in g  w it AX# alx hy&rogan



x%

®% m m X$«f la mm m$ amtoriml bait mr&ate %tm amrtonft* fti  

tte t m  to$r«£*a m tmm mt #&©h ©mrbaii# mmm t© p^lmr anti 
tte otter ©qumtorlmX • If tte motmrnmX® ?mm&m fwmm orm 

o te ir  torat to  ©natter# a i l  amlAF hy$M$*it© ©mumtor*

1*1 ©m3 win# f#f««# ft# tong *« m l I a w  itenbl©*! r r*©®*xi 
a t 'O M  n a t o ln g  aaw  t o  ■#*>%* la © *  b f  © n ab  l i i t e § F ! i « # c m t 

with ©te d If town t ,«!«wi «r mwnp ©timeted# t*ato®©r© 
temote ^mnWlm  ©tor© t te  two tm*nm ao*y tev# to# mate 

©tttteat in ©liter I M  tel*r a# ©atmtorlitt ^oaitian* 
fey ©to&yia® aal«li ©f Mtoytoytlotemii* ;3liii©f* rtmnd ttet 
dm# to ©tort© lnt©r©©tton to# smlat* t o w  te# *** #«pgy 
©T tom 1*6 to 1*4 fe©mt*/«X© Mgter toma to# *r?B*teFl*l 
tow# tte m t e  tela® «u» tested by ©J6s*©rte#«tel r##\tlt©*

If tel*©ul©« ©r© ©<*«©i<l©r©d ©hi©* tew# t e  ©utotitoeat 
tnataaswrto^ 1© ©till p&Mtbl© *xs© la addition bo 

%m et*«»tr*fi* mtmst *ptt**l Mtlalty*
far ©assail©* tte 1*§ ©»totttt*©»to eonl© ter# tte tot law! a® 
to*ftlblXltl«*t $»©# totfe ©nte&ibtMmto .polar Colt tea# tetb 
©utotituont© a^aatartat lm}% tte##* *ntetttoont mm® aalnr 
up pltfe two ©qtetorl*!? mad tour# ©utatlteocib ©no ©on©tori*1 
vita top p^tor tom* o*#©» mm an# two r#sr##«mt %wmm 

tormm cif tte »©l«©ulo» wbil© ©*©•* tar## mad toar are toils 
©1# tow©# *h*lr tuliwrlii will # § n w t  <in#
truss tow to to# otter tran* tow stud ate ml# form to tte 
©iter ©1m tow#



I f

X& toe following dlsenselon to# si® nrf tren* fntwm 

of ifi end 1#€ dleulmtltttted ®yetoh#m«e will he sor^ictered 
tm ^rsetor detail end to# dteeiieelon will he limited to 

tte# oeee mimw*® the suhsiitoen ts  are tee wane*

In  F ig *  5 e l l  

p o s s ifc X *  eon'flguret l-mm® 

£m* toe ehatr form of 
th e  e l *  1#2 ease s r t  

l l l M t r e t e d *  I  I n  to e s #  

s o d  drawings*
the dotted line* Xndleete 
poler down euhetttwent** 
eolld line* pointing 
toward the top or the 
pn^e represent polar 
u# §rcm|?st while the 

other* represent w$u*feort*l group**) I t  ea& seen that 
1 end 1.1 ere Identleel s s  ere 111  e n d  X V * while 1 e r f  1 1 1  

ere mirror arf hm^m® eptteel teowMMrv* Wheee two
eonfteuretlees will m m i l t  %n toe seme dipole moment* 

im. to# on#® of tonne i#i toe elhtaetloa le eomwhet 
different* ^eferenee to § in toieh ell peeelhl* 
configurations ere Illustrated will siiow thet mmn®- of them 
ere Identteel* ^hw tautem** of 1 ie the »irrer !«|t of 
XX end the teetewer of Xi is the mirror ima4,* of I*

X ( l e , l f )  l L ( / e , / f )

?4, T d iL + o m e  r is v n  1 1

lot
t>

M  ( le , l f )  M  ( l e ^ l f )  

F it/. 5
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toih of ttoaa Ismwm ta to aansltorad la wMkimg,

mmm&t astlmtas*

c* m m to iraatad in tto asms
f»#fei0s mm will to mhemn In  tto dlaoaaaioru fha ltt 
« l# id h m a i4 to a i wm-tmm-lm fmm optim m t %aam rs  tn  te a to *  

atari# e$u£iiferlw if it axiata la a rigid etelr farm*
Tto of featfe mlmmM, m  ida&tlaal

itt tei# §tii *
tto ga&aatr? of His rin$ t* dlffie&lt

atom 1% aan#a to figuring, tto anglas totwaaa tto di?>ola 
msnaat wmmt-mrm of tto safes titifttad groups, awn If tto mol#** 
# m l#  is aonaidar#& t o  fe# t o M  in a r i g i d  atolr form* hm 

ati  aproroaJMtlaa t t o  anglaa aould t o  #»tlN*t#a froa t o t  

Mtola allowing aaltafela ll&lta far arrsr# toaai***NMt»i 
of ams&ts off smsoa«§# wtot*# «nl? aas stoala analgia is 
sssmaatad to a ring C {as oasaifeilltgr of fra# rotation 
esorl lasting to# mla^totloaa) would allow mn aattoata 
of to# saglas toatwsaa tto oat*** of $~«mtotlt**aat totato 
in tto aslasulsa* and tto## waitxss souId to u»ad for 
o#mp*wfs wfasra frsa rototioa la towawr, whmm

am*# than sat aaaf iguratloa la poaai^to a ta#wi«%a of tto 
dlstrttmtiaa of tto #5s«i§ to# aoafigwatioaa
w m l4  to aaeaaaary in onlar ta aaa miafe a satoas* Far 
to# aass of dl&rdrssy darlvattwaa tto aattoatloa of 
am ents  rs^ar&lssa o f  t to  'mmslmr o f  aaaffiguratt #*s I#  

asasidarsbljr for fra# rotation fesaaus# $• 7
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pr#&tet# ttot fo r to# astgl# /3

Im ttmmM tto sMt&ftitol# of tto-MMnt# atoMi to wjrjr ®tm®«

W mtimr&mitm* f w  tto trims i9i ftoiti p) « m  tto i«i»
1*4 Ctotfo p* o# toth #1 tli# is#«f#3j§ itoiMto ttot tto 
•rngl## b#tm#xt tits sm#« of tto C atm* of to# rt«m lafi

o
to# *tt«#to£ mat# 1*1 #r# *X### t®  Xti0* isi #tob m mmm®* 

if  tto f#il« #f tto® a&tottfcwat $ m m m  It# mlm-kg tto® 

0~#uto t i Into % %mm0.§ tto m m m ltm m t mmmmt® m$m M  to ftrf 
o&sm to wmrm* if  a i*i t# #tol# f$w faap tto e l̂oto###* 

rnmmtmm m,n to ##•#&&<!• ’fto#* M«-sur#in#iito »f tto tr&xm  

1 *4  illmtoXmm *®m p&w&* t m  ® m r  \i## atomM &lv# ® multftat

mmnt m l® ** to mmm* M  •**#& tmatmb to m  tto mmm*

ttos* tto w»&*% tou24 m i m t l i r  to ###u**»<§ to to
^uslitotivtlf #arr##t* am* MasiiMmato #£ tto i ti  twmmm 

atoaid tto #f tola

tot#### it# to# to to £**to«69

# ktttoXa&g# #£ ttii# »tomM eaitlf #& Mtimt#

to to wato ®t tto dlftoMsito is mm&mtmm totoMu tto %w# 
*& & £  % §m m  t t o m  •

l̂to#r #*i6 m ŵsHe#?* tow found ttot poisi? saatto* 
ey#l#te#&ft# to# a Mgtor * tm r& #  t h m  t$m *% *m t& p t* l im m . 

t o  f # «  •  $ « 4  t o * . l • / » & £ # •  t o  t t d #  t o s i #  t t o ;  *h & w

ttot £## tto diwfc&yX #utotitutto tto*# tot»
#mmi uuutul&iag p#l#r gr«pi t o w  fttgtor unei'ggi## to 
s»mn%# ttiltti .« | rung# a# hlgft a# §*# k*m l*/m ® lm  in ®mm 

***** Am #Mrg$ «lif £#**•»#• of #u#h a mguttii## tisiy



raault %tk a m m ll pmrmmtu a & f itm feintor #ti#-Fgjr f«r» 
at tto Iditp t#-*v’#Fs turns * For omX«r to# #&!«
ante tto #f M  atoir form of ayaltooxato at 8IK5#
tor m  aaorgy diffaraua# i f  7 to 10 kanto/moX# toteoM 

tto teat mn& atolr Jforaw*
Tto® Mi# amlamlstloa of momaaia for tto iSiatitoatf totto 

ayoXotoxamn torivatlir#* i* «ad#r#ji diff fault fey tto ring 
is wm% w i  If m tomltogo of tto

#s@f t#® of llw ntffaront mnflgnmttom « r #  m i U t l t *
It 1m ttot titmm mm hmwlmg

polar wm&l^ #stfat to m atollor osttoot team
tto##. having #c|tm torts! aufeatitaanta* Sualttp sate on* a 
mart 'to# oxn&tato for ttoa# offret# on tto
dipolr mmmt*
f* t?;t fe~vto Tto hyteo^an tom&» In ufeiol* tto

atom aarma a# a link tote##a two aitor atom**
1* etff#r#at f r «  ottor totor fa amgnlteto if not in 
mmmnm * Tim tmtep# of tto for### im m lrm ^ t o w  not toon 
toflnitaly aaoartalxttof tot m y  to a&a^uaialy aaefetaitod 
fey alaatroat&ttt .IntorMtlos sad tto toto
l# retorted to to foramn totemm atroit̂  oteoteotosntiio 
pronto ahara mm aontatma m m m tlm ntXy tonto# hy&ragaa 
#to^« Tto # » r g f «  of fey&ragan tonda «r« aatlmtiHS to 
to from § to 10 tout* a#*1 nolo* ^aiatanaa of tto hydragam 
l »  toteaaii # troths •lootronegntim la ln$£e*ta£



US

fey ®t*ft&i©© or ©S©a©i©ti>nf ©©XUfellltyf ©p©©tr©» ©n& ©thsr
ztpropsrtis© *

t*TO ty «• of hydrog©tt bonding im| ©©stirs
intormlssulsr* toito is rssponsifeX® fa** ©©©©elation I n  

©loshsl©* »lirf ©rsd maidsf mm% totm&slsstiXsrt ©her© 
ths bad Mists between two stams w i t h in  © nslestil©* Th© 
letter type m y  !•©£ to s ©upr©©* torn of to® ©h©x"©©t©rt©tlo* 
toito ©re dspsmlsnt an tfes fey&rsnyl or ottor urwo ©errytng 
m bonded hydrogen tl«i for #»»!©, to© ©©lability of 
©rto© isos*®!*® ere ixiftre©e©d in fistr-polar ©©leant© and &©1©«* 
©uler ©©©©eietisn m y  be deereeeed or inhibited* lading 
to increased w m lm t l l l t y *  %mny other «©e»pl©© of toes©

‘fe* of to® wist fruitful «xperim©fit©l ©stood© for 
studying hy&rsgen tomcliag h&* been to® study of tfes
red absorption of ©sleeules* In to© following dleeiasetsit* 
tot# type of bending sisal 1 fe® limited to aolssml#© ©ontaiii* 
Ing hydroxyl grmtpe* '̂ heael and attor ©XeslisXs ©aditfelt a 
strong* ataarp sfesorption peek ©t about T100 ©b */(mv© nos*)# 
If to© tiydroEyl group 1# lssttted in © m©X©©ul© torn*® it may 
be to Mad torough a hydrogen ©t©» to ©nether fsu©l©us either 
within or outside to© wsleeuXe* to® absorption peaie will 
to iMfltl to iffsf «*v© nowhere* The mgnltud© of to©
•feift i.* © ssseeur® ©f to© ®ir#tis%ti of th© bonding* toil® 
to© height ©f to© peelc is a mmmmm ©f to© eieottnt of bend
ing* For example in © ml©©©!© ©ueh a© eeteehsl toito



eantolne two hydroxylm9 m m  of whieh wmj tm tontod ..to the
- Iottm r*  tm® poofes mvm i o m  at about 7100 em»* fcto

other ehifted to * k«i? wave senator* wfiti both »ea#e 
hawing #«iml w^piltoto* trtilo 1# interpreted 0* nannlng 
that aateetol extete In a oonri^nrotlon eueh thot one 
hydroxyl It free while the othor It eoseKpletely bonded 
to the oxygen a t m  of the fm m  li$ rexyl* Biritofiee for 
itiia eanftguratleii toe patently boon obtained f f »  a

ii»maawraneitb or the dipole »amttt of eateehel* if the
internal torting la oo*«£»l«t** only a eingle ehifted t>e*h 
#t|ml in magaltuO* to the newel peek atoold to obtained* 
*ib»theahl&ref>benol etoeely rnpmm®bm® thle type# The lnfra» 
rad, abawptlon aoootraa of thta meleeule mhowm a peek of 
low ssagatirte at the usual ooaltion art a strong peek 
shifted to a io^ar ware mmtomv* !Mi la Interpreted «s 
neaalng that too oompoMrt ax lata la eolation with aoat 
moleeulea exhibiting lntranoieeular hydrogen torttiMf* 

to meXeenlea ocmtalnli^ too hydroxyle lee&ted on  

a&Jeeent eartofi atofma there mm# to ê mse question mm to 
wtottor or not tha torting la fnbre or tntormleeular*
The ^oeation nay to partially reeelwett by studying the 
absorption mtmm%wmsi wersue dilution* where thm amount of 
absorption will deereeee with dilution If tto bonding la 
purely iatormoleeuiar* Tito rm%h®& would brae# down If 
aaseeiatien were ao ebr^ing that it purelatoi to diitttiwie 
fee low tto Unit of asaaauraaant* or if Intraaolaoular
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bonding war# a# strong as to  sxaiuds aa#oelmbtoi%f or i f  

M g o e la tla ii #&l$t#<tt but u t 1 ommr d ilu tio n s  mm assosistioxt 

bmmmm Isas sosiplsts to# in tra ra is s u X a r totoiiag, fcmtos® ovsr* 

toss* saass to  nut n ssssssrily  esrrssprad tu  uny ran t typsa*

but ars onljr p## tu la  tod mm n s s a lb llit ls a  wtor© a constant 

amount o f bonding should b# In d lasted  by to# absorption  

mpmm%mm9 ,u il# i§  to# strsngths o f to# in tra  i M  I n to r 

bond# wsra #0 d lf fs r s a t  an to  g i## d if fs rs n t sbssrp tio ii 

panic#* wiitafe Is  3-u lt# oosislbl## In  ttmas saass* 

a#at# o f thm mmXmrnulmt sslghbs at hlghsr am iesntratlo tis  

s ig h t p w ld t  a  q u a llto tiv #  c r ite r io n  tmr tbs bond ty ra *

For axampls* l£ assoslatloxt wars found a t  h igh ddnetn* 

trs tlo n s  by m tsuu ta jr weight atatooto and dssrsatsd w ith in  

tbs I I :  it#, of asnsratratloxt by th a t asthodf fM  1# a t  

o o ra lto ra b ly  Xowsr sonssntratlo iis  tbs in fra**!9## absorption  

a pas truss a sonatsnt ainount o f to t t in g , i t  s ig h t

reasonably b# sonslutod th a t to# bonding Is  o f tbs in tra** 

ra ls r a la r  type a t  tha la  war ra n a s a tra tlo iis * in  tha o ther 

hand* sstrsm sly strung banding o f to t  In ta rM o ls su is r type 

m ight possib ly not b# stow®. up by a l i t o r  wsthod*

A fu r th e r  d is tin c tio n  might b# sad* an to t basis o f  

® i§nn l o f banding as determ ined by to# ln fra « re d  eoeeirwsu 

Far exsmoXs# to# ra is e # Is r  ss i& h t rabtod t t u U  r a t  in d ie s is  

in  to# esse o f ths dlhydrosty eomprands tow rany o f to#  

graa <e are  bound In  tbs eeaseiablaxu [lt% ths o thsr to w l# 

i f  m il groups were brand In  s  ̂laek and fesy8* c o n fig u ra tio n *



m

tto infra-rwd should stow half' frw* hydroxyls
tan k m lt bondsd as wvitonswd to# tto position of tto fs#aka 
amh thwlr equwl assent tods s.f utiil# if was molwwulw wmm

m m sm t^tm n to* tto ottor throy^h on* hydmyl only, tbs 
sbsornfcioft should a haw throw unbound h#drox#ls
to on* toned. ms wvidsnwsd to# two pwsks* tto on# having 
thro# tt*wis tii# toldhto o f tii# otter*

Proa mm ;?rwvisus dtswusstwn* 1.1 esn to ®##n ttofc 
tto iiifra»i*#d Mttod omild to m powerful tool la to tor** 
saining; t tm  m om tigm rm tton  o f tto t#$ws of wolwwuXws 
wonstdwrwd*

B#*toPO£w» bonding should tor# m* of foot on tto Aipol* 
towns nt of itosw kinds of &olwwulss toswsws# it -would to 
wxpootod to Inhibit tto t row rotation of ttoss groups and 
hold tto fcqpd?0$*$» in s rotter fix#d. position Is tto 
«3olsouls* T h is  o f  wonrsw, would Xwod to  *  fixation o f tto 
tb: irsoiar In spo**# so thot Its stills with rsspwot to 
wttor vswtor* la tto nolsoulw would to aslwulstsd with 
mmm togrow of probsMXit#* whlsti should nwkw ssti&otlon 
of tto dipols w « s l i  of snob wwlswuXiSS wagisldsrwtoly 
#l*$plwr* T h is  would to# tru# for wolswulws with woeaplsto 
XntrsnoXwouXor iifd.rogs» bonding* £iro#wqttwntl#» sgrwswwnt 
totwssn tto wstlwwtsd wslus snd that totorstlnsd sjEpswiwsŝ  
tsllf would to ss wwidwnww for that %#?># of
h#drog#n toading* prowldwd ttost tto woosnt so wstlmstwd 
is  dlffwrwat within sxtortMntol error frrni ttot wstlmatsd 
from onjr othsr rwosoasbXo woidTSgurotlon*



If «sft-asi*tl$& oecwrs* thm m i g h t  tern

eow#i<4# r # b l y  asor# ssssplsx* &#;$•&$ tag on wh s t h e r  m *  mot 

thm C t M r  moixM b# s g ^ & s t r l M l *  If Sjp & m t r f o s l ,  thm
wwent

r#sulfcft*g mm m m u r m ^ s h o u l d  fc# <1I1<N1<11 to  ssroi if ottuftrwlss* 

th* m a s # a t  s l & h t  ts^s o a  * vslu* istposaibls to ehsofe 

be e m u s #  o f  th# v s r i s t y  of poaslbl# s s n figurstlons* In 

this r e g a r d  h $w#v#v» If the sjKHuat of  a s s o c i a t i o n  

ta thm rang# of ##xiMi*trat£3>*ift s h s r s l n  th# m o v a n t  is 

i » i i u f § d |  W m  r s s u l t  s h o u l d  b# *  dspsndsns# of

thm solu i #  polari&sit m  on sons# a i r s t l on* t h m  nstur# 

m u d  s x t s n t  of this v a r i a t i o n  mt & h t  giir® m © 1.%m mm to thm

of %h# M s m r* f'or mmmpXm# If it worm mmrnh 

tfcst thm \ v m l o m m  d s s r s s s s d  w i t h  sonas&trstlofi* than th# 

s s s o e l s t t o a  w onla ^pobsbly hm tmn&ln$ toward » sysssstrlosl 

dUsx^i # r  ©t I m « I  *  d i m # r  with * X o wmr  *#♦»&.# sowsnt* 

MowmVBTp it is mailksif that m Mmmr o f Mgfcsp swsr#^# 
m»%mr*t moulh hm fsnssd«

In it n s f  b# s s M X t t d s d  that i mm m u r m m m n t  o f

m m m n t m  f o r  isolssulss o f  tjomm d s s s r l h s d  & ^ e ,  gi#« 

n o r #  or less d # f t n i t #  l ad lest loss of th# e o n f lgur* tloss 

o f  th# sslssttlss» sfcsr# th# s s t s n t  o f  prafeshlllty a s s i & n s d  

to th# n |  d s p s n d  on ssvsrsl fas tar# in

#*<$1 d i f f s r s n t  ##»#» # 0  « « e h  «*» •  m u s t  b# d#sta#«f 

lsdlvldtisUy* if it is pommthlm a t  all* w i t h  ths hslp 

# f  s u s h  svsllsfel# m i & m i m  mm m m y b# o h  tailed fro w  

sspsrliasnt# X work of othsr tjroast*
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as rssonansa# hydi*s*§an bonding, and, If In solution, tikm 

nator# of lisa solwant*
Tliis too# is la partiaulaxly aor*0axns& with tha iypa 

known as Veto •wool* l&uioptarlsm uhlsh msjr ha sscpriia&ad 
in thw gaoaral fashioni >  e. -  c  -  &  ^  > c . - ̂  - o n  ,  

wt*ai*a a hydrogan a toss has sii&ratad fxoss an fidjaosnt o&rbcm 
to tha ox* an of tha &ax*boayX* a doubla toad
hstwaaa carbons during tha pxosass, A ^ood axasspla of 
this fefps axlats in tha aoatylaaatons m iXaaula, whito 
way to# -jpapaNisafitad by tha fomul&s:
cifjcociijncî  and t%?on)= cedich . This auhstano* la 

2+found to ax 1st to tha actant of m rm 1 in to# ^aa
pirns#, tha anol fans probably ha lag; staollissd hydrofoil 
bonding and rasonaosa, Tha ̂  ~dl?ca tons# and ̂ 5 -katonia 
astor# pxowlda its# hast known aaaatplss of kato*#nol lauta* 
«sarlast, howawar, tha j*harisan>ao*i Is wallas tobliahad in25"tha oas# of <* ~div*tonas» aapaalnlly if ttiay hawa a oyolia
t tarn# tor#,

if tha swbfttanaa 1# In solution, tha aolwant m a y hava 
mm t^pwtsnt affaat on it# distribution batoaan tha forrai# 
Vkm aqwlllbrlwai aonst&at C T) m m f hm «S*f i&ad mm tha ratto
of to# of to# a m i  form to that of tha kaio,

of K t'J iT aashy X & a#tons xnsira from 0,24 In wmtor to 
5*1 in bansana and 12,0 in hejeana, T aan thus ism roughly 
ooxrslatad with to# polarity of t3ss solwant, ths koto foam



favored i n  strongly poler ss3»eeate«
Kt«omno« ha® been dismissed eoiEpXetely 1» various
zCo Z 7work® and more reeetitty In tto pspors of &m$th« It will 

to suffielent hare to ooint cmfc that resonance In eoaju* 
gated Oouble totsto will la general to expected to eoatrl- 
hate to the atefel Xity of a tinctures by aweuabs ranging 
fro®? i lo i keel# ear $mim9 mm$l ©anseqvently reson&nee of 
this type ray to an important teeter la toteralaihg the 
distribution heteeen the k#to mad enel terai®*

to#leeslag to# roemense sffeofe l©r the itomerii, 1#% 
us consider eh&t effeefc the kete»enel touteeerlaw. ahauld 
here on the ditole I t  1» eeldent that sinee- the
aMeeant eaeoelated elth a hyteeayX wroap (about 1»T|- I® 
eons Iderably ease II ®r than that for a eartotiyl {about 3*8) 
the effest should h# «H>pr##liibX#* !m eplte a t  t h is  perhepe 
no sior# that* m $eelli#tiee estimate of tto offset aey to 
made in any ©ate baseuse tto eetl^ettoa. might topers on a 

of tto distribution of tto substense between 
tto too ferae* an tto eonfIgurstien of tto mol#©ul# in 
as eh of theee two- feras* mto tto possibility af disserts#** 
tian mm dleeussed 'previously £ m  thm diols* Certain 
simplifying;; effect# sight poeelbly exist} far #xm **?!#, a 
eyelie <x -diketone taight to ex,pe*t*d to exist in a non* 
polar solvent with a m  ketone group fully eaelised tosaoee 
all tore# of tto effeete previously #ots#Itor#4 would fnvor



m

ttmfc forsu t n  m s&h. m eas# then* hydrogen bonding night 
lie to f i t .  the resultant treetor of the COK gr©up
with r©#p*^t to the € =• "3 group rector «o th&t a definite 
eetlsmte af the c o ^  to sma## ^reejneat with
experiment would to ©fcrang evidenee far tto esaol for®
©to tto bended o onf Igur* t lo n» provided © * its tier  ̂*«t 
e*nnot to eetlimted tor any other reMoneble ©enf igiir* tie* * 

In the eber* exeuspXe# the ole tore is torttor m m tp ll*  

©©tto by tto effeet of roeoniuiee an tto dipal© ssoaasent* 
where hmerror* & re**©©able #sti»et# might etfil be «to© 
h f ©Ming tto effeet ca*« to Neonenee to the reeult 
already eeXenlefceit* Tto reeonenee eontrlbtiiiax* f/ghfc to 
eetismted by eeagperiewa with elBll&r ttoleeule* where tto 
effeeb h u m been ©iraXuated# For bxeaple* o<y/5 *4a©ei©rwbed 
totohytois end k©to®e® -ueueliy gl^e » ssoiaent of efemit 0*if? 
wait hligher then tto eiapreepeadlas ee tore ted ©of^aumS* If 
tto weate? representing tto ion!* eontrltmblon of *N*e©n*fWMi 
i« © «rexie*.t*ly la toil #«p|K»rt of the ketone eector*
For *e*fitplet erotoneldehyd* C013€1f-g|| CBOj toe a 
of S#i^Pn while saturated tcet©f*e#» .ran utout B«8*. TM* 
eepXexset!©n of tto effbet of reaetono# of this type 1* 
supported by tto i0«l® af «lfl diMthyleyelotoxaruKie ©fid 
pulegoto* For tto f ©rater j»0l*enX*» tto reaoiiane* foam 
m xpport» tto 0-3 grcmp while i n  tto letter e&a#
It is m ® r® nearly neutral, a* ehowr* In Fig* 8*. Tto m o w m n t*
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m m 3*70 and H*t§ for 
StS dime thyloyelohexenone 
e«d pule^one, resneetively * 

it h« eonoleded 
teat tea eetlnetlon of 

m f aomiKiunde 
white liwo.lv© enolteation 
end reeonenee of tel® 
type eheald In geairral be 
difficult* end it I® 
expeeted that little m m m  
teen a qiselitetlee 
ptetere ©an "b# obtained 

ml#®® tee eyetern I® 
elastpllfled byAeaoll£etleii of one or bote groope* If a 
definite moment eeuld be eaaigned to the feme end eonfignre-* 
t lo rm  :poeeible end. If only two need be eeneldered* then e 
distribution of tee eubetenee between the enol end. te#te- 
form ecrold be eeleuleted fm m the measured mmente* ®ueh 
would not be expeeted to be the ^enersl eeee* Infreared 
absorption studies should be i powerful tool in elneldetlng 
tee *trusters* of these mleeuXee*
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■kv.?aka.':I'iK m i v  uninsmi'yu  i r

Jj«n*an® • Tt>* wstKMl oi purification ef d m m m  t»» «lr««dy Z?,r?been described* 
c.is* and trans* ^Z§A6liS^iS,lsA:: oiud« mixture of
tsoasers m s  prepared^- fey hydrogenating catechol In ethanol 
of«p kaney nickel at about 135*800 C* Bln# crude Mature

osmltefe at 72*75 B* Bhc traaa fom was crystallised nice! y 
free the mixture tin beasens eolation by alow cooling and 
re oval of successive m m im tm  m i the solid until the mltlag 
point began to drop sharply# this solid material was re- 
crystallised several tines fro® bensene to a eons tent 
me 1 ting point of 103*104 c» Isaiopf #, • This vaim  ©t»eirs a

O  32-literature value of 104 c*
The xwnaliiiag solution was reerystalllsed about ten

33tines frost bensene according. to a method previously. used*
The resulting solid bad a eons tent melting point for theolast fee reerystalllsetloiie of 90»o to 90*0 0 Cunoorr*i*

o 32̂ 53which may fee comp»ared with a literature value of 98-09 C#
oBecause the nailing point of catechol la 104*105 0* 

and those of the isoners lie so close together* mixed melt* 
lag points were determined for all combinations* using a 
roughly 50-50 mixture* all save large depressions? the

oetS"»tr*ns mixture melted at TS»?5 S| the trsas^oeteshsl

<*we are indebted to various mestoers of thm Chemistryapartment for suggestionsv dissuasions and assistance intin s^reparatipn of eons of these eonoennda* ws particularly wish to aoteowlodg# the aid given Dr* k* b* rrafce* fr*Sidney classed • I‘r* w* Heeve* Dr* &. p . s-cods* and Br* a* B*J?«as^eR*_   _________________ _ „ , .. r_' vne bate1T*0f this 'eraSe'«5$^ ¥y ’ r* ~ * ^ < TBos of the naval 8eseareh laboratory tc whom we' at*# duly grateful*
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cmixture at 78-70 0$ the fixture softens#
during mixing to the extent that it eou.10 net he Introduaed 
into lli melting point tube*
Ole* and tra&s l*a oaelotoexai>s#,lo,l ■? ByOpoeulaona in ethanol

owas fcy&ro&enaie# over Kaoey nietel at a temperature of 17© 0* 
The erule K*aierial# after removal of the solvent under 
vasuo* melts# at 88*103°0* fth& irons isomer eae separated 
by slow reeryeta&llsatlen from a 80*80 bensene~aeetone 
mixture* the first reeryetolliaation g«it« a solid melting 
at about 12S°l• too or three more reeryatalllsatlone were 
suffleient to bring thie material to -a eoaataat mailing 
point of l4X*Hltl°C* iuneorr*/* this la oemparable to a 
literature value of X48°a.'7*

The oia Isomer was originally prepared by usklng, the 
dlaeetahes of the els~rteh diol mixture* separating out aa 
Hush of the t m m  form ae possible by reeryatallleatlon 
from ether* than reeryatalll sing the eis-rieh dimestate 
mixture to a melting point of 3$°C* This was trane 
esterlfled uein^ a 10 mole assess of methyl eleohol# After
reflux lug for Hires hours the methyl aeetate m e  slowly 
fraetlsnated off* after removal of the solvent* the 
produet was vsana distilled ( a 128°0* }* the dlstillm* 
tion rreduot was reerystallised few times to a
melting point of 111*118 o. {unearr*}* This may be

O 3̂  o 3 ̂esmpared with II tars tor# values of 107 0* * 118 c* * and
U8.4-U8.6*0.J‘



m

tw o subsequent prmpmrB.ti.onm worm their
dipole momenta mmmmurmd* Both worm omrrled through the

odiaeetate separation* Cls«»dlasetate melting at 33 C«ff
uaon hydrolysis yielded an impure dial with melt*

oing point rmngm X03*X0& 0 mp wttiish oould n o t Im raised by 
rectystalllsatlon fro m  acetone 01? benssne » Ether m s  
employed in th# separation of th# dlaeetatea and whan a 
o i# * r ie t i  mixture was slowly evaporated# very large orystala 
o f tha els iaosasr teiw formed* These war# pleked out by

ohand and reerystalllsed to a melting point of 59 0. naCafl)̂
hydrolysis yielded the els diol# whieh upon recrys tall Isan
ti on fro® seetone gave a eons tant melting point of 
108*109*0, 36

tha raaant work of **erriits and White indleataa that
©the elS'-»diaeetate must hawe a malting point of 41*95 0* 

to give a diol aomplately fra© of tha trans imowmr. Tha
otrans~dlol aontant of ets*rieh material melting ©t 109 c*

mmj b© roughly estimated to ha haaad on their work *
1»2 CyeXohaaanadlon©* This ooa^ound was obtained fross 0* Pred* 
rlolc smith of tha University of Illinois* It mmm prepared 
by tha oxidation of oyclohaaanona using 5e0t* It was 
marked of uncertain purity and had a yellow to orange 
eoler* It waa fractionate dilute four parts through a

are indebted to rr. v** ^ « t w  of the tavml Eesearoh laboratory for these preparations«
*©ne are indebted to ir* *♦ Keewe for this fmotion*tlon*
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small columns
oFraction B.F.C* Press *(’”• weight (£•*»•}

1 63-67 19 3*06
2 82-83 19 4*88
5 84*3-85 19.5 6*66
4 85 18.75 1.45

All fractions had a greenish color* Fractions 2 and 3
were mixed and refractionsteds

1 79.5-81 19*5 1*42
2 81.5-83 19*25 7.80
3 19.26 1*23

Fraction #2 was used for the dipole moment measurements*
It had a pale green tint and when poured Into a weighing 
bottle a slushy whit© solid was formed. This was warmed 
over a very low flam© to liquify it for weighing purposes* 

Fraction #2 was analysed "for carbon and hydrogens 
Found Theoretical for

C H 0 II
1 62*56 7.28 84*28 7.19
2 62*38 7.13
^  -Hydroxycyclohexanone "reparation H i This material

3*was prepared by chlorinating freshly distilled cyelchexa- 
non© using Ŝ Cljguod hydrolysing the product in strong

solution. The hydrolysis was carried out immediately, 
using efficient stirring* The cream-colored, waxy 
hydrolysis product was filtered, leached with water, 
triturated with ether, and filtered* Repeated crystalli
sations from bsmssns with large losses brought the white

%e*!re are indebted to Miss E. werble and Mrs* M.H* Aldridge
of the Chemistry Department, University of Maryland, for 
these and subsequent analyses.
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aufeataaea to m eoftatant waiting point of 127,0*133,3 0# 
(unaorr,)* fMi way toe ootapifcrad w ith  litaratura wmlmm oft

o o 31 & *fO90 smi IIS €** 132 €*t and a vaarara diatlllad produet*
130°CV  Thia &ntarlal was analysad to gifts 

found fhnoratlaal for p  §•  /O x .

0 1 0 fl1 03*11 9,00 03*13 8*113
a €3*24 e*ao

It wms allowed to atand in two tot tie a for a year*
one glaaa»ato.̂ paradi# the ettor with a earew*top with a
tin*foil lining. At thm and of IMs ttoe# tha $1 tts
a top ?® rad bottle tad a da flat ta yellow eolor at tta bottom
and an odor Ilk® that of tha 1*9 eyeXotoxanedlone,
oolor was otoerved in tha ©ttor boltla* although tha odor
was present, Tha waiting point of tto notarial In tto
second battle tad dropped to 112*114*0, t o
satlon from banaana brought it up to 121*190° C* This- was
subsequently allowed to stand in air* if tar two month**
tto Halting point tad dropped task to 112*114°C, odor
mmm present* Th® material to tto aeemd tottla urns
re«an*lyeed after drying in a atraam of air#

found. Ttooretioal for C, H P<p /£>
€ H C B1 §3,0§ 0*73 §3*13 8,832 62*00 8,76



m

The f i r m  t two rm m  of those reported were made on 
the noil# malting at H&«114°C*

A now swtjsrt-
11 on wa® mmum b y ehlartnatlog d^rolohesanana with ohXerlna
g®®* la giaelal aeatie aetd* Tha reaation mixture was
free t innate# m&d the T>rod\aot taken off at eS»KK}^ *
CId mm .)* fiili waa ooa&lz&ad with fraetloiia from other
ruis® an# relirmeiioimt#?-; to siw# a fHra&uot boIX.lug at . 

o
7B**8Q at &«* After atend lag at law temperature overnight*
this Material warn hydro!yaed in strong £^0^aolutlon*
A -wax; white noli# wee obtained whieh melted at 6?~TS°0#
Thla subataxiea waa vaaam diatlllad# A wsinrjr ferê rtra
earn# over at 42*C# fit w*)» k aeeead fpuctlon earn® over 

©at aa-db c# CM**M *i*}» Thia m y  be ee«wpas*ad with m 

liter*tuv* r * l m  of ss*4«f(13 w)(0olia, 130 0„), fhlfi 
elear* eolerXeaa liquid waa uaed imadiately for tha 
dipole maoeat Maanremata (Hua #31* After a tending for
a few hornr# In a |Mis wtal# the distillation proteet 
beeama milky* an# after a few 6aya It beeam ample be ly 
ealld# both tha liquid an# tha solid ha# to# ehareeterlatla
odor previously not##* fhi® solid waited over tha wide

oranges X1&«»1$0 0* txtraatlng with boiling, ether narrow## 
tha rang# but #1# not raise tha top limit# Tha liquid 
frean the dletlXXafelcm waa quite soluble in both water an# 
benaene# Tha beamne solution® from tha dipole moment
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Measurements were allows to stand is* gl&as-etoppared
flasks and after m fa w days a yellow solid was precipitated 
ahlah nasi tod at 140-132° C.

After standing on® day to a tightly stoppered bottle* 
at which tliae It mg 1b a semi-solid condition 9 tto material 
from tto# distillation was analysed to glees

found Theoretical for «6il/cpa,
c h c a1 62.30 a*802 62.12 S.S3 63.13 8.83
Apparently tto substance was somewhat impure* although

thara la iomt quaatlon about tto analysis because tto
samp la lost weight during. tto weighing procedure *

Attempts were made to purify this material toy at tor
means* First* tto semi-solid obtained from tto original
distillation was re-distilled at about 1 rm . pressure*

owtor# it came over at 42-43 €. and solidified la tto dis
tillation apparatus. It- is believed that tto not must too

omaintained at about 140 0# and tto substance distilled 
fairly tot-wlth no solid in tto condensing spparatus-and
caught in a soolsd receiver la order to got tto mat#rial 
in tto liquid send!ttora. Second* tto crude notarial m s  
extracted with water and sttor and dissolved in benserse and 
tha baasens-wetor aseetrope distilled off until no -mors 
water was present. This was crystallised from tto ban sane 
and vacuum desg'tfoeted for 40 tours to give a substance

T̂tiese wars tto conditions for tto original distillationwhich gave a completely liquid product.
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ineltlng at 10Q*»W3%* JhartSbmv atteapfet to MeryatoXllae 
this f w  bensene wmrm ntars&oiied beeauae of the poor field# 
the length o f  t t o e  it t o o k  t o  get ® w  a small aam»t o f  

solici out* and 'btatuit toe melting point m i  raised' only 
eery slightly* Third# an attempt to purify hy eublti&atlaii 
in a soltuikr still# taaing the Yidttm deeideated solid 
(&#?% 10Q«lQ&oC«) resulted to a « |  a@lM ehleh melted 
at 98-104^ ftti® was dried under vaeuum cwromi^ht at a 
ttaparttust of ^8°0* and aoltod at lca*a*lD4»a°0»

Evidently* malting point® given in tha X flora tore for 
this coMpotmd ar® at eotialdarabla variatiee# a® indeed are 
our own* and the diffieultlee anamsntarad to t tm  orapara^ 
tion and purlfiaatlan of thla eubataaee lead to doubt about 
tha nature &na tha parity of this eomeouad# &n attempt 
will he- made to emplmln this later to the the®!®*
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CmUZ'dL&TlOUO Am DATA 
flit dipol# nmmmt® m m  oaAaulatad using ttnm partlaant 

aquation# i n  thm ganar# 1 ftmm® otltulcU^ art
amply dm m oribad aiaawhara « Honatlnaa an extra00latad ftia# 
far tha dlalaetrta oonatant far tha pur# aolwant was uaad 
inataad of tha maaaurad walua* at ha® boon don® nrevioualy • 
In 111#®# caaaa til# »@iia»«i valua of £, * mmI tha :;>( mlns 
Miaul#tad from It ara ^lwan In thair uawa'1 position In 
tha tablaa aftiila tha extrapolated wain#® o f  € t f mm  

î lwaa Imp law tha tabla proper* The wain## war# ealeulated 
naing the extraeol&ted 6, mine* Am aw#rm§lng prom®®® was 
need ta obtain the Rvalue# at Inf ini ta dlluti out, exeept 
in tha ease of tha trane 1,2 eyelahexane dial baaauaa- 
polarisation for Mil® aawnauxitf abowad a slight upward 
slop# w i th  dilution*

Den*Ittea were tmt determined far every solution due 
to tha amount of tin# involved* fwa or thra# solution# 
war# ateaeured s m  tha dama Ity m l  uaa for tha other a deter* 
mined from tha eurve* The latter are In parentheeee In 
tha table®*

The polarisation v«# mol® Treaties* ourvea for tha 
trana 1*2 eyelohexaxxe dial ara shown*

Dipol# mmmmt data I# also ihelwded for tha #oim>0iandi 
iion00roi3o«ii#thflialciiiste, vftilata was fumlahad by Dr* 
e*S* Aaee of &enlelaae state Dniveraity* It boiled over
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a ranga 131 ta 130*0 * at 33 sat# Thlm m s  fractionstad
oami a fr&stloti bat 11% war tha rang# 133*158 0* CuiioorF## 

m s  usad far tha dtpola mmmmt &iMWtti*a&snts# This oomoosaitd 
was aasasurad only far its dloola mmmn% and thara will ha 
m  dissuasion sonoarnlag it#

A tahla is shown praaantlng tha apparant &olaauX&r 
might of awns of ttoasa aa«p«w*i4a In aaa^tor as thair 
aanMntratlan la changed.

lisa Infra-rad absorption apccfcra far a^alo*
feaxana dial* trana«l#3 eyelohaxaaa dial* and aataahol in 
tha 8*8 micron rag ton ta stem# and a tahla la orsaaatad 
giving tha positions of absorption oaaha# for m tt tha 
compounds stud lad* whiah ara partinant to this work*

Batlmataa of tha mmmmiatm beaad on fraa rotation war® 
ttd« using aquations 7 or §* aharsin tha ft!us for tha 
resultant vaster of tha 03E group la sonsidarad to ha tha 
asms ms that for oycXohexaaol and tha angla It
aastaa with tha 0*3 tNond is astlaatad to ha 88* on tha 
b«a£# of m hoiid nowtat of 0*70 for tha hand and l#d!> 
for tha 'wi hood*

1*0 datamina qualitatively tha possibility of fraa 
rotation hath tha taodala and a aalaulatlon of intsr&etton 
«wipg| for tha ssupla was satlasatad from tha axoraaalon 
w ŝ /df 8*8 was uaad for tha group womant of 0 = 3 and 1*7 
for C->B# o ana sons lea rod as tha dlatanoa fro® tha aarhon 
in C=.o to tha oxygsn in CWt in tha hydroxy Ira tana molacul©*
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wjiu a tea** ims poaalbla, O u t  dlateaoaa mom — lmi~
%&%&& WlSSBi iHâ l SSSlSBfflBMNI t>W ®BtikS,SEe t&k*#
wmm u l i u M  4iw» th# iMl^imlar i@®i*S*«
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sis»i#a oxciohr&IiIisdxol

Hun rfX at 38.3*0.
Mo* !i 4 m ■i*

rSL. A
a —- 0*86018 2.2397 26.561 ■--
1 0*8894 10 (0*88048) 0*2460 26*600 146
2 2*0725 (0.88080) 2*2635 26*780 151
*3 4*2345 0*36144 8*8891 27.009 130

4 VS# ^ = 1371 6 /i:s2*89± 0*070
o

P 1 
£ *

.296

B m  #8  a t  44* 0#

0 0.86814 (2*2319) (86.688) "
1 0.7811 X 10 “3 (0.8523#) 2.2565 86*736 158
8 1*5898 10*85868) 8.2417 86*841 158
3 1.7005 (0.35258) 8*8431 96*862 141
4 8*3038 (0.8®270> 2*2475 86.930 1408 3*5784 0.85208 2*2542 87*041 157
F/ (exfcrap.) =2.2310 p Cmaing # e x tra  p«) = 8®

avg. ISOi 2 yM1 = 2 * '54±O.08P
Hun #3 iat 44°C*

0 0.SS213 2*8297 26*648 .—
1 2.1052 A 10 ~3 (0*86271) 2*2444 86.8S4 1543 3*9991 {0,8§28S) 2.2608 86*988 1403 3*9140 (0*86311) 8.8667 27.088 137
4 4*9424 0*86346 E*2@38 87*198 137
5 6.3790 (0.86573) 2.2732 87.344 138

avg. 1571 2 ^  = 2*32 ±-0.080
*▼ £•J» = 2 ,3 2 1  0*08D



JUrn #1 at *6 .1°e.
ft /A.

X.7062X 10-f

151

O.asoie (2.2287) c
(0. .i6J26) 2.2291
0.86030 2.22.57

(0.36039) 8.2308
0.36048 8.2513

(a e la g  e( t x t m

j* = l.
46.1° C.

,*SH

$4
m
mV  pA

i * i s m  104.7570

avi * 2

0.86078 2.3265 2S.642 ' 1
<0.86077) 8.2271 28.653 9a
(0.38083) 2.2283 28.673 92
0.06036 2.2231 88.687 90(0.86009) 2.2897 §10 .0 90 98

-* 0#$— X*
•v6* /* - 1»#0 - 0* 

ez3~i,4 ere
Run #1 a t • 1 C »

3.5854 * 10-4
#*634?
7*m i &

(o'ltSa)
(8.8879)
8.2293

C 26 *077 ) 
se.fii 152(0..3044) 2.2309 25*72# XdO

0.05060 2.2384 25*750 155
(0.118065) 2*2556 26*768 155
(0.85070) 2*230© 25*81© 156

P s + P * ^ JA
Lp. )■ - 06*880
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%,2 cictsn&x&s‘vpxi.vp
fhm #1 «t 4&»Tl £**

"4-3 * ii d a v>I p

0 .—
2 0*05014 8.2271 26.671 — .

1 5*7026 M 10“J 0*35176 2.2836 87.546 179
2 7*5756 (0*86244) 2*3034 87*043 1813 3*2218 {Q.852S3) 2.3115 27*966 1844 11*2410 0*35368 2.3421 28*420 182

dlono afcruefcura %. ? r ?»89*1S (>**
avg•  ̂ 101 2 mano-a&al w t " 29.17

dl anal l * 31.52 0**
Sun #2^at 46*1°0*

0 0*05070 2.227© 26*6591 1*1133 x 10 CO*85107) 2*2376 8 6 .8 1 0 1082 2*5207 0.86155 2*2510 27.023 1713 4*4313 (0*05226) 2.2009 27.294 1704 0 *0 0 9 7 0 .8 5 8 7 1 2*2605 27*474 178

. r- = 170*: 1 (dlaaa struotur*1^ 2 .7 0

a v g . ^  - 2 . 7 5 l Q . 0 5 B

E.sa^ 0 .020) 
8.801 0*O8r) 
8.78J!: 0«02D)

I 0*0113

ffel® run waa smuS# -about 1§ yaara airt&r that ftr®t run on  
ttm &mm notarial nrhloii ha© 'bmoms® a lightly. darker in color* Tba rirot run la probably mora rallablo*



m

inn lit 46 . X C *
fa. 1 a # f  T/â
0 _<x 0*85088 (2.2gi8) C 26 *.645 ) —
1 0.9037 x 10 C0.05083) 2.2272 2§.@63 1552 1.7208 C0.88808) 2.2277 26*660 1565 2.4278 CO.88084) 8.8886 26.675 1684 3#0368 (0.88085) 2 *2291 26.683 157a 4*0081 0.380-87 8.8887 86*693 ■i m

©/ Ct*tptp• ) ~3.28613» (using © extra??.}s86.641 e r
avg. ^  154 t & J2 — 2 .51 0 . XT-

Rum #2#at 46.1° 6.
0 8. 0*88071 0*2382 86.6701 4*7870 x 10“ (0.85080) 2.2330 86.746 1 *
2 7*1816 0*08088 2*2300 26*793 1983 9.5766 C0.85X01) 2.2380 20*022 180
4 14.3080 0.86121 2.2443 8o.91d 800

»▼(&• ?A*198£ 6 ^  ̂ 2.88^ 0.060
Bum, #3’*’at 85.5°C. ~?s'

0 0.87210 (8.8656) (26.421) --■1 2.9820 X 10" 3 (0.87285) 2.2833 26*880 207
2 5.4000 (0.87345) 2.5151 87.521 80S3 8*3712 0.87418 2.3522 27*869 208
4 10.4950 (0.37465) 2.3761 28.2X8 205-

■-)

2.2600
>y 207 * /

? (using ®t exfcr&p.J- 26*342 
; * ^ 2 . 9 2 £ 0  mQlP 

avg. ju 8«8tQ»8

**Runa I &  2  on  m a te r ia l J» 1X2*114° O . 
**Bun 3 on tra©. 41st* liquid*
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Ĥ KOSfiaaar'lETHTt̂ AuJftAfE 
Him §'%, $% 611*11 0#

§&# i 4 • ” O
a ISL -3U

0 o.aeoss 2.2485 86.633 -- -
1 1.4197 *  10'5 ( Q .36163) 2.2643 26,966 2ia
a 2*3386 (0.86310) 2.2800 87.885 a x 4
3 4.5619 0.86464 2.2992 87.355 s i s
4 6.8832 0 .8671)3 2.3243 27.977 2ia

avg* 2X6 t  8 ju = 2.90? 0.08T>
H u n  # a * » t 38.8°?;.

0 0.86062 8.2466 86.645 —
X X*4?08 x  10^3 (0. .86.203) 2.2637 86.837 2232 2•081? (0.86265) 8.8718 87.078 B M3 2*2990 (0.06295) 8.2732 27.131 z m
4 a*atta 0.86448 8.2917 27.408 286
3 7.4704 0.86315 8.3344 88.124 222

ftvg* ;a = $*00± Q*mT>

airs# /a- M * m z  Q * m p

a
K i m  nmdm an mmm vm tm vlm l as H i m  #1 s b a u t  X# yssrs lat^r*



POLARIZATION vs. CONCENTRATION

TRANS -1,2 CYCLOHE XAN E DIOL150
RUM 2

P̂= 144.7

P = I45J5

RUN IO -- <
I- »

P̂= 14 f.O
R UN 3

130
MOLE FRACTION ( nxx lo*)

X 
3J

.V
1d



1 0,0122 1*1669 178 ,9 a*'>14 %m
B 0*0213 1*0001 174*4 0*027
3 0*0407 0*6109 164*0 0*098 i
4 0*0332 0*3463 140*0 0*180 1*9

a n J U E ^ M l  C»*w* 116*2)
1 0*03M 1*3000 170*0 0*001. 15#
2 0*0371 1*S0S1 171*7 0*037 W1 0*044© 1*0080 169*7 0«0S5 1764 0,0111 o*ssi§ M l  *4 0 * 1 8 5 301
g|,|*iaiJUL.,^aJi tM*1f* 116*3)
1 0*0122 1*180S 173*9 0* 8 1 4 153
a 0*0341 1*3903 173*9 0*034 144
s 0*0514 0*9031 M S . 8 0*871 140
4 0*0634 8 * 0 9 9 4 130*0 0 * 1 0 8 i m

0is 1*4 Olal* * ^ * # * 1X6*8} M.?. 189 0*
X 0*0X40 8 * 7 0 9 1 175*0 0*0363 2m
a 0*01170 0*63X0 169*7 0*0634 1.01
3 0*0331 1*1666 160*7 QrnQm 1904 0*0440 0*#tOO 168*0 0,088 177

{!!#». 1X4)
i 0*0313 X*l<M4 173*5 0*083 80#
a 0*9431 •"♦3890 163*5 0.0* 3103 0*01.16 •3630 109.9 0*197 3134 0*o«.4^ 0*4081 1 0 4 * 0 0*149 850

*»: iimmuIE****•« winii'»T »i iiiiiiiwiiiiiiifii--iwium>i> nwwMWiiiiiff***!***̂ ^  [i)i'WiWittwaw>>iji aii.iWiMW
uxm 2 &na 3 m* mmtmrimXX m*** M on fmtmt*ial mlting atJ miA 4 on mmtmrlml from r&emm distillation (

Hu»
% m ~ im



Gm&pmmS.

Qmtmntmt

diol

■0X8m*X»Z #103.

fniyi*l#4 dl#X

ota«*x#4
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8*76? -frM d# variation0*797 lutcrtmlX̂ f \of i»t*ii8it7■ hound h27drc»xyX) with© 0U90-XI't r© fci an 0*04 XntornolMulftrly hound ĥ rsii*0JLyl
8*787 ■£©•♦ hydroxyl8*8134 -int&r»ol©6ui©rl$r bound

hydroxyl? intensity warlM• with mmmmmtwmtl on*
■8*707 fro© hgr4mxx$l{ n® v a r ia t io n1*7117 internally V of inbanaXtjr -bound hydroxy w ith , con»©•ntratlca*
3*00 bound hydroxyl 8*740 tra# hyrdra&yl
0*0$ bound hydroxyl *3*10 bound h f& v o x y l

liquid

0 m 1 90 Xu!

1*91 bawid hydroxyl 0*9t carbonyl0*80 carbon doubX# bond carbon 
0*90 l u t t m a l l i  bound■hydroa?!?
3*00- vary «••&* Xntam^XaouXarXjr bound hjpdrax̂ rli

©olid(0*?** XX8**XX4) 8*M 'fatttud hydroxyl€*<Jt very wm&k carbonyl bond
OCX,, aalu* 1*770 fro© hydroatyl '* * no ohan## of 8*00. intaiialtf with dilution '-waafc* bound h y & r o r / l r 

B09B tmm%A hydroayi?* m pp& m nt 
tmm’m m rn of intercity with dilution*
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HYDROXYL ABSORPTION



m

§

ft I

f
m
u

0 IS
Sf **
f *9
9
9 9

ft ai

**%
m

&f*
Ofarf
9
9

ft ft3 «f
• •#H MV 1 0&t*
oH

3Spi

99il
£5
***

<»».<}gt
i

ifm
m

3

it
9%

«S**f
ft
*
0

9**
«t
7

2fftN*
<0*#
*4
»0*9
9#32
ft2ft9
IS*

$I6
?*■ I
? I
!  »
§ 0

X
3 90- 3«4 ft

30 9H et
0 3 *

«rr
9
#

■a

9a
99

Iput
t

ft sf tBr
m

& m
0
*r m
9 H9 * ■
9 Sf0

i*5 *t
*£
&

tE9 1» o
9
■3c& '4

!

9
3
I

m
m 00 m9 m

o
m 0ft i*t
** 90 St
3 H«r44
H

W3
PH ftIN#
9 i*9
a i?'
n 9
Ht a
i‘ .-'i «4
* 4
31 a9 n

*vf«
p#

i

♦

I
ft3

**
9
tt

ft*
0

0«
2*g>&*
&|*t
M

I*#i*#
|

9&

i#
I 0 !**♦♦ m
*  s
** if* 9a #<**

p*
pa
H

i«

0M
0
Cf
19
£Ss

<**
**
f
t*
3
***«»

itft
i
t*
E**
99ft

it

5

i

fa

I?
9
00

93

9
«tt*
0

0ofa
2
Ni/
o
*■*

9ft3<N?
A
09»
a
m
h*
9ftH*
9
3

m
m
m

M*
9ct*••»
y

8
8I
r
9a
p *
n

*0
3

m

m

«s
9
Hfa
&
990
m

m

i93
t
m
sr
i

i  i
*0

»
9

9 v*ft *iS' 9*  s
^  §*f 9a ;**I 0ftft !-*

PIa
o

I  Isr?râ4
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otter eoKpoonOa#
Tho lajfWk rod mXM®pp%%®n mpmmtmm of eotoohol and

of all tli# cono *-;5mil*3 #ttoi#4 torn bav# boon rooordod uater
torts-in ooadftlono and im oarbaia rots### of tho
in m  atfc02B$»t to totoralxio tbo oainbouoo of hfssroeon
bonditng and/or oaoX«*koto tî toaswrioia* fbo root* It* obtotaod
for oooh aro gifts bolnw*

Tto cist# wore ahtotnod for eotooftol* #lo«»lt& 0 0̂X0*
h#x»xio<lloX * and tr a il# *  i  * i  o j^ X o to m fio d lo l In tho £ *$

h1 or on t y } in ©orton totroohiartdo ooXtitiono of
dlfforent oo&oontration to dotoraiiso tho oa* utoaoo n«0
typ# of liyclrogofs toeing. * For tteb of btos#
tho oonoontrotian w»« v&rlod from ntoout 0*1 to  1*0 g»*/i*
in aolio fras* 5 to SO m*n* in thloknooo nnd tho of foot
of oonoonfcration on it*o iatonolty of tbo botoa woo otodtod*
f“loto II atow tho abaorption band# at ono oonoontrmtioxi
for oooh compound* to attonpt ho* toon redo to tndio&to
tho ohan^o fa fntonoltloa of tho tomis with oonooiitr&tlo&
tot ouoh ohangoa will to ooooribod qwnlltotliral̂  bolrer*

Cotoohol glroo ohoorp01on realm at 3*W?* 0*797#
and 0*94 j&* fto 2 * 7 € f bond la 4m® to fro# hydroityl wtiiX#
tho S*79f honO im# to oaorlbod to latrenoXooulorly 0<mn«l
ĥ pOroatyl* mmwm® ito tntonolty dto# not abaag# with
aoneontr#t i <m * Thla tntmrprmtotlon la in  ogre# rent with

/3that of touXIsig* t tm  mlmngo la lntonaity of tho



m

/a bond was not dNrfcorissiaftblo bsoftuso %im bond m s  too 
weak to study lit# dllutl on offoot, bub tfeo bonu i&«.y Us 
duo to Intora^Xsaulsrl j bamis! hydroxyls so 41 soussod for 
tho tr;-î «*l#.2 41 s>X hstov*

?r€uis~X*2 ayolohoxftnsdial sshlbtts m single simrp 
sbsoration peak at 2*?&? /i and a asuoli msskor* bro&uor 
*>oftk at 2*884 ̂  whloh mriss to intensity with ftoiioontr*~ 
tloru 2 *767 j& peak la tee norm! fro# hydroxyl toua*
whll# ths t*B34 pwwk M i  boon ssorlbod^fco into? ^XosuXsrXy 
hound hy*Xroxyls bosonas of tho ’variation la Intensity with 
oonsontrsti.oa# sithough tl̂ sre is sob# dou&t shout tola 
interpretation* If oorrset* however, It Indian. te» that 
woi®a soaaelotion tales ptooo* So Infcrsnolsetilftr hydrogen 
bonding la 1ml loots *

oyeXofcsxftsio citoi shows a brood bead Wbieh is 
taroly resolved lato tq^i nsxtas at 8 •70? and 2»7G7 
tbs Intensities of white do not spcesr to shange with 
eenaimirstion, lndlesting ft high degree of Interns! tens I tig* 
This bond, lias a slvml̂ ty tho higher wavelengths

white » |  be an uatrftftolvftd MJttmiM duo to inter*»oIeeulerXy 
bound i*ardraixyX grouse* If this la so* then wos;# ess os lotion 
Is oresent la till ft ass# also#

Tho tr*ns«l,4 diol wo a Investigated both In tho solid 
o to to- and In solution* Tho solid exhibited a sing Is

“ :'rlvftts ô BSKusLlsstlon Stqm. isr* P*';# Smith ojf tho wsvol 
ftesesreh lAfeorstery*



m

absorption immk at $.oa ju, indicating that all byds*>xyla 
arc strongly bound. A saturated ablution of thie suteianee 
chewed a single sharp absorption peak at $.768, indicating 
no hydrogen bonding of either type, cmnaâ nairitl/ no 
d i l u t i o n  s t u d ie s  w e re  m u

Ihe els~X,4 diol w©s Investigated in the solid slate 
and showed absorption peaks at Z>+10 p  and 3.38 Ths 
latter peak vac ascribed to bound hydroxyls• t% i® suggested 
that the ferner is also due to bound nydim^jia. Two êetes 
Might be expeetsd because the hydroxyl eoufIgur* ti one &re 
differenfc In this eosiuound, provided the chair form 1.m 

mm-iutmlfmd In the solid* In the case of the trana~l f4 
dlol dote hy&roityXs arc tho sane, if the ttolaettle retains 
completely either the 8p or the 2 m configuration, the 
latter doing more probable on enwgy grounds* The eolutloa 
study on the eis~X,t d i d  hasn't teen run dtie to instrument* 
al difficulties.

For the 1,2! eyeXoS^mnedione a supposedly sure sast-Xe#was used* This material aglets as a yelXoa$.ah»<ehite,
sol illiquid mixture • fowse of the liquid was pipe lied off 
and absorption 2saxlr.a were found at S*$E, 5.09, and 6.3$ ja. 
’Fheae positions are due to bonded hydroxyl, tho C=* 1 group, 
ami the 0 =*C group recusetlve1 y ♦ 'Tim intensities of the 
$•&$ and 5.k$ peaks ware such as to Indicate that

eeeewieê Miwewiias>|®MWiewawi«wiwa>«eetw>M»ewe*>i*w»H»»ia«jawwi «wni im*i»>iŵww»|<wi»<i<iwww»a*tw«e*wwaw>we>»ie*|><i<>w*wM<>>*>• »<*B*̂**!»iiaNi<eBaNaiWMeMiwMiiwacc. < w» *!<■*■».&»*»■*.• ■■ ■ <n w !»■ uMMjeM»<tf*Mew»iae

*?hia saiop le supplied by ir* Tm Teewar *



haXf o f th© groups m rm  m*$2tee&«
T M a  is not *.noon«tstf»nt with a ©03ir#X©ta nolis&d
f o r & . , tmt e < m ld  oorraapond to a ^lotur# o - t dlorto# mono** 
•no*** ' * and di^nollisad t aolutloa a tm*y on

tM$ ot^otmd ahowad a stmng f?sak at E*90/x #*a4 a w r y  
wank po#P# fit 5*O0 j&* "*ho f o « r  showad tm chei^a in 
intensity with dilution whila tho latter axhlbltod a 
slight daarai*.®-© with incr* aalt^ oomwntMtios* This >aay 
bs interpreted &a t n ^ i m t i n ^  that almost all hyciroxyla  

praaaiat u m  b m m d  intomally* with a. B tm X t fraction la 
mn n&momtMtmd condition# he internal hydrogen bonding 

in till® ommm mmy be qnlta strong if tho position of th# 
bound hyfirojcyXa can bo aogfsarad with th m m  of tho 1#2 
ill# la#

csK ^Kydroxyc^X^hesumona was m m  in bath tha aolitl 
eondl t t r n i and: in t»ry dlluta aolutlon* Hi# solid material 
•howac 0 alnglo ittortion paak at &»9Sja and a w r y  waak 
C=s'^ peal: indioatius that tha solid ia almost osrr<X#taXy 
•noliwed and teat all hyflroxyla are bound* fa dCI^. aol** 
mtion* the £ — 0 absorption ooak beauts quite strong# ah-oa* 
trio that a ooaaidarabla amount of tho ketonia for® i« 
presoot# ĥmarption oaaka war® also tm im t at Si *T76# 3*36* 

and /i* Tha forma r showed no ^hmn^m with dilution*

the lattar inowoiied iss. labaaalty* t M #  la an anaamXatta 
o h a M m a « m f and may ha duo to the f m o t that the solubility



m o  a Im #a &XIut© th&t it w&m el os# ts> tto
oon#t*mt» of tto iuetr^imnt# at*# t at t~
•tlon of tteM rMwlt# :s| p# tmt If tn# Bm7 W

pmmk %m clti# to fmt to££ro*3rX* iton tto ofctor two « y  to &t 
%mm different toto t f  #a »n£ * ulssttin of fom# and
ocmftgrntloaft » f  to !*tei# oowponto ©touXd to
»todt#<! furfctor* Tfm # poo truss of tto distil?,#6

itfwii. #«£? its otong# §a tto of
dilution* or tto ito»fcl;r diafcillod sutetenM stnd ttoir 
©tong# mn m&ix%&9 o&tolM of tto solid* with vsri-ovs# 
oslting. point# «r# *«igign#t#«l#

a oosspiot# © fmlfsis of tto tofef# s f u s t t o n  for its# 

offset of wrr&vm in  Wm wort.mm msswnrsd quantltl#* tea 
ai»sd| b##n isato snd appilod to m s w m m ts diiut* solution# 
©note *s Inti t o s s  §*#atiiP#«S in t'fela work* It IndSoet## llml

^ jLimaoot* MMursd in this ordsr of dilution C?y=lO to IQ " ) 

a m  n m o l s *  to- 0 « X D  o r  :o#%t#r» ho m o u l t #  ofctsiwstf t o m  

©tow proolsion wall within ttos* Mult®* oxospt In tto 
O S S #  s t o p ®  tto f i r s t  m a n  Imse#

In wery *iilut# solutions) totes to s film tl^l 0*4C I### 
Stan tto othsr two pwn*

It w i l l  m m  to of intmroo* to *tt#sg»t to t o t s m & n s  

tto s t r a o t u r #  mtsd/or o o n f l g u r o t t o n  o f  thorn wolsonls# 

fiw tto cli nol@ M s s M t t *  *n& woloouJLar wight
tots* in tto %%i9n t of tto ttoory whiofc to# t o # n  pm##nt#ci •



m

a r iitF  to faallltato ttm  c liaa iias to a  m  t t o i#  m m  

drawn up to vvmmmnt n t  m thm loforiaatloa w h ic h c#n
he obtaltm h h f i»siMtion of to# ftsbai^Barafald^^odala 
and of intaraetioa analgia© * Two topaa of
atarla hlAdraaa© ara aswtoataFad to thaaa aaXaeulaa* 
IXktirlmnMi of hydros jfi hydragana# ana totarfwrenoa of 
polar l^r&atyl iijrdFogatta with polcue* h$&ra%cxm afctaohad 
to oarton# tola# ramovaa frcwa tea tojKira&yl eirkm# ilia 
la t tor la Indian tot aa cs3h la to# tohl#» X#H afaXo^maa** 
&laaa and taava tm% irnmn laaluhad

In to© tabla* tidah of toaaa atormatorliitias ms ara par** 
tlaaat to tteaa aalaanlaa will hm i.iloiuctaa in fcha nlaaaaalaa*

.mtiiJi* i

Q m m p m x m & C k w t f i g * X u t m n m X

H  B o n f S i i i g
- B o a a l h X a  *

£fcajt*i0 «l w 
I f t n f t m n a a  •
f y p a  ■

», *j  /ti

a t © - 4 # g  a i o i l a a
o

o n t o  E * d t i 1 3 * 1 0

t f m n a » I , S  d i a l s # i # a h y c u r a a t y  1  B f a  3  » d

S p «&a €*■ si d # S 0

C l a - l , *  d i c i l t o # X P S o d  a  4* * 0 3

f * a « a » l * 4  d i a l s # ji-O a o a a  u # d **.*o

U p B o
3= ’* JSj 'S*«e % * % a

I h t a F ^ ^ a a X a a a l a i *  i t f d r o g # a  b a i a l i n g  l a  p o a a i d i #  l o r

-/4~

m i l tha«a cm®pmmmk&*



I n  t&» following dlaauaaloa tin© angJaa totaaaa tto 
C«*i bomia tov® toon aatlasatad fro® the jsstoala of tto 
noloo-alas* This la ooasibla tooaoa* tto modal of ®yoiu>* 
fcax&na ladiaataa that tto ototr fom of tto *in$ X* a
fairly r£nid » t r a t m «  If it war# naaaaaary to oonaidar 
tost ta v w * this siagl# tauId not to flaad tooausa thara la 
aoiisitormbX# fraadosi of rotation about tha c«*u to»da# 

tonai&aring tto 1*3 dials* taking tto ola isobar 
first* ttor# two '.poaslhla oonfiipuratlona* aaah with 
ob« hydroxyl group polar «unsl on# atpsafeoalal* Thasa ara 
option! liasart #0 that thsy to ill Imwa tto a an# cilpal# 
rn-rnmntm fit# a tori® hlndranaa snoauntarad in tills f&olaanla 
prstofcly naad not to aorialdarad aims tto a&lua of r», 
la so larga* toiag about tto#® fcSp.aa tto sains at whlou 
InSsFastlon » f  to sxoaatad to aarloual/ raduaa tto frasdon 
0# rotation# ‘"oraasar* te# mod#! Indloataa tto possibility 
of hydragan tolling# this acfcnslly axlats* as anoan fcy / 3tto infra«*rad apaotrua and la of tto aam typa a# oatashal* 
which la eonaldarad to sxist In a alâ jplaiiar strofetur® with 
almost aotsplats IntrajnolsauXar hyorogan bonding*

if tto hydro&yl group# nay to aonsldarad to to loskad 
in tto satsahol oan.figuratlan than tto angla tmtwmmm tto 
raaultant sector® for Mi# doll groins m y  to aafels&tod from 
tto modal to to SOl of <rbi%r*rtXy aasigning II ;ta of 
I Id^to Mila tungls* tto rasuIfcanfc of thaaa two vsctors



H

p'O*

0
*

s4?

HI
&!■"$*m S #fS #P H
£ t .-r̂  ' i J-

fy £
■**! ' £# 4f t»J4 H
**&s m 1ua ",m4WK# 43 1H o
♦!
I

vil0 1
jg} #1 0 »

t l
u f gm * * . 0Ma >a *o
0. # 1

wt

10
0€k

tif
$
m

i
I

§
i
a

t
sH
0£%

4®
&
f
1H

I
S3
•
(*
«0S3©«H
1

$*e&
4»©

H*

8tf
*
I
0m
%4*
et
h

£f
I4«3

f

*
m*5H

£-IS
m*3

*3€>
-6' ••’'

r4

X

30u
h§
13r-ti
1
%-*#**

4» fcH0 H © SI © ©£* *4
%  1 3 S.&
1 & ©

** ma h

%a**©#

*Hi
£t#©os*

©©

40«H

0$*

O

*0Has©Oa

#

0 *9 fO
0 t* •

t 5 J p# P 3
b SH 04* 0 fl #44 0 49 H

%4 IN H r4
H a «4f HI H 0• aH i* 0H > H

$*
t

5
#
.;• <**

iH
P
£

»«

01
01
s

IH

i

0 fe?! 0
0
S H

J3
S3 44
1 « f"
4? s

»$

a13
fSIOmc

> sH H4&t. 4*I
gH  #

fc
I  M# 4$
* *40 0

H4*£hi«4*ftO©

IP
u0

I
■£>%

9H1%
I
&
U

s4»
44*4
HHiHH*rta
i40©

<*4
$
m
m
0

9IS

49 |«
t  IM 0

a  i

H

HH
# Ijt->2̂ m
4»

0%40 m#4
fi1*a %*.
p i0 sk

1 w
f «SHv
$t cp

|
•k.

1
S

k

£e .jP*V
•4 H
43 0
m

1
t-
i

H &
t#
0 «r
# ©n
£ %H a
P >4
0H 32
N0 b 5

ats
rue
fct
ii*
## 

%h
m 

»u
^c

| 
MM
ra
t 

fda
eml
d 

to*



T t o  l a  s t o u t  Q*% T- m i t  hi^ t o r  ttoti

t l m t  c a l c u la t e d  o n  fcha to #  la  o f  f r a ©  r o t a t i o n  •  ats

In feto theory* nil tton# sonrvrmeis
stouM t o w  # aloas to S!# 1 if tto aagl# ai.faan,
ttm axaa o f  ro ta t io n  in  ftjcac!* fcto a to t i  a ffa a ta

duw to H|ur^tA* attootoci to tii^rii*] /rovitoii tm  miimrnt 
of C«*ii toto# aiiiaU mtos% to #ato^tu#d 1# assail* raaaootola
m g ^ rn m & t t o  o l s i - t o  a a p a a t a l l y  a l t o #  i n i a r a a t l o a

in tola a a* a stouM X«®d to a i&oMat- h i & h a r  than tlmt
ostoulitoil for fraa rotafciou* towaaar# fra# rotation is 
a a t  poaatbla i» this ©ass it# is a t o m  b y  iha l u l ^ r i i  

data **** 1 ^ ̂  ,ad b y  tli# h i # h  f i i »  of til# iiitortofcioa

•i»ariyr*

In. tto o«i« of tto trmss^lpl dlol* tost of tto four 

paaslfcla eonfil^u^tion* asst to o rtoldtarad* c>m tmm &#tfc 
h y d r o x y la  lu  p o l a r  p £ « l t io n & # t t o  o t t o r  imm o o to  i n  a *%&«* 

tor to 1 oa#ltior»* T t o a a  ars t o  tout o ® r i #  s^tftllltorluK* 

o f t to  &odal fo r  t to  oaofi^uratiom  a the 

hydroscyl* ahoaa tto '*> tofIliy of >*v.kogan 
towliiife,# Is  f * & t# t to  d la to M sa  to il an$i#a aonaarsaad &r# 

fKWtoltoalXj' tto «&&* a# la tto » » #  of Mm m%m*«X$M diol#

Ttsa fc^&rogaaa to  Im aoto ldarad fo r to la  aaa^ikur& tioa ora 

tto â uafcorlaX bydro^ana m  ®mrUom earraapas&itag to tto 

tiy&ro&yl earboiaa# a t  tto oopaaita #to of tto m l a a u l a *

Xn till© 013. m § tto hy&rofcaoa oasi im a a t l m t a d  vliab a fair 

d a ^ ra a  o f ;>raaiata» to hmm tm m ra  a f t o c t  tto n  a :£ 0*1 f>



mit mm tlm If ttola eoiili^ur&tion
mmm m  & m i& tm Im  m m & lo ^ a s  {!•#• rlgiaiy- bsus^d
hycrox*1 in i to tii# ol#-1 *2 OXal# tto# a rnrig# for tto#
calculated isoartmt Is afeô t B#T**0#i2* ^&la* tto# I >w#r
limit I« auout 0*3 -oaHa atoov# t im  #xp#riia*5ai& 1 vain# 
43*0#lj* An^ tto# San# <gi&alitattv# arg'^M^nts for tto# 
lawaring #f t&# aatiH#nfc would apply fear# a© ##r# a sol.lad 
la tto# ©is** 1*3 dial mu#* f:to# t#nd#n#y mi tils mmlaemi# 
toward &l#i«rls*il&a im  m tv m & g m r %kmn that m i %tm o lm - i+ B  

diol* mm «vld#n##d toy th# laolaaular Mi^fet data i n  

whmrm even sit tto# low# at ^^nosatrttiaa poaslfel# <u*01 to 
O#0S mol# irtsti§a), tto# & ? #r#nt asolaaular w#i&hfc im  %m 

th# rar # 18O^#o0# Mia## th# rang# #f ni#MW#m#rkt of tit# 
solutions la m t  to# :aeu#h to* low-tM a (0*00? to 0*001 mol# 
fraotion, disariaatlon w u M  s##% to to# # dailnlfc* pas#** 
IfeSlity* Oil# la£ra~x**& ato#oration spaotrusa isay India#!# 
fejrd?o$#a toon© t tog • to#t?«##a aolacttl## In dilution# aomos ratol# 
to tho## u##d for tli# di^ol# m sm m m t »###$ir#m#nt# a* *•#»#• 
t.mw*-: provlooaly* 4t any r*t## if tfear# I# an #qul 11 toriust 
©#tw##rt laariawr an# toiffi#F* th# sseMeant la jtraatioaliy 
Itipaaai&l# mi aatimatiori 'unl##a th# distribution #nu ##&» 
figuration of tto# dlmar la k«o«n with aortainty# Hi# 
mto»©iia® af tntraiaolaoui * r feosiiing in thla aolacsul# ms l# 
in# la a. tad for th# #la~X»2 dial la auasltng* alnc# tto# 
mod# la trt ao aaariy a ilk# and tto# .w#a«mr#«I aosamta ar#
#0 naarly l&antlaal* \mimmm thm aaatrllmtioo of tto# to foam



tor tto Is nof#f&r* in tto infra*
r#4 spa© truss aJT tto si#** 1*3 dial* tto two p0#.k«f s m  torsly 
msolwcl by tto itotrwisnt* k!m## aslp a wsry slightly 
mmmkm? baud ssi^ht aalst t u  fee tmis#**X*E dial £3#<
mi^lit im it to Is# reaolvsd, but towrfctoleaa hm »uf fielsatly 
stra w bo toop tte ^v r m y X *  i n  tto o&tsdtol soailpwr&bion* 

Far tto Ep Mtol&urmt&oa* ttoro is no possibility of 
intriijiotosutor hydra^aa batolai&# ito# rotation is blookitd 
-by tbs p-ator UychPogaiM# oss i ' iw  uto tbs inton*oil$»
o&&*v»* is about doubla that at which rotation map as 
cxpsctod to b# h im i& rm d to c ooncidorabic doors#• ill & t  

tto hyara^a# attached So © « :toas arc ®ppom6. la thin 
a&o;UMttU>« ami ccaffC^ucably toed not b# uoi^ictosd* kto 
totcraction of tto g p tm p m  i n  this would not
to «xr**atcd to to such as to o&u$& tto reculfcsnt vector* 
of tho w &routo to so ̂ lately support or cosspl&tely ap^occ 
ons anattor* hut probsfeiw tbs cn^lc# totwccn iton of u rector 
tto& #0°would to- favored tocmus* of tto location of tto 
$raana# If this is autu&lly it# 0&&0* th# m o tm n t should 
to Its# Umn 0*4* if . iin#i*fit ^aneral ctattowmt that 
iaulD^rs towing polar sutoiltuento have cnergl**
than tto** with equatorial substituents is applicable tore* 
then tto #9- oeflafi$ur*tle& should to lea* f n o ^ l  than -th#
S# f#r this lamer* if I M #  m m w ^ g  M > £ £ ® m & m  is of tto 
cat?** ortor of amplitude us mis to irt tto 4ti&»t&yXeyelo<» 
h®Mmm Ceriwatlvee or bi&tor* tton tto 3# eo^t&uratioa



m

iteail b# acmidarably favor##•
lif any ttonoluslmm nay m  drawn frost IMi data and 

fete feteory ttey trti firsts fr#a rotation I#
abaaat in fete #1# laomr and r#ry %m&rmhmhlm for fritter 
of fete omfl&uratioii# of fete transf a^oote* fete
#xi#t#n## of any appraaiabl# a n m t  of fete %* amfigurafeloii 
of th® feran# Iftanr at thmmm %m unlikalys
third* fete mat probabl# configuration for th#®# I®os&#r# 
ar# th### m lm lXm t t o  #afe##tel« ^te »m#«Kt# isay b# iofttts 
do# to llbrmtion of th# hydroayl# tteoi^h m m t t angl## 
about th# rigidly bound position#* or by th o formation 
of #ym#trl#al dimar® to a »mXX mmtmafe*

it should b# point## out that th# tain# ealaolatad 
for eataehol m #  ba##6 on bote mmnfea of 0*7
for 0-0* 1*6 for 0«<fl# ate mm asig.1# for th# COS g m #  of 
fit* wter# fete hydrog#ns ate about 0*1 mil to fete ##l#tt* 
latte m t e *  ftea# bote mostafife# ate thl# asigl# load to a 
ftiiilltefe aaoMAt for ptemo 1 of about 1*5# o* whloh i# to h#

itocmparod to a mrnmm%mm0 tite of 1*7# I f  0*1 1# #ubtra##A 
from fete p im tm %  v&lu# for fete para hydr#$#n» 1*§ 1# obtalxsad
for fete con group m m m nt* tim ing fchi# valu#* #at##tel m y  
b# # a lom iM to4 to ter# m waosmmt of 0*7# for fete ois-planar 
a tru o tu r# * #h#r# fete hydrognna to b# #om ld#r#b  will rata# 
fehi© to BmMm Bttmm fete m aaurad walu# CS*SB> I# about 
u*3 unit® 1o*#r» i t  la  itelaafead fetefe fete matted 1#
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#an#*h#t In ©rror* or that th#r# Im mmm d#pa**bur# fro# 
th# #t#*> U m  atypuotur#* or that aoa# ajmatrioal elisors 
ar# farasod* if tto l o m r  is tto ttoxi th# v a l m
#*loulat«d for th# botood atruatur## of th# «l#»#a£ trail#-* 
1*2 dial# « f  to 'too hi&h bjr about th# #### mint* If this 
oorraotloa 1# appliad* th# lo##r rang# of th# oAlOttliM 
valuoa may to r#6u##£ to about vhlah i# in good a^fa#*
wmn% with th# siaaourad valn##«

For th# ©a.## of th# ts”aa#*l*4 dtol* two «oftflgtar*tlan# 
mumt to #oMi<l#r#63 Bp and 8## Th### m m  I n  tautoaari#
#%aiXihrio#^* ftor# I# no p o m m for li»bramol##i%Xar 
hydros#?! bonding in alitor ©###* fra# rotation I# !»oo#;tbl# 
for th# B# oonflguratlon hot I# blndarad hy oolar hydro&an# 
for th# Bp toxiflgnratlon* iis# itaiaouXaF ##ight Ant# 
i#di#«t## th#t aaaoaiatlaa w » W  to wary assail* #iran #t 
muah fcigtor anno#ntration# th## th# •olutllilf in tons### 
w m l&  allow* ^to ift£ra»r#a mmwm m® hfdr#g#n
handing* In #a#li ooiiflgiiratiott all ring iifdrogon® sit 
#o;;iO##6 #o that btojr n##d not to #on#16#r#6«

For th# Bp aanfiguraticm angl## to two# n th# raaultant 
wootor# of th# 6IB groap# of fro# about 40° bo XScfwottM 
h# #llaw#6 in tli# #h##n## of Intaraotton* ha##wr* to# 
mutual potential anargy valu# tadlaataa that mmm labor* 
motion is to to #xgi#eb#6* Th# di#po#tttoa of to# hybroayl# 
i# again quit# dlffloult to d# torn in#* although it may to 
oaaoiucito that th#/ should to g m m rm lX f opposad* loading



m

to mm opprooloblo rm avm kim i in tto m rnm nt tmmm^ mm froo 
rotation (&*$!)• m9 if -*Ataorfo gfrnmrm 1 rui# m m m m t** 

tag polar is ap:r>XtosbX#f tho oqmtorial
fora* ohooM ho fororod*

For tho oquatarloX oofsflg-iiriitioa tho tftubuol noton tlol 
onorg^ lo oboat mm third tho wmXnm for strong Intoroot!on* 
hot about tisroo tlisos oo largo oo tho woXuo at ohioh intor* 
sotion any ho ooastdorod nogXX&iblo# tho
moMmt ohonia ho #o:oistmt Xoeo than tho fro# rotation 
wolao of 3»21# sin#© IntorMfelozi in thin o&so would bo 
dofl&itoly onfoooroblo to positions ohoro tho oootoro 
ooald b# goxkoroUf supporting# ^ho wetont of IMj oo«*potittd 
should bo tan$»omtttro m m m lt tm  msO opproooii S#tX oo o 
Xislt* tho isooourod raloo of X*8I B to ia sap-: art of 
thooo orgusnonto* Xt dooo not ruX# out tho oxlotondo of 
& polar eortf lgtirotlon, although qiftalitativoly tho polar 
oonfl^pmtlon ohoiald ho so a mofsont oonoohat Xooo than tho 
mqwm&m&tmt booouoo tins lntoraotlon is otroagor* and tho 
praooaoo of otori# hlndronoo *»f oat dawn tho availability 
of th# s^XXor angXoo with ofoloh th# Xarg#i* noiaoato. oro

o oaooooiotod* osmphioal i»ta$ratio» pw#f tho r**-*o 40 to 130 
aoonadUig all m qxm tX j protos'blo* all am o nmmtmmm

momon-t for tins polar ooaflgnrotton of oboist &*0¥ B* If 

tho s w n l  eomM bo ooor o tospporoturo rang# and
war# found to opproooh 2«HX as o lists t* tho oxlotonoo of



ooy approoiablo amount m i tho is alar ooatlgtiratioii m n 'M  

bo rulod. emt« km m t $ howoror# tasro is no pm%%£%mt%om 
f a r  this othor than th* gonorol rulo o f P itsor*o«

1% $?»y to# o m o l r t o O  that t h o  msasot is  in  

w ith  w a tr ie te * !  ro ta tio n  th *o ry # 9110 i f  both o o iifl^ ttro * 

ttono o f th is  oolooulo or® prooont#

In  tho oooo mi ta#  # ia i  only mnm s o rt ig u ro t ion

I m aoo®ibl® w ith  00® hydroxyl o q tts to rlo l »*»§ m m  p a la r*

Tho o q o a to rio l hydroxyl is  fro #  to  ra ta ta *  but tho .polar 

fey&rooyl onoountoro Intarfoi^tstoo fra®  p o la r hydros®no mm 
otho r earbono* p o la r a r t  os# ocgtiotorlol 0»H

o o n iritm ta  a ro ou lto& t o f about 0*8TO to  ta t  to ta l mooont 

Inst tho ro ta tio n  botooon th io  ro o o lto o t a r t  tho Cos? ro o to rs  

is  q u it#  c lif f  l im it  ta  ooblooto* fho  m tu o l p o te n tia l 

onorgy 1# la rg o  ooough to  aeoovmt fo r  oonoldorotlo  la te ro o tlo a #  

butt tho o f fo o t on tho d is p o s itio n  o f 0-sH rooter®  Is  to#  

d if f lo u .lt  to  teternslji®* 00 th a t no a tta o p t *111 ta  note to  

oaloulot®  o »»oont fo r  th is  isoloottlo* Th® fro #  ro ta tio n  

volus is about 0*03>» Im t tho oalotene# o f froo ro ta tio n  

Is  q a lto  lisprotahlo#

tho host volu® of tho lammt for this o^pmirt 1® 8«8 »
If tho molting paints may ho usod os a erlterloa* Tbs 
rolatlvoly larg*# ooluo of this TOtton! oot Inclloate that tho 
hydroxyl roster® aro gonorolIf OlopoooO to ou# orb at #00 

gy?iiibh#r# o possibility ahloh is not olimln® tad by oaaminotlott 
of tho modal* fho mrtoX of ta© hoot form of tt&o moloeulo
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The resultant based on this angle is 3*6* *fwa hydrogens with
a resultsnt of about 0*57 add air,ast quantitatively to this
to bring the moment to abort 4*2* t wen allowing room for

oan error In. estlsmtlon; of the angle of 10 would, onlj bring 
the total sroB̂ nt da m n to 5*7* This Is in very oeor a/tst* 
ment with the *xperisemta 1 value of 2*75* Consequently, 
this form probably does not exist to any great extent In 
solution & a im  sort of resc^aac© plmnomm nm . m m  to
conjugation of the ourbonyl linkage# as Indicated in fig* 11 
would work toward reducing the s^aiat* Howtr, It is 
sx*'scted that eny such effect would ctmng# the mrnmnt vary

little, beoause wlal la 
i . A  — taken frays one group

/ y °  r V * 'f J would be added to the
other*

^r'̂ * ^ The Infra-red
abaerptlon apa©tni® 
Indicates that this 

substance la the 1 iquld state exists with about one half 
the carbonyls enollsed ana with the hydroxyl hydrogens 
bonded* ko distinction is made her© between Intre- and 
tntermoleemlar bonding, but the data eould bm explained 
by single noleeules* singly ©no11zed, and havlug the 
hydroxyl hydrogen bridged to the carbonyl oxygen within 
the molecule* If such a picture would apoly In dilute 
bensene solution. and If the bonding Keeps the ring and
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n

end the tsosgeni aiteusld he u tm m  to that of oeteehel Cf«§3l*
If m value of Xml It used for the -8 rootor ib# F5Mairii It 
eaXeulated to be 2*  it and tro „e.n* tot to e ewetl
esaeuiat to thle ms is tit# e&ee of the tmn»'*l*& <5iol* Unit 
value m y  s>o eonetdereel to b* in fair agreement with the 
ez^riaemtel value* heaoranee ooeaiteilitlee of tit# type 
indioafced in IS would b# expected to fetft m neutral
effeei a luce the mmtMmlm it eyng&etrieel and the two extreme

e te e tro n le  oonfiguratl.one
M- efeould eeneel*

U P & m r* sl^ht ooaetbiy
be f ontiid me eenaldered for 
the ease o f the I #t  61 o le

Fie/. \Z .
for either of the enol ferae 
eottetdened here* If til
^roupe ere bound in a eysseet** 

rfeal * true tore the result should be to deereae# the roaeat« 
I f  they are net a^^trieal* then the effeet oa the m i i l  

eannet be determined* It it suggested that* beeeuse tine 
omy^en of the emrbonyl 1® s tro n g ly  electronegative and 

probably made eonalderably mmrm mo by the reeonanee offset* 
an u m itu a lljr strong i a l i t » « i i 0« k r  li|rdrojger bond eo^lit be 

formed la this emte and esaeeiatlon slight tlitrefert be 
resisted*

" be strong hydro&en bond end the rtimnne# effeet
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there Im no stabilising influence ttaeli as resonance ar 
hydrogen bon-iling# 3a that the m m m nt is nor# oroh^bXp 
dee to an einXXibritc# mtmt\wm of the diketone an# the 
ainglf enoXised fora# Teaawftiaent of the infra-red 
absorption spectres* should help considersblj to elucidate 
the $tfuoto« of this mol#emX#*

If the eiruettsr# of ^ ~h^dro« $070Xohsxsnone Is written, 
as the amne suggest* tmuto^rs of the nis k!«i it consid*

cons iCeratlotis are net imoortmfit Isere* Par the equatorial 
fora* intramolecular hydrogen ben&lng Is  possible erwS

should he quite strong# tf the bsp&rogen of Wm hydroxyl
is rigidly held as »«* the carbonyl oxygen ms possible* 
the angle between the eaxtoenyX vector end the reeuXtent
vector of the ^ M grouo is liS as estlsaited fror. the model# 

The memtotot 1« ©alemXatsd to be X#fl* T im  resultant of 
three earbev̂ hjrCrogen bonds !^0#S| *ac* elmst completely 

to the carbonyl vector «nd shcn this is consider## the 

menemt im raised to about Bm2t'u A.̂ aiaf alloving a tlO  

range for errar in the estlsaeted angle, the range of the

ereC. for the dials beooste
possible* These mwm indicated
in Pig# 13* In an# esse* the 
hydroxyl green Is polar and 
in the other equatorial#
Eficli of these has m mirrcr

(e;

FIgf. /3. ! «  e, hoeever# the cntlcel

o
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sale*ilatea is £ound to to !*#§ to $*4B» fhls is
not consistent with, the average e&perlsseatal value or &«8*

The paisr fora lends to a calculated, moment o f  m & m t

toe m m  range* p rm ld m ^ to# interaction in strong euough
to keep to© too vector© in I position of tmaciimim opposition#

0sine# toe estimated angle for tMs configuration in 148*
Interaction should to quite strong lit this case due to the 
proximity of the group® and their large asqpd/tudes » It 
should to greater than the value for tha trans»lt£ < * >1 
Cf,:w* for both toes# oenflgiu’afelons any 11 hr*tlor. of the 
hydroxyl about toe C-'* bond must give rise to a higher 
taotoat* since the positions calculated nr# too®# of maxi
mum opposition of the two vector#* ft I® at t ̂ ested that 
th# stabilising influence of the hydrogen bona should 
favor predominant# of the senatorial configuration*

Pm# rotation in either instance would predict a
moment of about 3#3* hgmtn§ It la not sapsotad tmamim® 

of the large value of the nutual ..potential energy#
The fact that this compound la capable of emollsaiion

is shown by the infra-rsd of the solid which
shows only a wry weak carbonyl absorption peak* the 
end form would to «jq:>#etad to have a moment seas# place 
totween that of catechol iS*5§l and to# ofe~X*S Mol 
(2*35)* b inc© intra molecular hydrogen bonding is possible
in this form* The estimated angle between to# resultants

0of the hydroxyl groups is #0 if they are locked la the
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eatee&ol eanffiguretioru a m  rotation »fe«f Q-0 bond# la
pm m lM lM  mm 1 the naxffr, im >om Uilm angle between the **#•

oeuliante 1* about IH* a t o M  lee<l to a weaken!nr off
the hydrogen bond h w ^ r f eo that the angle wo; let to#

£?genre la the range? ©0-£lCI# and the ŝmaent e&letfe*
la tact to  to# M*B -*3*o# The few# hydragene to toe noneleered 
wonl© hew only a very esmXX efffeet a* la. the off the
tr&ae~X*& dffoX* fire# rotation XeaiSb to a moment off a beat 

tout le n o t Hicely to e&iefe*
* !*wi»a felon In eolation ie fitifee poeattol# in view 

#ff the ssoXeenXar wight note* Again* Iff It reeulte !e 
eyBs^fcrleeX eonffiî iwi feline* the moment ehou 1# toe lc5̂ #f*#dt 
while iff the dlasere were not m ym m Wteal no efleet ©ouM 
toe- eefelmted* Xn view off the linear relation obtained 
ffaj? the palarlimtlas v»# W^^ats* dl&eriamtloii le probably 
ia.ll In extent*

fh® tiŷ r0*f̂ lr©t#fi# ahould to# efeatolllsed In eolation tojr 
the eferongger latremoleouler hond# The taeeenffed. walae off 
the v-joment I® eonel&tent with this pleture iff eome Ittore- 
felon off the hy&rexyX oeeure* although it «lc»##ofi rule <mfe 
the poaeiblXIfey Quite large off the anal torn
whieb ehould toe favored toy the low dfteleeferie ©onetent 
off the beneext* solvent*

it ton.® »#en, fehefe the meltlag potntm obtained
ffor fehle eoiapoaEil end. it# notion In eolation m**#
Manila**#' lor eatam^le* the All® eeXld dbloh oryataixieed
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f r o m  the vacuus* dim t i l l e d  product tm Its ovm.- a range
o

X12 to X3Q S* M i  is *a %mmvmX%j lar$e even lor
an impure subtense mid flight result from the keto^enmt
e q u i l i b r i u m  i o d  dtaeri&afcioii b # t « # e a  to rmj§ in

the nolle!* T h e  mamisi distilled liquid is probably the
k e t o n e  form* while • the white s o l i d  s i t i n g  over a on#

<9
d e g r e e  rang© at 151 C# is prob a b l y  Albertsad# The solu
bility d a t a  i s ' p r o b a b l y  consistent w i t h  this picture#
By r e l a t i v e l y  long ref l u x i n g  t h e •solid © a n  be  br o u g h t  into 

be&isene s o l u t i o n  l a  g ait# large eoneentratlone# lao# in 

solution the substance restate r c a r y s t a f  Xiimttoii# c o m i n g  

o a t  only a f t e r  long pe r i o d s  of tt-ac* m a d  t h a n  w i t h  q uite 

large losses# This w i g h t  Indicate that th* long r e f l u x i n g  

tlsse is necessary to break down extelis Aimers and also 
all -w a s h i f t  in the e q u i l i b r i u m  toward the k e t ools form 

to take p l a c e *  s i l o s  log rsore of the enol f o r m  to go into 

s o l ution# in the other hand the estoXi# fo r ®  should be 

f a v o r e d  b $  tot low d i e l e c t r i c  c o n s t a n t  b u t  if the shift 

toward thla f o r m  is slow at low temperatures the recrystalt* 
last Ion w o u l d  be accompanied b y  ti nm d e l a y  and large losses# 

i'he l of  r e a r e d  a b s o r p t i o n  n p # o t r u a  ties in these or :V; unseats 

n i c e l y  s i  a s #  it s hows the of only v # r y  s ^ c l l  inornate

o f  carb o n y l  In the solid, but a p p r e c i a b l e  amounts* ?n the 

liquid#
It m y  be concluded t h a t  this compound exist® in
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bmmmrm solution as & of learner a with * tm m m rm j

toward tli® mm$tl e  f m T h ®  d ip o le  ncmant data does oot 
allow a ehoiee between ->olay and equatorial format of the 
hydroxy ketone beaauae they ehouici gire about the aa*» 
moment, although the equatorial fona la probably stabilised 
by hydrog# n bonding#

The dipole mounent of oar in (&•$$) had h«#n meas\ired 
2-̂fprewi-ouely arid.urns considered to ha Inaonalatant with the 

-^•hydroxy ketone atruotura ?m®#d on a ©ftleuiated mossmt 
o f  3 *3 T># TOe msatent p r e v io u s ly  aalaulated tn q u i t #  w ro ftg  

hewewar, and if ear In ?m© the ^^hydroxy 'ketone atruoture 
It should have about the same amient mm aa leu la tad Tnera 
for adipoln, In eerin, of eourae, the iautofsere b#aor# 
stable ieoaaara hee&use the configuration of the ring and 
a imtxtmw of Is setters wan probably tnaaaurad* Woi*#if#r, ms 
tmm been shorn, the isomers probably should haw about 
the mmm myrmn% and, if the eo** round doaantt anollaa to 
any appreelahle extant In t#a*»ia solution, seaeration 
and tnemsureieenb of the fM-mmsm of ear In or a similar 
pouatf should enable or otherwise, of this
analysis*

Finally, it nay be stated that the- dipole •̂ owant.a 
weasured fo r  the®e co-” rounds are ro t  espehte o f any sim ple 

or quantitative interpretation, m s  in eomjm^tlon with 
the Infreared and s&o&senlar weight data Whieh Imp been 
presented# Sug^eatioiui are aad# below for work whieh mi^ht
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fnrtter clarify the -end configuration* o f tfieee
moieouXm®•

i t  m m j te iblc to obtain wor# definite InfometlcNi
about fete eonf 3L urctiona of the dietttefctttttcd e;mlehc#«nee

5i***upXng fcte mmmntm o f  Mm dlehlore derive tlwn *
L ine ® only mm ola~If2 configurett on Xe ooeelble* the winent
eteuld enable a ©alcule fetor* o f  the L. angle between the teiJX
bonce# fhl* en&le could then be employed in a reaftleule*
tlon of the mosnent for the el**l#2 diol* te-ee^re-sent o f

the si e t far fete trene«*i*® diehlero caawaiid -might give
e definite indication oX the presence or absence of the
2p eo!il,%uri.tiaa> beeeuee the en&le between the Q**Qt tetee

oin the Bp ©as© w o u ld  be eloae to l<Jv* The u ro m m n o *  o f  

appreciable ausounte of thin e<mflgur&tion ehould reeult
therefore in a eonel&erf ©1© reduction of fete meeeured

oae*aent froa a value ba«e& on an approximate angle of 6i>*
C/i for the 2# configuration)# If the 2p configuration 
were eUeent In this cute fete neeeured i m i n t  stolid he 
$uit# a I »iler to that of the eie~l*J2 diehloro derivative#

The monacal for the eic-*l*4 dlchloro eoasoeuaci ilmiM 
enable a a»ore e^eet- eefcl-Kae felon of the angle between <***<*% 

immfsMp which eg* la ecu lb. be applied in otter eaae# • fte 
eiosaemt for the trfeaa-I#4 aiahXaro ^mMpmxmI etewld be ir»ry 
elove to ger-3, regardX#»# of the presence or etoenoe of the 
2 o  configurefcion# ate ten©# should net enable any decision 
to he made about the poles* ©oafi^uratlon In fchie emu##
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The effeet of eeeoeiatidii In ©elution m ig h t b# 
m tm rm lw rn l. h j risking *1 1 these suhetenees in dioxin# 
0oXutlon# where eoneiderably qpm m tm T ' eoneeatretlone ar® 
roaetble* Far the formation of eysnnetrieal clisssore
should result in a mrlced deere&&e tm the slop® of the 
polarieetien eurfii with Higher eoncentaetlone*

S i m i l a r  cleriiretiwes of deeeXtn where the fua#d ring® 

should result in rigid structure®# with no possibility 
of efmlr^ ehalr tent oner iem* should prodne# isomer® 
eitpable of separation* "fbe noananta'of these aho-̂ lc: be 
wore easily interpreted in term® of  the'existing theory 
s.r4 might h e l p  eoMiderably in tte interpretation of the 
structure* of the eorapoun&e itaitriti here* This might 
be P&rtleulsrly l a t e r ®®ting in the ease of the <* m hy&voxj 

ketone eowpound* Sow^erji the leonNtrieat of aesalla Itself 
would m l #  the task of preparation* eesaeretion^ and iiieti** 
ti fleet! on of iso«r# one of eorietderetle eoaplexlty*
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r 'l f  TV" * ’• » ’’•■P }•■ * I --< -J? -V ■ '•• .'

If the mrvint of boat tmmt&m'x* of di-suhsfi*
tuted d®s*ifiiif«a af cyelohsjRane ssny be considered to bo 
very smell at low temperature#* then United oonel^elone 
mm to tli# fsm and/or ooafigurafctsn of thus# eorwô rids 
in benaene eeXution een be &v&wn on tho basis of genertsl 
theory a *d the experimental worfe thleti tern* bean presented# 

rotation of hydroxyl grows about the bo ad 
in any dihydroxy expound 'the «itgl© between the
C*P bon* ia f t&ed warn Id be- ©Hp#dt#c! to lend to a s*r *rt A 
mmm-n% of 8 #2* - share mvmXl variation* are possible due to 
tli® disposition of C~** borin# in the molbmil#* f’ueb free 
rotation Is not esvpeetod in any of the oo^minds eonoeraeA 
bar# beoauae estimations of tbs mutual potential energies 
tmtimmm groups stow t h a t in every 8-sii tbs value is r:3̂ h 
enou&fe to result in group internetion# i*urthorr'*re# 
exeeot la the ease of the dial# «&erever the
noleeular models indie* ta the possibility of hydrogen 
bonding eueli has been found to b# the esse# thlte the 
infra*red data do not alvays indteate wMoh type of 
bonding exists* fRoleeolar weight 4etemii.natiofi» in cinm̂ tor 
and linear . ilarlRation eorve*. Indie*te that in generaX* 
aseoeiatlon does mot per*let to any great extent In eneh 
high dilutions as are employed here# Moreover* semperiatm 
of eeleulated aoitsentsi based cm intramolecular. bonding
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glvw reasonable qualitative sheets wife few sjcpwriitiwritai 
momnts*

fewrw taatomrissi is posa this * few iiifea~
rwd absorption a pew tra shows feat It 6w#w waist, although 
few dipolw sc»at data clo#a not allow w Shotas bwtwwwn 
.farm nor ant estimation of thwlr distribution*

Coiaaidwrlns wash aonipoitikl separately, few ooncluslons 
as to structure follow below,

ditoydromyeyeXohewise trns o&Xy one oonfigura-* 
tlon whlwh oonfellmtww to few moment* In dilute solutions 
few hydrogen of a m  hydroxyl is banded intramlweulwrly 
to the oxj wn of the other, although few fill# of thw 
dlpblw m m n t  indiestws few possibility of libration of 
thw hydroxyl* for at least fe# febondwd hydroxyl) about 
few C»0 bond* or worn wesoaiation lata symmetrical dliwp«.

If fee dp eanfiguratlon for trans~l,& dlhydroxyoyelo* 
hexane should h»f# w higher energy value than thw 2w eon* 
figuration by several kiloealorles par mole* then few lattwr 
should be present la greater abundanwe* Models
of fee So oonfiguratlon show feat hycsrogoa housing similar 
to that oeourtagg in few ets»l»& dial sen aeour* $roup 
intersetion in fee tra*ie«»l»2 diol wan be quits strong and 
should load to a awnft0uratlon similar to few els, and 
beeeuse thw measured moments are almost 1dentleal, it is 
aoi'soludwd that the eoaflgurafeionw are similar.



m

definite eorseXuston ean be veaehsd regarding the 
eonflguratlon of the hjrdr>oxyl gf^upi in the els-1,4 aiol, 
Although the high win# o f the mxmmnt indiestea that their 
resultant w e  tor# a w  generally supporting rather than 
otherwise*

The 2p eoofIgura11 on Cor twwi»l,4 dlhydroxyeyeXobaxane 
It not eliminated from consideration by th# dipole mounts 
data* but if it emu m  ruled out cm energy grounds, the 
measured moment of 1*81 r it qualitatively in afgwement 
with restricted rotation theory for the 8# configuration*

Comparison of the measured moment for 1,8 eyelohsxans* 
dlona with those ea leu la ted on the baa la of all possible 
forms Indies tea that a singly enollsed foam with the hydroxyl 
hydrogen bound quit# rigidly to the earheny1 oxygen nrobably 
exists to a large extent in benwne solution* Resooanee of 
the resulting aonjugsted double bonds may contribute about 
0*SB unit to the walue of the total moment« The lwfra~ 
red absorption speetruas of the liquid la net in dies roe- 
xnant with this interpretation*

ESeto~enol tautomer.lem is possible In the <* ••hydroxy* 
eyslohsxane molecule* The solid fora la ahem by Infra-red 
data to be the extol l m f while in wry dilute earaoxttetra* 
ehlorlde solution, some fcetomle foam eclats* The hydroxyls 
are Indiested to be bonded internally in both oaaea*
Hydrogen bonding should stabilise the equatorial eonflgura* 
tlon of the ketone fonts* The measured moment is moat 
consistent with the eaol form* but may eorrespond to an
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e q u ilib riu m  M ixture  the t * » *
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t tm  dipol# aoaant# of m rtm tm  diaubatitutod darlvatl### 
of oyoXohaaan# tiav# h*mn Hang## of wosami# Imtt
to#on eailssa tad for tar I ona for#*# a#&fljgur*tioM fr®« 
tfe# Fi#toar*Hartf#M mod#Is of th# niaXaaula#* or ft# tna 
fr## rotation aquation* Tfca raanit# ara tabu:iatag b«la*«

AS-UI£ If

C la~l»$ diliydro&y* 
a;f#lola#xaf»#«

F#t§ So»at 
0*0215

Trana*l#2 dtbydroiQf* 2*-S9±0*0a 
oyalohaaa&a

O la-1*4 dilsŷ rojiy** ^2*50 oyalotiftmia
?r*na«l,4 dibjrdroiE^ USO + O*©# oya&oiaaxarfca

1*2 Oyalohaaaaa* ^  2+7&dl on#

* 'ydroxyeyalo* ^  f *Sto#*aXKHia

©onflg# and Oaf#*# ^owan#
bondad* fra# ratatIon 2*0*3*3

2.2
a# * hondad* 2 •’7*3 *2
1®# fra #  ro ta tio n *  2*2  
9n , fra #  ro ta tio n *  8*1

fra# rot a 11 on *****►«»«» 
boat forw*boadad««»

2»t3*4
®#t raatrlatad

ro ts#tl#30****** 4 2*st % t r#a trio tadrotatlan*-— - ̂  2*1 Jtm# rotation***** *2#S
#1 on#*** *••<*•***•• aiimly anoli##d9
aiagxy a n o li *#4#
fra #  ro ta tio n  o f

doubly a n o li*•#»

doubly analisad* fr## rotation ofbotli iifdrojry;la~
#<|aatorial 

featoM* ^olar
9 fra# m *  

ta t io a  o f  h fd ro xy l 
a c io h o n d a d * * *

3* 7*4 *8
2.8

4*8
8*9»5«0

2*2

8«0»8+£
m

5*32*8*3*©
#mol# fra #  ro ta tio n  2*2
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Tkm infra-rad absorption spaotra o f ttiss# aoropounds 
uadar oartain conditions bifi b#sn rssordsd' in tbs "hydroxyl 
and,earbonyl r*ng«* and. th® results intefprtticl in tana* 
of oonflgttratlons and siolaettlar atmiurt#

Moiaeular Mights •for ail soM^wsds #.&a#i>t l»$ ofsXcr* 
baxa&sdioss# hairs tossa fsni’afti by tbs East method* strong 
assosiatlo** at ths higher cu»naaatMtlo«ia is  generally
Xndtsattd#.

th# msasursd vain# obtained previously for earin 
(2*39) doss not ahaslc ths sains obtained for <*- -hydroxy- 
a^alohamnons C^ 2*3)* Ths wins for ear in is sonslatent 
with.tbs ealsmlatod vain* for ths ^-hydro* yit# too# strasturs 
assuming intraaolaoular hydrogsn bonding*

A qualltatlw# explanation for ths moment of 1*4 
eyelotiamiiadiati# is off#rad*
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