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Abstract 

Histori cally the investi ga tion reported i n t his t hesis 

wus :lni tia. t:ed. as a study of the I'8l a tion ·netween the infra

red s pectra and structure of cellulose. It was soon f(,und , 

h ovie ver, th2.. t the l a r ge backlog of ir1formation about the 

i nfrared spec tra of rela t ed compounds which would na turally 

be reqniN:id in tlrn study of such a complex substance 1,\fas 

a l ;:.ost ~:ntire l y missing. Consequently the ma teria l pre

~ent ed i n t h is t lH'J s is consists principal ly o i' a study of 

the i nfra :r-ed s pectra of sir:'1Dler rela ted: compounds. The 

:region ot the s·_oe ctrum which ·,ve have discussed is that 

from 7.6 to about 13,µ. 

The comµounds which we h ave studied a re either i:-y ranoid 

carbohydrate s or possess one or mo1~e of' the .following struc

t ur a l f eatures in common with them: (1) many hydr oxyl 

groups , ( 2) an oxygen-containing six-me.mbered ring , (.3) many 

hydroxyl groups a tta ched to a six-membered ring . 1fhe infra

r ed spectra of" these compounds have been discussed on the 

ba sis of the tent at ive eossu.mptlon tha t each atom may be 

assigned G. fixed fractional ch arge and that t h e i nfrared 

activity of' vibra tion~ may be estimated roughly by consi

dering their :forrus. 

The glyJd t.ol s ( polyhyd. r1c ,:1.cyclic a lcohols), tetrahy

dropyran and p- diox:ane, and some cyclitols ( polyhydric 

cyc lic aleoLols ) are d. iseussecl in Part IL By application 
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of the assumptions mentioned above f airly complete vibra

t i onal assi gr1ments eire made f or the spectra l region 7 to 12,.5/< 

for ethylene glycol., t etr ahydropyr an and p-d.ioxa:ne . Ethyl

ene glycol is shown to have a stagge·red c2 structure r a tlier 

than the f l .at c211 trans structure, and new spectroseopia 

arguments, b1,1sed on t he above assumptions, are advanced 

against th~ flat D2h .. and · the C boa t structures for p-diox-
2v 

ane and the corr e.sp-o ,,Ung structures for tetra,h.yd:ro:pyran. 

The princ i pa. l absorption bands of th.a cycl i tols be

t ween 8 and 1.3_,µ a.re aceounted f'o;r in. terms of skeletal 

stretching vibr ations only> and it is inferr ed t hat this 

holds true for t he suga r ·s also,. Scylli tol, the all-trans 

eycloh@xanehe:x:ol, is shown to have. its hydroxyls i n equa

torial rather t han_ polar positions. 

In Part III the sugars a re discu5sed, a:nd it is shown 

t hat t hei:r structures a re probably based on a somewhat 

strained chalr-type pyranose :ring . A correlation has been 

observed be t ween t he i ntensity distribution. in t he infra red 

sp-ectr~l ot t h e monosaecharides and the number of polar hy

droxyls, a~sumi :ng the hyd:roxymethyl group to be in an 

equa torial position .. This correlation is quite good f or t he 

glucos~ oligosa.ceharides, but :ts not very useful f<,:r mi xed 

oltgosa. echarides . 

The infrared absor ption spectra of animal cellulos e, 

cel.l~phane, s tarch , and some cellulose derivatives are

presented in Part IV. 
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Part I~ Introduction 

The original purJH:>se of the inv(:is tigat1on r eported 

in this thesis was to study tb.e rela tion bet .1een the i nfra ... 

red spectra and structure of cellulose and its derivatives .. 

Altlwu.gh these substance :.-: do not have exceptionally complex 

sp~ctra , their strueture,s are exceedingly complex and cire 
' 

not well understood so t hat in order to es t &blish any sort 

of rela tion between the two it is desirable to have avail

able the spectra, interpreted where possibl e , of a large 

number of simpler compounds which have structural fea

tures 1n common with cellulose~ Ve-ry few sudt spectra 

are a t present available in the open l iterature,,. The 

features which we regard to be pe1'tinent are (1) the 

:presence o.f many hydroxyl groups, ( 2) the oxyge-n.- contain-

ing ring ·and (3) the presence of m.a.½-y hydroxyl groups a t t a ch

ed. to a ring ., All these structural feq.turesare found to 

give r-1.se to strong absorption in the region 8 to l ~ , 

·wh ich i.n hyd1·oea:rbon.s is usually r-elatively transpa rent, 

but i n the caroohyd.rates i s characteristically opaque. 

'l'he J)yranose sugars show all t hese features and 

exi st in a. variety of f orms~ but t heir structures are 11ot 

well understood and the infrared spectra of many of them 

are ,appreciably more complex than t hat of cellulose"' We 

have c:onsequently extended our investigation to simpler 
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compounds: namely the gl yl-:i tols*, tetrahydropyr an., p

di.oxane and the eye li tols¾Ht-. The structures of t'.l:1e gl yki

tols are even more uncertain than those of the sugars, but 

we have felt it to be important t ha t the s.pectra of $eve:ra l 

of these compounds be available for comparison in order to. 

determine whether there are any fundament-al difi~ere-noes 

betw~en the infrared spectra. of' the cyclic and acyclic 

polyo:l,s ~ The eyqli tols a.re of parti cular interest becau·se 

of tht;3ir close structural relationship to the sugars and 

beQause t he rela tively grea t sym:m.e.try of scylli to.l off ers 

some promise for the sp~eif ic assignment of bands-

The Qa.'.i'bohyqrates in general cannot at p.reae11t be 

conveniently handle,d by normal coordina te tr<ie. trnents because 
' 'i. · '·:' • 

of t h ~ size and l ack of syw..metry of their molecules. Fur

thermore t he shapes o.f band env-elope·s cannot be used in 

making a s s ignments s.ince they cannot be e;rn.mined in the 

gaseous· s:t a te.., We have the.r.e:fore investlgat ed the pos s i .... 

bility of using il1te:nsi ties as an a id in making assignments, 
•. . .. ' 

and ;nave made f airly ·complete vibra tional assignments for 

etbyle:ne glycol, t etrahydropyran a.nd p- d.:toxane larg€ ly on 

t h~ ha.s is of th~ considera. tioi1. of intensities in terms of 

the. n1otions of formal charges- We .feel tha t this a pproach 

~ho,vs,. ccm.s.:ld~ra1n,e prO'!l:iise in ti.'1.e t:rea t m&nt of the s pectra 

*Polyhydric, aoyclie alcohols . 'J:he ea.r bohY,d'.!'a te nomen
clature of Pigman and Goepp (l) will be used throughout this 
thesis. • 

' **Polyhydric, cyclic alcohols . 
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o f compounds which Cru.'1not r eadil '' be treated by t h e usua l 

methods and incleed would be a des ir-ablc supplement to 

normal coordi nate t reatments ·of simpl er mol ecules . 

V. i le our wo rlc h a s no t yet led t o the s1Jee:ific assign

ment of bands in the cellulose spectru .n.i we hav e bt:':len abl e 

t o make qualitati ve assignments .for the strongl y absorb-

ing speet1·al region from 8 t o 1~ and have➔ ;;,ccumulated a 

l rge quant i t y o.t' supplementa. J. y data abou t reJ.a.t :.:d com-

pounds which should be very helpful i n subs<➔quent work on 

the infrared spectra •')f ce11ulos e and its deriva tiv·e:i; . 

Inv~stiga tion .s which ure primarily con~~rned with 

the accumulation of d:ita and empirical r ela tionships ri,lther 

thai.1 wi t ll th-=oretica l i nte:cpr e t a tions cH'G currently being 

ca rried out on sugars and t heir deriva tives by :Jr. Luster 

Kuhn (2) a t the Ballistics Res ea rch~Labora tories, Abe2deen 

Provi ng <iround , 'ifi.ary l und and on polysaccharL as a.nd t 1 -ir 

deri v;:it t 11es by Dr . John Rowen and co-workers at the ifa, tion-

al Bureau of St ;.;111dards , 7i'ash i ngton, D. c .. 

'The spec tra l reg ion beyond about ~ is the most 

struc ture sensitive part of the spectrum so that our work 

has been pri ncipally concentrated i n this reg i on. Since 

mineral oil mulls were used for e~~a mining crystalline 

solids , we have largelJ ignored the spectral region f rom 

6 . 5 to '7 .~, in whi ch mi neral oil has strong absorption 

bands ( see Fig . 1). 
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Part II,. ::-.l :tmpler Rela t ed Compounds 

A. Gl ykitols 

1 .. Experiment.al part 

a .. Th~ speet rophoto.m.e t er 

S:pc~c-tra w~n·e t aken by use of a Beckman I R- 2 record,... 

:i.ng infrared spectrophotome t e~ fitted with rock salt 

• optics., ThE) inst rument is f itt.ed with a string drive 

wh1eh yields an approximate:1y l inear Wtiv e leng t h $Cale, 

and provision is made for continuously opening the slit by 
' 

driving the slit knob directly fron1 t he coarse .adj'.j.l:stn1ent 

wa.ve length knob., using a string belt~ i"he r atio between 

the di ameters o f th~ t wo knobs 1s such that by t-hi s s i n;tp l e 

means s pectra from about 1 ,. 8 to 14;-t can be rec,orded without 

otherwise ad justing the slit. The reproducibility of 

spectra obtained by this arr angem-ent is quite sa tisf-aotory. 

Ib.e string drive consists essentially of' a motor

driven cone pulley on which the string is wound up , and a 

sys tem of pulleys and a wei ght to keep the string t aut; it 

is connec t e·d to the prism t hrough a pulley \Vhich has been 

substituted for t he f ine adjustment wave l ength kn.ot, . The 

cone pulley has a diameter of' 3/ 4-inch a t one end. and th:ree 

in.che.s at the other, and has the eff.eet of driving the wave 

l ength lmob !"aster at the longer wave lengths. The speed 

*Manuractur;ed bY Nati onal Teeb.nica l Laboratories, · 
South Pasadena, Cal i fornia ... 
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of t he r e cord.er chart is of course co11s t ant, so that the 

overall effect ;Ls to compr ess the scale of the long wave 

length region relative to that of' the short wave length 

r egi9n and to g1 ve the roughly linear w:a ,,e length scale 

sno-wn in .F'1 g . 1., 

Provision has been made. f or flushing t he $pectropho

tometer out with high purity· d:ry nitrogen (Linde Ji.1r Pro--. 

duet.s) in order to reduce the absorption of water vapor 

and e.arbon dioxide. The monochroma tor s i~etion is, flushed 

continuously at a rate of about eight 'liters per hour ., 

~,ihich is sufficient to maintain a minute positive pressure 

inside the monochromator. The Z%-cent1meter ~te]I in th:€ 

s ;:,urce s ection and the liquid cell co:,1:piirtment a.re flushed 

out i mmediatel y 1,erore each run. '.i'he effec:.tiveriess of' this 

trea t m.ent ca.."'l be s een f rOill the weakness of the :r;isual water 

and carbon dioxide bands, in t:ne cur ve i~ Fig .. 1. 

The rock salt window on t he 2'7-eentimeter cell has 

been r emoved, for t wo reasons: (l) to permit us to flush 

the cell out with dry n1 trogen, and (2} to pr .event condensa .... 

tion on t he window of distillate .from the gl owe:r. Be.fore 

this window was reraoved a ;prominent 11 ghQst" , ab$orption 

band ha d peen obs·erved in the background traeinKs at about 

7~••~~ as well as a very weak ·• ghe s ttt a t ab.out 3.4,µit 

Tlle tank ni tragen • wn!oh. we use, is su.ff iciently dry 

tha t a drying trq1in crnns·isting of' 1-t1¼11e vtwe.lve inch by one 

inch tubes of d.esieeant in serles ., three e'"t ch of 
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potassium hydroxide, magnesium perchlora te and phos

phorus pentox ide, does not affect its effectiveness 

in reducing the water o-bsorption i n our background 

curves. A noticeable ef .fect is obtained , however, if 

t he nitrogen is passed t h rough a train of three tubes 

packed with silica gel and .immersed in liquid air . 

b . Methods and results 

The s pectra of liquid ethylene glycol and gl y

cerol bef ore and after exchange with D
2

0 a.re shm'lln 

.in Fig • .2 f or t h e spectral region 6. 5 to 14,f{., and the 

spectra of crys t alline eryt hritol, D-arabitcl , ribitol 

(adoni tol), D- mann.i tol , D--glu c.i tol ( sorbi tol) and galac

ti tol (dulci tol) are· shovm in :.F'i g . 3 for the spectral 

region 7 ~6 to 14,µ. 

The frequencies i n cm.-1 of the infra red bands of 

the above substances as shmvn in Figs .• 2 and 3 a.re 

giv·en below with approximate relative inte.:nsi ties 

in parent hes es ( t he strongest band in each spectrum 

is assigned an intensity of 10 ): 
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, , Et hyl e~! , g~y col~ ~~ ( ?), 88 ~ ( 6), 101;5. ( l? l , 1089 (10) , 
1200 (l), 1~5b ~o), L>3 , (2), 14~1 (4), 1451 (4 J. 

Et h yl ene glycol (deutera t ed ) 796 (1), 86~ ( 5), 880 (6 ) , 
?8? (6)~ 103{ (8}.( 108~ (l J), 1212 ( ? ), 1335 (O ) , 1368 (J), 
~391 (2;, 14. 4 (2; , 14~4 (4)~ 

G.~ycer~~ 85~ (3) .! 870 (3), 9~6 ~~) , ??~ (5), 1049 (10) , 
1116 (BJ, 12~3 .(3), 1348 (4) , 1429 ( J ), l ~~u (5). 

Gl ycerol (d ~ute r ated)* 849 (4) , 925 l 6), 1 008 (8 ) , 
1053 (10), 11~1 (7), 1] 36 (2), 1337 (2), 1372 (3), 
1395 (3), 1410 (3), 14o0 (5). 

• Er y thri tol 698 ( 2) , 724 ( 3), 867 (3 s ), 88 6 ( 6) ) 919 (1 ) 
967 (7), 1056 (9) , 1083 (10) , 1218 (3), 1256 ( 5), 
1272 (2s ), lJ10 6 (1). 

D- Ar abi tQl 73 6 (3), 782 ( 2), 853 (4) , 866 (4), 
876 (2s ) t 887 (Os), 905 (4) , 942 ( 5), 994 (4), 1025 (10), 
.l.0 52 ( l OJ, 106? (Os) , 1085 (10), 1101 (Os ), 1124 (Os ), 
1140 ( 2), 1211 (2), 1233 (o) ~ 1257 (1), 1314 ( J ). 

~i bitol 749 (3), 85 7 ( 5J 890 ( 6), 915 (4), 950 (1), 
1034 ~10), 1077 (10) , 1101 ( 5~, 1119 (ls ), 1211 (o), 
1267 \1) . . 

D~Ma.nn i t c!l 707 (J ), 7B9 ( 2), 866 (3), 88 5 ( 5), 
933 (~'), 9 62 (1), 1024 (1D) , 1 .J48 ( 3), 1087 (10 ), 

·_ 12!; 1) , 1235 (Os), 1250 (Os ), 1263 (2), 128 5 (3), 
1304 2). . . 

D'.""Gluc ito l 726 (3) 771+ (l) , 872 ( 6), BB? ( 5), 
937 (3), 999 (9), 1015 ta), 1952 (9), 1076 (4s ) , 
l 0t4 (10 ), ~*~4 5~s ), 11.36 ( 2 ), 1185 (1 ) , 1 20fi (1 ), 
12JO (1), 1,,3 (~,. . 

Gal a c ti t o l 71 6 (4), 862 ( 6), 905 (Os ), 9 26 (8), 
9~8 - (o~) , 999 , ~3Jt 1029 _~1o l , 1047 ~1q~, 197s ( 19) , 
1088 (2sJ, l l Ou ( J ) , l llo (oJ, 1~0, l4J, 1259 (1), 
1287 (1) . 

Kuhn ( 2) has exami Eed En -yt h r i tol , D- ma nn i tol, 

D- gl ucitol and gal a ct itol , but h i s r esol ution i s not as 

good a s ours , and hi s e :cy t h r i t ol and mann1tol were exa.m

i n.e-d i n thE" .form o.f evapor a t ed f i l m,s r a t he r tha n a s mull s . 

I n genera l the agreement is f airly good exce pt f or t he 

D- glucitol s pectr um be1ow 990 cm. - l; Kuhn shovrs a band a. t 

, ~,. •·7 - l a · · , · a oout b ? •• cm. wh ich vrn do n o t f i nd. , an . t h e 1.n t ens1t:i.e s 

* i?os i t i on s a.nd i ntensiti e s not ve r y a ccura te due t o 
thickn e s s o f s amp l e and di f :i'us en e ss of "gcm ds .. 
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-1 of the 872 and 887 cm. ·· bands are .reversed ., 

ment for D- mannitol is no.t very good, but i n view of tlle 

diff erence in the nature of the samples t his is :not sur...-. 

Spe·ctra of e t hylene glycol and glycf?rol were o'b

.t ained by examining a drop pressed bet ween t wo silver 

.fo:rm. o.f a mull in mineral oil; about 25 mg. of crystals of 

the su'b$tanee to be examined w.er-e pl ac·ed in a mulli te mqr..;. 

tar together with a drop of mineral oil, and the mixture 

was ground t o a thin paste.. Th is pa.ste was then smeared a s 

ev,e:nly as possible on a silver chl oride plate; ,. ln general 

each erys t a lline sample was examined in se:fveral thick

nesses although ~mly one curve for each is shown in the 

figures~ A reproduction of a tracing obt ained with miwaral 

oil alone is shown in Fig- 1. 

The ncteuteratedu, ethylene glycol and glycerol \.'Vere 

prepared by adding se,veral d.:rops of 99.4% D2o to a: drop of 

the aleohol and removing· ·the D O by hea t in" o.ne and one-2 - b 

half hours. at each of 100° and ao0 c. (ethylene glyeol) or 

one a11d one-half hou,::rs a t 100° and. th:ree hours at 150°c. 

(glycerol). }.Sarli.er investigators (.3) (4 ) have shown that 

the e1.;:change reache,s e11uilibx-imn very r:ap idly , probably 

in less tha:n one minute,and that the ra-tio of the r,ropor

t1dt1 of' D to li in the glyk:1tols· to that in water is 

slightly larger than one. 



. Our pu'r i:iose i n ·exam.i:ning the glykitols is t wofold: 

(l) to ©btain Clat a which will iti$.i.st us in determining 

whether the r1ng ma1:t0s, any uni qu e eontribution to the 

s peqtra of ce ),lul.ose ana.' the pyr ano$e sugars~ and (2) to 

l oeat~ the .spe ctral reg.ion in whien OH bending$ occur... We 

shall discuss th~ $pectrum o.f e.t h.ylene glycol in relative.... 

l y gr ,eat d~tail be,csn1se both the speetrum an.4 structure of 
I 

t h.i ,s compound a.re relatively simple so that we .may expect 

t-o nave, a better chance of r elating the t wo t han we would 

with the other glylc1tols. 

a. E'. t hylene glycol 

The oxygen.,.ca.rbon skeleton .of e.thyle.ne glyeol has the 

S-Jlmrn~t.:ry c __ · .. C9 or C,., a.ccoro.ing t.· o whe-t her the oxygens 2 w ~v ~ • · 
h " 

iire trans, cis or in be t ween, respectively. The problmn 

o.:f the actual structure is somewhat complicated by the pos

s i bili ty of intr a ... rn;olecular hydrogen bonding ijO that it is 

not e-0.mpa:vable with the 1 , 2 ... di,halogen (tthanes ,_ for whioh 

Has,sel (5) h n..s eone lud.ed fr<>m el,ectr~n diffr ac tion dat a 

that t he tr~ns f orm i er the e. f.fU1li1o;rium for m, with osci l l e; .... 

tlQn a'bout t his pe-$1 tion.. Suryth, and Wall~ (6) have sh.own 

t h.at the fltl>~le ,110Iaent of ethy-1.~ne glycol is close to that 

p·r,·(eyo.icted, on the assumption of free rota tion around the 

c. .. c and c ... o 'bonds, but such. a model can hardl y be t a.ken 

s~:rious:ly stne-e the intE?r ao tions can scar(~Edy be less than 
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in the 1, 2-d:i.ha logen ethane s. I f the C-H and c-o bond 

~t;_omen ts a.re a ssumed to be 0.1~ and 0.8 deby e, re spectively , 

(s ee Pau l ing (?), p .. 68 ) the C model in which the t wo 0-C-C 
? ,., 

pl anes nw.k e an an gl e of 60° with e a.eh other gives ~- .moment 

of 1.90 debyes without considering the hydroxyls; there a r e 

numerous pos s ible positiuns o f the hydroxyl .hydrogens which 

would bring this m.om.ent within the r ange of the reported 

va lues, 2. 0 (6) and 2.2 (8 ) .<lebyes, since the contribution 

of a given OH can be anywhere from -0.26 to + 0~ 75 UE;by e , 

depending on its orienta tion, if the OH moment is t aken to 

be 1.5 debye and the C--0-H angle is t Lckon to be 100°, f or 

example. It. larger G-0-ii angle would permit a still large r 

range in the possible contribution of e a ch h ydroxyl group . 

'.l:tr~ most probable structures are b ased on the trD.ns form 

and on the C model described above, since they corre s pond 
2 

to the so-called staggered form of ethane.. 1fhe C,> model 
,:.·.,, 

s eems pref erable becnuse the measured di pole moment vmuld 

:require an eY~cessively large amplitude of oscillation ab,:::>ut 

the equili brium position in order to be in agreement with 

the trans form. 

In discussing the possible vibra tions of' ethylene 

glycol we shall start by ignoring possible interactions 

between skeletal vibra tions and hydrog i:'in vibra tions and 

shall us e the conventions a bout methylene vibr r::L tions dis

cussed under tetrahyclropyran a.nd p-dioxane. Of the 3n-6, 

or 2A,1 possible vibra tions there would, then, be three each 
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of skeletal stretchings and bending$., f our c-n stretchings , 

t wo ea ch o f' methylene scissors, rooking, ,,-va.gging and t wist

ing and t wo ea.ch of O.,..H s tretching , bending and torsion •. 

OnlY: .thirte en of these may be exp-e.Gted .to have f requencies 

1n the s pectral region 700 .... 1500 cm.-1, i n which we are 

interes t ed , n~mely tile skeletal stretchings, the 0-H bend

ing:$ and the methyle.ne vi br a tiqns (see for example, ·nas..:. 

mus.s_en (9) or Bf1ekett, Pitzer and Spi t rrn r (10) )cs The 

synm1etry c.lasses and ac t ivities •Of the8 e lat t er vibra tions 

fo-r the c2h and C 2 forms are ah o;:m in Table· 1. 

Table 1 

Symmetry Class.es and Activiti es of Some ii~t hylene 

Gl ·u·ool Vibr a tions for C and c2 .. Models* 
;l 2h -. . . 

'l'ype of c2h G,.,c>k* 

Vibration ~ 

S.1.-teletfa l stretchihg 2Ag(R), B (I) 2A, n 
!,, ) 

u 
o .... H bending A

1
( H) 1 B {I) A, B 

u 
CH,, seis.sors Ag (:.ti) 1 Bu(I) A, B ... 
Cl\, rocking Bg(R), Au(I) B , A 

CR.~ wagging A (R), n c- ) A, B g _r..,u .l. . 

CH .t wisting Bg(H), Au (l) B A 
'':> I ... 

Al though the actual s ymmetry o.f -the ethylene glyecl 

molecule , even with the oxygens in t he trans position, 

- ¥)?cir selection 'rules· see Herzberg (11), Pl-h 252.,;.253 
**All vibra tions are:.:Jp$rnti tted to be active in both 

th~ R~man and in:fra red. • 
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is probably nc,t grea ter than Ci, the activities of all ex

cept the '0-H vibr a tions are probably given to a f air degree 

of ~ipp:roxi rua.tion by Table 1. Thus, if the oxygens are in 

_th e t.re.11.s position we might t'ea sonably expect to find six, 

or a t most s even., i nfrar ed bands with any intensity. The 

t\11.'isting b t-md would probably be quite weak., also,. so tha t 

t h ere would be only f ive. 01" six bands, 1rurthermore, we 

would expect tha t f ew, if any., vibrations would show appre

ciable activity in both the ltii.man and infra red.,. 

11h.e a bove predictions P..1ay' . be compa red with the inf r a• 

red s pect.rurn of ethylene gly~ol .as shown in .F'ig •. 2, and 

the ·rollc>wing Ra:man shifts in em.. -l, as given by- .Anantha

k ri s11.Y1.an (lJa,) (pol ari :::.a t ions are also given, and relative 

intensities are included in parentheses): 86:5(8) P, 

900(l)D,_ 10,35(2b)D, 1060(2b)D? ,, l09b(4)P, 1:2.27(,~b), 

1260(.'.3b) D> 1450(81:>)J:J. Of the eight Raman shifts given 
. . ·~ .. ... . . --l ,._. . . - . . . a bove 1ive ar .e wit.nin ten C1Jl11; or an infra red band. 

ln view of this fact, it seems highly unlikely that the 

oxygens of ethylene ~lycol are in the trans position, par

tieuliirly since some of the coincidences involve moderate

l y intense ac tivity in both the R~uuan and inf r ared._. Anan

t b.altrishnan t akes tn.e presence of depol~rized lines in the 

Raman sp.ec.trum a.s proof that the heavy atoms h ave a p'lanar 

configur~tion, on tne basis that the molecule must have 

s~:.rfetry in order · for depolarized lines to appea r, and that 
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no s ymr£1etry can exist unless the heavy atoms are in a 

pl ane . Actually, qi' course, a symmetrical vibration can 

sh ow as much depola ri zation as an unsnri.n1etr ical line (see , 

f or exa.'11ple , Herzberg (11), pp . 270- 271) so t hat the 

classifica tion of a line as depolarized doe s no t necessarily 

mean t hat it arises from an unsymmetrical vibra tion. Also, 

as pointed out above , t he molecul e can have s ymme try c2 
even when t he h eavy atoms are not in a pl ane. 

Both t he number of coincidences between Raman and 

tnfrared lines and the dipole moment appear to eliminate 

t he trans f orm of ethylene gl ycol, so t ha t we shal l as sume 

t he c2 f orm in maki ng ass i gmnents and shall identify the 

vibra tions by their t ype and c2 clas s as shown in Table 1. 

The most obvious ass i gnments are 1451 (I) and 1450 (R) 

to the t wo scissors vibra tions, s i :i;ice these vibr a tions in 

general show a remarkabl y constant frequency in a wide 

va,riet y of compounds ( s ee Rasmussen (9)); the principal 

intensity in the infra.red prob;:1bly arises from t he B, 

a.rid that in the Raman from t he A vibration. The t wo 

strongest infrare.d bands , a t 1089 and 1045 -1 cm. p 1·0-

bably arise f rom C-0 vibra tions, since t he C-0 bond is 

b y far the mos t pola r in the molecule, and vibrations i n

volving it ma;,r theref ore expec t to show the greatest 

change in moment. In view of t he presence of a strong po-

larized Raman line atl090 
- 1 

cm. the 1089 cm.-1 infrared 
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hand should be attributed to t:tn A skel e t al stretching vi-
-1 . 1 bration, and t he 1045 cm. band, together with the 10)5 flm'"" 

·p • hii"t ,.,a.man s . · • .. , to the B slte l etal s tretehi n.g vibration,. The 

stroi1gest Raman shi f t, a t 868 cm .. --l, and the 864 em .• -l infra

:re,d . band pr obably a.rise from the othe r A skel e t a l strEi tch-

ing vibra t .ion7 which is probably chiefly a G-C vibra tion •. 

A compa.r i scm of the inf r ared spect:rur.o of ethylene 

glycol• with that of the ttdeutera t ed" f orm s-hows that one of 

the OH bending bands, p robably the 13 band, i s almost 

ti l t t "t l ' ~l ~ -l eer a ti y ha· a · 4/4 . ~m •. 2.be absorption decrea ses ma-

te•rially in this region when B .i s repl aced with D, and the 

strong new band whieh appears in the spectrum of the nd19u .. 

ter ated"· f orm is displaced .from 1421 cm . .--l by approximately 

the s q_uare root of t wo. Identifi ca tion of the A band 1s 

no t so obvious ; but we shall select ~the. one at 1.33 5 cm~-l 

bec·allse it fits in best with the ass i gnments of the met hylene 

bands., 

·:rne rest of tlte bands may be aS$igned as f ollows : 

886 (X) and 900 (R), 13 roek.ing; 1060 (R), A rocking; 

1206 (I), E wagging; 12·27 (R) , A t wisting:;. and 1256 (I) 

• a.nd l.26.0 {R), A wagg ing • 

. No ·sa,,tlsfaeto:ry a.s s!gn.m:ent of bands ean be made on the 

J)~sis of the tr.~ns. . :i,5 truet-ure, even wi t hout consitle:t:>ing . the 

.Ram.an spectr.u~; . in par{t ioular any such assignment would 

hav~ to be acconrp·ani(;l:d by a, r ather labo-i·ed exr,la.n.a tion of 

the 1nten$ity of one of · the t vm ve_iJ!'y strong infrared ba.ndsio 
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Tl:Hil next qu estion i s 1ihe ther- a cvnsideration of the 

infrated 1:nte:nsi t i es of t he syrmnetrioal and u nsymmetrical 

C---0 stretching bands in terms of tb.e mot:io:ri of formal 

charges -vrill ,lead to resnlts in agreement w1 th the eonclu

s:ton.s we have drawn a lready about. the structure of e t hylene 

glycol.. t'h 5.s 'Jues tio:n i .s an b 1porta:nt onf.:! becaU$e vrn 

eussion of l arser molec~les l a ter on. 

tional ch a.rge , or .formal charge , the magnitu.d e of which 

depends on t he e lectronega tj_ vi ty d i f <'erenc !'..~S be t '<ye en t he 

atom and its l i gands . ·we :Shall t hen <ii\. t t empt. to astimate 

the order of magnitude of" intensities from a consi dera

tion of the forms of t he nort:J.al vibrations. Sucr1 an 
• 

approa ch ca..nn0t be used to cal cula t ·e. quan~i t a ti ve :i.i1te:nsi ... 

bet.ween structures .of quite di ff erent eh.arge d:Lstr-ihution., 

possi 'l1>l e , a~ in wa,te:? .. In eth ylene .glycol t he bond mo-

bond , and chances t or r esonance are .slight also so tb.;a.t 

F·irst we shal,.l p,(?:int ou t t.lla t ln t he s yii'.lll'J.et:ci@al Vi.• 

b r ati©n: any eha:nge in ·moraent is along the z- ax:i.s ( the 
I 

axis of symmetry,. in accor d with Her zbe.rg' s conventi ons (11)), 
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whereas tha t of· tlie unsymmet:rical vibration is in the x1r

plane. Taking the a111pl.i tudes of the motion$ of th~ oxygen$ 

.i:n the two vibr&tlons to be equ.al., and norma11z1:n~ them to 

• un1t,i'i , the e::iq,:r-e-esions for the m.agn.1 tudes of the ehange in. 

moment a:re 

I 
A A - eos 20°eo$ 9S : 0 . 94 eos 9S.·· ..., 

A g ::. sin 2:0° + cos 20°·s1n , = 0.34 + 0.94 $in p 
where ,$ is half the angle be,t ween. the two o-e .... c. 

. () 
planes , the o ... c-c angle 1$ as·sumed to, be 110 , and the 

motions of the oxygens are taken to be along the c-o bonds. 

It is apparent that for ,, ;: 0 90, 1. e. the trans for,m, t he 

ehange in moment 1,$ Jero fO•F the, symmetrical vi brat.ion., as 

it shou1d be; and :;t,pat for ¢ : o,. the o1$ .form, the sym

m.etr1eal vibration $nows an appreo~ably larger change in 

moment tn.an the unsymmetriea;l vibration,. Furthermore, for 

¢:: 30,0, the form which we have faV'ored , the changes in 

moment for the symmetrieal and un$ymmetrical 'Vibrations 

are r .6:spectively 0.815 and 0.81, whieh would. lead one to 

expee·t roughly equivalent intensities for the two vi bra:tions .• 

This reeult is not cited in support of the c2 structure ., 

'but itl supp~rt <i>f the treatment of intensities. 

The reason for the ebange 1n the relative int~nsities 

:or the . ab,9ve t wo bands on na,eutera.tionn is not o1e.a:r. On 

the ba.$1$ of the above treatment one would ss.y that¢ 1-& 

smalle:t for the deuterated form t han for t he untreated. 
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form, but this simply substitut es one mystery f'or another. 

In any case it is. evident that one should not attempt to 

push our approximate treatment of' intensities too far~ 

b. Higher glykitols 

'fhe outsta."lding feature of the spectra of the glyki

tols as shoim in Figs. 2 and .3 1s t..½.e concentration of all 

the strongest bands in or withi n O .. l or 0.2 of the spectral 

region 9 to lOfa• None of the gly};.:1 t ols we have examined 

shows bands of' more t han very :mode:rate intensity between 7. 6 

and 8.~. There appears to be no obvious correlation be

t ween their spectra and t heir detailed strueture. For ex

ample, one of the simplest spectra is shown by D-mannitol, 

w:-tich ca n show a maximum symmetry of C~p 1srhe r' E}as ga lac titol, 

'!/1rhich can have a center of symmetry., shows one of the most 

com.plex spectra of the group. 

1'he , con.figurations of the asymmetric carbons are 

shown by the names of the glykitols. Thus the asymmBtric 

ca r bon s of D-glucitol (s.orbitol) have the same l"l9lative 

confi gurations as the a. s ymmetric ca rbons in D-glucose, 

a.nd so on. 

The poorly resolved charac t er of the bands of glycerol 

after exchange with heavy -.irater is ra. ther mysti fying. Per

haps a. thinner sample would not have shovm such a pronounced 

effe ct. The spectra shown in F'ig. 2 do, however, indicate 

the general spectral region occupied by 0-H bend:tngs, name

ly 7-810 so thFi t we have not investigated further. 



:a. 'I'etrahydropyr an and p-Di~xane 

l1►. Intrc>duction 

Our :major purpose in the present s·ection is to iden

tify the bands which ar:Lse from the stretching vibrations 

of the tetrahy:dro:Pyra_n ring., since this ring is a dis

t1ng,uisb.in~ ~eature ot: cellulose and of the pyrano$e sugars. 

Whtle it is not er pected that th€Jse bands \t:ill o-e~ur un

shif.ted in cellulose and sugar spectra; their identifi

cation may be expected to be of assistance in the d'isouss-1,on 

• .Gf such s pectra. In t he ca r bohydrates the hydrogens whi.eh 

are attached to car bons are pr~flomina.ntly tertiary and 

bands in.volvingthem may be expected to f'all at somewhat 

higher· frequencies thr:i.?1 G-C or C-0 stretch1ngs (e. g. see 

Rasmussen (9)), but 1n. tetrahydropy:ran an4 p-d.ioxane some 

of the hydro.gen frequ-encies do lie, !n this spectral region 

and their oons1dera.tion is consequently essential to any 

reas ,onable a ssig.nment of x•ing frequencies . We t herefore 

1n-olude a brief trea tment of the methylene vibrations of' 

tet:rahydropyran and p ... d.iox();;nEh 

In making vihrational assig-ronents f9r pelyatomie 

:molecules it appears to be .generally customary to d1.s

r ~gard i ntensities and to depend pr-incipa.lly on normal 

coo:rd1na te tr.ea t rne-nt.s of varyi ng de:g:rees of co1i1plex1 ty. 

In th1$ thesis we have placed considerable emphas,is 

on intensities, v.i;hile a t the s~ime time taking 1·nto 
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account the :r.·esults o f normal coordina te treatment s by 

others . Our general procedure has been to start f rom the 

results of a normal coordi nate analys i s of cyelohexane by 

Lu , Beckett and Pitzer ( t o be published as reported in an 

article by Beckett, Pitzer and Spitzer (10) and to extend 

t hes e rt:rnul ts t o t e t rahydropyran and p- dioxa.ne . We have at

tempted to choose symmetry coordinates f or cyclohexane which 

are probabl y a r eas onable approx.i C'.ta t ion of t he normal 

coordinates and t h e ring vibra tions tiave been regarded as 

a first approximation to t hose in tetrahydropyr an and p

di oxane, while th.e approxi mate form of t h e hydrogen vibra

tions has been estimabed by considering t he effect of 

removing t wo or f our hydrogens f rom cyclohexane. Rough 

rel a tive intensi t ies and ac tivities were tl1en estima ted 

and t he mos t reasonable poss i bl e assi gnments consis tent 

wi th t his simpl i f ied pic ture were made. By t his proce-

dure we have been able to account for the more i t1 tense 

Raman sh i fts and i nfr a red bands of tetrahydropyr an and p

di oxane in such a -..·"-lay as to assign reasonable f re quencies 

t o t he ring stretch i ng vibrations. 

Tentative a ssignments have previously been made f or 

s ome of the Hain.an lines - of tt1trahydropyran and p- dioxane 

by Kahovec and Kohlrausch (13), and Ramsay (14) has made 

simple valence forc e calculations of' the ring frequencies 

of p- dioxane. The inf r ared s pec t r·um of p- dioxane has pre

viously been published by McKi rmey , Leberkni ght and 
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Warner (10) and by Ramsay (14), both of whom examined the 

vapor as well as the liquid. 

The cyclohexane ring i .s shovm in Fig_ 4 with the 

atoms numbered and with the coordinates indicated which 

will be used in our discussion of cyclohexane; tetra.hydro

pyran and p-dio.xane. The oxygen in te.trahydropyran is 

taken to be in the l position, and the oxygens in p-dioxane 

in the. l and 4 positions. The a torus are .numbered in the 

order in ·,vhich they would appear in position 1 on succes

sive performances of the sy-mmetrv operation S,, in a clock-• 0 

wise direction.,. The coordinates were adopted for conven-

ience in comparing tetrahydropyra.n and p-dioxane with 

cyclohexane although they are not consistent with Herz

berg 1 s well .. chosen conventions (11). In order to make use 

of the tables in Her;r~be r g_, the read"er should permute cycli

cally one place to the right the coordinates used there 

for C and. c 2_-~ • Tr.u.1s Her,.;berg ts q becomes ou.r er . , s .1 xy yz 
c(yz becomes ~xz, etc. 

We a ssume the Ghair-form ring throughout for all 

three compounds. The evidence for the structure of 

eyclohexa?re' rra:s been summarized by Ramsay and Sutherland (16), 

.and. tha;.'f .for, p~dioxane ·by Ramsay (14). We· will discuss 

briefly the spectroscop10 · e1tidence for the structure of 

tet~ahydropyrtin and will present new s pectro$copic argu

ments against the flat D2h and the c2v boat strueture,s 

for p-;-dioxane. 
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As elsewhere in this thesis we will be concerned in 

our discussion only with the spectral region from about 

6 to IV SQ. that ca rbon.-hyd.rogen st.:retehings and ring bend.,. 

1ngs : will not be include.d. 

i .. 3$:xperimental part 

~e spec~r.u of liquid cyolohe-xane, tetrahydropyr an and 

p;o-dioxane a:r, shoW3:1 .in Fig.,. The wave length sea.le was 

not speeially calibrated f ·or thi.s investigation, but the 

. 'Qncorre·e.t.ed values which we tind for the positions 0f the 

bands of cyclohe.xa:n,e and p ... dioxane are in general within 

. twq 0.r three wa..ve numbers: of t hose appearing 1n the litera.

tu:re. A l.1st of the f'requ.enoies 1n cm .• -l of the in;fra.red 

band~ of tetrahydropyran a.."'ld p.-dioxane a-:s shown in, Fig .• 5 

follows, wi ,th relative intensities shown in parentheses: 

tetrallyd:re,pyran 8.18 !'), 856 (l), 875 (S),. (J69 <1), _ 
1?12 (6.)., l?l.3 (~), 10?0 <~), 10~7 10), ~160 (2), 1202 (7), 
1256 {]), 1272 (3), 1296 .J), 1348 2), 1381 (4), 1451 (5) • 

. , . p ... 5110:xane ,575 . (10), 890 (7), 1040 (Os),, 1052 (5), 
1086 {~). '. ;122 (lO.), 1256 (7), 1290 {5), ll2l (1), 
1]66 (4), 1453 (6). • 

The stronga$t li_ne i n eaeh r:ipectrum is assigned an int.en .... 

. sity of 10~ Ra,.msay (14) assigned somewbat 10,ver relative 

intensi,ties tQ the 87; an(\\ ll.22 qm., '""1 p--4ioxa_ne band$, 

p:tot>a.bJ.1 b~tH:t:t\s:e· ni.$ ~,~plples w:•-re thie.ter th~n ours -~ 

!he oyclohe?xane W:f\$ manufaotured by the Shell Chem-

ical -Com;pany. It was exam:tnead in a 0,.1 mnh liquid absorp

tiQ:ia ,¢.e·11. The exce:llent agreement with previou$ly publish

ed sp·ectra (17, 18) shows that its purity is satisfactory,. 
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The sample us.eel 'by Carpenter and Half ord (17) was a stand.

. a:rd s.anrple :from the lli,tiona l Bureau of Standar d$, r~ported 

to 1»~ 99.98 i- o.02Jl pure .• 
• -

'.l::b.Ef tetra.hydropyran was du Pont's Elchem ... 596• Its 
. : 0 

boiling point of 8S C,., as quoted by du Pont, compares 

• _favorablW with that -of 87.,5"""88 • 5°0. reported by Allen and 

Hi bbe.rt (10) for th~ pure product which -they prepared 

for electric moment meas-ureinents_. 11he SJJect:rnm sb.ow:n in 

Fig . 2 was obtained by examining a drop of t etrahydropyr&n 

was obtained by use of the 0.1 mm-• liqu:i,d ·absorption eell 

sho-we·d e~l{ce.ssi ve absorption. 

'..Che p-di oxane was distilled over ,s-od.ium but was. not 

f;inactionat.ed~ 'fhe agreement betweffe)n our spe·ct-ra and those 

p:reviousl~" published (14) (15) is excellent. The 11't h ickrt 

fi l m was obtained in the same way as, the te•trrutydJ:10p.yran 

SE.ir!lJle and the thin f'ilm was obtained by use of rec:k s:alt 

-pl at$s ,... The silver chloride plat,es were ru;>t suitable f or 

th~ tl'lin sample beca use th.-e_ir surfaces were npt suf'Jti,.. 
' .• _.• , . 

eiently flat and retained too ~l}Ch liquid; ttie va ria:ti,on 

i-n t h icl<n,es-s in ther t hicker sample is not import.a.I.\it since 

v1e a:re •not eoneerned with absorption. eoeff'icients .• 
I 

We rega;rd th(~ greatly increa sing 1nten{S:1ty of a'Q... , 

s,or-pti('}n 1n the o;rda-r eye:.l.ohexane.,. tetre.hydropyran and 

p .... d:toxa n.e as 'tterty sigrtifl.ca.nt. 
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:,3.. Plausible f orms for the normal ·Vlbra tions 

of cyolohexane 

a .. .Method of setting up s ymmetry coor·dinates* 

A .co111plete knowledge .of the pot,3nti.a1 function of a 

molecule is necessar y bef ore the exact l'orm of the norm.al 

vibra tions of a molecule, i~ e., its norma.l coordina tes, 

e tcin be determined unle,ss t h e s ymme try of the molecule is 

so gi gh tha t there is no more than one genuine vibr ation 

in ~ny , gi van no:n .... degenerate symmet.:ry class or one pair of 

genuine vibra tions in any given degenera te symmetry class 

(we are not going to consider tripl y degener ate vibra tio.ns) .. 

An approximate discussion oi' intensities does not require. 

such exact lcnowledge, however, and we shall endeavor to 

set up symmetry coordina tes which sa tisfy the f'ormal 

requirements fo:r normal coordinates ~and which resemble 

the noPmal coordinates within the limits of validity of 

certain assumptions which we shall make, and which \'\'ill be 

discussed l a ter., In the pre-sent s ection we shall outline 

the f ormal requirements for normal c·oordinates and the 

method of setting up symmetry coo:rd.inates which satisfy 

these requirements,.. 

'.lr1e normal coordinates o.f any molecule must be 

mutually orthogonal and must have zero linear and angular 

*sii Her zberg (11}; Chapter II. 
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momentum.; lt"'urthe;rmore , i.f the molecule h as syrnmetry, 

ea.ch :aon.,.,.degene1·ate normal coordinat e mus.t be -either 

symro,etric or a.nt.isymmetric with .respect to each elernen.t 

o.f symruetry other than odd- fold axes and symm.etric with :re

s pect to tb.e latter,. If a pair of normal coordinates is 

: degenera te , they must satisfy certain transformation. 

equations., which, ineidentally, automatically ensure ortho .. 

gonali tl"• 

The mathernatica.l expressions of the requirements 

which can be conveniently so e ~-:pre ssed are shown below .. 

,:'h:e orthogonality rela tion between two normal Vibra

tions , k. and i : 

L m '° ?/') · f w = o 
I 

or 

~ m« ~ f/"'• fa)= 0 
-<. j J J 

whe re wr; is the mass of t.he i. th a tom, 

(1) 

(la) 
-(k) 
f,. is the vee ... 

tor d i splacement of the i. th a.tout in the k. th normal vi

bration, ~ is the mass of each a tora in the o< th set*, and 

j represents the j th &tom in the set °'• Equation ( l a ) 1$.. 

useful when the molecule has one or more sets of a. toms 

of more than one atom ea ch., 

*A s·et is ct group of identic t,l atoms which can be 
generated by any _one of them .by performing the symmetry 
ope.rq4 tions perrui tt<3d by the point group of t he molecule,. 
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The requirements of zero linear and angular momentum: 

p.:<717.jr, =0 4- I I 
I 

H = Z -m,-rf X i:f = 0 
j 

( 2) 

(3) 

where ~ is the ve loci ty of the ' i th a tom at a gi.ven 

phase of the normal vibration under consideration and r; 
i s the vec t or distance of t he i th atom from the axis of ro

t ation. The relative velociti e s and displacements of the 

atoms in a molecule are the same throu ghout a given norma.l 

vibration, and the relation be tween d.ispl a cement and veloci ty 

i s t~e same for each atom i n a given normal vibration , so 

that the requirements of zero linear and angular moment um 

can be expressed i n the f ollowing more convenient form for 

computa tion: 

(4) 
_,, < < · ;~.,. 

Zm ·Y-Xf =~,..,o(~-;,")()i = 0 
; I/ I o( j J J 

(5) 

where lf.1 is the relative magni tude of the displace-

rn.ent o.f t he , th atom refe rred to the magnitude of t he 

displ acement of some ref e rence atom t aken as unity . 

1·he actual disp l a ce:nents are small so that the equili

brium value of t;, can be used •. 

Since the only molecules which we shall d.iscuss and 

which have degenerate vibra tions belong to the point-group 

D we shall give the tra.nsfc,rroation equations specifi -
3d 

.call y- f or t his poin.t-g:roup. Al t hough a pai r of degenerate 

vibr ations must satisfy trans f ormation equa t i ons f or each 

symmetry opera t ion permitted by the point group of 



the mol~cule, these e qu a tions a re not a l l independent 

and it will be sufficient to give t h e t:ransf'orma. tion e qua .... 

tions f'o r the operation of hi ghest s ymmetry , namely S£; .. 

It sh ould be noted tha t f or proj_ec tions in t h e xy- pl ane 

t his o·pera ti-on is exactly equiva lent to c6 and tha t for 

z ... oompcments it i s s i mply a r eflection in the :xy- pl ane. 

The gener al tra.J;1sto:rma t i.cm equa tion.s t or the perf ox-... 

man.ce of the operation s6 on & pair of degenerate vibra

tions { and ~ are:• 

I cos/3 + h, sin/3 (6) a; = a,· I 

_, -a· si .. ;.3 .,. h; <,OJ/3 (7) p· ::' 
I I 

where a.·' and i:i;· are the .t·rcms.forrued and untrans

formed di s placement vec tors, respectively, of t he , th 

a tom i n a given set in the vibr a tion fa. and /1 is lrr/2, 

,,( :: 1 or 2 (see He,rzbe r g (11), pp . 94 ff.). The angle ft 

c~n al.so be equal to '11' 1 but this va lue leads to the non• 

degenerate vibra tion of class A • I f , now, the opera-. 2u 
_, 

tion -86 is per f ormed on a,· we in-1-:Ll h ave obtained the dis-

placement vectors of the ( i. t l ) t h a tom . in { -: 

·where r, j and I are the usual unit vectors,. An 

exaetly ana l ogous eqila tion will hold, of course , for b. 

t h e general equ a tion which expresses t he overall 

proce ss o.f ob't.ai:ning th.tr displacement vector of the ( { +,:;: f ) th 
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a tom .from t hat of the i. th a tom. is some,,;hat cumbersome, 

but f ortunately it can be sim.plifi.ed considerabl·i-r .. If 

f pairs .of de.gfmerate vi brat.ions a.re permitted in a glven • 

symme-try ellass the normal coordina tes may be repres ented by 

l inea r combina tions· of f pairs of arbi tra.ry symmetry coor .... 

dina.te~ provided only that the symmetry eoordina t e.s are all 

mutually orthogona l. :we can therefore- select first s ym

m0t:ry coordinates which ean be determined easi1y , and th~n 

oor1struet mo:re plausible aJJproximations to the norma1 

coo.rdina te-s, if necessary, by making linea r aombina tions 

of the origina l set~ 

. In the case of the X6 :ring of symmetry D.3d two 

pairs of degenerate vibra tions are pe;rmitted in each of the 

t wo degenerate s ymmetry classes EC, and E.u. For the Eiz 
D 0 

vibr a tions it is convenient t.o let ~a, and b1 be equal to 

J and i: res pectively for one pair and .-J and r for the 

other pair (note tha t no genuine vib.ra tion with only z 

displacement .$ i s permi tte:d). The second of' these pairs 

turns ou t to have angular mo.mentum so tha t equa tion (5) 

mus t be used to calcula te z-components., 

Of th.e Eu .vibra tions o·ne pa.:;i.r is permitted to have all 

21 di'spla.·cEnnents,. so that co-nVfftlt<ant selections for a1 and 

Jo, f or the. Eu Vi bra tien::; are .J: a1td r for one pair a.nd k 

and O f:efr tb.e,- othei- pair,.. ']he explie~t equations re,l.ating 

'iii+t to a,- as si~pl.if't ed by t hEHS,~ se~e-0ti~ns will not be 

gi ve:n since t hey lead s-1mply to• the v1 hr a t :i :ons given by 
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Herzber.g for the 7?lan0 x6 ring. 

The transforma tion equations for methylene vibra

tions of cyclohexane • are idemticr.'!. l with those for a vibra

tion involving only z-.displacements, since, s1:.1bject to 

as.smmptio:ns described later, the motions of the methylene 

groups in any one vibration differ- only in sense. 

Ln oonstructing new syw..metry coordinates from those 

obtained as described above, combinations of the form.s 

f:
0 

-t- c f;q, , fa, -1- c {b , c fr.. ;.. £0 , c f,.k ,.,. /;1, are us ed pro

vided f.4 , f,.1:, , ~-"' and f;'° are nor\"llalized to the same 

va.lue, 1. e . 

(9) 

where a,- represents the displacem<.·mt of the i. th atom 
I 

in one vihr a ti·on and h,· tha t in the~ standard vibration. 

These f.orms fo!' comb1nat1ons are d~rivod by straightfor-

ward -a_ppli,eat1on of' the orthogonality condition, equation 

(l) .. Go:m1::ilna,tions such as fo. + ~" are not considered b~ ... 

ea.use we · shall later- specify t ha t all V'ib-ra t.tons shall be 

eithe-r s:yrrm1etric o:r antisy..IlV)tstric 1ttth respect to the 

yz .... pl;ane-, with u~o 1nd1ea ting tb.e sym,.:raetric and "b" the 

antisymmetric v1b~at1ons. 

Combinations. involYing n v'i :bra:~i.ons , S,4 + f.,; + • -~. + ~ci. , 

can be trea ted analogeusly, though ::idth CQnst.cterably 

more complex results . In general n'-~<11 - 1) e,oefficients 

may be sp~:;cified a r bitrarily, since the orthogona11 ty 
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r-e oui remen.t supplies ~(.,.,-1) e qU<.i, tion s r e l a ting the coeff i 

cients. In t he case of t wo vibr a tions we have s pecif ied 

t he coefficients 1 and c . 
~ 

b,. Ri p-g vibr a tions 
,,-

I n t he pr es ent discussion cyclohexane will be treated 

a s t hough it were an x6 ring of symmetry n3d .( chair- f orm), 

ai1d any possible coupling with hydrogen vibra tions wi l l be 

i gnor ed . 

Symmetry coor dinate s of a f l a t x6 ring have been given 

by Herzberg (11) (p . 93) und have been adopt ed by Ramsay and 

Sutherland (16) f or the ring vibra tions of cyclohexane. 

We ha,te adap t ed these to t he puckered x
6 

ring a s shown 

in Fi g. 6, and, with t he exeeption of t he Eg vibrations , 

have accepted t hem a s plausible f orms , although only the 

A1 and A"} vibra tions are uniquel y deter mined by symmetry . 
U 6U • 

The r adi a l - t angentia l set of Eg vibrations shown in Fig. 6 

are obt ai ned by simpl y taking the vector suo and diff er 

ence of those shown by Herzber g and by Ramsay and Suther ... 

l and ; we have s el ected t hese f orms for reasons discussed 

below under the assignment of' ring frequencies " The 

a ssignments which a r e reported by Beckett , Pitzer and 

Spitzer (10) f or cyclo--hexane a re shown in F'i gs . 6 and 7 ., 

The projections on the xy- pl ane of t he displacements 

in the Alg vibrations are required by symmetry to have 

t he same magnitude for all a toms, and to be directed .ra

di a lly and in the s ame sense f or all a toms. ~ymm.et.ry als.o 
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reouires tha t the z-comnonent o/ the disn1acements be 
;i,, • ·"· ,,.. 

alterna tely 1:i,o.sitive and negative :for alternate a toms , and 

t hat it have the same magnitud.e for all atoms,. It seems 

plausible to assume t ha t the two vibrations will be (1) 

one which does not change the shape or the ring but alter

nately expands and contra cts it and (2) one which bends the 

ring ·r;i t hout ap:pr1:~c:i.ably chcmging the bond lengths. These 

c-0nd.itions are satis f ied if the d1splacem,e,nt vectors 

ot the stretching vibration make an angle of 35°16' ,,;1th 

the xy .... pl ane and if the displacement vec t ors of the bend

ing vibra tion make an angle of 54°44, with the xy- plane 

(a..ssuming t.etl·ahedral bond angles). 

-Cyclohexane., tet.rahydropyran and p-d i oxane have only 

Gne elenient of symmetry in comm.on, namely a plane of sym

metry . S.inee all t,a trahydropyran and p- dioxane vibra tions 

raust be synuuet:ric or antisyrruuetric with respect to t his 

pl ~na , 1 t is necessa ry to follow Hamsay and Sutherland. (16) 

in ehoosing f or discussion t hos·e pairs of degenera te v i·bra

tions which 1ueet t his eondi tion, so that they may be com-

There is no loss of genera lity in doing this , 
of' course, since any :possible degenerate vibra tion can be 

decomposed into two such orthogonal vibrations .. In Figs .. 

6 and 7 the letters (a) and (b) identify the symmetric and 

tures of the degenera te vibrations, are, for our p1.1rposes .,. 

not _their exact forms, but (1)' that the t wo ring .frequencies 
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of ea.ch degenera.t e syrmnetry class are proba?lY quite dif

ferti!n.t so that· we may speak of a stretching and a bending 

vibrat.1on in ea.ch class, and (2) that each of' the t wo 

pairs .of degenerate ring stretch ing v111rat:tons consists of 

on~· whieh involves principally s,t.retching of the 1- 2, 1-6, 

4.,.,3, and · 4-5 bonds and one \vhieh 1nvo1 ves pr:tncipally 

stret;chi:ng of the 2-3 and 5--6 bonds.~ 'lhe l a tter t ype of 

v1brati0n· w111 be expected to show little change when 

oxygen is substituted tn the land 4 positions, whereas 

the former 'l:Vill be expec tad to show rela tively great 

e.f'f'e:cts .• 

'D.10 for·ms selected for the r3a and 1~ vibra tions are of 
- ' .If!> u 

course completely arbi t .rary, but the actual forms 1;Yill, in 

the absence of coupling with C:-f! vibra tions, be linear 

combina. t10ns of t hose sh0vm,. The I!fu vibrations resemble, 

the A vibr;;1. tions in that the forms of the projection on 
lg 

the xy- plane and of the z~eomponent are com.pl.etely deter ... 

mined by syr.uJetry and the requiren1en t of zero linear mo.-

men tum, but the way in which th(~ Se a re combined is arbitrary. 

'The f orms of t he go vibrations were selected ,.for reasons 
5 

described l ttter and the f orms of t he Eu vibra tions were 

fixed ·oy arbitrari l y requiring th.at during the l~ (a ) . u 
stretching vibration the 1, z, 6- J,).11.d 3, 4, 5- pl ane$ 

should not change th~ir -orienta tion • . 



c .. Hydrogen bending vibrations 
.1 

It is cust9ma r y i n discussing the p.e:nding vibrations 

of methylene hydrogens to speak of bt::nding, rocking 

l\!agg i ng; and t wisting vibrati.ons.s)- . Any such <' iscussion 

implies the assumptions (1) that th:ere are only negli gible 

inter actions between carbon-hydrogen bendtngs and carbon

o.a rbon str.etch ings; (2) t hat there ~re only negJ.ig:tble inte► 

g,G tior1.s 'bet ween mo tic,ns of a hydrogen 1,fa.rallel and perpend.i

cula.r to the plane d e .fh1ed by the ··three adjacent ca rbons 

and (.3) that the motions of the me t r1yle.ne hydrogens are 

either s:rmrnetriod-1 or antisynunetrica l with respec t to 

that pl ane . The rr1otions of' a pai.ir of met hylene hydro-

gens are t ermed bend ing, rocking, wag:ging or twls ttug 

according to whether t heir motions are perpendicular to 

t he c-c ... c plane and symmetrical with resp11ct to t hat f;l'I~ne, 

perpt1ndicular and antisyw..met1~ica l, parallel a.nd symme·

trical, or papa11el and antisyllfil.1etr iGal ., res pectively,,, 

Recently the mo.re descriptive term nscissorsn has come 

i nto use f or the perpendicular, symmetrical ::aoti on and 

will be adoptf~d in this thesis . 

ThE:s above a ssumptions and the syri11.i1etry o f the mole

cule ai-:ie .stiff ioient to determine the f orms of the carbon-

hydroge-n benii;ng vi hra tions ~ The motions of the hydro-

. g,ens • alone, as so deterro:i.ned , ure shown. in Fig~ 7 -. ln 

many of the · li·th~ations , o.f course, the r ing is requ1·:eed 

➔tt3ee 
1

Tor. 'example k ,.., • s .• 
1

:Rt{smufJsen (9) and Beekett,. 
Pi t :oer and Spittiei- {lO) 
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to move also, in order to satisfy the requirements of 

::zero angular a.p,d linear momentum; the reader ean readily 

supply ffuch motions . 

4. The norm.al vibrations of t e trahyd:ropyr an and 

p- dio:xane 

a.. Plzrnsible forms 

hi ng vibraitions of the exac t f orm of those shoilirh in 

Jrig., 6 are not quite orthogonal for te-t:rahydt'opy:ran and 

p-di0xane because of t he changes in mass distrtbutio-n, 

hence independent of other considel'"ations the ring vibra

tion.s of the latter ea-nnot be expected to be exactly like 

thos·e of cyclohexane. f!urthermore the relatively greater 

$tl'ength of t he C-0 bonds as compared with the c ... c bonds 

will tend to caus e the mot101:1s of the carbons to be $>Qme

wha. t more nearly along or perpendicuJ.a r to t he 0-0 bonds 

than woul d other wi se be the case.. A set of vibra tions which 

satisfy the orthogonality requirements of :p-dioxane or 

tetrahydropyr an can be drawn which is so closely similar to 

that shown in Fig. 6 that it would be diff icult to show 

the differ ences in a. figure., We shtitll assume that the 

differences are actually small, and that lt'ig " 6 can be 

us ed a.s ti basis for discussion s:i,,n,oe the exact f"'orms of the 

vibra tions of tetrahydropyran and p-dioxane a:1; .. e not i mpor

t ant in t h.e pr -esent consideration .. 

'.£he forms of the hyd:ro:gen bending vibr a tions of p

dioxane , as was the case with cyclohexa.ne , are determined 
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by t he symmetry of the molecule and the assumptions des ... 

eri'bed under cyclohexane . '.the motions of the hydrogens 

a lone in the vibrt1.tio11s as so det@rmined may he derived 

:from the cyclohexane vibrations shown in Fig . 7 by simply 

removing the proper hydrogens.. The resulting vibrations 

are identified throughout our discussion by the designa

tions of t lle eyclohexane vibra. tions, with the symmetry 

,class of the vibrations in p ... dioxan$ .included in paren

t he$es,. T'he same notations is use(i for the ring vibra

tions .. The removal of two methylene groups introduces 

some ambiguity in.to the notati,on since one member of each 

degenera te pair of vibrations :may be s aid to have merged 

with a non .... degenerate vibra tion:-.;as follows-: Eg (a) rocking -

or scissors with Al •. g 

or scissors with Azu 
or t w'ist11tg with A 

2g 

rocking or scissors., 

rocking or scissors, 

wagging o·r t wisting , 

.,,,, . (.~.·· )· ""u "~ . rocking 

E (b) wagging 
g 

and E (b) wagu 
ging or twisting with A

1
. wagging or twisting. We shall u 

arl;~trarily adopt the non-degenerate designation. 

The removal of one methylene group . in going from 

cyclohexane to tetra.hydropyr an must necessarily result 

in a. decrease or four in the number of ro.ethyl.ene be.nd1ng 

vibrations, one of ea.ch type and t wo of each tetrah!ld:ro .... 

pyran s ymmetry class. ·:th.is means· either that four eycl9-

hex.ane vibrations· have no counterpart among the tetra .... 

hydro:pyra.n vibrations, or that at least f.our of the 
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tetrahydrop;y.ran vibrations ar~ each related to more than 

'Phi"' one cyclohe-xane vibration . .i. .,. uncertainty in the forms 

of the methylene vibrations will be discussed belo~t under 

intens1 tie s'" 

We shall make no attempt t(> predict accura te f'requen ... 

cies, hut will discuss only the sign and order of magnitude 

of the diff erences from the eycl ohexane frequencies .. 

'fh.e i ntroduction of the stronger C-0 bonds in place 

of C- C bonds may be expected to result in general increases 

in the ring stretching frequencies., The non-degenerate 

ring stretching vibr~i tions involve all the ring; bonds equally 

$~ tha t the change in frequency should not be la.1'ge, but of 

the s ame sig_n, in going from cyclohexan~ to tetrahydro, ... 

pyran ta p- dioxane., On the other hand the degenerate vi bra

tion.s do not invol'tre all the ring bonds to the same extent, 

as pced:nted out earlier. One oi' each pair of degeme•r a te 

str-etchi~g vibra tions involves chi-ei'ly C- -C borids,, in both 

tetrahydropyran and p- dioxane, a.r.1d shoul.d show little 

change in freq,uenx:y, wherea.s the ether member of each pai:r 

beoomes a pure c ... o vibration in p, .... dioxane and should show 

a relatively l arge shift to hi gher frequencitzs., 

An exh,1ust1ve discuScsion of possible shifts- in the 

hydrogen f requencies would be exceedingly complex, hut 

eons1deration of the spatial relation$h1ps of the hydro

gens indicates that the :trequenci~s are likely to be quite 
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diff erent in tetra:hyd.ro:pyran and p-dioxa:ne. Without know ... 

ing quantita tively what the bond'. angles and lengths are 

:tn tetrahydropyran, ~-e can outline some 'i-u~lita tive trends 

a$ compared with eyelohexane. Almost certainly the dis

tances between the 2 and ·6 carbons will be somewhat less 

than it1 cyclohexane, the 2, 3 and S., 6 bonds will not be 

parallel t'o eaeh other, and the 0-0 .... c plane will nm.ke a 

somewhat l arger angle with the 2, .3, 5, 6 plane than does 

the l, 2, 6 plane of cyclohexane,. If we assume tha.t any 

changes in the H-c-H angles are negligible., the net result 

is to bring the 2 and 6 polar hydrogens closer to each 

other, possibly into van der Waals contact, but farther 

from the 4 polar hydrogen, and to spread the .3 and 5 polar 

hyclrogens fa.rther apart. The resul, t.ant effect on the separ

at.ion of t he equatorial hydrogens depends on the relative 

magnitudes of the above trends,. but is probably quite 

small because the z .... cor!lponent of the displacement of all 

the equatorial hydrogens has the same sign. A simple 

tinker toy or HirschfeJ.der model will help the reader to 

Visualize the above changes. In our considerations we 

:ne:ve rega:rded th~ 2,. 3, 5, 6-plane as main ta:Lning a 

constant Ol'ientation with respect to the z-axis a.nd have 

ass.um~d that C.C ~ 1 ,.5.l A.,, C ... o '- 1.44 A., I c ... o ... c , 116° 

and that all carbon va.lenee ang'1e~ are tetrahedral. 

In p•dioxar,;ie, on tne other ha-nd, both the 2, 6' and 
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J,5 pairs of polar hydr ogens will be brought closer t o~ 

gether, pr (>bi:~bl y i ,,to van de r Waals contact. I f Hass .el 

and Vie:tvoll' s mod el* (20) is US :;?d appr eciable cli s tor-

tion of t h e tetrahed r a l angl es :nus t be a ssumed in order 

to avoid overlapping of t he van der Waals r adii o:f' t he 

poh.1. r hyd r ogens, and. in the model p roposed by li!h and~ (Z f:.) 

t h e polc1 r hydrogens a re a lmost, hut not qui t f: , in van der 

Waals contact (a ssuming t ha t t h e van der Waals r adius of 

hydrogen is 1. 2 A. (see Pauling (7), p . 189)). 

It seems rea sonabl e to expect t hat t l1e inte raction s 

be t ween hydrogens will be gr ea. ter f o r p-di ox:ane tha n f or 

t e trah:;/dropyr-s n, and in the absence of ot her effe cts ma.n;y 

t h e hydrogen f requencies of p-di o xane vvould b~<: expected 

to be hi gher than for tetrahydropyr an. It seems unlikely 

t hat a ll i?-ffects would c ,::lncel out r ,0r more than one or 

t wo Yi hr a tions a t most, so t h<"1 t p-di oxane f r equen cies 

should in general be diff er ent from corresponding tetra

hydropyran f requencies. 

bands 

Al.1 tetrcihydropyr an vibra tions Itr e pe r raitted by s ym

metry to be a ctive in both tlHil Raman and inf'ra red spectrum. 

~ *C-C: 1.54 A., C-0:: 1.42 A., 7 C-C-0: 106° 
L c--o-C = 1os0 

**C-C = 1 .51 i 0. 04 A., c-o = 1.44 f.. 0 .. 03 A .. , L c-c-o::; 
109 J5 i. 5° G-0-C:: 112.5 i 5°, average ring angle ... 110.5 
f:. 2°, 0. 9Lt ~ C-0/C ... c ~ 0. 98 . 
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'.£"he intensi t.ies of the bands ,~,111 vary widely , howeve r., 

and we shall indica te below the r a ther unsophisticated 

a.r gument s which we have u.sed to predict :rough rela tive 

intensitie-s .. 1ts previously mentioned, vibra tions are 

:i,,.dentLf ied by the designation of the cyc·lohexane vibra

tior1 f rom which t hey ma y be rege.:rdeid as de:ri ved; the 

symmetry class oi' the \tibrat:ton in tetrahydropyran is 

added i n parentheses-

a .. Intern:ii ties of Raman lines 

Both classical and quan tum mechanical treatments of 

the molecula r sea tterin-g of' light (see Herzberg (il), 

Chapter III; also Wu (22) and Breit (23)) a ttril;>Ute t his 

phenomenon to the changing electric moment whieh ls in

duced in the mole,eule by the electric field of the i nci

dent beam... Under the usual experimental conditions:* tor 

detecting the Raman effect t he above inte:ract1..on m.e.1;y be. 

expressed :tn t erms of a $ymm.e tric tensor called the po,.,. 

l ari zahili t y tensor. Insofar as the components, "',j , 

of t he pola.ri zaoili t y t ensor. o<. • rnay be regarded a s ~ . ., ., 

* The i mp.ortant condi tier.ts are · (l) • tha t the di:f'f~rence 
1je t\'1-een the .frequency of the exei ting beam and of any 
absor ption band of the molecule be la.1•ge, (2) that the 
wave length of the incident bea."fl be su:Cficiently l a rge 
tha t the electric field .may be rega:rded a $ the sa me 
in all parts of the m:olflcule, and • (3) that the eleatrie 
.field throughout the moleeule due to the incident beam 
be l arge compared to tha t arising from other sou.roes 
(see the ex.oellent diseussion by }Jlathieu (24)). 
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l i .near functior.t$ o:f the no:rnu:il coordinates, f , the 

change in po1ari zatii l 1 ty associated with a given vi bra-

tional trans:i. tion., [c<J"k , is 

(10) 

where :n and k represent the qu.s,ntum numbers of the 

initia l and final sta tes and t he It'~ a re t h e e.i gentunc ... 

• tions or the unperturbed states n and k .. The intensity 

of the corresponding Raman line is then 

(11) 

'\:Jhere I is the intensity and v the frequency of 
0 

tlle incident beam and ¾~ i s the .frequency wh.ieh eo:rres.-

:ponds to t he energy released in the tran.si tion. In the 

b.arm.onic oscillator approxi .m.ation thtl integr nl in equation 

(10) is t he s a.rae f or all the fundamentals so t hat the 

:tntensi. ty aotuall;l depends on the de.rived poJ.,ari ~~a bi l i t y 

t(-311S0l,"J -~ o<:j ¥1 i t hout knowing the nume.ri-eal 
' ~J=)'.,y,z. 

va lues of the eo·mponents J o<.,•j , of the polari zability 

tensor., or of their de:riir.il: tive.s with respet!t to the 
. I 

no.x·m..al coo1•ctina t e s 1 "'•'j ➔f-, we can neverthele-ss indi.ca te by 

use of well-known prineipl es which deri ,1a ti ves will ha.vr=J 

• •. -f~he derbla: tive we are discussing , otfj , is the 
coefficient o:t" the linea r term of the expansiem of «:j as 
a f unction of the x:i.o rma l eoordi nate f about thtl e quili
b rium conf i iluration,· e. or, brie-flv .. o<'..:::: jc)c( .. /at>) . . '•" . • ·' . ., ~ 'J l' , J ,, ' ) e 
(xler :abe.xg (6), P•· 2.'i,L.). 
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non-zero values for a given vibration. It seems probable, 

in_ any case, that the Alg (At) nbr(➔athing 11 vibration, for 

and «zz are all non-z1:1:ro, will give rise 

to the strongest Raman line in the spectral region under 

consideration. In the absence of further information 

one might also expect that in general those vibrations 

w'h.ich are de,rived from Haman-active cyclohe:x:ane vibra

tioi1S will give rise to the strongest Harnan shifts,. 

'fwo Hf1.ina.n shifts of reasonable intensity, prohibited 

in cyclohexa:ne, may be expected to a rise from ring stretch

ing vibrations of tetrahydropyran. One arises from the 

splitting of' the Eg frequ<:)nay, discussed .above, and the 

other from the fact that the polarizability is not the 

stime in opposite phases of the E (a) (At) vibration. i11e . u 

remaining ring stretching Vibrations would be inactive 

at the intensity level under discu$sion si,nce not only 

is the polarizability the same in opposite phases so that 

the value at the equilibrium configuration is an extremal 

and the diagonal derivatives are zero, but the orienta

tion of the polarizability ellipsoid is changed only 

very 11 ttle so that tne .,·off-diagonal der·i va.tives tire 

exceedingly small. 

In spit;e 01.' the uncertainty in the forr11s of the 

methylenl7f vibrati,ons of tetrab:ydropyrt1-n mentioned above 

it seems' :probable that certain of the cyclohexane vibra

tions, at lea:a:t, will ht.i:ve .r~asonably close counterparts 
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among the tet r ahy.d:ropyran vibr a tions, i11 particular the 

eight E vihr a t;i;'ons which invol.ve only foul' me t hyl ene groups , 

and t he four A2 vibra tions, which require all the methylene 

,iP<;lUPS to be vibra ting i n the same sense. •~nong t hese t he 

f our E vibrations wi l l be expected to be active with f air 
!~ 

intensity , with the possible- exception of' the Eg (b} (A:f t- ) ,·. · 

r-oc1i1n.g v-tbration, which does not appear in the cyelohexane 

s.pectrma. 1 here is some question also as to whe ther the 

deg~~ne r a.te scis$or~ vibration will s plit, since its f re .... 

quency ap i:1ears to deperi.d mos tly on the bending f orce 

eonstant of the individua l methylene group, and "fery little 

on intera:c tions outside the group . 

Of t he hydrogen bending vibrations in gener al we may 

say th.at we expec t no strong band$ which a.re for'tiidden 

f or cyclohexane. If a Raman-aet1ve "cye.lohe:)l:ane vibration 

is combined with a Haman- inactive eyelohe.xane vibration 

to give the form of a tetrf.thydropyr ian V'ibrat 1on the r e

sulting b-and should ·be weake-r than if it were related to 

the Rarnan--act ive cycl ohejeane vibration al:one.-

b , Intensities o~ infrare.d bands 

:l'he inte.nsi ty of the infrared batu:1 cor:res·ponding to 

a given vibr ation depends on the magnitude of t he changes 

i n the electric moment o:r the molecule during t he vi 'b;ration. 

I.n many cases, particularly when reso,ri.anee between s t ruc

ture s of nearly equa l energy but different charge distri

butio.n i s not i mportant , we may diseuss the magni tud.e of 



these ch,::1.nfr,es in ter'ns of' the motions of f orinal charges. 

Such a discussion cannot account f"or the inf'ra red u,ct:l v-i ty 

of carbcm .... ca rbon stretchings, or methylene twistings, 

but is probe.bly a satisfactory approximation for the other 

types of vibrations. 

The infra.red spectrum of tetrahydropyr an shows an 

ap preciably greatt:r diff,~rence from cyclo.hexane than does 

t1:1e Haman spectrum presumably because the introduction of 

an oxygen atom in place of a CH2 group has a l arger effect 

on t he charge distribution than on the polarizability. 

Not only does the l'l i ghly electronegntlve oxygen a tom intro

duce a formal negative chitrge in the l position, but the 

opposing uositive charge 1£ probably to a l a rge extent 

JJa ssed on to the hydrogens so that the intfmsity of both 

ring and hydrogen bands should be inc:reas dover cyclo

hexane . 'this is in line with the experimental fact noted 

earlier tha t tb.e intensity of absorption i.rwreases 

markedly in the order cyclohexane, tetrahydropyra.n , p-

dicnrane . 

The negative charge on the oxygen is probably suf

ficiently l arge , and enough of the opposing positive charge 

is probably passed on to the other end of th.G ring, so 

t hat all vibrations which involve motion of the oxygen 

will have appreciable i ntensity in the infrared. :rhus 

the very strong A,g(A') ring-stretching Raman line should 
..l.. . :J 

be a ccompanied by an infrared band of medium intensity, 
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as should the other ring-stretching Hama .. n lines. 

the A
1
u(An) stretching vibra tion, which is inactive 

in cyclohexane, should be one of t he strong bands in the 

infrared spectrum of t e tral1ydro}Yyran because the change in 

moment due to the motion of the rest of t he ring. Both 

stretching frequencies should be very strong ('.. lso, for the 

same reason. As pointed out above, t he two .u;u fre quencies 

should be well sepa rated because ( a ) (A') i s essentially a 

ca:rbon-ca r bon and (b)(.Att) a carbon-oxygen vibration. 

'i hus the t e tra.h.ydropyr an ring m2.y be expected to 

contri bute three infrar,-ed bands of m.odera. te to strong 

intensity , ea.ch of which appears also in the Raman spectrum, 

a total of five new infrared bands as compared with cyclo-

hexane . 

Of the hydrogen frequencies wi would expact the 

A2u(A 1 ) and Eu(b)(A 8 ) rocking and scissors and the E
11

(a)(A') 

vmgging vibrations to give the strongest bands. fhe acti

vity of the other hydrogen bending bands will depend on 

the rela tive amplitudes of the motions of the methylene 

groups and ·on the exten t to which va rious cyclohexane vibra

tions may be regarded to huve i:nteract,~d in giving the 

forms of the tetrahydropyran vibrations. I f the Eu(b)(At1) 

wagging vibration interac ts only a very little with other 

A" wagging vibra tions it may be expected to give rise to 

a fairly strong band; if, on the other hand, it has 

"interacted" extensively its potential intensity will be 
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distri buted among t 1Yo or !nore bands. As pointed out 

earlier, we c2mnot predict the activity of twisting vi bra

tions on the basis of the motions of fractional formal 

cha rges, but i f any a re a ctive it would probably be thos e 

which a re most clos ely rela ted to the 1\1 vibr,::1. tions, 

which are ac tive in t h e cyclohexane s pectrum.. It seems 

lilcely tha t t he infra red a<~ tivi ty of the t wisting vibra

tions arises from a departure from our as .sumpti(?n three 

under our discussion of the forms of' hydrogen vibra tions of 

cyclohexane. 

6. Hough estima ted i n ten:..s i ties of p- ciioxa.ne b ci.nds 

'fhere are no absolute selection rules in the li quid 

sta te, but the vapor selection rules are nevertheless 

useful f or discussing the more intense lines. Ne i th~;r 

cyclohexane nor pQdioxane show significant differences 

bet w·een t he vapor u.nd li q_uid infra red s pectrtt a t t he inten

sity l fr: ve1 which will be discussed he-re• Since we have 

assumed the chair structure for p-dioxane we expe c t t here

f .ore that no vibration vdll be active in both tbe R;,~man 

and infra red spectra. 

'I'hree ring stretchi ng a.:nd ei ght hydrogen bending vibra

tions are permi.tted by symmetry to be ac tive in the Haman 

spectrum. '.l:.'he iJ. (A ) ring brea t h i ng vibration, a s with l g g 
tetrahydropyran, will be expected t o yield the strongest 

shift. We mi ght expe~ t a lso t hat the J£g(b)(Bg) ring 

stretching band w:tll be somc:wha.t stronger than the 
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corresponding tetrahydropyran band because the intensity 

of this band depends to some extent on the quantity 

o< - « ,v, which should be twice as large for p-dioxane as i'or 
)(X JI., 

tetrahydropyran. The F~ .. (b) (Bg.) rocking and scissors and 
l', ~ 

the A (B) wagging vibrations are expected to give 
2g g 

weaker bands than the A vibrations because the motion of 
g 

the ring tends to offset that of the hydrogens in these 

vibrations. 

In the infrared spectrum, also, three ring stretching 

and eight methylen.e bending vibra tions are perm.i ttt?d by 

symmetry to be active. 'l"''no introd.uction of a second. 

oxygen rvill be tn:pectnd to accentuate the effects mention

et above for tetrahydropyran except, of course, for the 

clissymmetry of the L1tter. Each of the three ring t.~tretch

ing vibrations will be c :pected to· ,appear with good inten-

effect which is responsible for the uct:i.vity of tho s e 

vibra~ions in cyclohexane is in the right direction. If 

thu activity of th i;-3 cyclorrn:.-:c~:n8 vi hre,tions Drife from the 

ntt:raction of the positively cha rged nuclei for the valence 

~}lectrons of adjoining cn.:rbo2·1s, for example, the eff ect 

,rnuld be? in the right di:eeetion. 

EE~eh of the ,?ight methylen'-7 bending vihrations except 

t:1:H: two t Nistings is e :cpectuc3. to ap:pr:;ar with fair intensity. 

·:::111 1= B (b) (A ) rocking and scissors ,,ibrations might give u u . 



somewha t weaker bands than the others because the change 

in moment is brought about b)' the ;notion o.:C only .four 

hydrogens as co: ,ps. red with eight for the other vibrations 

(not including t wistings, of course). 

'7. Assignment of' bands 

The assignments wi dcli. we have made on the basis of 

the highly simplified picture described above are summar

ized in Fig. s. The reasons for these assignments are 

given briefly below. 1'he specific assignment of methylene 

frequencies is not unique, particularly for tetrahydropyran 

in view of the uncertainty of the forms of the v-ibrations, 

but the assignment of ring frequencies seems reasonable so 

th.at our major purpose has been achieved. 

In Fig. 8 we have arbitrarily related each methylene 

bending band of t~:,:trarqdropyran to ·9nly one cyclohe:r:ane 

vi bra.ti on, not so :-nuch to identify the tetrahydropy:ran 

bands as the p-dioxane bands. 

a. Ring bands 

The i'irst step in assigning ring frequencies was to 

combine the above intensity considerations with Ramsay's 

approximate calculations (14) to make tentative assi~ments 

for :p-dioxane,. The assignments for both p-dioxane and 

tetra.hydropyran were then made in such a way as to be as 

nearly as possible consistent with each other, with Lu, 

Beckett and Pitzer's assignments for cyclohexane (10), 
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and with our simplified picture described above. 

~he results of Ramsay's calcula tions for the ring 

stretching frequ0ncies of p-dioxane are as follows, in 
., 

cm-~: A
10

(A) 834, E~(a)(A) 1111, E (b)(B _) 1126, 
b g O g g ~ 

A1uCAU) 1141, Eu(b)(au) 927 and Eu(a)(Bu) 982. The posi-

tions of ban~1.s and H~iman. shifts which ho.ve been found e:x

perir,1,entally in this spectral region a,re repeated below in 
-1 

cm. together with their intensiti&s: Raman 8,35(10), 

1111(3) and 1125(3); infrared 875(10), 

890(7), 1G20(0s), 1052( 5), 1086(6) and 1122(10). We will 

not con$ider the 852 and 1020 cm.-l bands because of their 
'l 

low· inte:nsi ty, and the 1052 cm.-... hand is not a ring 

stretching; band as shown by its pt.1.ra.llel character (4). 

l'hus there are only four bands in the ring stretching 

region remaining to be assigned in ea ch of the Harnan and 

infrared spectra. 

Of the four infrared bands one of the t wo higher fre

qm'lncy bands is the A
111 

(Au) stretehing frequency so that 

th0 splitting of the Eu ring stretch ing bands is either 
-1 1 

about 200 cm. or only 15 cm.-~ instead of the predicted 

55 cm.-1 ~ lhe l a tter seems excessively low in view of 

t h e difference in character of the t wo vibrations so that 

the higher value is probably corre~t. One would expect 

t he s plitting of the F shifts to be a t least of the s ame ·'g 

d i , • t d I .-f.' tb 1 ··1 14 ., l"' ·11 -l ' ''"'t or er o magni • u e. le L.r anu ..1.. c m. s.n.ir s are 
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a ssigned to the t wo E . ring stretching frequencies the 
g 

litti• ld 'b 97 · -l · ~ · .h • 1 ~ t sp · ·:r:.gv.rou -·· e . cm. , w.u.1.c . seems ·conss"t.,e.n·. 

The as·stgrnuen t of 

vibration is supported 

the 1014 cm.. -l shift to the E (a) (;ti, . ) 
g g 

by its intensity. In the cyclo-

hexane spectrum the :h.g stretching shift is .second only to 

the: -tA ring brea t hing shi.ft in intensity and is thB only 
l g . 

other intense Ra.man shif t below 12~50 cm ..... i _ We have assi gn-

ed the 1111. cm .... 1 sh ift to the E (b)(B) vibra tion because g g . 

of tne general tendency of Ramsay 's calcula ted frequencies 

to be high*.- The 834 cm .• -l shi:t't is no doubt the Alg 

breat hing vibration, in a:greem.en. t vd t h the assignments of 

Ra.msay (4 ) and of Kahovec and Kohlrausch {3). 
_ 1 

:Che intensity of the 875 and 1122 cm. - infra red bands 
., 

is so grec1t compared with the 1/+5.3 cm. -.L scissors b ~ind 

t hat they· can p robabl y be eliminated ~ a.s me t hylene barid•s-lHI-. 

The 875 c r;1. -l band is then the gu (b) (Au) ring stretching 

l 
_, 

ba:no.. Assignm.ent 01 .. the 12.2 cm. ..,_ frequeucy is not as 

s tra.i ght-forward, but we favor the Ji; (a) (B ) ove-:r the 
ti u 

.a1u(Au) stretehing vibration becaus e it appea rs to fit 

*1he ring st.retching .fr eque11.cies calcula ted by :Ifa.msay 
and Sut herland (7) for the cyclohe:x:an-e :ring by the same 
me t hod which Rams ay used f or dioxane are 4 t .o 6~~ hi gher t-han 
t hose given by Beckett , Pitz-er and Spitzer ( 2) . :the latter 
were pr -esu:ma bl y obtained on the ba sis of a s ometthat t!lore 
sophisticated trea t ment since h ydrogen fr.e t1uenoies are also 
i neluded .. 

%*'1:he. .scissors band is gen~rally the most intense band 
in t he infrared spectra of hydroear'bons except for the 
carbon-hydr ogen stretching band ,. See, i'or exa niple, the 
In.f~ared Absorption $pectrog:rams published by the American 
Petroleum lnsti t ute's Research Project 44. 
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better with our assignments for the tetrahydropyr an spec

trum., which is di scussed below. 'l'he A
1 

(A ) stretching 
u u 

vibrc,1tion would t h en be assigned the 1086 cm,. .... i fre,rueney. 

If the above ring a..ssig:nments for p-dio.xan.e are accep

ted, the ring ussig:nments for tetrahydropyr an as sb,own in 

Fig,. 8 follow with 11 ttle additi onal di scussion. ·.i.te three 

vibrations which m,ay presumaoly be derived from Hama.n-

active. oyclohexane and p-dioxane vi br a tions :are a ssi_gne:d 

tl1ie strongest bands in the ring stretching region of the 

Ra.nt&n spectrum ( 813, 1007 and 1041 cm .. ..-l) and the t wo vi bra

tions which may presumabi ~ be derived f .f 'om. ,infr ared-active 

eycloh.exa.:r:113 vibrations are c:\.Ssigned the t wo strongest 

bands in the in.fr a;red s pectrum 875 and 1097 cm .• - l) . In a o

eo-rda11ae wi th our expectations each of the R;1-man bands is 

accompanied by an infrared band., and ·the strongest infra

red band is accompanied by a weak }lrunan band. 

Independent of vi.het her the p-dioxane ussignments are 

accep t ed or not, the 1012 and 1050 am.-1 bands a re quite 

positively. identif ied by the presence of the .associated 

1007 and 1041 cr:n.., -.1 Rr,.raan shifts so t hat only the 10.33 

and 109 7 cm. - l infrared bands a.re l<FJft to be assigned t.o the 

A1u<Au) and Eu ( a) (Bu) ring stre tching vibrati ,:n.1s.. The 
--1 appeara.nc.e o:f a weak llai.'1!an snift at 1090 em.. supports 

-1 our assignment •::)f the 1097 cm., inf r ared frequency to the 

l atter vibration. 
-1 -? The Raman 1041 em. • and infrared 1050 cnt. • bands 

a r ·e m.ore intense t han expected on the bas i.s ot our earlier 
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dis cussi.on1t- -1 . The 1041 cm. Raman shi f t is characterized 

as t*broad tt by Kohlr a.usch so that 1 t is probably complex 

and some &f its intensity niay perhaps come from t he f irst 

overtone of t he A . (A') ring bending vibration, f rom some 
2u 

combination fr equency, or from a me thylene vibra tion 

V:ihich we have a s s i gn ed to a d i f"ferent frequency ( e. g .• 

t he A1g(A1) met hylene rocking vibration). The high infra

red intensity as compared wi .th t hat of the E (a.) (At) vi bra-
g 

tion indica t es t hat the ac tual 0 Eg tt vibrations approach 

the t angenti a l f orm shown in Fig . 61 and obtained by adding 

t he ring stretching and bending E vibr ations chosen by g 

Ramsay, because i n the Eg{b)(Ar1) stretching vibra tion of 

the ta !:1gential f orm t h e positively charged 2 and 6 met:hylene 

groups move in t he opposite direction t o t ha t of the oxygen 

and so would be expected to give an °ap'.1 reciably stronger 

barid than the Eg(a ) (A*) stretching vibration. l\. pair of 

inf r a red bands corresponding to the f orm shown by Ramsay (4) 

would be expected to have nea.rly equal intensities . It is 

not clear why t he Eg(b)(A") vibr a tion should give a 

s tronger inf r ar ed band t han t he A1u(A") vibra tion, but t his 

seems to us pref erable to having t he Eu(a)(A') vibration 

give: t he weaker band. The .infrared intensity of t he 

Eu(b)(An ) vibration i ndicates t ha t the changes in moment 

arising from t he effect whic'h is responsible f or t he inf r a. ... 

red activity of th.is vibration in the cyclohexane spectrum 

and from t he motion o f t h e oxygen ate additive, z,,nd we 
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trieref ore expec t tha t the infra red intensity of t h e 

Eu(a)( .A 1) v1pr a tion will be ap / reciably greater t han that 

of either of the E vibrations .. . g 

In our anul ysis the frequency of t he E (a) ring 
u 

stretching vibra tion is affeete-d f ar more by the intro-

duction o:f' the first oxygen than by the introduction of a 

s e cond.. ihis may be acc,ounted f or by an inte:raction with 

the Eu (a)(Bu) :methylene wagging vibra tion of p-di oxane . 

b. Methylene bands 

Our priraar y concern is not to assign the methylene 

bands specifically , but r (i ther to show that our assign .... 

ment of ring bands is not inconsistent with the require

ments of the met hylene bands .. As sh own in Fig.1a 8 we 

have accounted in a :reasonable manner f or t he number and 

rela tive intensities of' the infrare"d bands and Ramau 

shi f ts in this spectral region. 

G 11 -1 1• A ~he unassigned .. 25 cm1 . {aman shift of p-0.ioxane 

mi ght be a combination of t he l!.iu(b)(Au) ring bending and 

methylene rocking vibr a tions. 

The par allel nature of the 10'50 cm.-1 infrared band 

of p-dioxane require s that it aris EJ from either a Bu 

:rocking or Hu scissors vibration. The frequency deaides 

unambiguously in f avor of the A2u (Bu) rocking vibration. 

The hi gh frequency of t his band in p.-dioxane may probably 

be aftri buted to the f a ct tha t . the pola r tiydrogens are 

either in van der Waals contac t or very n~ari.y so, as 
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discussed above. i'he r em.,iining unassigned band of p

dioxane i s this s pectra l region, at 889 cm. -l, is the-n 

t he Eu(b)(Au) rt1e thylene roe.king vibra tion; in this latter 

vibra tion it will be noted that the polar hydrogens move 

in the same direction and their close proxi mity may be ex ... 

pected to have little effect on the frequency. 

From the wagging vibrations we may expect at least 

one Raman band a-nd one moderately strong infrared band. 

i:he f act t hat there is only one strong infrared band in 
-1 

the 1150-1.300 cm. region in t he t e;trahydropyr an spectrum., 

a t 1202 c:tn.-1, indica t t~s that the Atl wagging vibr a tions 

have been a.ppreciably modif ied as compar ed with t hose of 

eyclQhexane. Our assignment of the 1202 -arid 1097 bands 

to vibr·:1. tions .of the same sy,-...nr11etry r aises the question of 
• t l"1e possil)ility of the former nborrowing" some int.ensity 

frQm the l a tter. The other assignments in t his region 

have little significance except to show t hat the number of 

bano.s i s satisfactory. 

8 . Structure of tetrahydropyr an and of' p-dioxane 

A questi.on which is not rela ted to our major :purpose, 

but is. of general interest, is whether the approach outlined 

in t he pre.s ent paper can contribute any new argument.s for 

or against the, ehair structure for p-dioxane or for tetra

hydropyr an . The usual approach is to count the number of 

fundamentals which are permitted to be ac t ive in ec;tch of 

the Raman and inf r ared s pectrum by the symmetry of the 
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struct ures to be compiir ed, ctructures which require less 

t han t he n umb t1r of bands :found experimen t a lly are then 

elimina t ed unless the extra band or bands can be r::xpl a ined 

:pl aus i bl y a s a combina tion frequ ep.cy or overtone. In 

many ca ses., f or exaru11 l e t hat of cyclohe xane (25) or of' 

p..-diox.ane (14), t he permitted frequencfes can be grouped 

into distinc t s pectra l regions with little l oss in rigor. 

Tt.1e estimation of rela tive intensities by the rough 

methods of t he pr esent paper ca.n hardly compare in rigor . . 

with the above, and arguments based on our approach cannot 

b e. r ega r ded as proof., but should s-erve a s supporting evi-

!]a t he exten t tha t our pre lictions are valid, the 

pl anar structure for both tetrahydropyr an and p- dioxane 

can be i mmedia tely elimi nated ., because if t his structure 

wer e correct the onl y rocking vibration which could give a 

s t rong . inf r a red band 'Nould be the one rela ted to the A2u 

vibr a tion of cyclohexane, and the infrar ed spectra of these 

compounq.s canr1ot be explained reason.abl ~ unless at least 

t wo rocking vibra tions give mo.dera tely stro.ng i nf r ared bands. 

:Ch~ c2v boat structure f or p-dioxane ean he elimina ted 

on s ever al counts, such a s dipole moment and number of 

bands, but as to the l a tter the mere fact tha t the number 

of band.s is smaller than t he number permitted by symmetry 

is a weak a r gument a t best. Our cons.ide r ations show t ha t 

speeif ically t he C2v structure would require a strong .L-. .t :,·i:, -
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inf"ra r ed band in ,th(;> s ame position as the strong A1 ring 

breathing Ranui n band whereas a ctually there is no strong 

infra red band within 50 e ra .. -l of' this position. ihe a~·~u 

raent against the corres ponding Cs boa t structure .for tetra

hydropyr an is weaker. However, with that structure , s i nce 

the z ... component of the change in moment a rising i'rom the 

motion of the oxygen a.tom in t h e A t ring brea t h.ing vibra

tion ha s the same sign as tha t arising from the motion of 

the four nearest, and probably most highl y charged, 

methylene groups, we would expect tha t t he infra.red inten

sity of this vibration would more nearly approach t ha t of' 

the other ring stretching bands than it actually does~ 

We feel that the considera tion of probable intensi

ties will enter more and more in the future into discuss

ions of the structures of polya tomie molecules. 
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C. Cyclitols 

.Any inte·rp:retation of the infrared spec tra of the 

cyclohexanehexols may be expected to be of direct use in a 

discussion of the i .nfrared s pectra. of the pyranose sugars. 

Both groups of compounds probably have the phair-form 

ring, both have a multiplicity of hydroxyl groups, and the 

members of both groups differ among thems r~1 ves principally 

1.n the arrangement of hydroxyls a.bout the ring. F'rom the 

point of view of interpreting ~heir spectra , however, Ll1e 

cyclitols have the advantage of gr eater s ymme try~ The 

s y1mnetry of scylli tol is undoubtedly e, good a pproxi.mation 

to D a.nd tha t of meso-inof;i tol to C , whereas the sugars 3d • s 
sh ow no symmetry . A discussion of t he spec tra of ~10me 

cyclitols , then, would seem to be a ,desirable preliminary 

to a cons i deration of suga r spec tra . 

I n our preceding discussions we have shmvn that OH 

-1 bending hands probably lie at frequencies above 1200 cm, , 

and have found. that stretching bands involving ca rbon and 

oxygen lie below this fre quency. -In suga r spec tra on;ly one 

other t ype of fundamenta l can pos sibly fall in the s tretch

ing :regi on, namely tertia ry hydro gen bending. In the present 

discussion we shall attempt to s lww tha t the principal 1nfrct

red absorption bands of the cyclitols in the region B • .5 to 

12. ~ and t herefore, by inference, of the sugars, ca.n be ac• 

counted f or in terms of skeletal stre tcttings. In o.rder to 

do t his we shall assume tha t th i:? forms of the skeletal 
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vibr ations can be r ~l a ted to t h-ose of cyclohexane a.no, 

a s in the preceding discussion, sh.all make us e of' D.3c1 

s ymmetry class es to identify t hem. 

1. Experiment al pa r t 

The infrared absorption spectra of mi neral oil mulls 

Qf scyl l itol (the all .. tra:ns cyclohexanehexol), meso ... 

inositol and pinitol (a me t hyl e ther of ct-inos itol) a re 

shQwn in Fi g . 9 for t he s pectral region 7. 6 ta 14)'{• The 

scyllitol. was kindly supplied by Dr. R. Christian Anderson 

(26) and t he pi n:ttol by w. w. Pigman, 1'he meso-inositol 

was gas t man White Label. 

A list of the frequencies in cm ..... i of t h e bands s h.01m 

i n Fi g . 9 a re shovfn below· , with rela tive i n tensi t ies in 

paren t heses: 

. Scyllitol 7.30 (4b), 800 (Ob), 900 (2 s ), 985 (9), 
1004 {9), 1070 (2 s ), 1088 (4s), 1105 (lo), 1121 (9), 
1208 (Os), 1220 (1), 1241 (1), 1280 {l), 1305 (5). 

meso-Inositol 73 6 (J), 894-900 (unresolv.· ed pair) (5), 
930 (3) 1002 (6), 1014 (5), 1053 (10), 111? (8), 1151 (8), 
1199 (3), 1222 (1), 1250 (3). 

. Pi n1to1 752 (3), 861 (2), 903 (2), 962 (5)i 1002 {6}, 
1025 (6), 1055 (6), 1074 {10), 1085 (6s) 1106 ( 5), 
ll.29-l.1.3:8 (11nresol:ved pair) (8), 1193 (1), 1209 (Os), 
1240 (2), 127? (2), 1309 (o). 

meso-lnos i tol has a.1$.o been ex amined by Kuhn, (2), 

in t h e 1"'orr:1 of a film evapora t ed fro·11 wr. t er. In contra st 

to t he sugars when examined in t his f orm, mesa-inositol 

yiel d~9. well-resolved bands, t h ough t h e i n tensities diff er 

from ours below 100 -1 em. • 



2.. Bcylli tol 

a. Structure 

5'7 

Soylli tol m&y b 1;:1 rega rded. as derived .rrom cyelohexane 

by l"epl acing one set* of hydrogens by hydroxyl groups . In 

p:r1noiple either t he polar or· e qua torial set mi ght be re ... 

pl aced, hut steric con,$idera.tions f avor the equa torial; we 

shall assume the latter .fo:r.n , whieh is also favored by 

the spectroscopic evidence, a.s is pointed out below.. If, 

now, t he hydroxyl hydrog$nS alternately poin t up and do'!h-n, 

the full s:ym,rnetry of eyclohexa11.e is ::retained. The carbons, 

the hydrogens attached to oa.rbo-n, and thf? o.xygens each 

constitute a set, whieh we shall hereafter refer to as 

the C, H and O sett, resp<&etively" 

The symmetry of the carbon- exygen skeleton may in 

any ease be though. of as D.3d, with ~smtall el:i.s to:rtions 

introduced by a lack cf symmetry in the f orce field 

in the crystal. That there will be such dist◊z•tions 

is show11 by the f ac t that ecylli tol cr•yetallizes in the 

monoclinic system (27) and cannot theref ore ha:ve an 

overall symmetry gre,a.ter than c2t
1

" 

Fig., 4 can be U$ed to help visualize the all-e-qu;;.torial 

structure which we have assumed. !he 1, .3 and 5 oxygens 

are in ;approximately tlle same plane as the 2, 4 and 6 

carbons, while the 2, 4. and 6 oxygens are in ap proximat~ly 

the same plane as the l , J and 5 ca rbons . We will not 
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a ttempt to loea te the hydroxyl hydrogens . 

As poin t~d. out if"' bove we shall be conc•erned in. this 

diS<lussion only with tertiary hydrogen bendings e.:nd skele..., 

tal stretchings. As .f~1.r as these types of vil,)rations .are 

concerned the symm€- trY of t h e molecule is 'O:robabl"" D ,. to - • ., 3a . 

a :fa trly hi gh degree of a1Jproxima ticm, and we sh,;1.ll aasume 

this symm:etry in our discus-sion . 

'l'he vibrations of · the terti a ry h ydrogens can be . @b .... 

t ained directly from Fig. 7 by coniidering only t .he interior 

arrows. It is i mmedi a tely ap '•::Jarent that only t he E.\ vibra.u 
tions can be act:tve, in. accord idth t he selection rules, so 

t hat there should be only two hydrogen bending f' requeneies

of a ny internrs i t y , with the reserva .tion that the Eu vi bra .... 

tions ITtay be s pl1 t by the deviations from D-.3d syn:unetry._ 

It is hi ghly unltkely t hat the deviations would be great 

enongh. to cause an y- other -Vibra tions to br:) a ctive with 

appreeiable intensity .. 

The :f'ornas of t h e skeletal vibrations present an entire

ly dif'!"'erent p:roblem from that of cyclohex1;1;ne, since we now 

.have t wo sets of heavy a. toms. Appreciable a_mpli tudeg of. re

l a tive translation must now be lncluded in a consider;-j tion 

of the forms of the vibra tions of ea.eh set. Al so carbott,.. 

oxygen &.rid ca rbon- carbon frequencie·s a re not greatly 

diff erent so tha t we rnay exp~-et interaction be.t we,en the 

vibrations or the two sets. 
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ft seems reasonable to expect that the principal mo ..... 

t1on of the oxygens in skeletal stretch ing vibrations will 

b~ along the ca r bon-oxygen bonds.. Such a motion mHy readily 

be w-o.rked out for the O set in the in.frared-active Aiu and 

lll vibrations by combining the mot.ions shown in Fig. 6-tt with ·u 
t be appropriate translations. The translation of the O set 

mus t, of course, be accompanied by the opposite translation 

of t he C set .. The A. vibr a. tion of the C set is a bending 
2u 

vibr ation and t herefore of rela tively low frequency so t hat 

t he motion of the ring in t he "\au skel ,atal stretching vibra .... 

tion ~r.111 pro·bably be s i mple translation in t h e z d1re:ct1on., 

In t h e E vibra tions, however, we may- expect the st.r ,0tching 
u 

vibrations of the C set to interact strongly with t l"~ose of 

the O set. Suitable A2 and E skeleta,l stretching vibra-u u 
tions may be represented in t erms of the m.otions shmm in 

Fig. 6 a s f ollows: A
2

M, ( A~u - T) + (T) 1 E , 
..,. ~ ,:; 0 z C u 

(Eu (a) -t- Ty) O + (Eu (a) ... Ty) C and (I~u (b) - T1) 0 -t- (Eu (b) + Tx) C' 

wht~re TJC' TY and T z rep r ent t he trans l ations and O and 

C i ndica te the sets. The motions of the car bons are 

nqt directly along any bonds since each carbon is attached 

to three heavy a toms. It is not a. t all obvious which of 

• -the t wo s e t s of Eu vibrations should be expected to h o1.ve 

t he lower f r.eq1a.ency. 

*-it1 t his discussion the bonds shown in Fig" 6 ar~ 
disregarded and only the a. tome and symbols considere&t · 
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If the ca rbon bond angle.a a re all tetrahedra l ,ind the 

amplitudes of the motions of the oxygens are about the same 

i n all the above vi b:ra tions, the ehc·mge i n moment in the 

t wo E vibrations will he about the same and roughl y three u 
times that in the A2u vibration (l., ~. sin 7o,;0 /cos 70,.5°)" 

Infra.red 1n tans1 ty ttaries ai the square of the cl1ange in 

moment so that this highly s i :mpli .t"i~d treatment indicates 

that the Eu vibra tions will. give rise to substantiall y 

stronger bands than will the A
2
u vlbratio-n11 

c. Discussion of sp~ctrum 

The outstanding features af t he seyllitol spectrum 

a.re the two very strong double banc\s at about 1000 and 1100 
- 1 em ... There seems little doubt that these two pairs 

correspond to the: t w<> Eu sk,eleta.l ~,tl.'et-Ohing vibrations, . 
> 

split by the distortion introduced by the uns.ymmetrical 

crystall.tne force f ield.. 

Ii1.depend$.nt o.:f' sterio eons1derations.1 tt.?.e presence of 

these t wo 11ery s t:r?ng doublets rules out th~ p.ossi.bili ty Of' 

an cill ... pola~ structure for saylli t0l. The ~l.l .... pola:r 1'0.rm 

would ind$ed haye t wo infrared-active skeletal stretehin,g 

hands, but only one of these 11,vould be degemera te and 

therefore ~apable of splitting to form a doubiet., namely 

the ring $tretehing band .. Furthermore there would be mu.eh 

less i ntera.etion. between ring and o.xygen vibra tions since 

they have different symmetries and any i nteraction would 

have to a.ris·e t•rom the deviation from D.3d sym.m.etry, 
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As a con.sequence we would expect the in.frs1red spectrum of 

the all-pola r f orm to sh ow only one ba.nd of much g:rea ter 

intensity than all the rest, tJ:nd this one band could not be 

a doublet .• 

The strongest shoulder on the 1100 cm . - 1 doublet, a t 
-1 about 1088 cm. , mi ght be the .A skeletal stretching :fre-

2u 
quency . are reluctant to itttemp t assigr,ments for the 

rest of th~ bands without fi rst making a s tudy of . t he 6. 5 

to 7,. 5.f-\ r e gion because te:rti1:1r y hydrogen bendings . i11 tl1.e 

hydroc a,:rbons a re reported by Rasmus s en (9 ) to i'all in the 
-1 

region 1300-1350 cm. , or 7,.4 to ? . ?,µ. .. ltJe mi ght ~ however, 

ten ta. ti vely ass i gn the four v:eak . bands from l.220 to 

- 1 1305 cm. to hydrogen bendings . 

'.!:he broad band at about 730 cm. . - 1 is either complex 

or invol V f: S a tre.nsi tion between poorly d.efined energy 

levels, such as mi ght be the ease f or torsion~l oscilla

ti.ons of the hydroxyl s . The frequency is very h igh for 

torsional vibr ations , however, so that if t h.ey are involved 

it would have to be a s a combination band., probably with 

the A
2

u c a rbon-oxygen bending vibrationf,~' I f this is 

correc t we mi ght expect to find a very intense f undamenta l 

in the fa r infrared .. 

*Tr anslation of the O set along the z-axis with 
C 4and H) set moving ln opposite direction. 
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It is exceedingly unfortunate th.-;..i t Raman data are 

not avttilrihle .for scylli tol, since we could almo_st certa inly 

identi.fy a few more b <'1nd-s which 1:yould he very useful in 

our discussion of the other cyclitols and, eventually, the 

J,. meso ... Inositol and pinitol 

I:f one of the hydro:i-:yls of scyllitol is :moved. to the 

pola r position (,.vi th.out moving 1 t to a differen t car'b~n), 

the, resulting molecule is that -of mes,o-inosi tol. •If; 

then, the process is repea te.d on a neighboring hydroxyl 

g rQU}):,. we obtain d .... or 1 ... 1n9$·:,i. tofu, depe::1;ding on wnich neigh ... 

bo~ is sele.€.'!ted.J d.- -i:i::io~fi t-ol is obta in.ed if, with the meso-

. inoS:i t-ol molecule ori e.nted s.c, t h;a t the pola r hydr~1:x.yl is 

nearest the reader, and &bove the plane of the ring; the 

left-hand neighbor is sele-cted. Pini tol is m.onomethyl 

e ther of d-inositol, but it is not known which one of' the 

three possible isomers .• 

meso--Inos i tol has a potentia l sv11L11etrv of C and . • J • s 

pin:i tol c
1

-it-, so that all vibratio-ns ~ire permitted to be 

acti·ve in both the Raman and infra red. · As might be expected, 

then , the int r ,.:1. red absorption sp~Gttra of' these compounds 

are appreciably more complex than that of seyll itol. 

*ti.,.;Inosi tol has a potential symm6,try of Ci, but 
since the \f:l\ ~hy;.;t .. group cannot lie on the c2 a:r:1.s piai tol 
e ,annet havt :-~ ny synuue try., 
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In cliscussing these spectra we sha ll regard the vibra 

tion s as derived fr om scylli tol vibr i;h tions , and shall 

identi fy th-Bm i n terms of the symmetry clas:., of the 

ielated scyllitol vibra tions~ 

-Obviously t he i ncre;;1sed dissyr.iwetry- of the mo'lecule-s 

will cause adcli t-iona l spli t t .tng of · tlie vibra tion s which 

tentat ivel y assi gn t hese t o the .1002 , · 1014,. 1:11'7 a:nd 1151 

cn-.1;
1 

bands of meso-inosi tol and to tl-le 10021 1025 , 1106 

• - 1129· 11~ ~ -lb d f' • -~ l a.net . - • or - J ij c ::rr .. an . s o ' p i ni i.O .• 

with greatly i ncrea sed infrared intensity becaus e of the 

pr esence of pol a r hydroxyl s , mi ght then 'be a ssigried to 

t he s t::cong 105.3 and 1074 cm. -l bands of meso-inositol and 

pinitol , r espect ively . 
~ 

I f vi e l i r;.11 t skeletal stretching frequencies to t h e 

spectr·a.l region 800 to 1150 cm. -l and ilydro~en bendi ngs 

to hi gher f requencies, three more meso-inositol and s ix 

more pi ni tol bands mu s t be accounted fo1· in terms of 

skelet&l stre tchi ngs . .:teso-Inosi tol h<i.s a total of t welve 

and pi ni tol thi rteen sz.: ,..l e t al stretching vibrat:l.on.s -. 

Three o.~ the r·erri.i.l. i ning unassigned. pi nitol fre quencies 

a.re i n the upper part of the stre t ching range. One of 

t hese is probably the c ... o stre tchi ng band of the methoxy 

group , perhaps t he unassigned me~ber of the 1129~·1138 om. ""1 

pai r., T.n.e otl1.er t wo, at 1055 and 1085 cm.-l ean then 'be 

assigned to vibr ations d_erived from the Eg vibrations of 
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scyllitol~ 

'.i.he remaining t hree bands in the s t r e tch ing regions 
.... 1 

of the meso-inositol spectrum, a t 930., 900 and 894 em. , 

and t h e pini.tol spectrum, 11 t 962 , 903 and 861 cm.-1 ., may 

be a ss:L gned to the brea thing vi"bra tion of t h e .oxygens and 

to t he t·wo remaining nggn vibra tions, respectively . 

We shall not a ttemp t t o assign the bands l ying out

s ide the spectral region which we have s e l ected as the 
. • -1 

skeleta l stretching region, namely 800 to about ll50 cm ... 
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Part !II. Pyra.nose Sugars 

A. Structure 

The arrangement of' substi tuents about the a. syrmnetric 

carbons of the sugars has been kn.own for yetars , but very 

little detailed information about the structure of the 

s ugars is available. Atomic par ameters have been obta,ined 

by means of x ... r ay diffraction for only t wo sugars or sugar 

deriva.tives, na.'!ilely o<- glucosamine n.ydrobrornide (~8) and· 

sucrose sodium bromide dihydrate (~); in oth cases the 

p:y ran.ose ring was shovm to have a chair-type conformation, 

but the accuracy of the parameters is no.t suffici ent to 

show how closely it approximat,es the theoretical s t r a i n

less trans ring . 

D:tseussions of the structures o.f the sugars have be:en 

given . i n recent years by Cox., Goodwin and Wagstaff (JO), 

:Pacsu (31) and Hassel and Ottar (32) . In the two latter 

d.i scussions a. stralnless ring is assumed, wher eas in the 

!'ormer a fl a ttened, stra i ned f'orm of the ring is proposed .• 

Appar ently th.e l a tter au t hors wer<;' not aware of the exis ... 

• tence of t he first article because no atte pt is made to 

answer t he ca refully formed arguments ad·vr.:..:nced by Cox, 

Goodwin and Wagsta f1" in favor of the strained ring. In 

our discussion of the spectra of t he sugars we m all assume 

c;'l modified chair-form ring, but f irst we shall a ttemp t to 

justt!'y t h.is assumption as far as is possible in the ab

seu.ee of deta.i.led x-ray da t l • 
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Cox; Goodwin and Wagsta.ff base their case prir:n.arily 

on the o'bs~~vation that the smallest unit cell .dimension 

.p·f ea ch .of ,1ght pyranose sugars and derivatives J.ies 

between 4.6 . and 5. 0 A. and that the smallest unit oeU 

dt~ensi:on* of eleven methylated sugars and derivatives 

lles .between ,,4~.4 and .4 . 9 A.. Six furanoid- compounds; whose 

_t:i:g:gS, i '1'.fe._ pt~·SJ~1:nably very nearly flat, shQw a smallest 
. • . · .... ' ' .. . ' . 

un:i't eell dimension between 4.4 and 4.75 A .• They state 

th.at t l:lese observ&. tions are incompatible w:tth any . form of 

• Sac·bse ring_, by wbich t hey no doubt mean any stra i n.less 

rlritf»; but v.roul-~ 'be in excellent agreement w1 t h a form in 

virhich the ·-f ive ri:ng :ea r .. bons ·are approxir-m.i tely in a pl ane 

and t he oxygen is tipped up out of the p l ane:. 1'he ca_p_lanar-

• 1 t .y ~t c1s c-o bonds 2 and 3, and of J and 4 of such a 

m.odel would give a ready explanati'on for t he ea se of 

formation of isopropylidene· compounds with eis hyd·ror.rls 

in the ease of the sugars, whereas attempts to form $UCh 

co,mpounds with quereitol or inositol, which probably have 

t l1e· chalr•form ring, have been unsuccessf ul .. Sinee the 

ca r bc.m-oxygen bon.ds of the 1 and 2 ·hydroxyls are not co

planar in the above model we a.lso h a.ve an expl anation o.f 

the fa-et t hat attemp ts to form 1,2-isopr opylidene c ompounds 

of t~n ~ield the furano$e f'orm, in w"ti..ieh the 1 and 2 

ca r'bon.-o'.:Cygen bonds would be coplanar, or very nea rly so. 

*This dimension _pl ace~ an upper ltmit on the . thickness 
of the molecule .. , 
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They als-o. sug,gest t h~, t t he existenee in solutior-1 of t wo 

i .some:rie ":fl a ttt forms with the oxygen tipped opposite 

wa1s and; with. relatively small di£f (:renee in energy -might 

e;q;ilain t he complex mutarota t1on beh avior of many sugar$ . 

The x ... ray ex1denee ci ted by Cox, Goodwin and WagstaJ':f" 

she,,,;s el.ea rly th.at the molecules of · many pyranose sugar-$'. 

:l.nd their deri va ti ves pack in the cryst a l in such a way 

th.a t the distance along a normal t c) t he mean plane of tbti 

ring f r cJtn any point i n one mol ecule to the e-quivalent point 

in an adfac,nYt m.olecul e is too small to correspond to a 

structure based on a s.trainless trans ring. We shall 

attempt to show, however, that these observutior1s oan be 

satisfactorlly expl ained on t he basis of a less strained 

st:rueture than their "fla t'' pyranose ring. 

In Gur d i scussion the t hiclines"s -of' the molecule will 

be understood to be the distance along a norma.1 to t he 

mean plane of tb.e rila;g between cor•respond i ng a t crm.s in t wo 

adjacent mol ecules; the packing is to b© such that the 

een t ~rs ·Of both a toms lie on the same normal. This t ype of 

pac.king is very nearly the closest poss ible for both the 

strainless Sachse trans form and the CGW form . I n ma.king 

our calcula tions we hiVVe assumed the van der Waals rad.ii 

given by Pauling (7) and have used the results given by 

Beevers a:nd Cochran (29) f or the average values of the :ring 

pa.ram,':J ters of the glucose unit of sucrose , namely 1 •. 50 A •• 

Paul i ng ' .s V&1,lue for the van der Waals radius of the methyl 
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group has been used for the su.gar methylene group. 'l'be 

terms polar and equatorial (10) will be used to identify 

both the atoms and bonds associated with t he position.s 

of substituents above o:r• below and in the regi(.?n of the 

mean plane· ot the ring., reepec t ivaly, in the stra.inless 

Sachse trans fcrrn,. 

The thickness of' a pyran6se sugar whieh has a 

strainless trans ring is thien. 4 . 62., 5 .• 18, o:r 5.74 A. 

&ceording to whether t here are no pGlaa? hyd..roxyl.s at 

a11, polar hydroxyls on only non- adjacent carbons, or 

polar hydroxyls on adjacent ca rbons, respectively- . 

If t he hydroxy- methyl group is in a polar position, 

o. 74 A. n'lUs t be acided to the above figures, but we shall 

assume with Pacsu (.31) and Hassel and Ottar (32) that 
• 

this form i s the less probable of t he t wo possible 

trans form f or any su 1ar . The thicltness of' t he CGW 

structure is 4.-63 or 4.,91 A. for a.ny pyranos.e sugar de

pendi ng 011 v,hether t h e hydroxymethyl group is eis er 

trans to the oxygen*. 

*Th e apparent di s crepaney between ou.r figures a.nd 
those cited by Cox, Goodwin and Wagst aff is purely the 
t:esul t of a differenee in the definition of' thickness •. 
The CGW value of 1.5 A. tor t he extreme varia tion in 
t hickness f or trans f orms appears to ref er to the 
t hickness obtained by t aking the distance between t wo 
i mpenetrable :~lanes parallel to the mean plane of the 
:ti11g and touehing the outermost atom on either side ef 
t e mean plane. 



69 

The relative positions of the hydroxyls and the termin

al hydro:,Q''ItH~thyl group .for each -of t he sixteen:~ a.ldohexoses

is shQwn belo:w on the assamption o.f a stra inless trans 

ring with t he hydroxymethyl group in the equatorial :posi

tion. The number 2 refers to the eq,uatorial region and 

land 3 to t he t wo polar :regions; the positions are given 

eonaeeutively .for the nonhy(.irogenie -substituent on each 

carbon f:rom l to 5 so that t he eon.figura tion appears as a 

f'i ve-ciig1 t :r.nmiber :made up of one t $, t wo•$ and ttrree1 s .. 

o< -Gltlcose- 32222, 6' -gluco-se 22222, o< - ma.nnos·e 3122l, 

,e -mannose 21222, o< - allose 32322, P- allo-se 22.322, 

o<. ... a: lt:ros~ 31322, f?-altrose 21322, o<-talose )1212, 

s -talosa 21212 , ~ ~galactQse 32212, ~-galaa tose 22212, 

~-idose J1312j ~•idose 21,12 , ~- gulose )2312, ~- gu

lose 22.312. 

The conf iguration of xylose , lyxose and ar abinose 

may be obtained by dropping the fifth number" from t he con ... 

figurations of glucos e, m~rmose and galactose , r espective

ly, with t he exeeption t hat t he and forms of arabinose 

a:r-e interchanged with respect to t hose of galactose . 

lbe stable f orm of riboge appe&rs to be the .furanose form 

(1). '!'he confi gurations of xylos-e , ly:x.:os e and a.r abinose 

*We are not Con<:!erned here with the d:lffei;ences 
between D- and r, .. sugars since their spectr/;i nm.st 
neoessarily be·identical.., 
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could in pr,inciple be derived from those Qr :i.dose,· 

gulose and altrose, respectively., but their prop-erties 

show much more resemhlanee to · glucos,e, mannose and galac

tose" . 'the eonfigura1;ions of ,S -fx·uctose and 0( --sor.-

bose are probably 122.3 and 3222, respectively, where the 

hyd:roxymethyl g.rouµ has been assumed to be e·quatorial 

and has not been included in the configuration s·ince 

it is a ttach<:1d to the same a tom as the first hydroxyl 

group listed. T'.ae correspondi.ng con.figurations of 

some cyclitols would be scyllitol 222222, meso-inositol 

122222 and d- o:r 1-inositol 132222, where t he form 

with the smallest number of polar hydroxyls has been 

g:tven .. 

Th e pyra,rr,1ose cotnpounds ei ted ·by Cox, Goodwin . 
and Wagstaff include the f ree sugars or derivatives 

of o( - and ,a -glucose, 1,1 - mannose, o< - and µ -galactose , 

o<.- ~nd. ,e ... a:rabinose, and xylose .. Six of the nineteen 

compounds have no polar substituents etnd none have 

pol ar substituents on ad jacent car bons . A cempari~on o:f 

tb.e smallest unit cell dimensions ei.ted by Cox, Goodwin 

and Wa.gsta:ff with our, calculated t hicknesses fo:r the 

~trainless trans :form shows t hat at lea.st t h:L:rteen of these 

compounds must deviat43 ap.pr ecia.bly from the strain.less 
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trans form,,. In the absence .of :far more detailed x•ray 

data, hev,,.-e,rer, it is; apparent that the de:via.tion is not 

required to he as great as that proposed by Cox, Goodwin 

and Wagstaff • 

. . TQ e.xplain the diff erenoe in b-ehavio;r between the 

. sugcrrs •~ a.T-1.d the cycl1 tols with respect . t;o the i'orrna tion of 

• alkylidene oomp·ound,s 1t1e mus t consider the effect of the 

ring o;eygen. ?he six ring carbons of the cyelitols are 

proQ,abl'( e.4uivale:nt, to a high degree of' ap:proximatiot,,with 

respect to the depe·ndence of potential energy on C-c-c 

angle. J.J1y deformation of the ring., then, which must take 

• plac~ wh~n an alkylid~ne c~pound is formed.,. may be ex

pected to be such t ha t all C-C-C angles change in the 

s.a:n1e direction and by the same amount. The c-o ... c angle 
•. ' 

~ 

of the p-yrB.llose ring, however, can probab~y be decreased 

mote $a.~1ly than it ea.n b.g incl"eased since oxygen tends 

to fo.rm p bonds (7) .. Consequently when the pyranose ting 

is deformed . 1 t will tend to be d.e.f orme.d in such a way that 

~he oa.:rbon bond angles are increased and the oxygen bond 

~ngle .1s decreased.. This l eads to a far greater ease of 

q.eformation for the pyranose ring than for an all-carbon 

ring as is sho~m by the fact that a CGW "flat" ring wi th 

t i'ra bond lengths and c-o .... c angle ·,t;hich we have assumed 

above would have ring C...C-C angles of more than 118°, 

whereas 1rl th a C-0-C angle of 90° t l:).e c ... c-c angles vmuld 
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1 . 42 .instead of l •. 50 A,. , as we assumed above, and the 

C-0-C angle 90° instead o.f 109.5°, the other ring angles 

would be only about 113 .. 5°.. It is ap:parent , then, that 

wha tever the equil~brium con.figuration of th.e sugars may 

be, they ean a ssume the def ormed configura tion ·which is 

· reqtli:red for forming alkyl idene compounds f' a r more readily 

than the cyclitols can. The type of deformation which we 

ha,re discussed above eannot, however lead to a configur

ation in which the 1 and 2 C-0 bonds ar. (➔ coplanar, so tha t 

the rela tive di f f iculty o:f formation of 1J2-alk;rlidene 

compounds is also explained. 

B. Monosaccha rides 

1. Experimental part 

1b.e infrared absorpt ion spect'ra f'rom 7,.6 to 14,fa of 

mineral oil mulls of t wenty-four monosaccharides and de-. 

riv:Atives are shewn in Fi gs,. 10-14. The positions of the 

bands in cm. -l etre· shoirn below with relative intensities 

in parenthes es. .wue to the variation in t h ickness 'bet .. 1een 

. s ampl es, as well a.s within each crystalline sample, little 

can be said about absolute intensities • 
. , 

°' -D-Glucose monohyd:rate 720 (2), 772 (.3), 855 (3), 
917 C,) . 927 ( Os) 1015 (10), l0.30 (9), .10 152 {7), 1072 (2), 
l,098 (2~, lll2 (3), 115.6 ( 6), 1209 (1)., 1233 (o), 124-8 {O) •. 

~-D-Glucose 778 (3), 841 (4), 917 (2) , 996 (8), 
1~2'7 ( __ :r_~}-, ~ ;_. ?~ 4 (7), ·. ~081 (2), 11!4 (7), 1152 (7), 
1~06 {1) ~-~ f ~? (2), 1277 (Os), 12,9 (1). 
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,8-JJ ... Olucose 740 (1), 902 (4), 916 (ls), J;.017 (10), . 
1.0'J 7.· (.9 )t .1086 (8)_, 1116 ( 7), 115'7 (;)_. 1205 (l), 1229 (l), 
1250 (lsJ, 1 2·74 (2). 

. .a -:0-Man.nose ?OO ~1) t 734 (5), 773 ( '7), 858 . (2), 901 
936 (2)i 1010 ({.), 1036 \8s){ 1046 (10), 1065 (9), 
1.0'7~. {9, 1091 · 10), 1124 (l~J, 1171 ( 5), 1220 (1), 
1242 (.3 , l26it . l) .. 

o< -. D•Qalac:tose 708 (1 ) e 767 (5), 840 ( 6), . 957 (5), 
. 9'!5 (2) 995 (ls), 1046 (8 ;,. 1071 (1.0) .t 1033 (6s) • 
. 110.6 ·c6l, 1140 c2s), 11;2 (5), 1 21+2 {2), 12.97 <i>. 

c:< .. o-Talose 710 (1), 768 (3)- , 80.3 (6), 813 (6), 
8?6 ( J ), 90,7 (i.) ~ 950 (8), 9? 5 (8), 101.4 (7), 1054 ( 9 ), 
,19 ___ e5 .(10), ~114 ~.· 2) , 1144 ( 6 >, 1235 ( 6), 1261 (2), 
l~o/2 (ls), 1Jl8 l 3). 

: o< _I).,..X.ylose t-/62 . {4 ), 904 ( 5), 9.34 {6), 1018 (5), 
l041 (10), 1060 (;, s ), 1082 (1), 1110 , {2s ), 1129 {;), 
1151 (4 ), 1191 (2), 1205 (ls), 1238 (1). 

. . .6' pD- Lyxo$e '710 (1), 755 (4) '77'3 (0), 843 (4), 
• 854. (l)"\, -·· 884 {i~), 954 (1), lOOttl t 8), 1036 (8), 1046 (8), 

1067 <10), 1?99 .. (s_· .. ), 11,10 (2s), 1133 (5), 116.3 (4), 
1220 • .{2), 1:2,0 (os.), 1285 {o). · • 

(1), 

• L- ;,1~:ra'hinose•CaCl,> 774 (/1.), 8~6 (a) , 663 (2), 875 (2), 
890 (O), 937 (4)~ 996~(5), 999 (91; 1015 (5), 1037 (9) , 
101+9 (10}, ~082 (8), ~111 (7), 1155 (8), 1193 (1 )>, 
1212 (1), 1263 (1), 1309_(1). 

s .... p .... Ar :::i,binose 78? (9).., 845 ( 5), 895 (4) , 944 (2), 
~97 _(9)

5
. 10~5 (10), 1067 (~s}, 1094 (8), 1106 (4s ), 

.ll.36 (<; , 1,,c:26 (3), 1244 (3) .. 

·• :Q-,.lli bose 730 (3), 'T 50 (~~s), 763 (Os), 807 ( Z) , 
_ ~69 . (2), 891 ( 2), 911 (2), 92.3 CO, 9{ 9 (6), 957 (4s ), 
1015 (7s ), 1037 ~10), 1083 (4) , 1119 6), 1133 (4 ), 
1147 (31), 1159 ,7) , 1215 (Os), 1239 1), 1277 l3) . 

( 2)~ 
(lOJ, 
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o<-L-Rr1ar.nnose (6-d~soxy O(-L-m;:1n .. •nose.) 805 (3), ~35 (3), 
8'79 . (1) t 91 .. 0 (l}, 976 . (5) i 10.35 (lO}J, 1075 (8), 1086 (3s), 
1120 (5;, 1142 t2), 1223 (2), 1285 (~). 

879 ,~5;-;~i0
c~) ;

69i3s(;), ~~~9g(~)~tt~;l tl;) ;1+io4i
2
(l~)~, 

l.07J.· (7). , 1091 (4s), ~112 ~4), 1129 (4), 1168 (5), 
1221 (2), 1250 {1), 1~97 (2). . 

0(-D,...Isorhamnose (6-desor.f o<-D-glucosa) 805 (;), 
835 (5){ 879 (.2), 911 (2), 975. (5), 1035 (10), 1068 (4s), 
1075 (9;, 1085 (5s), 1122 (7), lL+:3 (4), 1222 (5), 
1285 (.3). 

o<-D-Glucosar.11ne 774 (:3) ~ 855 (2), 889 (l),. 91.3 (2), . 
1004 (4), 1~~3~ >10), ~(~~4 (4J, 1094 (6), 1117 (2), 1139 (2), 
1182 (3), 1~10 \1), 1£47 ( 2). 

6-Methyl o<-D-Glucose 77J.~ (Ji,), 79·0 (ls), 8~8 (4), 
913 (2), 949 (2), 1011 ( 8), 1046 (9), 105,8 {10)~ 
l◊S.o ~8), 109.9 (5s), l .lJ· .. 6 (5s)., 1126 (8), 1144 1,. 8), 
1196 l3), 1253 (1), 1304 (1). 

)-Methyl o<-D-Glucose 754 (4)., 7'10 (Os),. 845 (2), 
919 (4)~ 955 (1), 1002 (G) , 1u24 (9), 1037 (10)., 1057 
l~B~ <~, 110~ (7), 1114 (5), 1141 (7), 1199 (1), 
1~2b ll., 129G (1). 

2-hlethyl ~-D-Glucose 700 (1), ~70 (lb), 904 (4), 
955_(6~, 10~~-~9),,1064_ (10)f 10~~ (8~f 1124 (B), 
llJG (bs), 11)9 (6J, 12i4 (3J, l ~b4 (2;. 

834 ct):0:i~c(~); ~~46(6):y~~~ (7Y:g~4~0
{;~ I 

7
;~9 cti), 

996 (5) ! 1013 (8J, lOL.-5-105.3 (unresolved pair) (10), 
10'7'9 (8), 1091 (4J-~ 1111 (2), 1142 ( 6) , 1185 (1), 
1229 (2), 1258 (2, 1290 (5) . . 

(8), 

S~rbose
1
_:,~5 .,~2-), 82~ . (li), 88~ (~), 901 (1st,, , 992- (.3), 

1013 (3~), 10 c (J b), 1049 ,10), l06~ (4s), 10o3 (4L), 
1110 (6), 1129 (Js ), 1149 (3), 1190 (3), 1256 (J) . 

..., .. . fr. ucto~.-e 781;. (5), ,.,820 (2), 864 (l:!>.'), ~?6 (~) ~ 92.3 (1), 
9,8 (?)f 10~7 (4s), 10,3 (10, 1065 (6s), lut9 (10, . 
1~9~ (. 8J 11~3 (JsJ, 1149 (7;, 1172 ( 3), 1227 (Os, 
li:1.J~ _) (ls), 1. .. 64 (2). 

( Fructose) ·caCl~·3H~Q 786 (6), 825 (2), 861 (3), 
879 (2), 919 (l~~ ~82~(5)~ 1036 (8), 1050 (5), 1070 (7), 
1085 (10), 1114 {~), 1144 (3), 1168 (8), 1178 (ls), 
1250 (2), 1267 (lJ • • • 
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The fi--D,.;,glueose ( • [O(]~ = + Z'l-
0 

) was prepared accord ... 

1ng to the method o!i' Hudson and Dale (33} by precipi ta

t.trig 'it fro.rn, hot eont:ent:rated aa'etic acid, then taking 

up .. the crude prGdU<?t in ;i.ee water and re:precipitating 

by addition of absolute alcohol. o< .. D,.,.G.1uoo·se inonohy ... 

<!.rate wa$ prepared 'by recrystallizing comtllereia'l. anhy

-~rous, glucose from water.. The t .. ar~binoae ealeium 

ehlo.rlcle eompound, me~hyl o<. ... D-nianrt@side., o<....-L .... rhamno$e1 

oe. ... L .... fueqs.e , o<-gluco,aam.ine hydrochlc>rid,,,e, 6-i:netnyl cK ... n ... 
glucose., 3-methyl o<-D ... glueose1 2-m.ethyl p .... D-,.glucc.,se, 

levoglu~ooan and o< ~? ... L-sorbose were supplied by Dr. O. M. 

MeClosltey; and the o<-1J-talose, methyl gulos1de ea leiur.11 

chloride compound., o<-D--:isorhamnose, and (fructose) 
2 

•Cacl2 • 

.3I:I
2
o by Dr . w. w. Pigman. ·The remaining samples were 

oJ;)ta ined fro.m t he chemical stO·Cltroom. 

The ara-binose calcium chloride compound was pre ... 

pared a:11 the o<. variety, but does not have the properties 

of any previ.ously retported calcium chloride eompound Of 

arabinose. No mutar,otat.ion could be detected in solution. 

0(-D-Glucose ., ~-D-mannose., c( ... lJ-galactese, 0( ... 0-,.:xylose, 

,a-.ar a binose, P-ribose, methyl oc-D- mannoside, o< ... L-rhamnose, 

o('+-L•fucose, o<-glucosainine hydrochloride, 3-methyl o<-D-glu ... 

eQs$, le,voglucosan and o<? ... L-sorbose have been examined 

also by Kuhn (2), but as stated earlier his resolution is 

not as good as ours and many of his samples show excessive. 

absorpt:t·on. 
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The very li\.rJ.1 ted amount of previous work on the 

infrared spectra. of sugars r.aay be found in references (34.) 

to (36). iliemann (.37) has examined the Raman spectra of 

several sugars, 'btit unfortunately he does not de.fine his 

symbols and since 11fff could equally wel.l mean strong or 

weak his work is not very helpful to us,. 

2. Infr0.red spectra 

If the bands lying between about 800 and 1150 em ..... 1 

are to be u.ttributed solely to skeletal stretching vibra

tions, as is suggested. by our study of the cyclitols, the 

hexoses may be expected to show a maximum of thirteen 

bands 1n this region and the pentoses elev-3n. Since the 

sugars have a methylene group, however, we might perhaps 

expect one or two additional weak bands in tl1is region 

arising from rocking and wagging of the methylene group. 

A count of the number of bands in this region shows that 

the actual number ra.nges from only 7 for ,B-glueose to 

fourteen for levoglueosan and the arabinose calcium chloride 

compound. 'l'he latter e-0mpound may well be a mixture, 

howevBr 1 and need not be considered. 

ltost of the spectra show about the same number of 

bands in this region, but the intensity distribution 

shows a fairly large variation. A very high proportion 

of the absorption in the ,a-glucose spectrum is concen

trated in the spectral region from 8.5 to 19,M whereas 

the absorption of levoglucosan (1, 6-anh:ydro-,8-D-glucopyranose) 
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is relatively evenly distributed over the spectral region 

from 8 .7 to 1~. Levo glucosan must have t he configur a

t ion 13131, i.e. with all pola r substituents, wherea s 

ft- gl uc ose has all e qua torial substituents so tha t t hese 

t wo cm;:r9ound$ also rep r esent , the ex treme s with respect to 

t h e distribution of substituents among pola.r and eq_uator

i a l positions. 'l'he spectrum of o<-ta lose, which probably 

has three polar h ydroxyls, has a n intensity· distribution 

approaching that of levoglucosan. 

'Ihes e observ:.:i tions lead us to investigate whether 

the int6nsi ty distribution ca.n be correlated more closely 

with conf!gura tion. If ft-man:nose is excepted , t he correla

tion is f airly good, with t he proportion of absorption 

., ·1 1000 - l • • • t' t\. .b .P l • oe 0 1t( . • • cm. increasing w i n :i:1e num er o... p9 . ar 1..1y ... 

droxyls. meso-Inositol and pinitor show about the s ame 

proportion although trH➔ latter l:u:-1s one more pol;;:. r sub-

s ti tuent than t he f'orme.r. 

·rhe above rough correlation appears to be useful in 

deter mining wh,~ther a deriva. tiv.e of a sugar is of the o<. 

or J3 form . The five derivatives of glucose shown in 

Fig .. 13 can be readily classified f:rom their spectra by 

t Llis means.. Rhamnose and fucose also follow t his correla-

tion f airly well. 

A consideration of the forms of the cyclohex:me vibr a

tions shows tha t the eff ect of moYing a large bond rnoruent 

from an equatorial to a polar position is to reduce the 
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.intensity of' the E\
1 

slteletal str·etching vibrations and to 

it1c:rease the intensity of all other skeletal s-tretching 

vi·bra tions. Al though the vibrations of the sugars are 

net expected to res (z.roble those of cyclehexane a.t all 

closely, it is apparent that t his general effect of 

d.istribut-ing t he intensity among more vibrations as 

the number of polar hydroxyls is increased is retained in 

the sug.ars . The effect of t wo polar hydroxyls on cyclo

he.x,ine .... t yp{~ vibrations 1s smaller when the two are on 

adjacent carbons, as has be.en noticed experimenta.ll.y .for 

pini tol. It is inte:vesting th.a t me:thyl o{.;mannoside also 

s hows little e.f:t"eet oi: the addi. tional pol.elr'• substi tuent 

c or~p are-d w1 th ,8-@ann.◊$ e. 

It is not at all. clear wha t 't ype.s ~f vibration a.re 

resperts1b1£) f'o1 .. the strong absorption of ,18-ma:nnose , 
. -1 

o( ..,.ga.lactose, ft-ar ~bi nose, and f:ruc.tose below 800 em. ,. 

C~ Di~ and Tri-saccharides 

1:., )lx:pe:rimental pa.rt 

'.the infr.aN?d absorption spectra from 7. 6 ta> 14)-'-

o i" mineral oil mulls of thirteen di-- and tri"""sacoharides 

are shown in Ji'igs. 15 to 17. The :positions of the 
;...l 

bands in cn1-. are given b elow with rela tive intensities 
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/3-D-Maltose 779 (1), 850 ( 2), 90'7 (3), 1002 (8), 
1014 (l. 0), 107.5 (l.· 0), 1106 (9), 1136 (7), 1149 (4s), 
1206 (1), 1248 (1), 1271 (3), 1306 (1). 

Cellobioss 743 (2), 396 (2) , 975 (ls ), 99.3 (5)~ 
1030 (5s)~ 1048 (lo), 1058 (6s), 1085 (9), 1102 < .. 5s;, 
1130 (5), 1168 ( 5) , 1211 (2), 1267 (2), 1287 (2). 

~-Gentiobiose •2CH OH 776 (1), 855 (0), 905 (1), 
959 (Os), 997 (5s) . 1017 (10) 1058 (9), 1079 (9), 
1~~5. (7 ), 1134 ( 5s1, 1148 (4sj, 1168 (3 s)j 1200 (O s ), 
1~50 ( o). 

Hyd2ol ?'74 (1), 8Ji.6 (1) 918 (1), 1030 (10), 
1083 (9), 1111 (8s), 11 51 (8), 1205 (Os), 1250 (1). 

~«-Trehalose 806 (1), 843 (1), 85 5 (1), 879 (Os ), 
912 (1)~ 954 (2), 996 (10), 1011 (7), 1031 (8), 1062 (5), 
1085 ~' 6;, 1101 (7), 1127 (6), 1149 (5), 1214 (1), 
1?~9 ,, , 

~..,,, 'o11 • . 

~-D-Lac tose hydrate 761 (3), 781 ( 5), 880 (4), 
902 (3), 919 (1), 990 (5), 1007 (4s ) , 1. 024 (6s)f 1038 (10), 
1~6~ (7), 1076 (9), 109~ (?), 1120 (7), 1146 (6;, 1171 (5), 
l~OJ (2), 1264 (2), 130~ ( ~). 

~-D-Lactqse 739 (1), 770 (2), 879 (3), P9J (3) , 
94.8 (l)l 989 ~6), 1018 (4s), 1037~(~)! lOA.•8._(8.), 1072 (10), 
1099 ls , 1107 (J s ), 1117 ( 7), 11J9 ( b ), 1192 (1), 
1211 o, 1223 (o), 1252 (2) , 1266 (o), 1285 (o), 
1307 2 . 

~-Neolnctose 685 (Os) , 715 (2) 1 780 (5), 7.94 (4), 
850 (l ) 869 (1) 882 (2,, 90l (3J, 912 (ls), 928 (o), 
948 (os j, 962 (3j, 1003 (Js) 1019 ( 7) 1033 (7) 1055 (10), 
1091 ( 6), 1120 (3s ), 1133 (8,, 1163 (5~, 1221 (2~, 
1256 (2), 1284 ( 2) 

/.J •• , 1 • \.. • r,,.., --, ( 1' -~.,)'. _3 (I ) r• ·· ' r., (1) r;;, '76 (2\ ,.,- [,•l.0 _~1 ,.1 l O S C r .)'·-J ) , c, ..,, ,_ ,-:;; _y7 \ . , ,.;, , • ) , 

907 (1), 923 (1), 939 (1), 971 (3), 1017 (10), 1054 (10), 
1 .-)7,.. ~1 -··) J "1'~'7 (- ' -J ,, 5 1,..,) 11 ..,4 ( "' • )' llr " ( !. ) 

'. ) . ' -·' J , / : ~ ) S } { ~ _ ,I., ·,,,.., \ I , ,.. ,,.., .) • . . .,) S I ~):, 0 , 

llt- o J. ), 1~;::.., (l), .,.2 ,,2 t_,), L : ,7 (0). 

Raf f inose 735 (1) , 758 (Os), 775 ( 2), 837 ( 2), 
864 (~) 876 (2), 892 (o), 938 (4), 966 ( 5), 1000 (9) , 
191~ (41, l OJf (~) , 10~~ ;10), 1082 (7), 1112 (5), 1155 (8), 
1 ~9, (0), 1212 (0), 12ol \1). 
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Sucrose 695 (1), 733 (2), 797 (o), 851 (2), 868 (3), 
910 (6) ~ 921 Ui-s), . 942 (2). ,. 9$6 (s), 1009 (6), 1040 Ch;), 
1054 (7J, 107.(i (10), 1106 (4), 1124 (5), 1161 (2), 
1208 (1), 1236 (3), 1277 (1)~ 

'.turanose 698 (2)., 71.3 (3), 74'? (2), 806 (1), 
840 (3), 865 (4), 899 (4}, ~09 (ls), .917 (Os), 934 (1), 
969 {5) 1018 (8J 1041 (6s) 1059 \10), 1070 (5s), 
1.085 czf, 1109 (~~, 1~29 (4ai, 1143 (7), 1202 (3), 
1245 (~), 1274 (2), 1J00 (Os). 

Melezitose 717 (2), 784 (1), 831 (2), 852 (1), 
873 (2), 916 (;) f 930 (3), 996 {10), 1028 (8.), 1048 (5s), 
19~7 (~s}, 1066 \8), ~~98 .(~), 1112 (6), 1148 (5)., 
12~3 (~), 1258 (2), 1292 (l~)~ 

t3-Cellobiose was supplied by· Dr. L. Zechmeister; 

gentiobiose, hydrol, ol1 o(-trehalosa, -8-lactose, rai:finose, 

_s,..meli:)i◊se and melezi tos~ by Dr. C. N{. ?JcCloskey; and 

,4-m3olactose and turanose by Dr·., W. W. Pigman. ,.8-Maltose., 

o{-lac t o~rn and sucrose m~re obtained from the chemical 

stockroom,. 
" /3-~ia.l tos.;, (3-cellobiose, o<,o<-trehalose, o(-lact()Se, 

raffinose and ,.8-lllelibiose have also been examined by Kuhn 

2. Infrared spectra 

.The sp8c;tra of the di ... a11d tri-saccharides l.1ave the 

same general chara{:teristlcs as the mon.osaecharides ex

cept that they are somewhat more complex., as might be 
. -1 

expect,Jd. JU so, the indi v::tdual he.rids 0 13low lOUO cm. 
-1 are weaker relative to those in the 1000-1150 cm.. re ... 

gion, probably because the hi Gher frequency bands are 

spaced so close together that they overlap and add in

tens1 ties.-



By applyir:tg the eon-elation m$ntioned in the prece

ding seetion between intensity d1str1buti.on and number 

of polarhydro:x:yla one might expect that of the glucose 

d.1sa.eetua~1d-es wnos.e s}tJtletra are shown 1n Fig. 15 the 

Qello.biose 1$ all /3 J. m.al tose,. genti<>biose and hydrol are 

mixed o(611)d /J 1 and trehalose is· all 0( "- This· is correct 

fen .. • a:l.1 4:lxe~pt hydro1,. Qf wnieh tb,e composition is not 

po$1 ti:\liel:r known. Wo·lfrom (:3$) has indicated that it een

tains _ a good proporti.on of' ist>aalto$e; which he believes to 

be· 6.,.,.:o-glucose «fiD-gluoopyranoside·.. Our predi.etion would 

'be that it is the f3 form .. 

Tl:.le glucose tr1• and tetra. .... saccha.rides c-ellotriose 

and eel.lo.tetraose., whose spectra are shown in Fig,. 18, 

also show a good correlation. The cellotetraose ,vould be 

expee ted to be all j3 , whereas the Gt>mple:x:i ty of the 

¢ellotr1ose spectrum indicates a mixture , which require,s. 

it to be c<-eellotrios•. fuese predictions were indeed 

made before it had been determined which forms had been 

examined. 

The spectra of the mixed oligosaecharides are not 

n~a:rly so clearcut,.. although o<- and .B-laatose appear 

to fellow the co:rrel-a.tion fairly welL. 



Part IV. Polysaccharich~:s 

A .. Animal Cellulose 

1. Experi:.n.e-ntal :part 

Suiti(ble samples of native cellulose for examim1tion 

in the very strongly absorbing 8 to 10.J-\ region are diffi

cult to obtain., which no doubt partially accounts for the 

la~k of published data on the infrare.d spectrum of cellulose. 

Forti.ma.tely we have found the dried test of the tunicate 

Ciona intestlnalis, which is very common oft' the t;;ou t11ern 

Califo1·nia coast, to be very satisfactory., 

The cellulose is considerably swollen ~"ith water and 

en drying dec.re&ses in · thicI~ness from about o. 2 to about 

0.002 m;u • ., which gives a bout the right amoumt of absorption. 

'£be latter f igt.1re was estimated by (!o:nparing the infra red 

absorption of an average Giom: test swith that of cell o

pha:ne sa.it(ples of known thickness sup plied by haJonier, Inc .. 

The dried t est is a_➔, s hig"hly crJrs talline as ramie, as is 

shown by its x-ray diffraction pat tern (39). 

The Ciona tests were freed of the minute amou.11t of 

protein 1.1ateri111 pre:::sent bJ t,reat.ment for two days at 

Jo0 c .. with each of the following successive solutions, 

as suggested by Professor Carl Niemann: O.Olf hydrochloric 

acid, 2 percent of pepsin in o . Olf hydrochloric acid, and 

2 percent of pancreatin in a citrate-phosphate buffer of 

pH 7.8. !his treatment does not affect t he spectrum of the 

t <.9 sts, but i mproves their keeping qualities.. No attempt 



has been made to re-move the srnt~ll amount of pigment which 

is present. Fo:r exnm.ination the treated tests are placed 

on n brass ring a.bout an inch and a quarter in diame tfir 

and are dried in an oven for one hour at ?o0 c. 
~Che ,Nater-white, j elly-lik~ inner ca.sing of Ciona 

appears to be somewha t rnirer than the test 1n that 1 t 

lacl:s the pigment; hovrever., the pigm~nt does not appea r to 

affect the spectrum. , and the test is moI·e convenient to 

worl~ vd th because of 1 ts greater tensile strength. 

Me:rceri~;ed s amples are prepared by clamping th(j test 

firmly on a bra.ss ring, then all owing it to stand for half 

an hour at room temperature in 20 percent sodi't.1m hydroxide; 

it is then ·\,vasb.ed tvw or three times i n dilut e acetic acid 

and repe~,tedly with distilled water. The thic~.rwss of 

the L'H3 rcer:f.zed sample nrn.y be eontro"lled roughly by the 

tightness with which it is stretehed on the ring. During 

m.e:rceri.zation an u.nstretched. sample decreases 1n lineu.1· 

dimensions by a factor 01" about three and increa ses in 

thickness so that it gives complete absorption between 

8.3 and l~. 

The infra.red absorp tion spectra ht':!tween ? • 6 and 13,,.u. 

of na tive and of merceri&ed animal cellulose (tunicin) 

are sbown in Fig. 18 together with those of mineral oil 

mills of some cellulose degradation products. The spectra 

of cellophane, stareh and some starch degradation products 

are shown for comparison in Fig. 19. The positions of 



the bands in cm ..... 1 are shown below with relative intensities 

in parentheses. 

c,<-Cellotriose 777 (1), 850 (1), 890- 898 (unresolved 
pair) (1), 93~ (1) 979 (3 s ), 999 {8),. ~020 (10), 
1031 l 8s), 10,0 (9~, 1075 (9), 1093 (9D, 1119 (7), 
113·0.• 3.s), 1147 (5}, 1163 (4), 1200 (1), 1224 (1), 

•. 126f 2) • 

:ft•Cellotetraoae 725 (1),. 770 (o), 896 (2), 1101 (6), 
10)2 (10), 1053 (8s), 1088 {9), 1122 (8), 116J (5), 
1202 (1), 1229 (o), 1272 (o). 

Tunicin 1014 (5s), 1037 (9), 1063 (lo) , 1116 (5), 
.1.164 (4)., 1210 (1), 12.39 (1), 1269 (Os), 1319 (1), 
13.37 (1)., 

Mercerized tunicin 897 (1), 970 (3s), 998 (6s ), 
1038 (9), 1.·070 (lo), .. 1119 (?), 1160 (5), 1209 (1), 
1241 {l), 1267 (le), 1321 (O), 1341 (o)~ 

,. Cal;tophane 695 (1), 960 (2s), 992 (5s), 1024 (9) > 
106.t;- (10), 1112 (6s), 1155 (4), 1196 (1). 

• 1'4~.l.to$e . .film 759 (o), 789 (o), 854 (1), 111'4- (os), 
921+ O.} ', 99.·6 (4s) . 10,;a (10), 1 ')79 ·49) , 1112 (7). 115,; (7), 
.120$ (ol~ . 124s (OJ. 

Starch 765 {l:), 855 (1) ,, 930 (1),. 997 (5s), 10.36 (10), 
1050 (,6s), 1081; {8), 1,11, (5s), 1153 (6), 120.3 to), 
l24l. (0). •. 

o< 5chardinge:r dextrin 71.2 (l) 763 (0), 846 (o), 
8.· 66 (O). l 901 (Os) t 938 (1), 953 (2j, 1001 ( 5s),. 10. :,. 5 (10), 
106© {8, 1081 ·(SJ, 1101 (4s)• 1157 (7), 1206 (Os), 
12:45 (o. 

s Schardinger dextrin 709 (1), 762 (1), 858 (l), 
943 (1), 999 (5s), 1031 (lo), 1058 (Bs), 1082 (8) 
1107 (5s), 1156 (7), 1209 (Os), 1252 (o), 1302 (oj. 

o<-Cellotrios e wa s supplied by Dr. L. Zechmeister; 

13-cellotetraose and an additional sample of o<-cellotriose 

by Dr . M. L. Wolf rom; and ct.- and ,8-dextrin by Dr . c. M. 

JJ!:cCloskey . 'The thin s ample o i' cellophane 'wa s obt a ined 
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t h rougb. the courte sy of Dr. O. Goldsclunid of Ra yonier·, Inc., 

in Shelton , Washington; it was s pecially prepared without 

plast:lci :'. En· by Dr. R. L. IA:itchell and Mr. E. Mead. f11e 

sta rch is so-ca lled soluble starcb, obtained from the chem

ical stockroo~ . Th e maltose fil~ was prepared by evapora

tion of a solution of :na l tose in 40>i alcoi:,ol-wa ter ,;3,nd 

was supported on silver chloride. 

l "!1pure samples of native pl ant cellulose ha ve been 

examined by St a i r and Coblentz (40) ., and Rowen, Hunt and 

Plyler (L:,l) have r;ublished a. o!Jl!Vf.1 for cellulose regenera

ted from cellulose a cetate, but otherv:ise there is nothing 

in the open 11 te.ra ture on the infra. red spec trurn of cellulose 

between 8 and 13.,A• 

2. Infrared s pe ctra 

'l'he chemical and structural identity of animal cellu-

los e with pl ant cellulose has been shown by Zechmeister 

and Toth (4~2), Gross and Clark (39), and others (43-45). 

'I'hese experi:nents do not, however, e xclude the possibility 

of sma ll differences which might sh.ow up in tJ-.e spectrum. 

The spectrum of native animal cellulose, shown in i.ig. l S, 

resembl es reasonably well the spectra obtained by Stair 

and Coblentz (40) :trorn un:c•urif ied samples of pl ant eellu-

lose, but to be signi f icant, such a comparison wu uld have 
I 

to b,? made. ?,rith purer sampl es. 

The cellulose a bsorption spectrum rese~bl es that of 

the suga rs in tha t most of its a bsor_:j tion occurs in the 
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s pec t r a l region fro::n 8 . 5 to 10~ and it resembl es the spec

tra of _.6-cellobiose and ,B-celloteti"aose in its l a ck of 

absorption. b 0yond 1~ • As v!i th t lle cyc l i tols an d. the 

sugars, it seems prob~;.hle that the bands ::Ln the s trongl y 

absorbing 8 to 1~ region a.rise i'rom skeleta l stretching 

vibr a tions. 

Aside from the res emblances mentioned above , however, 

the cellulose spectrum is quite differ eEt, ev en f :r-om t h ose 

of its own degr adation products. There is scarcely a 

trace of the st-:-ong b.,:md a t a-YJout 9 .. ~, f or example., or 

t h e secm,d ,:1 ry band r. t a.bout 11.~, both of y;hich are 

pr es ent in t lie speetra o f t h e degr ada t ion products. fhe 

rela ti vr~ sirnplici ty o f t h ~; cellulose sp1:~ ctrurn co,;_~pa.red 

with the spectra of cell :.:lose degr ad,: tion products rn.i gh t 

,,-vell be rela tecl to the fc:tct t i1a t t he cellulose molecules 

are lon g s trai gtl t c.r.1a ins of g l u cose uni ts. 1ne infra red 

s pec tru.:·: sta rch, wh ich has coiled molecules , shows a 

much closer res c~·:-ibl r..~nce to t hose -of i ts de gradation pro-

ducts as s r1own i n Fig . 19. A study of t h e nature of' the 

interactions along stra i ght and coiled chains mi ght shed 

some ligt1 t on the ma. tter. 

Hercerization of animal cellulose decreases the reso-

lution of the S})ectral bands between 8 . 5 and l C!,µ., elimina tes 

the we alc 9. 8 ~ sh ou l der, considerabl:, streng thens the 

10.0 and 10.~ :c-;houlders, and i ntroduces a weak 11.-¥' ba .. 'Yld. 

The spectrum. of a sonewhat t hi cker sampl0 of mercerized 



tun:tcin than that shovm in F'ig. 18 is almost identical 

with that obta ined by Rowen, Hunt and Plyler (41) with a 

cellulose f ib.1 re genera tE~d fro.m cellulose acetate and 

agrees well also 1Ni th the cel J. opha:ne spectrum sh ovm in 

f i g . l ') . The band a t 11. ~ appears to be somewha t weaker 

than t h e corres ponding cellophane band and there are 

small diffe.r ences below 8.~, but the possibility that 

mercerization wa s not comnlete cannot be excl11ded. 



B. Cellulose Derivatives 

1. Experimenta l part 

'l'he infrared absorp tior,. s pectra from 7. 6 to l~,µ of 

evaporated f ilms of some nitrocelluloses, cellulose aceta te, 

a.nd methyl and ethy l cellulose a re ~-,hovm in Fi gs. 20 and 21. 

The positions of the bands in cm. -l are sh ovm below togeth er 

with rela tive intensities in parentheses. 

Nitrocellulose , 10 .93% nitrogen 753 (2), 845 (9), 
921 (Os), 91i,4 (Os.)~ 99? (7), 10 71 (9):, 11~25 ( 6), 116L~ (5), 
1211 (0), 1284 (lOJ. 

Nitrocellulose 12.55% nitrogen 753 (1), g45 (7), 
921 (Os), 944 (Os), 998 (5), 1026 (5), 1071 (7), 1125 (4), 
1164 (3), 1211 (o), 12s4 (10). 

Nitrocellulose 13.46% nitro gen 753 (2), 845 (8), 
921 (Os), 944 (Os), 998 (6), 1026 (6), 1071 (8), 1125 (4), 
1164 (4), 1211 (o), 12s4 (10). 

Ramie cellulose acet a te 839 (0), 878 (o), 905 (1), 
951 (O)t 989 {2s), 1053 (lo), 1127 (4), 1164 (4), 1233 (10), 
132.3 (o;. 

1156 

1060 
1205 

Me t hylcellulose 948 (2), 1020 (5s), 1075 (10), 1121 (9), 
(6s}, 1201 (2s), 1314 (2s). 

Eth-~·llcellulose 886 (1), 923 (1), 977 (ls ), 1030 ( 5s), 
(10, 1089 (10), 1114 (10), 1159 (5s), 1183 (2s), 
(Os, 1282 (o), 1314 (1). 

All except ethyl cellulos e have been examined by 

Kuhn (2), cellulose ac 2tate has been examined by Howen, 

Hunt and Pl yler, and nitrocellulose by Freymann and 

Freymann (47). 



2. Inf r ared spectra 

As n i ght be e xp ected tlrn in:f'ra 1·e d b;mrJ. s of films of 

cellulos i:: derivatives are not as well re solved as those of 

native animal cellulose. t11e spectra of nitrocellulose 

and methyl and ethyl cellulose appear to rese:nble that 

of rn~rcerized more t h:m tha t of n a tive cellulos t'.: , but 

the spectrum of cellulose ,\Cetat0 bears somewhat more re-

seFtblance to that of nat.ive cellulose. 

The bands of nitrocellulose in t he cellulose regi on, 

8 to lQA, sharpen up o.ppreci a b l )r with increas e s in the 

nitrogen con tent and it seems likely t ha t the "new" band 

which appea rs in t l}e spec tr:,. of nitrocelluloses with high-

er nitrogen con t ent a t abou t 9. 8 is present but unresolved 

in the spectrum of the nl trocellulose ·Ni th the lowest ni tro

gen content. 

'I'he nitrocellulos e band at about 11. 9_p appears to 

shift about o.~ to longer wave l engths in going from 

12.55 to 13.46 % n~trogen. 

It is inte r es ting t ha t the positions of the nitrate 

bending bands correspond f airly closely to t h ose of the 

nitra te ion (48), where,.i. S the stre t ching bands correspond 

better with those of nitric acid. 
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ltppendi:x; 

Table 2 

Conversions from Microns to Reciprocal Centimeters 

cm. -1 cm. . -1 cm. -1 
-#- --;#--- -r-
7~6 1316 J.O.,l 990 lZ.6 '791.'r 
7.7 1299 10.2 980 12.'7 787 
7,.g 1282 10.3 970 12.8 78l 
7~9 1266 10.4 962 12.9 rli, 
8.0 1250 10.5 952 13.0 769 

8.1 1235 10.6 94.3 13.1 76') 
8 .2 11:aao 10,.7 935 13.2 '158 
8 .• 3 1205 10.8 926 l..3.3 752 
8.4 1191 10.9 917 13.4 746 
8.5 1177 11.0 909 1.3.5 741 

8.6 116.3 11.l 901. 13.6 735 
8 .. ? 1149 11.2 89.3 13.7 730 
8~8 llj6 11.J 885 13.8 ?25 
B.9 1124 .11.4 8?7 1.3.9 719 
9.0 1111 11.,5 8?0 11.,.0 '111+ 

9.1 1099 11.6 862 14.1 709 
9 .. 2 iOS'l 11.7 855 14,.2 704 
r!J~.3 1or15 11.8 848 14.3 699 
9.4 1074 11.9 840 14.4 694 
9 .. 5 105.3 12.0 833 14.5 690 

9.6 l 0it2 12.1 826 14.6 685 
9.7 1031 12.2 820 14.7 680 
9. 8 10.20 12.3 81.3 lA.8 676 
9 0 . , 1010 12.4 80? 14.9 671 

10.0 1000 12.5 800 15.0 667 
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l?i gure 1 . R,:iprouuc tion of ti~aei ng of the ini':r-c:ti-·ed 
a.bsor p t i on s p e c trum f r om 2 t o 12.,,,M of r: f i l m of minerB. l 
oil on 2t sil ve :e ch1o:::i o. e ;r:il,,. te·. Note shb.De of b.s.ck 
ground cur ve , J. x:i:;.:i roxi :w.tE;.linea rity o f v,,,,.~,::-e h::!1 g Ut see.le 
and weu1:ness o:t ,;d:.mos phe:ric ;:,,bsorot:ion . 

Figure 3 . Inf'r ,~11·t=.:: d absor J:, tL.;n sp e etrEJ. from 7 . 6 
to 14, ;::, o P ·,-,1.; 11- ,r~ '·•l o •: --. "·1• ·1 ' 1 a• 01°· 'i-·•1 ,,·1···.er· ··: l ~-, 1 -1.· '- ..... , s • • ../fa -'· .i. : .. ..:- .~ .. V C!. . ..,,1, • .l.. • ..: ... (",.L..s.. .. ) • ... . :. b ;. ... b --.1 4 l., 1...) ..,_ • 

~rythritol ( hle~o- er~thritol) , D- a r abi t ol, ribitol 
(adoni to l ), :U-:n.:1nL i tol , D- gluci t ol ( sorbi tol) and 
gul a c t i tol (dul ci tol) . The o rd.inate is transrn.is:., i on . 
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Figure I. 
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Figure 2. Figure 3 . 
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li'igu:re lr- • Coordinatet and numbering of ring atoms 
as adopted in this th0sis f or the s t8. ~; gered $ix
me1,~bered ri:n.g . TI1e coordina. tes used by Herzbt~:rg (11) 
for six-membe.red rings oi' tl:i.e indicated symmetry are 
also shown . 

f i gure 5. In:fra r ~d abso:rpti cm spectra from 6 ,. .5 
to l3fa of' li1.1uid cy clohr:1:xane ( ') . l :rrm .. ), t c. t r al..yd.ro
pyran , and thic t a nd th.i n fi lms of p-dioxane . The 
ordinate is transmission .. 

Figure 9. 
7~6 to 14. of' 
meso-inosno1, 
and scy11itol . 

• 
lnf1·a red absorption spectra from 

minera l oil mulls of' t he cyclitols 
:p;J..ni tol (metr~yl e t her of d-inosi t .ol ) 

f11e ordi nate j_s tran.sm1ssion . 



.·••·. 
~- .... = Below xy-plane 

0 Above xy-plane 

THIS PAPER AND 

~!RZBERG 

z 

HERZBERG Cu C2h 

X 

y 
)-, 

Figure 4. 

CYCL0HEXANE 

I 

TETRAHYDR0PYR 

I 

p-DI0XANE 

13 12 II 10 9 8 714 

Figure 5. 

MES0·IN0SIT0L 
I 

PINIT0 

I 
I 

SCYLLIT0L 

14 13 12 11 10 9 S,,,.. 

Figure 9. 
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Figure 6. !Approximate normal vibra tions of a 
puckered x6 ring of symmetry D.,,d and assignment s. in 
cm.-1 f or cyclohexane as repori ed by Beckett, Pi t zer 
and Spitzer (10) ~ Arroyrs i ndi cate motion in the xy
plane , plus and minus s l gns motion par allel to the 
z- ax.is.. Al l symbols aTe drawn. t p the SB.me scale in a 
given vibration .or degenerate pair of vibrations. 
The z-component s of the motions of t he a:toms in the 
E 'lti brations are too small to indi oa. t e in t he figure ; 
i~ the magnitude of the longest a::r:rows in the it 
vibr:i1tions ( i . e~ 1 and l+ of E (b) .stret.ching aid 
E (a ) hend..ing) is t uten to be (i;1 ty the 2; - components 
aJe as follo·w-s .f or a t oms 1 to 6 , :r.espe·eti vely: 
EiF (a ) str·etching, i 0 .. 175" ; G •. 08?5, - 0 .. 08.'75 , - 0 .1'75, 
.... (1 ~0875, J. 0 .. 0875; E (b) st~~~,ehing., O, J 0.'"15Z, 
;+'.0 ,152 ,. o , - 0 .. 1.52, -S .. 152;;: i.g':(a) and E .Cb) bending,. 
t ~e same magnitudes as fo;r rp.-e eo:rr espen.ding stre tch
ings, but OJ)P,O·si te s i gns ., ~he z-- compon~:n-t s of' the 
ra.o ti':ms o~ the a toms .i;r1 the A1 and '\-au vibrations 
are iden t:r.call y zero .. • .u 
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frlgure 1,. .Meth.ylen-~ bending vibrations of cyelohex
ane, t,\S _de~ermine~ by ~hf _assumptions given in . the text, 
and a·ssigrunents 1n ·cm..- as l'-$ported by :Se-ekett,. Pitzer 
and $pitzerr (10) . Per-ipheral s ymbol$ represent tfa.e mo
tions of e G,:uator.ial hydrogens, interior t hose of polar 
h.ydrogena·-. Dot.ted interi.or arrows represent polar -
hydroge,ns below tlle ·pla-!'le 0f the• p.aper,. s·olid interior 
arrows th-o-se abov-e t h e plane of. tbe paper . A,1J. symbols 
are drawn to· the same sea.le irl a given vibr a tion or degen
erate pair of vibration$-. 
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F'igure s. Assignments of inf,..ared and Raman bands 
of tetrahydr~fyra~ and. p.-die.xane in the spectral region 
700-1500 om~ • Ihe assignxnents J,'e·ported by Beckett, 
Pitzer and Spitzer (10) for. oyclehexa1ie a:re shown at the 
top • . Tb.e letters $ 1 r, w, t and se indicate stretching, 
rocking, w·lltgging, . twist,1ng and scissors, . respecxively. 
Raman lines from Kanove'fl and Kohlrau.sch ( lJ) • lhe 
letter (a) or (b) near some o:f the arrows i ·dentifies 
the number of the degenerate pair which the arrows re
present; where space perrai ts the 19-entifying letter 1s 
placed. to the le.ft o:r its arrow. 
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Yigures 10- 14. Tb.e infra red a.bso r-ption !}pe (! tr d. 
from 7 .. 6 to 14.fal. o;f mineral oil mulls of some hexoseS- ,; 
per_toiies and de.:ti v q. ti ves. Bh.amnose, isorhar.n.,,-,.ose and 
fueose a:.re t4e 6-d.esoxy derivQ, tives of manno-s (➔ , 
glucose and galacto-s e ,, :res;)i:: e tiv-el;y . The ordinates 
a.re tran.s.m1-ssion.., 
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FigUre 15. Infrared absorption spectra from 7.6 to 
1~ of mineral oil mulls of some disaccharides which 
contain only glucose units: .,S-maltose monohydrate 
(4-,s-D-glucose o<.-D-g. lucopyranoside), ,S-cel1obiose 
(4-.B-D-glucose ~-D-glucopyranoside ), hydrol (probably 
mostly isomal tose, or 6-D-glncose o<-D- glucop:"ranoside 
( 38)) and o<,o<-treb.a.lose (1-(o<-D- gl uc opyranose) o{-D-glu
CO]Jy:ran'.JSide). '11he ordiru;.te is tranGmii~sion .. 

~i 6ure 16. Infra red absorption spectra from 7 . 6 
to 1~ of mineral oil mulls o.:r some disace:harides which 
conta in gal c:i.ctose: o<-ld.C tose mor:i.or~;r-cLt·2. te (4.-o<;-D-glu
cose .<3-D-galactopyra.noside) , ,8-la cto ae, and ,.8 '.""neolactose 
(4.-ft-D-nl trose ,8-D-ga lactopyr.anoside) . See also 
me libiose in J?ig . 17. • 'l'he ordir;ate is tra.r:i1,ilssion .. 

li' i ;,-:; ure 17. Infrared absorption spec:tra from 7 , 6 
to 14 o~ mineral oil mulls of some trisaccharides and 
related disaccharides : rafl'inose pentahydra.te (1-
[ 6-(o<- rJ •~ 1::- "•torivTa110 svl) - J_l)_ ,,1,,co'-y-::r :i'.l nose111- D f' -r,· cto-o c. ... ~ .. .. \.., .£' ..,, • • ... ' '- (,\ t,-- :.,..i. -~ ,•.1 • ...... • ;1 ,~ - - u 

fura.noside), .A-melib:L ose diliydrtlte '(6-R-D-glucose 
: 1 1 ' .• ' ) ~.. ,., 1 o<.-u-ga ac~o:o:/r cinosine , sucrose .1.-o(-v- g.._·..1copyr ai.1.ose 

,i-.iJ- fructofur,1.nosid.e), turanose 3-.._;- f' ruct.ose o<-D- elu-
. •·· ~- -.,. ., • , :; ) ••-- • wo·1 .,,.,. it ·~"• ,;J-" ' ~~..,..~t ,,, r:3 ("' ~, COI;.)'I s:.1 0:.:,1 ...... e d .,. ~a. "·:-..1.e,_, o.:..·, •,i.Ln) c1. •.. ,,. e 1, ,,.-. - L- - "'-b~-u- . 

copy1•,E1.osyl) -,Mr)-D-fructo1'urs.:nose o<-D- glucopi.rrano tdde). 
The ordinate is transmission. 
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Figure 16. Fi gure 17. 
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~igure 18 . Infrared absorption spectra from 7. 6 
to 14.,u.. of mercerized and unm.ercerized animal cell ulose 
( tunicin) and of mineral oil mulls of some deg r fl.da. tion 
products of cellulose. The ordinate is t r a.ns ,:iission. 

Figure 19. Infrared absorption spectra from 7.6 
to 14p of cellophane (0.001 mm .. ), a film of' soluble 
starch evaporated from 60>;; alcohol-water, and some 
degradation products of starch: maltos e film (evapor
ated from 605~ alcohol-water) and mineral oil mulls of 
the Schardinger dextrins (ot- and,1-dextrins probably 
eyclohexaamylcise and ·cycloh eptaa::nylose, respeqti ve l y , 
after French and Hundle (49)). '.l.'he ordinate is trans
'T:.ission .. 

? i gures 20 and 21. Infrared absorption spectra 
from 7. 6 to 11;,u. of films of some cellulose deriva tiv, s s: 
cellulose nitra te containing 10. 9 6, 12.55 and 13.4610 
nitrogen, cellulose aceta te, methyl cellulose and etb.yl 
cellulos s➔• The ordina tes are tr ~.-1.nsmission. 
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Pro·oosi tions 

1. Sodium di t ":'i. ion i te has long been used in industry as a. 

reducing agent. It is propos ed that sodiun d.'ithionite 

itself is only a r a ther weak reducing agent and that 

sulfoxylic d: Cid is the active ag(C;nt in aeid solutions 

of dithionite. 

2. Cox, Goodwin and \fa.gstaff (1) have obse rved that the 

crystals of many pyranose sugars and derivatives show 

a smallest unit cell dimension which is remarkably in

dependent of configuration and is incompatible with a 

strainless trans pyranose ring. They explain this ob

serva tion a.nd some others in te:r;;ns of a fl a ttened, 

strained conformation of the pyranose ring. In part III 

of this the sis it is shovrn that equa lly satisfactory 

explanations can be given in terms of a modified chair

f orm ring which is less strained than the CGW model. 

J. a. The phenomenon of retrogr ade condensation is often 

o·bserved in binary syste:·:1s at ternperature s a bove the 

critical temperature of one of ti1e components. A 

discussion in terms of the differential equations of 

t he equilibrium lines of a P vs. x diagram is proposed. 

b. It is suggested that the com.positions of the t wo 

phases in such systems be studied oy use of unt.raviolet 
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or visible spectrophotometry. 

4. In view of the demonstra ted std.bili ty of the chair-

' t ype six- membered ring the Cieca.lins and their substi-

tution products should be rediscussed. A considera-

• tion of m.el ting points raises the qu esti.on as to 

whether the isomers of 2-decalol have been properly 

identified •. 

5. Recently a complete vibra tional assignment has been 

made for ethylene imine (2) on the assump tion that 

its moments of inertia are not much different from 

those of ethylene oxide. An at least equally S t:i. tis'."" 

factory assignment may be made if one a ssumes that 

the leas t and intermediate axes. of inertia have been 

:interchanged w·i th respect to ethylene oxi de ; such a 

model is not in disagreement with existing electron 

diffraction results (3). A microwave inves tigation 

of ethylene Lnine such as that carried out on ethylene 

oxide by Gwinn and co-workers (4) will be neces sary 

to resol-ve t his question. 

6. One might expect that s amples whi ch are being examined 

at the focus of an infra r ed microscope would heat up 

exc,~ssi vely, but experimenta lly such is not the ca se. 

It is :p ro posed that samr le~ v;i:lich are too thick to 1Je 
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suitabl e for examinati on i n t h e i:nf ra rQd would inde ed 

heat up exc essively , but that f or t he thin s runples 

actually used much of t he absorbed energy is re- r adia-

t ed . 

7 . a . It has loni been r eco gni zed tha t a consideration 

of ~rp e ctr a l i ntensities should be ve r y hel pful in 

maki ng v i bra t i ornd. a ssi gnments f or })olya t omic :'1olecul es , 

but n o one ;_.rppear s to h ave at temp ted it so :fa r . I t is 

sugg e ::; t ed t ha t f or r.,1.olecule s in ;vhich resonance b l';; tween 

structTr es with d:U'fe r Ein t charge distr· i butions i s not 

h 1t)Orta:nt , t lle i ntens i t ies of i nfrared bands may be 

di::.icv.ssed in tert,'!S of the motions of for mal chdl'.' f;E:~ s . 

b . By 'r: eans of this ap ) roa ch i_t is pos s i ble to sho v.r 

t hat scy lJ.i tol , the all- t rans cyclohexc.IneLe .x:o J., 21ust 

have B.11 e quator i a l r ,', t h er t han polar h ya.1~oz y.l$ . The 

a bove 2nd o t h e r example;:, :u·e desc r i 1)ed in t h is thesis . 

8 . It is suggos t e d t ha t t he infrared s pe c trli of d ilute 

solutions of wr.;.te r :L n s ul fu ric and i n nitric a c id 

b e examined to d ~:: terJ. 0.ins.: ·whethe r band s chara cter istic 

o f'' Hy analogy 

exp e e t ed 1·1~ 1 .. ''. o • • t • • • ·1 ~ t· i ""!. e :z.:t s ·s in app rec:l. 2JL H concE,ncr ."t ,ion . 
3 
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9. In discussing the i someri sm o f cyclohexane ci.E:rivatives 

it is always assumed t hat the potential barrier be

t ween the t wo pos s i bl e cha ir-forms i s sufficiently 

low that equilibrium is at tained too rapi dly to per

mit isolation of either form. It i s suggested tha t 

t hi s may not be so f or t he cyelohexanehexols and 

related cor1pounds and tl:ia t e:pi-m.,~ so-inosose, f or exam

ple, mi ght be r esolvable into d- and 1- f orms. 

10 . It is suggested t hat abstr actors of French articles 

for Chemical .Abstracts be informed t ha t "l'" and 

I, ) 
\..1.. 

"d' tt are not n t0cessarily s ynon ymous with n1 ... n and 

"d-" (5). 
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