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INTRODUCTION

Though 1t has been widely recognized that the Debyc

. )

theory of atomic specific nes td nas its shortoominre®’ 202

the Debye curve, nevertheless, gives the best agreement be-

tween experiment and theory for most elements. In extending

this theory to molecular lattices. the classification of the

degrees of freedom of the molecule anc i+

the problem. Tore

 atoms complicates

has derived an erynresasim for the gpecific

heats of molecu. rotal ry whier  thoush useful for many

substances a adeguac Ty ov c lied t+ others: 1t

ig chen iu Mn fer ler tome iresa 8mT 0 gnd require

knowledge ©” elther the rarely acc. ~¥pansion data for

molecular lattices or their low frequency internal vibrations.

For methvl alcohol neither of these is known at

present, but 1t 1s possible from theoretical considerations

to calculate a value of 560 om” + for its lowest internal

frequency (the others are known), which is due to the motion

»f the hvdroxvl hvdrogsen perpendicular to the C-0 axis.

Lawson and Rondel’. however, found this frequency at 270 w
cm

in the vapor spectrum, The difference between these two

ficures may be qualitatively accounted for, but it seems

advisable to take the spectrum of solid methanol in the re-

gion from 250-900 em” t so as to obtain the exact magnitude

of this frequency which can then be used in the correlation

&gt;f Lord's ecuvations with experimental observations.



IT THEORETICAL DISCUSSICN

In his attempt to interpret the heat capacities of

oe
molecular lattices, Lord” found the thermodvnamic expression,

—  NC VT/B (2°a

for the conversion cf experimentally determined Cp, the specific

heat capacity of the lattice at constant pressure, to Cv, the

specific heat capacity of the lattice at constant volume, at

ony Kelvin temperature, T, mey not be used since the values of

a, the coefficient of thermal expansion, B. the coefficient of

compressibility, and V, the molar volume, all of which are

functions of temperature. thouzzh often known for atomic lat-

tices. are rarely avallable for molecular solids.

From consideration of the ecuaticn of state for

solids”,

ba
dine.

a A Vv

where

n

and bv breaking up Cv into aun e¢xtramolecular part, Cvs, and

an intramolecular part, Cv., he derived an alternate expression

for Cp - Cv:

Jp - Cv =1(a Cv. + D Cv. )°T ( 2}



dine, ane,
where a = TTR and b = = are constants essentially

independent of temverature.

In the same paper Lord" developed eo method for de-

termining Cv, and Cvs by extending to molecular crystals the

: 7 . . 1

Debve equation for atomic 1atticest

Xenax

where DI

order to

the lati

which co-

( 7S

Ny
J J

Mm 1s.

ry

 RD (8/7) (

«heecifte heat function. In

Coposecdc. that the Tr atom of

oul 1tonis each in

“om ome ,as8sified into

extramolecular decrees.

The following assumptions were then made:

(1) The freauencies associated with the (2S - 8) N/S

decrees of freedom are N/S - fold decenerate.

(2) These N/S - fold devenerate frequencies have ap-

proximately the seme values as the 38 - 5 frequencies of

the S atomic molecule in the sas phase. Thus the Cv can

be determined by the Einstein eacuation for specific heat

7

sapacityl? TL,

lL

a —

UV. 1
:

[+
—- =F (x.

32 (x)
— FR



where E(x,) is known as the Einstein specific heat function

for one degree of freedom, and

Ln
Al

-

~

* ty = 1.4l

Va

—
m

{

for values .

(2) The ¢ ~~n-leaular decrees ¢. freedom may be

classified e ~mapa corresponding to translation of

the molecule: corresponding to rotation.

associated with both the ~~ 7 trans-(4) The frecr-icnc -

lational and the rotational degrees follow a Debve dis-

tribution. Thus from ecuation (3)

Cv = Cvy. = Cv. = 2RD.(6, 7) + ZRD_(e_/T) (5

(5 Since A. and cannot be determined independently

a kind of mean value 6 mav be substituted for both of them

in eguation (5): thus

cv —~ 6RD(6,T) (
 —~

In many cases this last assumption hes shown to be valid only

for values of T &gt;0.% or 0.4 6. In such cases for values of

r&lt; 0.% or 0.4 6, Om has values lower than 6.

From equation (6) and a further simplification of

equation (2) it is possible to compute the approximate maz-

nitude of Vi of the lowest frequency internal vibration.

Equation (2) is solved for Cv.:



~(22abCv + 1) +41 + 4abCv T + 4a Cp

paoes {

and it is noted from a glance at Sherman's and Ewell's sableglts

of Cv. as a function of Xs and a consideration of expression

(4) that where x.&gt;10 at temperatures below

0.144 v,

Cvs may be considered negligible in comvarison to Cp and Cv.

Thus equation (7) beccmes

as long as

ht

—

yr —

J1 + 4a®7 op

sa lm (
3
9

Usins the empirical relationship given for a Db&lt;Q E——

Vernst and Lindenoyms

_ Jeet
Po

where T,, is the melting point in °k, Cvs may be calculated from

experimental values of Cn at T and a knowledze of the melting

point of the particular substance in question. From these

values of Cv; and Beattie's tableslh for values of 6/7 as a

function of Cv., 6 mav be determined bv equation (8).
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The difference between the theoretical value of 8

and those calculated from equations / and mav be shown

graphically as Za 7 =

theoreticg™ wv

where 5 -~~ant.y the

i const amperaturesy

and b is ¢ ow nlatad va’ Aw tem-

peratures

resents th

hg no longe:- nrve cc rep-

oe

calculated value

becomes void): where T., -

 0 when T&gt;0.1414

(equation ( C.1l44 v» is larger

than T,, the temperature at which equation (5) becomes valid.

In such a case the lowest internal frequency may be guali-

tatively determined from the relationship:

= TT, {



Jurve d represents the second case when T &gt; 0.144 v.: where

T't = 0.144 v, is less than T.,. I.

2

value for the

1 this case onlv an apparent

cualitatively

determined from T ’

becomes negative

Sm gape
"ope of d

mre
i — "sheVo fe

nitude than the actua™ * ana in rare cas

Locher mag-

ven be hichenr

than the real values of the two lowest inter .

frequencies.

from the specific heat data of solid methanol bv

Kelley 2 the Debye 6 was determined over a temperature rance

of 20 -150°K usinz a melting point of 175.2% 12 in computing

the value of the constant a. The results of these calculations

are reproduced in Table 1 and plotted as a function of tem-

perature in Figure 2.

vy, calculated from equation (9) by taking T. = 95%%

is aporoximatelv 650 em” 1. but it is difficult to determine

from this rreph whether this is a real or only an apparent

value ¢” th. Sowest internal frequency o° methanol. The

several aporoximatelv ecual magnitudes

causing a flat in that region indicate thai Fo

micht be the real value cc’ The shore length of this .flat

region, however, render snconclugive. It 1s impossible

moreover, to discoun lotr

second paramet: comout.

and (6) allows .

range at T &gt; 100K i, be calculated f.

~uations (7)

temrerature

Low as 250 —



TABLE 1

7(°k) cp(eal/mo1)l? o(colc)  T(°K) Cp(cal/mo1)ld 6(calc)

21.6 I
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ie :

Borden and Barker on takin the infrared spectre

of methanol vapor, discovered a broad rezion of absorption

&gt; ° =“ - 1 t - 1

consistinzg of meny bands between £60 ecm ~ and Z80 en 1 (the

low freocuency limit of their experiments). 2nd predicted that

. a . = : a — ~1

the rer~ion of most intense abhsorpticn would occur at »70 em

Lawson and Randall! however. tocol the svectrim further into

Fhe infrared and found the wi’ anhgorption recion culminated

in 2 band of stren ia msi co
&gt;

 ~~ }
~~

O11 th. heat TOTS eu
i wl. ny, No Saarmed MN. + the at miptiire

~f methanol thd, Tor freguency absorption hes been enelvred

by Borden an’ Pros

- . CJ s . * or

Koehle» and Dennison”. The followin material 1s a8 simmer of

in their oaper and also

Fhedr anal

TT way nrocvosed that the molecule apvroximates a

symmetric tod rotator, the slicht asymmetry beins due to the

relatively li~ht hvdroxvl hyvdrocen (hereafter denoted bv HY,



™ =

3

with the moment of inertia about the principal 4 axis, the

C-0 axis, broken into two parts: Iyq the moment of inertia

of the OH bar, and Inns the moment of inertia of the methyl

croup.

For this plcture «7 the methanol molecule one might

expect an internal rotation of the OH bar with respect to the

methyl pyramid. It 1s useful to consider the methyl group as

being stationary, since the rotation of an isolated -CH, about

the A, axis produces no change in dipole noment and hence is

inactive in the infrared, and consider all the Internal energy

~gusing the rotation as concentrated in the OH bar. For such

5 case the selection rules for the pure rotational spectrum

will be

AJ = 0, +1 AK=+1AK,=+1AK,=0

where Ky and K, are guantum numbers referring to the hydroxyl

and methvl gsrouprs respectively, and J and K are the guantum

numbers referring to the whole molecule.

Hepzbepest derived a formula for the Q branch of the

pure internal rotation spectrim where NT = 0:

- 7 -

- 2RK + 2A.K. (10)

where A. = he and B ia the constant associated with the

Sr CI,

decenerate moment of inertia around the axis pervendicular

to the A axis. The upper signs hold for positive AK and AXq

and the lower, for negative AX and AK... B3ince A{&gt;&gt; B,



equation (10) represents a series of bands of specing 2A.

= » ~ . ~-1 n . "

Borden and B rker assigned the 500-E00 cm bands which were

. . ~-1 » . ,

spaced at approximately 0 cm a8 these pure rotational bands

: -- . Sef ) a) o &amp; aeand calculated from thelr spacinze an 0-H distence of avout

N.Gg2 A.

-

Ne Tom  CT Meweve the steciny -7 Lhe hands

decreases. wil’ thei» intensity increases ™ia may be ex-

plained by consliierinT th hind trae of Peer the methvl

hydrogens on the rotatlc ha r  enersy level

diazram ¢~ Ap ! 1 a - - iq 2.
1 4 0 Te

p! )

whichh 1
“ - . function

of the tT the

methv' and

hizher 1
*

r ~antial

harrier and sated spacinz of the

hands in ©

nt 1
@ vy,lol a “

 amt nav he ac-

counted for .  oli vines that frecuencv with the fundamental

cransition from n = © to
“ which corresponds to a wer-

pendicular vibration of the hk

Tf Ane is to assume that this one of the 3238-G

frequencies of methanol hes approximately the seme value in

the solid as in the vapor phase. then the author's calculation

of A60 oY for the lowest internal freguency of the molecule

is only an epnarent value.

rom considerations of this oscillation in the liguid

snd solid states, however, a reasonable shift to hither fre-
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quencies may be expected.
18

Errara, Gaspart, and Sack from

investizations of the 0O- « satelhing frequency in the vapor.

liguid, and dil’ © Et ayy  em, a "necluded that

intermoleculs" ¢ 5 &gt; of that

or to 2400 om”vibrational

‘n the liouid  Yr
Ka

n

-~

~ probably

due ton the weak... 4 Atramolecular 0-H bonding, But

for the pervendicule- torsione’. oscillation intermolecular

association mizht be expected to increase the force acting

cn a displaced H thereby 1ncreasing the frequency of the

vibration.

The followings effects appear simultaneously on

liguification: (1) the height of the potential barrier will

he increased to infinity resultinz in the disappearance of the

rotational bands: (2) the number of minuma per 360° will be

inereased many times: (3) the fundamental freauency for the



transition from n = 0 to

a higher value, but the random orientation of the molecules

= 2 should shift from 270 cm 1 tc

in the liquid phase makes these chenges indiscrete These

effects should manifest themselves in the appearance of a

broad band with its center at a value higher than 270 —

On solidfication the {formaticn of » definite lattice

structure should result in the sharveninz c¢© the broad band

in the liguid spectrum and its center should he at the sane

frequency as that ¢ the liguic
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EXPERIMENTAL ARRANGEMENT AND PROCEDURE

Low Temperature Awvnaratus

ITI

~~ ~ ~wr temperature apparatus used to take the spectrum

gs -

of &amp; 0°

which we

methanol is shown full size in Ficure 5. It consisted

ffhee 7 thermal contact with a copper cell-holder

snavended in an evacuated svstem The path of the

enercy throus™ the instrument may be represented for the right

hand drawin; "sure by a line parallel to the horizontal

dimension oF

re
-

1 eonm at NM liquid

nit 1%
-* = A threaded

brass . “hat the copper cell-

holder

moved. Th

Copper was chosen for the cell-holder, C and B, because of

its hish thermal conductivity. Previously, a brass cell-

could be eagily re-

holder of similar dimensions was tried, but this took two te

-hree hours to cool to temperatures about 180°K and would then

ret no colder.

The cel] wen made * two KBr wlates separated

by a thin silver spacer which was almasamatec in order to get

1 ticht seal. It was filled bv placing the spacer on one of

the KBr plates. adding a few drovs ¢” methano” t+ br tested,

snd sliding the second plate into plac .4n such . manner as

to rid of air bubbles the space intended for the methyl alcchol.

The KBr plates had first been ground on fine emery paver, then
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polished on a pitch lap with buffing powder as an abrasive.

They often, but not always cracked at temperatures around 125K.

By rough observation it was noted that the methenol seemed to

solidify into one crystal which took advantage of all the space

provided for it. The cell was clamped into place by tightening

the screws, D, connecting the two copper cell-holder plates, B

and C, which were amalgamated to make good thermal contact with

the salt plate-

thal 1

the ne»

ol

part

was join

seal ton:

plied t« tb

mh, ndricrs’ TUTE. -ulumn wa - ‘nnected to

~naratus alreadv describel hr joining it onto

 7 -Y was par” qty Tlectric copper

the male

-

yy ~ “ome” - mart of which

rex tube ' a] MC ¢ crease when used to

lass Joints av (

ratem. This caused the joints to make too coed

flowed when &amp; vacuum was ap-

a contact with each other over so large an area that too great

a force had to be applied to sevarate the joints. A non-flowing

geal, Apniezon black wax. therefore, was used. In order to seal

and sevarate the joints successfully, they had to be heated to

the melting point of the wax for each operation.

Two KBr plates, I, polished in the same manner 9

those used for the cell, were sealed tu the pyrex tuhe, J. with

clyptal. The XBr windows restricted the use of the apvaratus

to wave lencths lower than 35 Ww.
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A constatin-copper thermoucouple, XK, introduced into

the instrument through the Apiezon black wax seal at the outlet,

M, was soldered

of the screws, ~

curate knowledge Co
&lt;a

 ©" © I which made thermal contact with one

ravep plate RB Thioush more ac-

tempera ture of the methanol might have

been obtained by connecting the thermocouple directly to the

KBr cell plate, A. the difference between the temperature of

the copper cell-holder, B, and the sample was vrobably not

0 . . . 3

more than 10 of 20°. This fimure was ascertained Dy running

the spectrometer at a constant wave lencoth of apuroximatelv

150 while cooling the methanol, and noting that a sharp dis-

continuity appeared in the transmission curve, which was at-

tributed to the phase transition of methyl alcohol at 175.2%,

when the thermorivple read o val -sreesponding to about 150°K

T+ ww desirable to evacuate th: system, by applying

n vacuum throurn - stoncock connected to 1 t.) prevent con-

densation of moisture on the KBr plates

the cell to low tem rature than mish otherwisebeper-

missible. With paratus no water vapor would

be present to cond= the ec=]l  nlates., A, and now the only

possible mechanisms o? coolinz down the KBr windows, I, were

by loss of heat by conduction along the walls of the instrument

and T and to cool

i

or by radiation. The apparatus was found to be vacuum tight

but all precautions taken to prevent loss of sample from the

sell were of no avail since the vapor pressure of methanol is

very nizh at room temverature, By placing a small cup of POs,

0, in the svstem before sealing the ground glass joint, however,



S18

and closing off the apparatus to the air for an hour before

running a curve. the air inside the ‘nstrument had sufficiently

dried sc that a ” * “tem crnden:  windows,

A, on coolin~ ¢ = Lemperato Cmolnt of

methyl alcohc’
Cem mm

“enol 1g an

low that ¢ v=.

to lower temt

apmlied
-

wr

m“v2 gvste

without loss of samp”

densed on the outsgiid:» KBr windows, I, before *+

le niolsture con-

cvatem was

avacuated. These were wiped, but more water vapor condensed.

“houzh more slowly, even after a vacuum had been avplied. The

yindows were wiped, therefore, whenever it was suspected that

the condensed moisture was cubtinz down the transmission of enersy

When liguild air was continuously present In the well,

BE, it took less than one-half hour tr con” th - apparatus in the

ahove manner oT. hermocou™liy rer Acie cendins to 110°%K.

T
a" =

tem CLA TY~~, re1r- cells de-

Jilised Tr
- Me ppd aeons 0

micht has: ‘NO the complexity

~The or restricts thelr

applicabi

Morrison!.

i y J Avery's and

L
3?

.

I1 1 was limit A only. Since

the mirror cr the bottom of thei» Wa ~ flat. liguids

~ould not be distributed to an even thick:

the middle. It. therefore, seemed advisan.

would flow to

dessin and con-

struct an avparatus for the more genera. cas

path 1g direct, and one that would teke the spectrum of both

301lids and liouids at low temperatures.
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Other Equipment

The cell used to take the spectrum of methanol vapor

3 Mme . (RE] xy . “ T . 2 1 »

was a modification of the type bullt by White 1 Thallium-

bromo-iodide windows on this cell allows the spectrum to be

taken out as far into the infrared as 1415. with a thallium-

bhromo-iodide wvprism

which was wr

ised with +t

ha}  “wT Ime ‘nfrared spectrometer waza emoploved

permit an alternate cvtical svstem to be

iy] The aporoximate resolution of the in-

strument fcr the various prisms used 1s given in Table 2.

TARLE 2

Prism

Nal?

KBr

KRS-5

Resolution

5.5 —

 si

0)

Region

750 em©

S00

250

A General Motor's amplifier and a Brown potentiometer were

emploved in transmitting the thermocouple sicnal to an energy

transmission curve. The source was a clobar

The sample used was Mallinckrodt C.P. acetone free

methyl elconol which had a minimum assay of 99.C

point range of 54-57 .5°K, No further purification was attempted.



-20)-

Experimental Curves

The author desired to get &amp; complete spectrum of the

vapor, licuid, and solid phases in the region 950-250 an The

outer KBr windows on the low temperature apiaratus, however, set

a. practical lower limit at 300 an for spectra taken in that

instrument. Because there was no indication of sharp bands

above 750 — in the lioguid and solid sbhectra talren with the

KBr prism, 1t seemed unnecessary to run these two phases with

the NaCf prism.

Ta?"le ° aoives « comdlete summary ¢. the curves taken.

Thev are numbered accordine t . their desicnation in #isoure 5 and

not in the order which they wrr~ run.

TABLE3

Curve ~~ Phase Path lensth Pressure

(

(

I~

(0
\

L

(4)

(5) Sol  .

(5) Solid

~ A

A mm

0.025 mm

Prism Rezion

950-550 cm

710-385

L70-385

970-385

070-510

Q70-385

-r

vom

KBr

KBr

KB

It was unfortunate that the thermocouple of the sitec-

crometer burned out in the middle of curve (5) before the sample

had been run with the thallium-bromo-iodide prism, If it 1s

replaced before completion of this report, methanol spectra will



pe taken in that reglon and the results presented in an appendix

Curve (4) and Curve (5) were different phases of the

same sample; the former, run in the dried atmosphere at room

temperature. and the latter at 110°K after cooling down and

then evacusati--

Radi = AurvVe re resent 100% transmission were

taken in the evacuated gas cell. and in the low temperature an-

paratus with

evacuated. Ti.

-
. - oo.

Ton

 Tat ii the cell-holder and the system

rum of the inner sal” platea to

ne used in the ~~ : ter Tanta cell was teken an”? nn absorption

due to imnmaritie. . noter t..73 manner anv irrecularities in

the transmission or I.-
oneAah tu absorption by substances in the

path of t=  vy would remain fixed.
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RESULTS

The curves taken are summarized in Figure 6 where

per-cent transmission is plotted as a function of the frequency

in wave numbers.

The moa’, intens- lines 7 the regica "absorption

. 3. . ~ . i‘

in tne vanor ar compared to those obtained bv Borden and Baprkept

in Table 4, TT s&amp;avreemen’ betweentr*--

in general withi, * reasonat”c error

the author's sam" mav account fo aq

observed between the two sets of data me

may be due to the strong rotational band

that frecuency, and the shift from 1452 to I~

~ © values is

~f water in

2repencies

125 emt

[)

RI. at-y

cy mev he

caused by the strong absorption band in the H,0 rotationa’

spectrum at 458 em”. It is unlikely, however, that the stron~

band found in the methanol sample at L3Q emt may be attributed

co the relatively weak absorption band of water vapor at Ux? am™ +

The line at 9Q0O2 — micht be due to a hicher rotational

transitien than wav observed bv Borden and Barker since it is

above Ph 840 em” 1 band Possibly this line insbout Le em

their spectrum was we she:

at 1034 cm ~.

© out.bv the streng vibrational band

Th- ahsorption ai &amp; and 823 — cannot be ac-

counted for by the author but the fact that they are separated

by Uo ad mav have some siconificance

The anpearance of the liguid spectrum ( Do avithatan-

Eiallv arrees with that predicted. The rotational lines dis-

gppeared end the vibrational frequency, gt 270 — in the
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to

TABLE 4

16 16
Salter Borden and Barker = Salter Borden and Barker

302 emt

73

251 2350 —

QZ=Z

OY
ND 297

780

fr778

ja
725 (37

503 505

= (550)

So) aol

~- O)

SUES 518

312 S17

S02 500

~8=2 583%

57h 575

SUA 540

538 541

540
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vapor, was broader and shifted to a higher value in the liquid.

The center of this wide band was about 650 em™2, The sharpen-

=] .

ing of the 650 cm ~ band in the solid spectrum (5) also agrees

with theory. That its center had shifted to 684 emt may be

accounted for bw th f-at that the most popular arransement

of molecules iv tT  SC TAauid 1 no " necessarily the same as the

confisuraticn covats™T Nat
,

-

Th» Coa tre appeared in the -pectrum (6)

of to ~ or. “ solid methanol Mie f1rat 1g the

lene mel “*on on the hirh © --- snr gide of the

Co

50 a han nou” eonsicten” wt nectrum of

thi  th nnem gen CT 1! - '

 appeare” cymmetbtric cither side

of the band m-- - anther finds it difficul* »de-- to

adequately account for this absorption The second feature

is the drop in transmission observed et the low frequency end

of the svrectrum. It is possible that this absorption mav be

explained by assigning the fundamental frequency of the torsion

oscillation in methanol to a band at 342 ert {nn which cogs

the observed band at 684 at would be a first overtone of

this fundamental. The trend, thoursh slighter, £lso seems to

be present in the liaguid spectrum. It now appears extremely

unfortunate that the instrument went out of order hefore the

methvl alcohol spectra were taken in the low frequency region

with the thallium-bromo-iodide prism to substantiate thls last

hypothesis.

In comparinz the intensities of the spectra (1) and

(2) to (4) and (5) one should note that the number of molecules
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in the path of the energy is ten times as great in the former

as in the latter. This, however, has no effect on the author's

interpretation of the data. Psrts of the vapor spectrum were

also run at 15 mm pressure, and, while the intensity of the

hands decreased. they, nevertheless were still observable.

The ratio of the number of molecules of methanol in the path

of the energy in (7) to those in (&amp;) is 2:1.

If the 584 cm™% band is the fundamental frequency,

then the 660 em™t frequency calculated from theory represents

the real value of the lowest internal frequency within resason-

able error het 70
VT

J x7 Pigur&gt; .. reaches 1ts constant

value
 _. =

Pn

~
Yq met known Cp at

a tem cation (2) for

SU — andLon m |

8 “xr he cal-~

aula. and comhared

to th where

~olumn Ne

WV there 1 ITIe 1 meh du zh 1 LyJ rm

must be the r frequency fundamental, and the theoretical

value of 56° om 1s only the apuarent v,. Utillzing the Cv,

from this 342 er”t band, the observed specific heat data and

sqguations (8) and (5). one mav determine a Debve 6 which in-

~reases over the low temperature rexion until it reacnes =a

 wo Dp y an —

salue of ahcut 241 a1 100K and remained approximately constant

’ . . Ka ” Ja re J - od .» Ty

to the transition temperature, 157 K. For this freguency,

therefore, 6 = 241 and the product of bCv must be neplizible



TABLE 5

V.

6 = 228,b = 0.205 6 = 241,b = 0

7( °x%) Clos cal/mol)™” Clg 6 Cal/rmol) Clog ie (Cal/mol)

HAN

Sie.

21.5

7

50."

70.0

77.56

89.7

o7.2

111.1

118.0

125.4

129.4

133.7

147.9

152

1 rs
&amp;

 —-

~

€.00

Ch

9.59

10.23

11.23

11.54

12.18

12.26

12.64

12,7

17.59

 Cc 70

IE

+

-~ OQ h
{ ol

or
23 5 Led.

0.53

10.23%

11.156

11.59

12.07

12.29

12.57

13.68

14.21

0.52

3.79

5.11

702

8] nNCle 20

a

9.720

10.17%

11.18

11.70

12.10

12.32

12.60

172.30

13.52

in comparison

to as Cv. since no decrease in calculated 6 was observed at

high temperatures (150°K). The calculated Cp taking v, = 32,

6 = 207 and b= 0 is given in column 4 of Table 5

There is good azreement in each case between calculated

and exverimental Cp above Ty and below the transition temperature

ot which point the Einstein and Debve theories no longer ive



a complete picture of the specific heat cawvacity.

this agreement for both frequencies, assignment of

Decauge of

the fundamental

frequency cannot be made from these considerations.



FUTURE WORK

A

 soon as the thermocouple in the Perkin-Elmer

spectrometer has been replaced, the author hopes to run the

spectrum of solid methanol in the rezion 400-250 — to as-

certalin whether or not an absorption band is present around

200 om”

-+ Aon

 spectrum of

methancl var ¥ RE

m1 methanol liquid as

solute in va re=atration ron- lar gnlvent over

the rezion 900-2H cm I:1 th nas * th vapor. at very low

pressures weak rotational 1i.:o. shold b observed culminatinc

; . “'l

in a stronger nand at 270 cm ~. On increasing the pressure the

intensity of these bands should increase until it reaches =»

mavimum. At gtill hicher pressures intermolecular association

mav be expected to teke place resulting in a decrease in the in-

tensity of the rotational levels and the appearance of a broad

packzround of absorption with its center at 650 emt. In the

rase of the liguid the omnosite fect should take place. As

the concentration . o Jd mer

decreases th: gn

result In the «lev -

J

rey

nnd the introduction ¢™ &amp; compe re.

. alcoho. in a non-polar solvent

Je. vm Teouaar forces should

oad band at 650 —

sharp band at 270 —

Other molecules fo whom the specific heat data is

known, but the lowest Interna. ~rceauency is not might be studied

by comparing the value for

J

obtained by

7m
J

with the spectrum of the crvstalline solid
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SUMMARY

From theoretica’ - -ntlderations an upper limit of ap-

proximatelr G50 em” ha

freauenec-r

~
&lt; m+

cain ro

liquid an

Z
a)

at 3f { A

-

oo

' methv' alcohol.

s nears at 270 cm™T in the vapor, but one

*y would shift to hirher frequencies in the

Tra

ct owas oo wn .

- OU 0
w hy vw
r Pra. ges . «Ppectrum. and

“ovr Preoniency limit of the spectra taken.

there wr. trer. toward another absorption band possibly

at 342 em © in which case the &amp;8%4 em”tT band would be the

first overtone. The author was unable to prove conclusively

the frequency of the fundamental in the solid

h The Debve 6 of so0lid methvl alcohol was calculated for

cach possible value of the lowest internal frequency:

5.

-

xl
| nv

bs
r

5

WO

23

1 om ~

An apparatus for taking the infrared spectra of liquid

and solids at temperatures as low as 100°K was designed and

constructed.
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