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VAPG-LIGID EQUILIBRIA OF METHANOL-CARBON TETACHLOID 

IM sauros OF Lo KEMIANOL CONCENMroN"

Kenneth M. Sancier""

Abstract

The vapor—liquid equilibria of solutions 0.0002 to 1.0 mole fraction

■ethanol in carbon tetrachleride at 10, 20, 30, 40 and 50°C have been

omarl ned. The equilibrium vapor and liquid coapoaitions and the total 

pressure above these solutions st ths fivetemperatures are reported. 

The "pure" vapor pressures of methanol, F (a function calculated from 

the quotient P^/M* of partial pressure of methanol PA and mole fractions 

of methanol in the liquid N ), and the calculated values of the heat of

vaporisation of methanol both conclusively indicate that in solutions 

■ora dilute than 0.001 mole fraction methanol than still exista strong

internolocular attraction. This Interaction is attributed to the exist

ence of msthanol diners. A value of 7.6 to 11.2 kcal/mole is estimatod

for the dissociation of the dimer $ this is the energy of the hdrogen
band if there is one hydrogen bond per dimer, and if there are two tydrogen 
bonds per diner the energy of the bond is one-half this value.

* based on a thesis submitted to The Johns Hopkins University, October 1949, 
ippartial ful fl lies nt of the requirement for a Ph,p. degree.
Fsse before the*cica28 sshs ofsBazehaz =eN5cy9so).
Research eerriod out in port under the auspices of the U, 3. Atonic Energy 
Commission.

-

“"Present address: Chemistry Department, Brookhaven Hationn Laboratory, 
Upton, Long Island, Mew York
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In this investigation Um concentration and temperature dependence

of the vapor-liquid equilibria of dilute solutiona of mothanol in ear boa 

tetrachloride have been studied by moans of a new method of vapor analysis’.

K. M. Sancier, To be puhll a hod.

Th concentration Halt in tho diluto region has beon extendod to aolutions

0.0002 mole fraction methanol where the effect of the dissociation of hy-

drogen bonds of dimers can ba QTaal nod.

Scatchard, Hood and Mochel2 eraari nod the equilibria of thia uytan

2 G. Scatchard, s. B. Wood, J. M. Mochal, J, Chem. See. ee, 1960-1963 
(1946)

and have calculated the excess free t»rcrt heat of nixing and entropy

of mixing of the solutiona as a function of concentration. Their con-

centration range was limited to solutions no less dilute than 0.0169

mole fraction methanol. However, it is in solutions considerably aero 

dilute than this that the extent of interactions between alcohol

due to hydrogen bonding begpto bo reduced to small values. Indeed, it 

baa boon shom that interactions (hdrogen bonding) a till exista in owl*— 

tions less dilate than o.m mole fraction alcohol by spectra and by heat 

of 4

3 J. Errera, A. Gaspart and H. Sack, J. Chom. Pys. e, 63-71 (1940)
4 1. U Wolf, Tram. Far. Soc, Sept., 29790 (1936)
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In tha * A study Uh data have been measured so that Un partial

F

solution 0.0002 to 1.0 molo fraction asthanol at tezperatures of 10, 20,

30,40 s0°c. From Uhm data are calculated Uh "pure" vapor pressure

of Uh interest in tho disuociation of all hydrogen bonds, and less data

has been takcn in the mora concentrated rarge which ha roce-ved con- 

sidorution by other inreo ti<a tor*3.

Dipgumsionoflthad

la order to stuy Uh thermodynamic quanttes lsted abore, that

data must be ottainsd from which the partial pressures of Uh componente

la equilbrium with its solution of to neem, compostion at various f agar-5 .

atures can be calculated. The following ts will be made on

Uh closed system consisting of a solution and its vapor la equlbrium

at several flood temperaturess P the total pressure above Uh nolution. 

Uh mole fraction methanol in the vapor, and ■ Uh mole fraction of

mothanol la the solution. The partial pressure of methanol P la cal-

•elated from the product ■

P ■

The partial pressure of earboa tetrachloride P la calculated aocording

to

P, P - P

1-141-3



The apparatus need for studying the aystem is shoum in 

Hig- l. Incorporated in this apparatus are means for providing 

the necessary temperature control for too solution in the SOO oc 

flask* a dual-function zercury column for masuring P and for 

snap) 1 ng the vapor for analysis, and means to wdthdraw small 
samples of the solution and to vaporise it for analysis.

Samples of vapor and liquid phases are analyzed in a specially 

designed mercury manometer which has been described in detail else 
where1. The principle of its operation in briefly as folloma: 

Vapor samples are condensed above the aercury meniscus of the 

lower leg of the special thernostated cloned end manomter, the 

othr lec of which faces a —cw—, and the volume pied bo
the sample is fired at a given saall valus. Then the condenned 

vapor emmple and an none tar have reached thereal equilibriup, the 

pressure ezerted by ths condensed vapor (non existing in both 

l1quid and vapor phases) is read from the manometer. The analysis
of tho vapor sampl la deterzined by ths pressure -and by a nail— 

bzation of the oorroep landing pressures of synthetc vapor aanplaa 

of accurately knoun composition. AIn abort* the method la one of 

substitution and capable of high sensitivity for sytemo in which 

the components have appreciably different vapor pressures.
The apparatus can be considered in three parta: the 500 oc 

a aula flask I —man in the water bath • in vhch the sample 

mixture la all need to come to thermal equilibrium: the manometer, 
enclosed in a temperature jacket through which water la circulated 

to prevent conensaton of vapor on tla ke niscus, oerveo ti 

purpoce of mmasuring total pressure above the lquid Mature and 

as a valve to permit removal of vapor samples; and finally the 

deaerator above the sample flask which la a moans of introducing 

more of either component into the sample n oak and desera ting them 

before ■fieri v elan into the lower nask. A metal valve is provided 

to govern flow of now liquid into the lower flask or liquid sample
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frcm the flask to the analysis tar. A —tal <1—a nenl
which la vacuam tight and of commiderable nlezibdlity la pa art dad 
by saran tubdng. Tho liquid eontained in the omzple flank cold 
a—1 \y be remo—d through ten tube extending from the deserator 
to the bottom or she sample fl ate. For temporatuzre indication 
five rm—a thermo—torn are calibrated. om at e meh temperatures 
10,000, 20,000, 30,000, 40,000 and 50,000°c, against a Burenu of 

Standarda calibre ted platinm resistance thermometer. In tact, the 
resistacoa thrnomo ter la als la the ante and connected to a teell ar 
bridge and a 1—ter gal von—i tar of 0.1 microvelt par millim tar 

canal tivity to serve as a check on ths thsrmometers and ae an ex- 
cellent visual ala in setting the temperature regulator. The la— r 
rH —ter of the —nn—ter of the • —ng eoction la about 12 m. 
The mercury in th nan ri tar must ba at the same temperature aa the 
■ —ile solution to prevent condensaton of the vapars from the latter. 
The —liar diameter tubing leadine from the sample flank up and then 
loan la the f aa^aratera jacket to the bottom leg of tea anno—ter la 
to prevent mercury from entering irto tee sample flank. A large 
coarse gl—e frit la provided on top of tee —name ter to prevent 
morcury from splashing into tea root of the eystem when vapor samples 
are withdrawn. Bate tempi rotor— of 10° and 20° —re provided with 

the aid of an ice chest containng cracked lee over a large copper 
evil through which bath —ter —s circulated. By-—a— of S5 and 
86 which control the flow of —ter through the cooling call er 
through the By P—the temperature of tee —ter in both • could 
— ktpi 3ut Llos the dosirad to=puratura, zith a small azont of 
added neat from the regulator to provide the dirferenee. The tem- 
perature aculd — controlled to •0.001°c at an of tee five t —

peratures using a toluem regulator, thyratron 
vigorous agitation in an insalated gallon jar.

The general procedare —ad to mean ure N.» n 

fill—»

relay, Md

and Pis as



1. Prepare a mxture of methanol and Barb ■■ tetrachloride 

of approxina tely knoun conpoeition.

2. Introduce ths ziztare nto the semple flaek, deserste

hr pumpine., and bring tc temperatare equilibrium-
J. Measure Pfrom the zanometer using s cathstomster with 

a reproducibility of 2.01 =.
4. Hthdraw a samplo cf l1quid through 97 and transfer sazple 

to the analysis manomster (througn & and SI) whers N. la deter- 

mined.
5. Withdrew a sanple of vapor through the manometer and trans- 

for through S2 and 1 to the analysis manoeter where n. la deter- 

mind.
6. Repeat (3) and (s) for each or the five tezperatares of 

both B: 10,000°, 20,000°, 30,000°, 10,000° ana 50,000°.

7. Repeat (4) to determine the final eolation concentration.
8. Stope (1) through (7) are repeated for different mixtures 

in the a ample apparatus.
About one hour la allowe 3 for the attarent of thermal equl- 

ibrium of the solution in the gnmple Mask. A total of about ten 
houre is required to conplete steps (1) through (7).

Re ter1 a la. Both zethanol and carbon tetrachloride were dried 
bg refluxing for about J hours in the presence of calctum zulfate. 
A quantity of about 4 l1ters of each were fractonated and the 
oenter half of the dintillate colleet. The distillation range 
of each liquid wee less than 0.1 °C when al l owenoa was node for 

change* in barocetric pressare 5 rnc the process; Lhese temper- 
tures were 76.6°c for carbon tetrachloride and 64.7° C for athanol. 
The vapor prossaro of the carbon tetracnlorde was zuusured at 50°c 
and found to be 304.06 m mereury at o°c, a vale which la low oom 
pared to the reported 11toraturevalse of 317.1 a. The presaura

5 Lange’s Handbook af Chemistry, Tira Eeition
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or the cat tonal was 411.25 m of mereury at o’c, =aich is dgh 

ri stoie red to 406 mm reported is the litoratora. Sufficient quo a 

tiries of these materials sera prifled imitally for all runs 
1 nr l to la the calitration for analyais.

nt oi Luta

In Table i are tabulate too Celloslag Sata Ter 1* runs ench at five 

temper-tar-s: E, ", and The eel eel t tod valses P. -re e* are else

tabulaled. Ill pressures are reported in millizetera of marcary at o°c.

it is apparent that the compositon of the liquid phase > la the 

0 oar l * nlank chenget to vapor samles were witherama startine at 10° 

and ending at >0%. The values of N, tore meazured only at too extrema

temperatures, and thu interrodtate valuos were interpolated from tbe

kno-loee of Lhm anont and concertration of th vmpor res wed for

anaiysis. for ran 1 azd 2,whero Iha limit cu sensitivit of uto =thod 

la approachd, th valuos of n show no regular temporature dependence

and her* tho zverege values were used to corpute P . to we shall see.

the validty of tm conclusions to be doduced will act be affected —g

this approxi=ation.
The last column in Table 1 la the "pure" pressure P* of mthanol

cnlculatod accordng to

P la the calculnted vapor pressure thet methanol cht have when its 

partial pressurc at th particular concentraton and temporature la ez~
trapolated to unit mole fraction mthanol. Mt la taitt wnt to mosuzing

I
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1

2

3

5

6

ll)

z°c)
IO 
20 
30 
40 
50

10 
20
30 
40
50

10
20
30
40
50

10
20
30 
40 
50

10 
20
30 
40
50

1O 
20 
30
40 
50

10

30

50

P HA P

56.31
90.80

141.75
212.15
307.24

56.69
91.04

142.22
212.70 
30®.36

56.72 
103.99 
162.03 
213.15 
309.17

56.85
91.43

142.3®
213.02
309.31

61.23
97-91

150.40
222.85

77.40 
115.11 
173.0®
251.40
354.72

120.42 
17«.25 
257.55
360.60

.000219 

.00021® 
-000217 
.000216 
.000215

.000245 

.000244 

.000243 

.000242

.000241

.00031® 
.000317 
.000316 
„000315
.000314

.000353 

.000352 

.000351 
.000350
.000349

.00124
-00117 
nm in

.00103

.00096

-00525 
.00494 
.00463 
.00436 
.00411

-00644
-00605 
.00545 
-00518 
„00489

.0004® 

.00049 

.00063 

.00033
•00050

Av,=,00049

-00076 
„00036 
„00120 
.0006 
-00065

Av.-„o006e

-00162 
.00162 
.00164 
.00164 
uxnu

.00220 

.00217

.00163

.00170

.0015®

.0610
.0620
.0510
.0410
.0340

-254 
.212 
.200 
.177 
.170

-290 
.231

.186

-0276 
.0444 
„0694 
.104 
.150

-0336 
„0619 
.09 e7

.210

.0926 

.171 

.233 

.349 •

-125 
.19® 
.232

4.96
6.06
7.67
9.1
10.0

19.6
24.4
34.7
44.4
60.3

22.2
27.9
39.9
52.7
66.9

125 
205

280 
700

160 
250 
400 
COO
870

540
740

1610

350
560
660

1030
1400

4000 
5200
6370 
e8ro

1100

3740 
4040
7500

10200
14700

3450 
4600
7300 

10150 
13700

1
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1

9

10

11

12

13

14

15

Table X (Contimed) 9

r "a P
4

20

30
40
90

10 
20 
30
40 
90

1O
20
30
40
50

10
20
30
40
30

10
20
30
40
90

10 
20
30
40 
90

10 
20
30 
40
50

64-15 
135.66 
209 US 
307.76 
433.24

86.74
137.89
213.67
315.25
443.50

91.83
151.90
242.18
369.80
541.27

95.73
157.87
254.21 
390.40
580.13

96.27 
160.61 
258.6 
400.23 
400.50

96.24
160.83
260.43
404.03
wjn

56-54

166.29
268.19
416.43

55.60
97.11

163.80
264.02
411.25

-03 
.0140 
„0138 
-0136 
.0134

-0190 
„0187 
„0164 
.0181 
.0178

.0610
„0605
.0600

- .0990
.0585

.1223 

.1221 

.1210 

.1214 

.1213

.3550 

.3545 

.3540 

.3535 

.3530

-3835 
. 3821 

.3414 

.3807

9936
9936
9937
9937
9938

1.000

•289 
„290 
„292 
«294 
„296

.317 
«313
•314 
•312
.3X3

.342 

.347 

.351 

.354 

.340

•355 
„352 
„362 
„374 
„3n4

-393 
.370 
.303 
.399 
-405

-450 
.400 
-401 
„406 
.211

9e5 
.904

981

1.000

39.3
MU 
90.5 

128.1

27.5
43.1
7.1

98.4
138.8

52.4
•5.0

131.4
19 5.0

33.8
55.5
92.1

16.1
217.5

37-8
99.4
99.0

195.5
243.5

43.3 
6.2

16-4 
249.5

55.4
97.0

143.5
263.5
409.0

55-60
97.11

163.80
266.02
411.25

1700
2800
4400
6650
9550

150 
2300 
3650
5450
7000

So

1420
2230
3340

275
455
760

1200
1790

107
170
280
490
69o

113 
140
275 
425 
655

56.0
97.6
146
265
410

55.«
97.11

163.80
264.02
411.25
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be used to calculate the molal test of vsporisstion of msthanol la these

solutions. Proa Table X It la apparent that ■ varies within a run from

oca temperature to ooot tor doo to removal of vapor for analynis. la

expanded plot of Mg. 2 la therefare unod to obtain valuos of P* at the

flw temperatures for valuma of M_-

ne logarithma of tho P* win of a comstant ■ are then plotted 

aganst the reciprocal absolute temperature, and the slope of this function 

rood graphfinal ly leeda to tho caleulaton of the molal heat of vaporizatiom

the eel thus calculated are plotted la

Pig. 3 againat log N, for the axtren temporatures 10° and 50°c. The

those imvolved la the graplical interpolatioms and slope reading. or

at Hg. 3 by the dashed limo; the ofcool— mow refers

ETgz» The roll ahi 11 ty of the calculated values cf the heat 

of vaporization of methanol dependa upon the concentration; it la 

estimated to ha about 2 100 cal/mole for solutiona 0.001 to 1.0 

■ala Fraction methanol aad about 2 1000 cal/mole for solutionm 

aero <11 ado than o.oo0n7 aala fraction methanol.

--111-/0
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The experimental value of the total pressure above the solution the "
in/saple flank la subject to the error of a new ideal vapor. The 
mazimam deviation la 1 and 2 peroent at 10* and s0°c, respectively, 
for ear bon tetrachloride and anal l er by a factor of 100 for methmnol. 
Applying the correction for carbon tetrachlori 4 to the partial 
pressures abaervod for mathanol introduced a daviation not larger 
than 1 peroent la the calculated value of the heat of vaporization ' 
of methanol.

In the eztremely dilute solutions (Runa 1 and 2) the deviations 
in the experimental values of n. are rather large and average values 
were need to calculate P^. The eorrespond ng error introduced there- 
by in Pa la no way can account for the vent decrease in the value of 
thin function la solutions where < 0.001. The influence of the 
error Ann.on ea la thia ranee of concentration and the deviatione 
oboerved are correspondingly larger.

Discusson

On of the striking observations to be nude from the study of the

vapor—liquid equilibria of the methanol-earboo tetrachloride system la 

the rapid change of too "pure" pressur, P*- of methanol with change in 

ccmcentration. Tis behavior la aoea la Pig. 2 where P” rises to a max-

imm at about 0.003 mole fraction methanol and then falls rapidly to low 

values la acre dilute solutions. At the maximam value of P* at 50 °C the 

vapor pressure of methanol would apparently be about 20 atmospheres if 

the alcohol could be concentrated to "pure" liquid with the fraction of

kydrogen bonda iwa 1 al ng constant. Mothanol in thio state would probably 

e or reap and to a gas like ethane la which Van der Waals forces are prin-

cipally active (about 3.5 kcal/mole). The solubility of thia "gas" la

oarboa tetrachloride would be such that Henry’s law would be obeyed, that 

1a, p" would be constant la dilute solutions.

--Ili-1
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However, the value of P” decreases in solutions more dilute than

O.003 molo fraction methanol indicating that molecular interaction is

still appreciable. The most plausiole interaction that might still exist

is hydrogen bonding between two methanol molecules forming a diner. A

less probable alternative would be solvent—solute interaction; but this

would certainly require less energy than is involved here.

There seems to be ample evidence for the existence of alcohol diners 
in these dilute solutions. An infrared study shows that there exist

perturbed Gbonds, presumably due to hydrogen bonding between alcohol

molecules, in solntions. as dilute as 0.002 mole fraction ethanol in

/ carbon tetrachloride. Volf has concluded from orientational polarisation 

measurements that methanol diners are principally present in solutions

•ore dilute than 0.02 mole Traction ■ethanol.

Volf has also estimated from beat of adzing experimenta that the

association energy of two ethanol molecules to fora a diner is about 10

to 16 kcal/mole, values vhich are two or three flaws larger than the

energy required to dissociate a single hydrogen bond of a larger polymer.

• A value for the di war association energy which compares favorably with

10 to 16 kcal/mole in obtained from Vig. 3. If in solutions less con-
centra ted than 0.001 mole fraction methanol the rise in the AH value is

assumed due entirely to the dissociation of dinars to monomers, it is 

apparent that the energy involved at 10°c is at least 3.8 kcal/mole

(the difference between we ri nn and minimum values of AH at Bi • 0.001),

and it may be as high aa 5.6 kcal/mole assigning all energy above the

Van der Waal's energy of 3.5 kcal/mole to hydrogen bonding. Since a
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Eu-- & has hair ae many hyydrogen

moze However a mole of dimere of the double-bridge form

RO- has am mang kydrogen bonds, and tbe value of ths dissocintion

energy of the hydrogen bond la thee between 3.8 and 5.6 kcal/mole. It

thess dilute solutons, unlesa the very much larger value for tho dis-

sociation energy of the bydrogen bead le accepted tar the mingle-bridge

form of dimr.

if the oeMoa rise la the AM* value at “a • 0.001 is attributed to 

eclate eelvant interaction, the interaction would ennaat to 3.8 to 5.6 keal/mole, 

values which seem eznesiive fer a weak hyydrogen bond such an may form betwnan

methanol and carbon tetrachloride.

This caleulation of the energy involved la issociating the dimer assumes

that all the moleculeo are dimerized at about •A • 0.001 and that only sen—ere

ezert a vapor pressure. Xa like aanner the valuns la FIE 3 when reduced

by the van der Wee) e* energy give the energy necessary for the reaction:

(A0H), a CKQ)—1 * AOH

Hut before a vales can be computed tar the bead beins dissociated la the 

polymer ezdisting at the given conoentration, the fracton of the varrious

polymers munt be tai eon. Perhaps the infrared atudy of the association 

banda will supply ths necessary informaton.
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In dilute solutions the sudden rise la the value of

la the valus er pin the same concentration rang. Far noluti more dilute

than a • 0.0005 the values of Matter within a range bartered hr the liana

drawn far 10” and 50°c, however there la little doubt that dd^ la decreusing 

with dilution and temperature incroane. Thia hate Tier la la harmony with

the ezistence of hydrogen baade# such as <1—which ar destraged ky

diluton and temperature increase. Xt w1ll ba observed that the heat of

The author wisbes to acknouledge the valuable and constructive criticsm

of Professor Donald H. Andrews & The Johns Hopkins University and the fellow-

ehp mri of the Manti a rd Q11 Compeny of Indians.
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Fig. 1. Apparutus for studying vapor-liqud equilbria 

ar noluttons.
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