
SYUDlES IN BINARY SYSTEMS. 

PART IEl. ADSORPTION AND HEATS OF ADSORPTlON 
FROM BINARY MIXTURES OF METHYL ALCOHOL-WATER 

BY ACTIVE CHARCOAL AND SlLlCA GEL. 

INTRODUCTION. 

11 xvas sl~own ill Parts I and 11 (?'his .Tozir~inl, ZIA, 331, 385) that 
the adsorption and the heats of adsorption from binary mixtures by 
active charcoal and qilica gel indicated the formation of complexes in 
the licjuid syslems. Sugar charcoal and silica gel s11ow:etl opposite 
types of arlsorptiou isotlierm and the :mima1 charcoal showccl an S- 
type o l  adsorption isotherm. In the present paper we h a w  stuilietl 
the aclsorption and heats of aclsorption by silica gel and Norite char- 
coal from binary mixturcs of methyl alcohol and water. Tt is well 
known that n~cthyl alcohol-water form a con~ples MeOH 2N10. from 
the measurements o l  fluidity, density and rrfractire index. It was. 
therefore, interesting to find out if the adsorption or the heats of 
adsorption also indicated the formation of this colnples. 

R. Il'in and E. Rosanow (2. I'17,ysi.k.. 1929. 55, 285) have mea- 
sured the heats of wetting of wood charcoal and glass powder by 
aqueous methyl alcohol solutiolls. 'I'he following results wcre obtaitl- 
ecl for the heat of wetting of 1 gram of the ac~soubeni. 

o~ &OH . . . . o 8.1 20.3 44.1 ion  

Carbon .. .. 5.8 10.6 13.0 164  17.0 

Gllass powder . - 0.11 . . 0.07 .. 0.04 

The above results for the heats of wetting hy carbon are of the 
same order as  found in the present investigatioll. 

EXPERIMENTAL. 

The c.s~~crimentnl procedure was the same as described ill Parts 
1 and 11. 

ndeaszrr~ewmzt of Covcemtrutiol~ Cha~~ges.--Chang-es of concen- 
tration of methyl alcohol-water mixtures were fulloxvet1 by measure- 
ment of the density of the solution before and after aclsorption. As 



no data are avaiiahle i o r  the specific ,qavities of aqueous methy] 
alcohol at  30" at whicli our experiments \tel-e co~~ductetl ,  mi aceur:~te 
tleterminatio~i of the specific gravity was carried out. The results 
corrected for vacuum are given bclow. 

The ~1111e of the densit-y for pure methyl alcohol a t  30" extra- 
polatecl froln the graph is 0.78230, a s  compared with the value 
0.73250 give11 in Landolt Tiornstein. 

The curve s l r o ~ i n g  the relationship o f  specific 2-ravities to the 
colnposition is not linear, but is con\-ex to the compositioll axis. The 
values for the density a t  15" given in the literature show similar 
variations with composition. (This is due to thc formation of the 
complex CH,OH 211,O.) The changrs in concentration due l o  
adsorption were nwasnred by interpolating the values. 

i l t i s o v p f i o ~ ~  Ir31 Silica Gel.-Adso~ption measurement-s were first 
done with silica gel prepared from sodium silicate and hydrochloric 
acid. The cllan~-es in concentration t h e  to  adsorlption were too small 
to be nieasurecl by the density methoti. 

Esperiments were t h ~ n  carried out with silica g-el prepared by the 
method of Holmes and Anderson (cf. Pat-t I ). The values of adsorp  
tion ( C ,  -C' ) even Tor illis ssniple were :llstr to,, s ~ m l l  to 1 ~ e  ;~cc~ra t e ly  
measured by the densiiy method. 



Adso~fi t imb by Norite Clial-coal.-The results of atlsorptic,n 
measuren~ents by hTorite charcoal are given in the following table 
(11;). 

'I'hc values are plottccl in Fig.  1 (IT). hiethyl alcohol is sclectire- 
ly adsorbcd throughout, its maxinmm adsorption being at  about 495; 
concentration. A study of the physical properties such as density,. 

1-iscosity, refractive index, etc., of the binary system methyl alcohoi- 
water shows nlasinium deviations from the d u e s  calculated from thc 
additive law at  about the same composition which shows m a x i m ~ m  
adsorption Fo~mcl above, indicating- the formation of the complex 
CH,OH 21-1,O. The explanation for the adsorptioi-i maxima a t  the 
composition corresponclilig to the iormaiim uf the ciimpleses, will be 
apparent on the basis of the esistcnce of equilibria between the coin- 
ponents and the complex, the relative proportions of the three varying 
with cornposition, and on the basis of the fact that only one of the 
co~ i ipoue~~ t s  is selectively adsorbcd. The charactcristic adsorption 
isotherm in siich cases will not show the s11:1rp rise I-equired by the 
Ft-rundlicli isotherrn in low concentrations, and the maxima sllowecl 
I,y ~ u c h  isotherm will be necessarily flat as was fo~lnrl in Lhe adsorption 
f rom tlle system toluene-acetic acid (cf. Parts I and 11 of this series). 



HEATS 01: AD-ORP'PIOS. 
( a )  Hcafs of A4dsor~ptioll 6)' Novitc Chcli-rot11 uf thc \yhtenl 

methyl alcohol-water were determined by the method of twin calori- 
meters described in Par t  IT. The results are given in the following 
table. 

TABIS 111. 

Water . . 
9.0% MeOH 

48.6 ,, 

73 .0  ,, 

99.3 ,, . 1 21.0 

MeOH .. . 21.1  

The curve showing the relation between the heats of adsorption 
and concentration is convex to the axis of concentration, the lnasimum 
deviatioil being at about 48"/0, corresponding to thc maximum on the 
adsorption isotherm. 

( b ]  Hcnts of Adsorptiorz by Silica.-The ndsorption measure- 
ments were first done with silica prepared from sodium silicate and 
hydrochloric acid. The  heats of wetting of this silica were 7 . 0  cal./gm. 
with water and 13 .S cal./gm. with methyl alcohol. 

Experiments were then carried out with activated silica precipi- 
tated from sodium silicate by ferric chloride. The heats of adsorption 
by this silica are given below: 

Gq.d I -&... :hH 1 ngb 1 .. 
e r n .  - 1  21.9 25.5 1 26.1 30.8 

111 the adsorption from binary mixtures, each component may be 
exclusively adsorbed or both may be simultai~eouslp adsorbed. The 
heats of adsorption may differentiate between these two cases (cf. 
bartell and Ying Fu, J. Phjs. Ckcm., 1929, 33, 1758). The heat of 
adsorption will be nearer to the heat of wetting 05 the coniponent 
which is .;electively aclsorbed, and will change with composition, when 
the quantity of the component adsorbed is insufficient. When there 



is I I ~ J  selcctivr adsc~qltion, thc heat of adsorption \\-ill bc the sum (>f 
the t \ \ o  heats i ) i  adsorption of cach u11c of the components. 11 
the cornponetlts X antl R are adsorbed in the same ratio as the conlpo- 
sitioli of tlie solution, thc hcats of atlsoq~tion \vill be a straight line 
joining the heats o-f wettillg of the two components. 'rlic preferential 
atlsorptic-111, therefore, will be indicated by the de\-iations of the observed 
\-dues of tlie heats of adsr~rptior irotn those calculatccl fro111 the 1inra1- 
r c n i i o i s l i .  The curve shewing thc devintion (A) ( , f  the heats elf 
:~clsorption from the xdtliiive law is sho~vn in Fig. 1 ( T ) ,  xvhich is 
similar lo  the adsorption isothcrm g-ii-en in {IT). Coilsjtlering the 
~noileratc accurrrcy o l  the calorimetric arrangement, the agt-eement is 
i-luitc. satisfactory. 

F 3 1 he deviaiiuns of heats of ~vett inp of charroal by acjueoils methyl 
nlcol~i~l chservetl l>y 13. U'in ( l o r .  cit . )  arc simiinr trr t h a e  fn:intl in 
the ~x-esent in\-estigatio:~. As the d u e s  for the selective adsorption 
isot11e~-in of the sanw systeii~ have not been ~ x - e n  hy Tl'in, it is not 
possihlc to  corrrlxte the adsorptio~l antl lients o f  adsorption in his 
eqmiments .  

(711 nccmint of the ;~l,elicc of any  data on adsorption by silica 2-el. 
ilo comp;lrison l)ct\veen the ;~(l~iii-j>lir~~i ancl heat of atlsorptiiin is 
lx~ssil)le. 

SUMMARY. 
Adsorption of methyl a l c ~ l i ~ l  From water by Norite charcoal 

and silic;~ n-a? measured. The charcoal adsorbs methyl alcohol 
throualiottl the range of concentration, while silica s11on.s w r y  little 
I>referci~tjal atlaurption. 

He;~is of adsorl)tion of the above system by Norite charcoal 
were ~~rcasureil  Ly the method of twin calorimeters. The heat-con- 
ccnlratitm curl:c resembled the adsorption isotherm indicating that 
the heats of adsorption wcrc proportional to the adsorbed amounts. 

Hoth adsorption isotherm and the heats of adsorption, particularly 
the deviation of the heats of adsorption from the additive relationship. 
of the hinnry mixture methyl alcohol-~ater, confirmed the previous 
conclusions of the authol-a conce~-nil~g- the eKect of comples formation 
on adsorption, and indicated the existence of the conqder CtI:,OH 
2H,O, \a;hich has bcen eskablished by other ph~sico-chemical methods 
such a s  density. fluidity. etc. 

Fuj-thrr work on the aclsorption ancl l~eats of adsorption by silica 
re1 and carbon activated by different methods, with the system ethyl 
alcohol-water. is in progress. 

Defiartmnzt of Gmeral Clzemisfr>~. 
Indinlz Imtifzcte of Srrcizre. 
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