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SO.ltPTION OF WATER VAPOUR BY POWDERED CICER ARIETINUM~ 
HEA 1' OF SORPTION. 

By B. P. GYANI 

·r~e ~<orption of water and toluene vap1lurs on gratn p:>wder (Clear arletlnlllrtl has b~n s~11died . 
with a view to ascertaining th~ fate of the ~<orbed vaponr. Three samples of powder (a.lkali·wa~bed, 
toluene-,(lasl!ed and untreated) have been used. 'the ;sosterlc heats of sorption hBve been det~~ 
miu.cd. It appears that al least the first lots of water vapour taken up correspond to per sorp
tion rather than capillary or multi-layer c<indensation. Alkali-,vasbed and tolnene-wasbed sample~ 
show similar eahancernent or sorptiort over the untreated powder. 'the heat of sorp_lioa decrease$ 
sha-rply from o'<"er ~o. ooo cal./mQ)e at low values of sorption to about the late11f heat of condensation 
of high values. 

Makow;,er ("Analytical Methods in Food Chemistry", American Chemical Society,. 
1950, p. 37) point;; out that "the moisture determination is l;>erhaps one of the most · 
widely used analytical measyremeuts in processi11g and testing food products." ....•. 
moisture content is fr?!quently au index of stability and quality of food". However, 
he d~cusses in -detail that moi'!ihus determination in vegetables and fruits is a 
difficult matter .• The diffi.cuhi;s are much lessened with corn and perhaps 
other graius. Sair and Fetzer (Cerea.l Cham., 19401, 19, 633) found that corn might 
be heated to II0° in contact with boiling toluene without decomposition, while vege
tables started decomposing atound 70". 

Makower doubts the 11tility oE using moisture content of the whole food as a critical 
variable, because the moisture is not uniformly distributed among the various 
eonsf.ituents. Thus, for example, the moisture content may be a sum of the 
constituent starch, protein, sugar and cellulose. Each of these is determined by the 
relative htt:nidity and is described by an isotherm for the component. The overall 
moistu1·e is therefore of little significance since the water content of the most 
sensitive component will .determine deterioration. Hence, 1.fakower and Miss Myers 
CP1oc. ]JISt. Food Techno!., 1943, rs6) have suggested the equilibrium pressure of 
water vapour as an index of moisture. They, however, remark that "At the present 
time very few vapollr pressU.re data are available for foods". 

It is. partly to provide data of this kind as weJI as make an attempt to 
asct!rtain how the water exists in tbe grain that the present work has b~en undertaken. 
It might appear at fi-rst sight that any theoretical approach from the point, of view of 
sorption will be futile considering the chemically heterogeneous character of the 
material. However: it is difficult !o think of a solid adsorbent which is chemically 
homogeneous (not excluding adsorbent silica or alumina). A c:hemically homogeneous 
solid may yet be physically inhomogeneous, as has been discussed by the author in .two 
eariier -papers fJ. Pf'J'S- CJ:ejn., 1945,- 19, 442; J. Phys. ~oll. Chum., 1949, 53, Illl)ll). 

The capillary condensation theory in any case completely ignores the chemical 
nature of the "a-dsorbing ·material {as long"BS it is wetted by water). •Jt appears that 
for most theoretical purposes g-mm ·powder is as good an · ~dsorbent as any othe( 
powder~ solid_ 
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Cicer aneUnum is a· common Indian gram with a large protein ~ontent, albumi
noids-:zi.7%, water II.5%. starch 59%, oi14.2%, fibre x%, ash 2.6% including •Phos
phoric acid I-I%, for husked seeds (Church, "Food Grains of India," cited by Watt, 
"Economic Products of India," Vol. :z, p. 210, Calcutta, I88g). The colnposit]on is, 
of course, variable as will appear from another typical analysis : moisture g.S%, 
protein .17.1%, fats (ether extract) S-3%. minerals 2.7%, fibre 3-9%, carbohydrates 
6x.:a%, calcium o.rg% and phosphorus o.24% for the whole graiu ("Wealth of India", 
Vol. 2, p. 154, New Delhi, Igso). 

The grains were split to remove the skin and powdered to 40-60 mesh. One 
porti~n was refluxed with dilut~t sodium hydroxide, washed thoroughly with distille(l 
water and dried. Another portion wa;; reRttxed wi~h exc"ess of toluene and ~ried. 

A third portion was not subjected to any washing. It was evacuated at 55° before 
taking sorption measurements. It was then evacuated at zoo" before another run. 
An excess of water was then added to the powder, the .containing bulb maintained 
in boiling water Ior half an hour, and the sample then e~acuated at roQ" for 
fresh runs. Finally, it was evacuated at 250"' for the last set of measurements. 
The sorption apparatus used has been previously described (this J-ournal, 1949, 28, 
3o8). The sorption bulb was maintained at constant temperatures with the help of 
a Dewar flask 'contai11ing suitable bath metcrials. 

TABI,It I 

Sorption on alkali-waslud gram powder. 

xjm= mg. water sm·b~d per g. of powder. p = prebsure in mm. oil. 
(r mm oil = o.07I4 tntn. mercury). 

'femp .... o•. DesMption. Temp.=o". Aast~rption. 

1' 6t 6o sB 49 32 IO I6 25 45 6z 
,;fm 488 387 JO~ :no lf'4 IOO 71! 99 z6g 2;'9 

Temp.= xo". ]i)esoTption. 

fo J:24 Ill I II8 zoo 79 s6 40 29 zg 3 
~'"' 403 350 334 zor 166 133 Ill 97 81 52 

Temp.=zo". Desorption. 

f> Z32 zz9 "'"'I 197 z6s 146 us I Oil 8o 73 ss 44 32 22 10 
fll)/m 322 274 238 195 I7I 152 739 UI I08 • 103 as., 79 7J: 59 44 

.Temp.=3o". Desorption. Temp.=4o". Desorption~ 
-p :1152 197 zs8 Il5. 8g 64 39 34 z6 278 228 200 z6s 76 IJ9 1I2 86 43 9 
111:/f'IIJ 39 n8 IO~ 82 '/I 66 S'l 48 87 8o JI 75 68 63 s6 so 4~ -_ 36 I!i) 
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The sorption data for water and toluene are shown in Tables I·IV. Some of 
the isethcrms are shown in Fig. I in which x/m.=mg. water vapour (or toluenei 
sorbed per g. of powder is plotted against the equilibrium pressure in mm. oil (r mm. oil 
=o.o714 mm. mercury}. As far as on~ can see all the isotherms b~long to Type II, 
(Brunauer, "Adsorption of Gases and Vapors", p. rso, Princeton Uuivusity Press, 
1943), excepting the water isotherm ior the powder evacuated at :ZS0°. It appears 
from• the sorption data that sorption hysteresis exists in all cases of water sorption 
exc~pti11g tl1e lasl mentioned. The hysteresis commences at the lowest pressures. 
This unusual observation may not have been possible without the sensitive oil 
manometer. 

f' 
:~;fm 

p 
~1m 

62 
337 

IJO 

495 

:z87 

91 

TABLE II 

Sorption on toluene-washed gran1 powdeT. 
'l'erup. = o•. Oe:sorption. Temp. ,o•. Adsorption. 

6~ ss 46 32 9 25 35 44 62 
3I7 Z73 783 ~37 79 no ~28 154 370 

Te&p.=ro' Desorption. Temp.=:zo'. DesOTption. 

12j n6 86 ~z 19 232 210 t6a g6 51 lZ 

4I;>' 2Q6 t68 reg 74 3o8 243 143 res Sr .53 

250 
I26 

Temp.= 30' .. Desorptiou. 

204 180 
III IOI 

IIS 77 45 
87 68 57 

Temp."' 40". Desorption. 

I25 
66 

TABLE III 

103 
liz 

8o 

57 

Temp. =3o". Adsorption. 

14 6o 
33 52 

7'1 
54 

IOI IS3 

64 77 

IS 
30 

194 :zo8 
87 95 

6 ~;mall 

20 6 

SoTption on untreated gram powdM. 

Temp.= o•. Powder evacuated at ss"·6o" and fla~hed several times. 

234 
41 

59 
~6o 

57 
147 

53 
IllS 

Desorption. 

35 
77 

'l'en1p. = 35". _Desorption, 011 the same sample. 

rgo 

37 
173 

35 

147 

33 

102 
28 

88 
25 

22 10 

47 

22 

sr 
20 

small 
:a6 

34 
IS 

Temp.= 0 • Po"der moistened with water and heated at mo" for l hour, then evacuated at too". 

"' %/m 

6a 

255 

'lemp.= o". 

62 
38 

Desorpt;on. 

6o 58 54 
219 165 119 

Powder ev-acuated fot•half au hour at zso'-270". 

39 31 26 

37 JIS 34 

37 15 
81 55 

nes~rption.· 

2I 11 

32 .24 
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TABUl: IV 

Sorptio" of toluene on g'Yam powde,·(desorption.). 

Tolue11e-wo.sbed-powder. 

4I 

6 

r.; 

5 

TenlP·""o" 

small 

3·2 

TABU v 

44 

Heats of desorption from isoste.res·. 

Alkali-washed-powder. 

87 

8 

14 ... , 
r.B 

Q (cal./ mole) corresponding to amounts sorbed at 20" 

Water o.n alkali-treated gram. 

40 .;o 8o ;roo 

20150 I6oJO lJ9JO r'tJIO. 

Water on toluene-washed gram. 

40 6o 8o 100 I20 

2J.64o rScno I4ogo 1.~940 liJ40 

Water on untreated gram 
~Table III, first blo raus) 

140 

10570 

JO 40 

l7&4P 14170 

18o :UO 

10100 10020 

The amounts of sorption in these tables may be converted into c. c./g. powder. 
It would then appear that a far smaller volume of toluene is taken up than water 
under siu1ilar conditions. Even at saturation pressure. the volume of toluene sorbed 
is much leslf than that of water. Clearly therefore the principal process involved is not 
capillary condensation. 

DISCUSSION 

Washing with alkali or toluene considerably enhances sorption for water. It 
is interesting that the increase is almo!lt the saine in each case. As a matter of 
fact the s01·ptions for tl1e two samples are almost coincident at any tewperature. 
However, in the sorption of toluene, the toluene-treated salllple shows a larger 
capacity ~Table IV). Solid circles on the desorption isotherm of untreated gram in 
Fig. I correspond to the sample which has been boiled in contat't with water before 
evacuation, Boiling is 1ikely to produce changes in the gr4m (e.~ bursting uf cciJs). 
but strangely enough, the sorptive properties are not affected. Table III shows that 
evacuation 'at s5c·6oc is not enough to ren'l.ove all lhe water from the· powder. 'The 
aP,_parent x/ m values a~ ·therefore smaller than those for the same sample eva'-'uated at 
100.0

• 
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Most of these curious observations are easily understood if we consider that the 
main process concerned in these sorptions is a deep and highly disperse penetra
tion of the sorbed molecules in the material of the adsorbent, a process akin to 
persorption. rather thEm capillary or mlllti-layer condensation. This would e::s:I•Iain 
the enhancement ,pf sorption on washing with. toluene or alkali (removal of fatty 
matter and openiug up structures for penetration of water molecules), the much 
smatter sorpti~n of toluene (hindrance to• penetration due to large ~ize ·of toluene 
.Jnolecules), and indifference towards boiling as far as water sorg,tion is concerned, sine& 
the cell "'all is already freely pervious to water molecules. 
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Isosterlc Heats of Sorption.-The above view concerning the fate of sorbed water 
is further suppllrted by calculations of isosteric heats of sorption. These heats (Q) have · 
been calculated from the desorption isotherms for water by the method discussed 
before (this Journal, r949, 26, 345) and are showD in Table V. Q has been plotted 
against x/m in Fig. :a. In spite qf the apparent similarity of the curves for the two 
samples (toluene-washed and alkali-washed), the Q values show differences. The 
toluene-treated sam pie shows larger \Ia lues• initially, but smaller ones finally. The 
c~rve becomes :Hat' at x/m=about 100 for the alkali-washed gram, but only at a 
higher value, about 140, for the toluene washed-sample. ln both cases Q tends to 
attain the value of lat~nt heat of evaporation of water at higlt x/m. The widely 
variable Q is fundamentally opposed to .the possibilities of the sorbed water beitJg 
present lfs capillary condensed or multi-layer condensed water. 'fhe latter presumes 
a constant value for Q. The former doa require a variation of Q, but of a smaller order:. 
Proceeding from the Kelvin equation 

"' a-t' RTln c...::::o--p. ., 
(i) 
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one:: ca1.1 obtain the equation 

· J.. ( dlna) Q= L+ RT ln 1:.!. I- -p dlnT 
(ii) 

where L= molar latent heat of evaporation, V= molar volume, t= radius of meniscus 
of the capillary condensed liquid and v= surface tension. Taking u= 72.66 at 292" K 
and 72.73 at 294° K, equation {i.i) may be written as 

Q= L+2.303 x 1.59 log ~ 
p 

• .• (iii) 

For the simple capillfl.ry condensation one should expect a straight line graph 
between Q and log Pa/p (po = saturation pressure and p = equilibdum pressure at the 
given temperature). The graph corresponding to equation (iii) and the experimental· 
graph ure shown in Fig. 3 (in~t in Fig. :a). 'I'be two graphs are widely separated and the 
experimentally obtaineii Q values are generally mur.h larger than those from (iii). It is 
clear that the adsorb~nt materia is• exerting a more specific effect on the sorbed 
water. It can hardly do so \vithout coming in intimate contact with most of the 
sorbed water molecules, snch as takes place in persorption. The structure of the 
material responsible for persorption is broken down perhaps near 250", when the 
sorption falls down steeply, and the isotherm becomes indicative of simple surface 
adsorption ('l'ype I isotherm). 

We have stated above that gram ordinarily contains about xo% moisture (x/m=: 

lOo).. 0.11 the basis of the above study it app~ars reasonable to conc:Iude that practically 
all of this water is intracellnlar. Dry gram contains little water condensed in the 
intercellular capillary spaces, if any. 

The author thanks Dr. D. Narayana, Vice Chancellor of the Patna University, for 
his constant encouragement. 
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