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tion for gas imperfection is more accurate than 
the use of available equations of state. 

Cl for the two compounds studied may be rep
resented by the following empirical equations with 
a mean deviation of less than 0.1% 
»-Heptane C° = - 0 . 2 3 6 + 0.14864T - 0.000055583T* 
2,2,3-Trimethyl-

butane: C°p = 1.800 + 0.15320T - 0.000053907T2 

In previous papers1-4 of this series statistical 
methods were applied to the structural interpre
tation of three dimensional polymers, i.e., poly
mers some of the structural units of which are 
polyfunctional in the sense that they connect 
with more than two other neighboring units of 
the polymer. Critical conditions for the occur
rence of gelation were explored, and methods 
were set forth for computing the extent of reaction 
at the gel points in condensation processes in
volving polyfunctional units1 or in addition poly
merizations accompanied (or followed) by cross-
linking reactions.3,4 The theory of gelation re
sulting from cross-linking was extended by Stock-
mayer8 and by Walling.6 

Gelation occurs in three dimensional condensa
tion polymerizations at somewhat higher extents 
of reaction than predicted by theory owing to 
intramolecular condensations1'7 which are not 
taken into account by the theory.8 The discrep
ancy generally is small, and the essential correct
ness of the statistical theory is adequately con
firmed by the correlation between observed and 
calculated gel points. 

The writer applied the statistically derived 
molecular size distribution relationships beyond 
the gel point as well as to polymers which had 
not been carried to gelation. By appropriately 
summing over the distribution functions for all 
finite species, it was possible to derive the weight 
fraction of sol, average molecular weights of the 
sol, and the concentration of cross linkages in the 

(1) P. J. Flory, T H I S JOURNAL, 63, 3083 (1941). 
(2) P. J. Flory, ibid., 63, 3091 (1941). 
(3) P. J. Flory, ibid., 63, 3096 (1941). 
(4) P. J. Flory, J. Phys. Chem., 46, 132 (1942). 
(5) W. H. Stockmayer, J. Chem. Phys., 12, 125 (1944). 
(6) C. Walling, T H I S JOURNAL, 67, 441 (1945). 
(7) W. H. Stockmayer and L. L. Weil, unpublished. See "Ad

vancing Fronts in Chemistry," Reinhold Publishing Corp., New 
York, N. Y., Chapter 6 by W. H. Stockmayer. 

(8) A theory which will take into account intramolecular connec
tions obviously is needed but, as Stockmayer has pointed out (paper 
given before the Division of High Polymer Physics of the American 
Physical Society, January, 1946), the mathematical difficulties ap
pear to be insuperable. 

The method of measurement also yields precise 
heats of vaporization. For w-heptane the heats 
of vaporization reported at 90.48, 77.33 and 
58.00° are 7,715, 7,938 and 8,244 cal./mole re
spectively while for 2,2,3-trimethylbutane the 
values at 80.80 and 40.68° are 6,918 and 7,461 
cal./mole. 
BARTLESVILLB, OKLAHOMA RECEIVED AUGUST 8, 1946 

sol; gel properties were obtained by difference. 
Stockmayer9 generalized and extended the size 
distribution relationships, but was hesitant to 
apply them beyond the gel point. His criticisms 
of the writer's efforts in this direction centered 
upon the approximation2,3 according to which 
intramolecular ("cyclic") connections in finite 
(sol) molecules are neglected while acknowledging 
that they must be present in the infinite network 
(gel) structures. On the other hand, the deriva
tion of the size distribution equations applies 
equally to the sol existing beyond the gel point, 
or to the polymer preceding gelation.10 The dis
tribution equations are oblivious of the gel (ex
cept by omission), hence the frequent occurrence 
of intramolecular connections in the gel does not 
constitute a violation of the basic approxima
tion. 

While the logic of this procedure appears to be 
satisfactory, it must be admitted that derivation 
of gel properties by difference is not as straight
forward as might be desired. In this paper poly
mers randomly cross-linked to the extent that they 
contain a gel fraction will be treated by a more 
general procedure applicable to any distribution 
of chain lengths. The method here employed is 
independent of size of complexity distribution 
equations (except in calculating weight average 
molecular weight); it is more direct and simpler 
than the procedures previously applied to the 
problem of post-gelation constitution. The re
sults obtained confirm and extend previous con-' 
elusions. 

Theoretical Treatment 
Molecular size distribution functions2,3'9 for 

three dimensional polymers may show a single 
maximum at relatively low molecular weight, but 
beyond this maximum they decrease monotoni-
cally toward zero. This is true after as well as be
fore gelation. It is evident, therefore that an 
intermediate fraction between finite sol molecules 

(9) W. H. Stockmayer, J. Chem. Phys., 11, 45 (1943). 
(K)) P. J. Flory, Chem. Rev., 39, 137 (1946). 
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and what we have termed "infinite" networks,1 1 

or gel, will be infinitesimal in amount . In other 
words, there should exist a sharp demarcation be
tween sol and gel,4 the distinction being real ra ther 
than arbitrary. This prediction of previous 
theories, which is confirmed by various experi
ments, is a premise of the t rea tment presented 
below. 

Consider a system of primary molecules (i.e., 
molecules in the absence of cross-linkages) having 
the size distribution given by wy = f(y), where wy 

is the weight fraction of species composed of y 
units. Cross linkages are then introduced be
tween various structural units a t random for a 
total of p /2 cross linkages per structural uni t ; 
in other words, a fraction p of the units became 
involved in cross-linkages. In accordance with 
previous procedures, intramolecular connections 
within finite molecules will be neglected. 

Partition of Chains between Sol and Gel.— 
Let a quant i ty ps be defined as the probability 
t h a t a non-cross-linked structural unit selected 
a t random is par t of the sol fraction. A given 
cross linkage will occur in the sol fraction only 
in the event t ha t both of the subjoined units 
would belong to the sol in the absence of this 
particular cross linkage. The probability t ha t an 
arbitrarily selected cross-linkage belongs to the 
sol is <p\, therefore. The probability t ha t a cross-
linked unit selected at random is a part of the sol 
is likewise tp\. Hence, the weight fraction of sol 
is given by 

W. = (l-p)*>. + P<PI (1) 

or 

fl'./V. = 1 - p(l - *>„) (2) 

Solving (1) for <ps and expanding in series 

<P. = W,[l + P(l - W.) + P2(1 - W,)(l - 2W,) + ...] 
(3) 

When the primary molecules average many units 
in length, p will be much smaller than unity in the 
region of interest. Under these conditions, <ps is 
approximately equal to Ws and Equation (2) may 
be writ ten 

W./<P. ^ 1 — P(l - W.) (2') 

to a usually satisfactory approximation. 
The probability tha t a y-mer pr imary molecule 

selected at random is a par t of the sol will be 

> = 0 

where Py(i) is the probability tha t there are i 
cross-linked units in the y-mer. If the structural 
units are cross-linked a t random 

P1 d) = \yi/(y - *)W]P'(I - P)»- ' (5) 

(11) Actually the gel molectilar weight cannot be infinite since we 
are dealing with a finite amount of material. Any attempt to ex
press its size on the molecular weight scale would give a figure de
pendent on the size of the sample and so large as to warrant the term 
"infinite." 

Substi tuting equation (5) in (4) and evaluating 
the summation 

S7 = [1 - p + pp.]* = (W./V.)y (6) 

from which the partit ion of y-mer primary mole
cules between sol and gel can be computed, given 
the value of Ws/<ps-

The Weight Fraction of Sol .—The part i t ion 
factors Sy are related to the weight fraction of 
sol according to the relationship 

CO 

y - l 
CO 

= £«fcW/*.)» (7) 
y-\ 

CO 

i£ Y1Wy[I - p ( l - W.)]" (7') 
y = l 

If p and the y-distribution (i.e., the wy 's) are 
known, Ws may be found by simultaneous solu
tion of equations (2) and (7). The solution is 
simplified somewhat if p is small so as to permit the 
use of equation (7') for this purpose. Even this 
lat ter equation is not explicitly soluble for W$. 
However, the summation can be performed graph
ically using trial values of Ws, or by integration 
if the Wy's can be expressed in suitable analytical 
form. The value of Ws for which the summation 
equals Ws can then be deduced by graphical meth
ods or by successive approximations. Con
versely, if Ws has been determined experimentally 
and the y-distribution is known, p can be deduced 
by similar procedures.12 

When the polymer is homogeneous 

W, = (W./<p.)» 

In W. = yla (W./<p.) 

If p is small 

In W, S -yp(l - W.) 
or 

( - In W.)/(I - Ws) =* Py = 7 (8) 

where y is the "cross-linking index"3 or average 
number of cross-linked units per primary mole
cule. This is the equation previously derived4 '13 

by other methods. 
Partition of Cross Linkages between Sol and 

Gel.—Since the fraction of the cross linkages 
which occur in - the sol equals <p\, we can write 

Vi = p'Ws/p 

where p ' is the fraction of the units of the sol 
which are cross-linked. The above equation de
fines p ' . 
_ _ _ _ _ _ p' = PVyw. O) 

(12) The inconvenience arising from the failure of these equations 
to be explicitly soluble for the dependent variables seems to be 
inherent in the problem rather than in the present procedure. Ap
plication of the previous summation procedure2 to certain of Stock-
inayer's9 distribution functions leads to equations the solutions of 
which present similar difficulties. Equivalent results are obtained 
by this procedure. 

(13) P. J. Flory, Jnd. Kng. Chem., 38, 417 :H)4(i). 
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Substi tuting from equation (2') for Ws/<pl 

P'SZpW1[I - P ( l - Wa)}~* 

*£ pW.ll + 2P(1 - We)] (9') 

or to a further approximation 

P ' & PW. (9") 

Similarly the fraction p" of the units in the gel 
which are cross-linked is 

P" = p(l - rf)/(l - W8) (10) 

which on introducing approximations correspond
ing to those used in the preceding paragraph, re
duces to 

P" S P(1 + W,- 2pWi) (10') 

For long chains, and hence for small values of p 
in the significant range 

P" g p(l + TF.) (10") 

These equations show tha t the parti t ion of the 
cross linkages between sol and gel depends almost 
entirely on the weight fraction of sol. The con
centration of cross linkages in the gel first formed 
just beyond the gel point is always approximately 
twice t ha t in the sol, i.e., when Wt = 1 — Ws is 
very small 

/ S 2p S 2p' 

Distribution of Cross Linkages i n the Sol 
Fraction.—Let Py(i) represent the probabil i ty 
t h a t a given y-mer p r imary molecule, known to 
be a pa r t of the sol, contains i cross-linked uni ts . 
I t will be shown tha t Py(i) is of the form of equa
tion (5) and, hence, t ha t the distribution of cross-
linked units within the sol is random. 

By definition 
SyPy (i) = Py(i)<p\ 

Substi tut ing for Py(i) from equation (5) and for 
Sy from equation (6) 

Py W = [pfl/WsYKl - P)<pJW.]>>-> yl/il(y - 1)! 

Substi tut ing from equation (1) for the second 
quant i ty in brackets, and recalling equation (9) 

Py(i) = (p')'(l - P')"-* yl/H (y - »)l (H) 
Equat ion (11) is identical with (5) except t ha t 

P has been replaced with p ' . The distribution of 
cross linkages in the sol fraction is the same as 
would have been obtained if a linear polymer 
having the same distribution as the y distribution 
of the sol, were randomly cross-linked directly 
to the extent p' no gel being formed. 

Primary Molecule Distribution within the Sol 
Fraction.—The weight fraction of the sol which 
is composed of y-mer pr imary molecules is given 
by 

/ " 
Wy = WySyI ^WySy 

I y - 1 
= WySy/Wt 
= Wy[WJ vs)y/W, (12) 
Ŝ  w„[l - p(l - W.)]»/W. (12') 

The number average value of y in the sol, i.e., 
the number average molecular weight of the 

primary molecules occurring in the sol fraction 
(not to be confused with the number average 
molecular weight of the sol, cf. seq.), which will 
be designated by ~y'n, can be computed as follows 

% = Zwi/Zwl/y 
= W./2(wv/y)(W./<p.)» (13) 

The weight average value of y in the sol is 

5» = ?yv>v 
= (1/FF8) tywy {W./<p,)y (14) 

Average Molecular Weights of the Sol Frac
tion.—Neglecting intramolecular cross-linking 
in the sol, the number of sol molecules will equal 
the number N' of pr imary molecules minus the 
number p'/2 of cross-linkages. Hence, the num
ber average degree of polymerization of the sol 
will be given by 

xi - U(N' - P '/2) 

where N' and p ' are expressed in moles per gram 
equivalent of structural units. 

xn = W./Wwy/y)(W./-p.)<> - ptf/2) (15) 

The weight average degree of polymerization 
in the sol can be calculated by employing Stock-
mayer 's6 equation, since the distribution of cross-
linked units is random throughout the sol. In 
the terminology of the present paper this equa
tion becomes 

*« = &(1 + P ' ) / [ 1 - P'(% ~ Dl (16) 

(See equation (23) of reference.6) 

Discussion 

If the size distribution of the primary mole
cules {i.e., the size distribution before cross-link
ing) is known and either the degree of cross-link
ing p or the weight fraction of sol has been deter
mined, the constitution of the resulting polymer 
can be characterized with the aid of the relation
ships derived above. Three summations must 
be evaluated for this purpose 

I1 = S(WyZy)(WJv.)* 
h = Wn = -ZWy(WJtPs)" (7) 
I3 = HyWy(WJ <p,)* 

Regardless of whether p or W3 is given, the first 
and most difficult problem is to find a value of 
(WVVs) consistent with equations (2) and (7), 
or with equation (7') if this approximation is 
employed. The unknown one of these two 
quantit ies then is readily found, and the other 
summations are amenable to evaluation by 
straightforward methods. Jx is required for the 
calculation of y« and x'n, and /3 for y™ and xi,-

In the following paragraphs we shall consider 
the application of these methods to cross-linked 
primary molecules of arbitrarily selected distribu
tions. 

Application to the "Most Probable Distribu
tion."—The familar distr ibution represented by 

Wy = y(l - pyp*-1 (17) 

where the parameter p (which may approach, but 
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never reach unity) equals the extent of reaction 
or degree of coupling of the bifunctionai units, 
has been referred to14 as the most probable dis
tribution for linear polymers.16 Many synthetic 
linear polymers approximate this distribution; 
a few are believed to be more homogeneous, and 
many possess broader distributions. 

Substituting (17) into the above summations, 
the following expressions are found for Ji, J2 and /3. 

Ii = W/¥>.)(l - P)VO- - pW./v.) 
I2 = w. = (W.M(1 - p)2/(l - pW./v.)2 

h = (WV*>.)(1 - P)2V + PWsZv3)/(I - pW,/<ps)
3 

For purposes of illustration, p has been taken 
equal to 0.996, corresponding to number and 
weight average degrees of polymerization prior 
to cross-linking as follows16 

yn = 250 yw = 499 

Arbitrary values of Ws/ipa ranging from 0.9998 
to 0.98 were substituted in the above equations 
for I1, J2 (= Ws), and J3. Having found corre
sponding values for Ws, the "density" p of cross-
linked units was obtained from equation (2') to an 
entirely 'adequate approximation. Similarly, the 
densities of cross-linked units in the sol (p') and 
gel (p") were computed from equations (9') and 
(10'), respectively. The number average degree 
of polymerization, x„, of the sol was computed 
from Ii substituted into (15), i.e. 

K = WV(Ji - pel/2) 
According to equation (14), y'w = J3ZIFs, which 
when substituted into (16) gives the weight aver
age degree of polymerization of the sol. Number 
and weight averages prior to gelation have been 
calculated from the same formulas, with Ws/(ps = 
1 and Ws = 1, and with p' in equation (16) re
placed by p. 

Results of these calculations are shown in Figs. 
1 and 2. The weight fraction of gel, W1 = 1 — Ws 
rises abruptly as the density of cross-linked 
units is increased beyond the gel point, the ap
proach to 100% being gradual for larger values of 
p. As already noted, the density of cross-link
ages in the gel first formed is twice that of the co
existing sol. With the addition of more cross 
linkages, p" increases while p' decreases. In other 
words, a lower proportion of the units of the co
existing sol are cross-linked the greater the con
centration of cross-linkages in the aggregate of 
sol and gel. This can be looked upon as a conse
quence of the preferential conversion of the larger 
(and hence on the average more highly cross-
linked) species to gel.2-3-4 It is also to be noted 

(14) P. J. Flory, THIS JOURNAL, 64, 2205 (1942); J. Client. Phys., 
12, 425 (1944). 

(15) The cross-linking problem in this particular case can be 
handled through the use of Stockmayer's equations for polymers 
formed by random co-reaction of bifunctionai units with a small 
proportion of tetrafunctional units (see equation (41) of ref. (9)). 
The distribution obtained by random co-reaction of bi- and tetra
functional units is tae same as that resulting from random cross-
linking of chains of random length. 

(16) P. J. Flory, T H I S JOURNAL. 58, 1877 (1936). 

4 6 
P X 103. 

Fig. 1.—Weight fraction (Ws) of gel and concentrations 
of cross-linked units in sol (p') and in gel (p") vs. the degree 
of cross-linking (p) for the "most probable" primary molec
ular weight distribution as given by equation (17) with 
p = 0.996. 

4 6 8 10 
P X 103. 

Fig. 2.—Number and weight average degrees of poly
merization prior to gelation and for the sol after gelation 
vs. degree of cross-linking (p) for the "most probable" 
primary molecular weight distribution with p = 0.996. 

that p" approaches p for values of p far beyond its 
value at the gel point. 

As pointed out in previous publications,2,3 the 
weight average molecular weight increases to 
infinity at the gel point (see Fig. 2). The weight 
average for the sol decreases as the degree of cross-
linking is further increased. The number average 
increases only slightly up to the gel point, then 
XQ for the sol falls off rather rapidly. 

The partition of the primary molecules be
tween sol and gel does not, in this case, modify 
the form of the y-distribution within the sol, as 
can be seen by reference to equations (6) and (12), 
from which there is obtained 

«•; = Id - P)1My (pWa/<p,)«-i 
As p increases Ws/<ps decreases, but the form of 
the distribution is preserved. The sol is of the 
same constitution as would have been obtained 
from a lower polymer having a size distribution 
given also by equation (17), but with p replaced 
by pWs/<ps, this polymer being cross-linked to the 
extent p'. 



34 PAUL J. FLORY Vol. 69 

Application to a "Rectangular" Distribution.— 
To illustrate the application of the above re
lationships to a broader primary molecular 
weight distribution, consider a polymer in which 
the weight fraction of every species composed of 
from 1 to 1000 units is the same, i.e., wy = 0.001 
for y = 1 to 1000 and for y > 1000, wy = 0. For 
such a distribution yw = 500, and, hence, gelation 
will set in when p exceeds 0.002;5 i.e., the weight 
average and gel point are the same as for the dis
tribution previously considered. 

Designating the constant value of wy by 1/F, 
and replacing summations by integrals 

/ i S ( l / F ) f (.W./<p.)y d In y 

which can be evaluated graphically, and 

I, == W, s (l/K) Cr(W,/<p,)y Ay 

^ [1 - (W3Z^V]Zl-YIn (W.M] 

/a ^ (1/F) fY(W./<p.)vyAy 
Jo 

{WJv.Y[Y\xi (W,/<pe) - 1 ] + 1 
- Y [hi (W./<p.))* 

Taking Y = 1000, these equations were solved 
for trial values of Ws/<Pa, and the various quanti
ties were deduced as in the preceding example. In 
addition, partition factors sy have been calculated 
for various values of Ws/<ps using Equation (6). 
These are plotted in Fig. 3 against y for the 
several values of p indicated, which correspond 
to values of W3/<p* from 0.9995 to 0.993. The 
preferential transfer of the longer primary mole
cules to the gel is evident, but it is also clear that 
the separation is not highly selective. 

100 

1 200 400 600 800 1000 
Number of units in the primary molecule, y. 

Fig. 3.—Partition of primary molecules between sol and 
gel for the "rectangular" primary molecular weight dis
tribution at the degrees of cross-linking shown. Fraction 
Sy retained by the sol vs. number of units y in the primary 
molecule. 

Figures 4 and 5 correspond to PIg. 1 and 2 of the 
preceding example. The curve representing the 
weight fraction of sol vs. p happens to be almost 
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Fig. 4.—Weight fraction (Ws) of gel and concentrations 

of cross-linked units in sol (p') and in gel (p") vs. the de
gree of cross-linking (p) for the "rectangular" primary 
molecular weight distribution. 
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Fig. 5.—Number and weight average degrees of poly
merization prior to gelation and for the sol after gelation 
vs. degree of cross-linking (p) for the "rectangular" primary 
molecular weight distribution. 

the same as the one for the most probable dis
tribution. The corresponding curve for a homo
geneous polymer, calculated from equation (8),4'13 

rises more rapidly toward 100% with increase in 
p. Other curves are similar to those for the most 
probable distribution; x„ increases less as p in
creases from zero to the gel point, and thereafter 
both x'n and x'm decrease more rapidly with further 
increase in p. 

The above treatment rests on two basic postu
lates, namely, that intramolecular connections 
within sol molecules can be neglected and that 
cross-linking occurs at random. Regarding the 
first of these, it should be pointed out that in
tramolecular connections will be most abundant 
in the highly cross-linked species. There will be 
more of these species the greater the concentra
tion p' of cross-linkages in the sol.2'3 The maxi
mum value of p occurs at the gel point; proceed
ing in either direction from the gel point, the con
centration of cross linkages in the soluble portion 
decreases. Hence, the greatest error from the 
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neglect of intramolecular cross-linking can be 
expected to occur at the gel point, this error di
minishing with increasing displacement in either 
direction from the gel point. This conclusion, 
which is particularly well demonstrated by the 
above calculations based on the present treatment, 
also can be deduced from molecular size distribu
tion equations, which display a diminution in the 
abundance of highly complex finite species with 
increasing cross-linking beyond the gel point. 
The physical reasons for this course of affairs 
beyond the gel point are evident apart from statis
tical theory. 

According to this analysis, statistical calcula
tions beyond the gel point are vitiated less by the 
disregard of intramolecular connections than is 
the calculation of the gel point under the same 
approximation.1'6 The discrepancies between cal
culated and observed gel points1'7 furnish an in
dication of the magnitude of the error introduced. 
Presumably its correction would require a dis
tortion of the p scales in Figs. 1, 2, 4 and 5, the gel 
points occurring at somewhat higher values of 
p and the magnitude of the distortion factor di
minishing in either direction from the gel point. 

The assumption that the units are cross-linked 
at random should apply satisfactorily to cases 
where the cross-linkages are introduced by a re
action which occurs subsequent to and indepen
dent of the process of polymerization of the 
chains (e.g., a vulcanization reaction),. In the 
polymerization of dienes, or in the copolymeri-
zation of vinyl and divinyl compounds, cross-
linkages are formed simultaneously with the main 
chain polymerization process. Here, according to 
the most plausible mechanisms for such processes, 
it can be shown that the distribution of cross-
linked units may not be precisely random; the 

As part of a program for the study of adsorp-
tion-desorption isotherms of gases on catalysts 
experiments have been performed with ammonia 
as the adsorbate. A comparison of the complete 
isotherms of ammonia with those of nitrogen, 
which is generally used, is of interest with respect 
to surface area values, pore volumes, pore radii 
and general hysteresis effects since the two ad-
sorbates are quite different. The boiling point of 
ammonia is considerably higher than that of nitro
gen, its surface tension is much greater and its 
molecule is smaller and of higher dipole moment. 

(1) Presented before the Petroleum Division of the American 
Chemical Society, Atlantic City, April, 1946. 

probability that a given structural unit is cross-
linked is not entirely independent of the number 
of other cross-linked units in the same polymer 
chain.17 The departure from random cross-
linking appears not to be serious, so far as applica
tion of the above theory is concerned, unless the 
polymerization is carried to high conversion.17 

Whether or not the cross-linking reaction is 
such as to permit a given unit to enter into more 
than one cross linkage is of no particular concern 
provided the degree of cross linking p is small. 

Polymers in which the cross linkages are formed 
by a reversible process also may be treated by the 
present theory. Whether the abundance and 
disposition of cross linkages is governed by 
equilibrium, kinetic or stoichiometric factors is 
irrelevant, so long as they occur at random, or 
approximately so. 

Summary 
The constitution of randomly cross-linked 

polymers containing a sufficient concentration of 
cross linkages to produce a gel fraction has been 
treated statistically by a method which avoids the 
use of molecular size distribution equations. The 
treatment is sufficiently general to cover any dis
tribution of "primary" polymer chain lengths. 

The new theory has been applied, for purposes 
of illustration, to two arbitrarily selected primary 
chain length distributions. Results are similar 
to those previously deduced in a less direct man
ner from size distribution equations. Limitations 
imposed by the basic assumptions relating to the 
absence of intramolecular cross-linking in finite 
molecular species (sol) and to the random occur
rence of cross-linked units are discussed. 

(17) Unpublished work. 

AKRON, OHIO RECEIVED SEPTEMBER 0, 1940 

Earlier work in these laboratories has demon
strated that nitrogen adsorption-desorption hys
teresis effects are remarkably similar for both 
the pellet and powder forms of two supported 
cobalt catalysts, H-G and H-A, which are alike 
in chemical composition but considerably different 
in area.la The pelleted form of the catalyst of 
greater area, H-G, was selected for the present 
ammonia study. 

I. Experimental 
Apparatus and Materials.—General methods for the 

study of adsorption isotherms have been described by Em-
(Ia) Ries, Van Nordstrand, Johnson and Bauermeister, T H I S 

JOURNAL, 67, 1242 (1945). 
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