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The durface pressure-ares sotherme at 24.5 *C are re

ed for poly (ethylene adipate),

paly{trimethylene adipate), and polyfproprlene adipate), spread ss mondlavers of s

Saguaous interfaces.

e monclayers wers spread on

istilled water and .01 & HCl, using

kenzene, shluraform, and seetone ss spreading sclvents. Poly(proprlene adiptate} was the

least compressible of the three, and polyiethyiene adipste) the most.

adlpata)y
both poly{cthylene

oly [propylens

id not coll:&ase at the highert preasures studied. The a-preadirég charscterietios of
ipate) and poly {propylens sdipate} were indepen:

enf of the amount

of materisl used. The spreading of poly [{rimethylene adipate) appeared to depend upon

the spreading solvent.

he effect of strasture on the

surince pressure—area jsotherms and

the specifle arcas fur each poly mer are dizouesed,

1. Introducton

The monslayer properties of a scries of linear
suennate polyesters, with u number-average molecu-
lar weight (8.) of the order of 4,500, at air-aqueous
mterfaces were recently reported [1]. It was shown
thut the monolayer of polyi{ethylene succinate)
was highly expanded but that it collapsed at very
1qw surface pressures.  Poly(pentamethylene sue-
cinate) mono ra%e;s were nlso oxpanded. They did
not collapse with incrensing pressure, but the surface
compreagibility went through a maximuom and eon-
tinued to decrease as the pressure increased. An
isomer of this %nlymer, poly(neopenty]l succinate),
produced a much less H}l‘pﬁl‘l(f:?sd film which colla
ot & surface pressure higher than that observed for
collapse or pressure decrease for the other two
polymers. It also pave the smallest extrapolated
specific area per repeating unit, Other work has been
reported on iwl;.rasters ¥ Harkios, Carmen, and
Riea [2] end Maosa [3].

The work reported in thiz paper is concernad with
a surface filtn balance stady of three linear saturated
polyeaters of adipic acid at the liquid-air interface.

2. Experimental Procedure

The ]};J-Dlj"{‘stuﬁl's_ used in this investigation were:
poly {ethylene adipate) [-O{CH,)OC0{CH,},CO-].,
poly{trimethylene adipate) [-O{CHy),0COCH ), CO-],,
and poely(propylene adipate) [COCH(CHOCH,0C0
(CH)CO-],.  These mers were prepared by Dr.
James Farr, dr., of the Thiokol Chemicsl Company
and were synthesized from the melt without eatalyst.
They were purified by reprecipitation from chlovoforn
solution with ethyl ether mnd dried in vacuum.
Some of the bulk properties of these polymoers are
given in table 1.

The film balance used to study the monolayers of
the spread filma hes been deseribed presviously |i).
The water used a5 & sybphase was redistilled from an
all-quartz system. The spresnding =olvents were
twice distilled and tested for setive impurities by

' Thix work was supported under « prajeet speaeered by the Bursaw af Nara]
Wnrclm. D%ubma‘nt arthe Nuvy.
t Tlovrard Uniweralty, Washlnglon, D,

measurements of the surface presaure of the solvent
alonc. The polymer solutions were zpread from
micropipets and 10 min uvsuslly allowed for solvent

evaporation. The averags tirne of an expermment
waz 1 hr. Al measurements were made at 24.5
0.5 2,
Trare 1. Buwk properifes
Smren- | Molecw- | Bulk
Polymer ing lar denplt FPhypical statn
poidt | weight | at27 ALE O e
Rl flemd
Pidyiethylen: redimde) . oo 51 ) 3 | Crystalline
Toly{triilethylene adipnte) ... 40 -+ 1.3 | Crystaliine
Polysprapylens ndlpabd, - cou]-aeeee.. p4iK) 1.2 Ij Wiyeoues Lisuid

.B.IMB?B bomber averiyge Eoibiglar welgh deterowineod I‘rm‘l‘l:a'l.ppll.ml end grinafe
aHBEIYEE .
b Cryalallinily deescted by H-tuy AlEmetlon.

3. Resulis

The monalayer properties of paly(ethylene adipate)
spread {rom benzene and oroform on the fwo
gtibatrates are given in figures 1 and 2. The sarface
pressure in dyneg per centimetor 12 shown &8s a fune-
tion of the specific area of the polymer (area per
unit weight}. Al of the runs shown in figure 1 were
obtained using henzene a= the spresding solvent.
Extrapolation of the linear portion of the curve
drawn gives a luniting specific area of 2.6 m¥fmg,
In order to obtain the entire isotherm 30.36 1077
tig of polymer wos used for the region of high suriace
pressure and 5,500 107% mg f{or the region of low
gurface pressure and large aren. Both repions were
*}})mducih]ﬂ as showt by duplicated expermments.

12 twa regions gverlapped and & smooth continuous
Isotherm was obtainad.

The available ares of the balance for initial
s?reading of the film was of the order of 800 em2,
Using the specific surface area, the lareer quantity
of pol¥mer corresponds Lo an area of approximately
780 em? and the smaller to an aren of ppproximately
145 em?.  The isotherm was, thersfore, independont
of the quantity of material used over this relatively
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SIPRFALE PRESSURE | dymes om

ARE& , M/ mg

Frovre 1.
edipate) spread from bengems of B4 L 05

Distlled water guhphocs El, i 3310 my.
£

S o 103 g
0A11 W HE snbplase D38 2109 meg.

Hurface preszure-gren isotherm of fﬂn!y{sﬂhy!me

wide range, which included a quantity near the
maximum «apacity of the balance. The absonce of

change 1n the izotherm with guantity of mate-
rial ap supreztz that the films were completely
.?‘?mnd and existed as monolayers. The use of .01

HCl with & pH of 2 resuvlted in the same isotherm
ae the use of distilled water with a pH of 6.5. The
collspee pressure of the films spread from benzene
was 11.1 dynes per em, as shown by figure 1. A
quantity of polvmer intermediaste hetween the two
amounts described shove wlso resulted in the same
isotherm as those spread from benzene, as shown
in e 2. Filme spread from chloroform on
distilled water also vielded the identical isotherm,
but the collapse preaswrs wes slightly higher, 12
dyoes per cm.

The ieotherm of puhwfpmpylene adipate) spread
from chlovolorin on distilled water 1= shown in
fipure %, The properties for very dilute surface
concenteation were not studied for this fihn. The
extrapolated epecific area at zero surlace pressure
wag 2.2 wéing, Films of this polymer did not
collapse,  Two quantities were again used to obtain
different portions of the isothertn. These two sec-
tione overlapped and & smoocth jsotherm resulted.
The apreading characteristice were, therefore, not
dependent on the quantity of material deposited,
within this range. The larger quantity, 2994 > 103
mg, corresponded to an area of approximately 660
em? at zero surface pressure, while the emsller
quantity correeponded (o one-half this arnount.

12,0 = -

G- -

i
[~

SURFACE PRESSURE | dynesScm
®
o

-
L)
I

[

2.0 = -

a 1 | |
Q H 4 3 [
AREA, m/myg

Fiovrs 2. Swfiee pressure-cres deotherin of polplethplens
adipate] ma dintiiled wafer of 244005 0
Bspmnd. trum. hengaqet [ 175010 my.
prepd feam phioroiimn O, i 1512 HH my,

This independenca on the amount of polymer
sugpesta that the films wera monolayers.

Eglg{trimethyle.ne adipate) was =ensilive to the
spreading selvent. Filma spread from beozens on
0.01 N HC1 sybphase exhibited the aurface charac-
teristics shown by curve A in fgure 4. A limiting
arer of 3.1 m*,fmrg was obtained from this izsotherm,
The quantity of polymer spread, 5471077 mg,
corresponds to an wres of approximately 170 om?,
and becauge of the small quantity should represent
a completely apread film,

Tha effcct of the spreading solvent on the charac-
tariatics of the fllm is shown by isotherm B in figura 4.,
Polymer was sprend from acetone solution in two
difierent quantities onto a distillad watar subphage,
In one case 50% (h=10"% %) and in the other, 100k
wera spread, using the same concentration of solu-
tion. Within the experimental error, both quantitiez
tezultad in the same izotherm, with & sualler spaeific
area. The jsptherm showed no signe of expansion
to higher specific areas for the smaller quantity of
solution spread. Repest runs for both quantities
resulted in the reproducible isothermm shown in
figure 4. The fact that the maximuom sprﬂadjn%
grea for the isotherm with the smaller amount o
polymer was twice as large as that for the larger
amount of polymer appears to indicate the spreading
of the polymer with this solvent was complete.
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4. Discuesion

4.1. Phyrical Properties

In table 2 are given values for the thickness of the
monolayers, the energics of compressing the filine to
collapse or the point of inflection, and compressi-
bilities. The approzimate thicknesses of the films
were calculated from the bulk density and the
limiting specific area of the completaly spread film.
Ag seen in table 2 they are within the range of 3 to
4 A and are of o reasonable thickness for monolayers,
They fall in ap]irm:imamly the =ame ranpe as did
the succinate polyesters |1], and indicate that these

a
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SURFARCE FRESSURE , dynessom
-
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)
ARE A, mE iy

Fiauzx 4. Surfoce pressure-grea Ssotherm of poly{irimetfipl=
ene adfpate] al $43 0070
Lurve A Spresd iom beozeoe oo A1 A HCI sobphass
Cry @ 54T KL mOg,
Curve B Gpread from scetong 3dofon on b dladlied wabesobphese

=ik e
tion of the area under the isotherms from wery large
psgment areas to the point of collapse for poly-
{ethylene adipate} and te the point of inflection for
pulyéf[l;]pylene adipate} gives the energy to compress
the to & position of vnstabiity.  Tha energica
shown in table 2 are rather high, one being of the
order of 700 and the other 800 colimole/zsegment.
Far the succinate polyesters studied previously [1],
ouly poly(neopentyl succinate) gave an snargy above
700, mg shown in table 2. Poly(ethylene succinate)
ghve sn energy of 349, and poly({pentamethylene
succinate) an en of 568 cal/mole/segment. Thae
compressibilities piven in table 2 were caleulated

from the sguation:

where K iz the compressibility, 4y the extrapolated
specific ares at zero surface pressurs, and A4, the

polyeaters lie relatively flat on the eurface. Tntegra- | specifie area at aurface pressure m.
TARLE 2
Rats ATes LT Fegment Enesgy kn
EIFR] DHT T I
FPolrmer alpbe Him to EDHLHI'B- Thie e
apeafic ollaps, sIkifityy al vl
ares Cabeukmied | Observed | cal mole
segrmamt—
mifmg At Al emhdpne A
Paly{ethzlerra adipata} 2.4 Br ] byt I} 1.0
Foly[propyleoe sdipsdes _ ... 2.2 BY ] Ll -ME 1.4
Eoly(trimet vrlaoe adipate) | 3.1 it ] ——e - L 2.7
Polyiethylens mratlnateis . ..., 23 55 5 o 70 Hp - 3.1
Foelv(pontamethy bene saoelnaleie o 249 kbl ol i ] oy
Polyteopnty] swecinatels oo 24 B =] TH N ER:

+ Beforanss |1].



d.2. Compressibility

The compressibility values for all the polyeaters
studied, excapt for polyicthylens suciinate) [1], are
in the range observed for hinear polyesiers, such as
the self ester of the hydroxydecancic acid studiad
by Harkins, Clarmen, and Ries 2} and pely{vinyl
acetate) films studied by Ries, A imnk, and (iabor
{4]. The latter polymer containe the esier groups as
side chains.

The compressibility data for the adipate mono-
layers and the succinate monolayers, ns reported
previously, point to the general observation that tha
compressibility of the monolayer decresses with the
number of carbon atoms in the glyeol and acid
groups and also with the mrangement of these groups,

Second, it is to be observed thal the polyesters
with the lower number of eathon atoms hetween the
carboxylic qups have greater compressibilities than
those with large hminbers, as evidenced hy comparison
of the compressibilities of poly/(ethylene succinate)
with poly (ethylena adipate}. Similarly the compress-
ibilities of polyesters conlaining the ethylene glyeal

uping have proater compressibilities than those

aving segments of lenger glycols, Thiz ia evidenced
by & compmison of poly{athyiene adipate) with
poly{trimat] ?'lnne adipate) as well a3 a comparison
of polvfethylene suconate) with polyipentamethyl-
ene guceinate}. .

Third, it appears that diferences 1n the arrange-
ment of the carbon atoms in the plyeol chain alse
affects the comprassibility, Thus,‘pnly(prqg‘}'lene
adipate) and poly(trimethiylene adipate) differ n
their compressibilities in that the branched three
carbon group has a lower compressibility than the
gtraight chain arrangement. Similar behavior is
obhserved in a comparison of poly{necpentyl suc-
cinate) with poly{patitamethylene steeinate).

The spreadin%gﬁm]mer Iz has been shown by
others [2, 5] to be independent of molecular weight.
Cris&iﬁ] has shown that polymer films ave completely
spread when the specific arcas are reproducible and
independent of the sclvent or solution conecentration
over a moderate conceliteation range. The spreading
of both poly(ethylene adipate) and poly(propylene
adipate) were independent of the quantity ol ma-
terial spread, over the concentration range studicd
ns shown in Ggures 1 to 3. As eompletely 5premj
filma are assumed to be independent of molecular
weizght, the surface pressure was plotted a3 & function
of the arca of the repeating structural unit. Such
isotherms for the three polyesters are given in figure
5. Experimental points from different runs are given
on esch curve, except lthose of poly{trimethylenc
adipate) sPraﬂ..d from woetons.

There 13 a large differcnee in the jsotherm of
palv{ethylens adipate), as showr in curve O, figure 5,
and that of polg;geth Aene suceinate) (fig. 5, ref. 1),
The increase in the I%}ngt.h of the repeating unit by
the addition of twe methylena groups in the acid
changed the collapse pressure from approximately 4
dynesfern for the snecinate to approximately 12
dynesfem for the adipate polymer. This is vory
Likely due to the greater freedom of orientation of

m
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the carbonyls in the interface, resulting in & higher
vertical component of the dipole. The extrapolated

ent area for the adipate polymer is 75 A% and
60 to 70 A2 for the suceinate polymer. These values
are sompwhat larger than the mimmmun ealculated
from molecular models,

The monolayer properties of pely{trimethylene
adipate) spread from benzene, cutve A, are similar
to those of poly(ethylena adipate), curve C, at
moderale surface pressures. At all surface pressures
studicd the segment areas are larger for the poly-
{trimethylene adipaie) than for the poly(ethylenc
adipaie). The extrapolated segment gres of 98 A?
iz 23 A% larger than the value ohtained for the
poly{cthylene adipate) whieh i= in good agreement
wilh the eross-sectionsl ares of a long chain hydro-
carbon, as established by mwnolayer mcasurements.

5. Summary

Differences in the surface pressure—-area isotherms
of the three adipate pelycsters studied were found
to be related to differences in the chemical slructure,
Large differences were also observed between these
pdyesters and snceinate polyesters studied previ-
uusﬂn A lurge difference was obszrved between the
observed and the caleulated specific area for the
repeating unit of poly(trimethylene ndipate). As
in the case of Lhe succinate polyesters, one of the
adipate polyesters studied did not collapse at high
Pressures.
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