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 Intreduction and History.

The' fundamental relationship

R § 3 { Vi

in determining the area per molecule is:

Az SH

E7cxva

v where A« area per molecule,
Ss aie&_ ‘cbzccup.{ed By the ~y’zonolayer.
Msmolecular .woight.
£ gxamf_,of stearic acid in volume ¢,
@ svolune of solution.
Vv saliquot of ¢ delivered to the surface.

N 2 avogadro's Number. "
Bach of the terms in the above equation will be discussed in detail below.

8. The 4Area Occupied by the Monolayer,

The apparatus used was the Cenco No, 70551 Hydrophil Balance which is a long,
rectangular, shallow metal trough, the width of the trough is, of courge, con-
stent during a determination. The length oc;cupied by the momrlayvlr may be .va.ried
by means of the xpatai barrier mpplied with the apparatus. The length of the
trough is graduated in céntimot.ors, the zero reading is the point at which the °
mica float traverses the width of the troughs

The mica float is a.ttgehod to the sides of the trough by means of platinum

foil, using DuPont cement. In order to ensure accurate messurement of film
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; tension, the mica float must be allowed to ewing freely, Thﬁo. the zero point
is not constant for the float position is.variable. The variation, however,
is small compared to the ares occupied gy the monolayer in these determina=
tions.

One of the assumptions in using Phe equation given previously is that the
fatty acid forms a monolayer cpmpletely free of #olvent, Whether this a8 sump=
tion is valid is part of the gbject of the present study.

After evaporation, the lgyer should coneist only bf stearic acid. However,
in a peper issued by the Divjsion of Colloid Chemistry of the American Che=
mical Society, entitled "Abgtracts of Papers Presented at Atlantic City, New
Jersey, September 15 to 18,, 1959," the author's uttention was brought to
article 14 by V. K. La Mersand Max L. Robbins, "The Effect of the Spreading
Solvent on the Propertiea of Monolayers,"” whioh stated that benzene was ad-

. o
ther supported by their paper, and by an article by Mme. Ter iinassian faraga.

sorbed too strongly to be uaeg as a spreading solvent. Thie argunent was fur~
3 ;
Ke J. Mysels gives a simple graphic discussion of what happens to molecules of
fatty acide when spread from benzene. The hydrophillic heads, or =GO00H groups,
will lie in the water, but benzene is pictured as ocaupying space between the
tails of Fhe molecules. Benzene would be more likely to be found_in the monolayer
than n-hQQane bq?ause éf the greﬁtg:\fqnqq of attraction of water for benzene
than n=hexane dﬁe to its higher polarizability and its lower volati&ity. Thus,
the area covered by a stearic acid monoleyer spread with benzene may be larger

than expected. Appa;ently, this was the case in the experimental results obtained



- by La Mer and Robbins.

Weight of Stearic 4cid, Volume of Solution and Size of Aliquot.

The main object of the present gstudy was to observe the offoct of c‘oncentra-
tion, and consequently the aliquot on the crose-sectional aree of a fatty acid
molecule. The apparatus limits the range of weights of stearic ascid thnt onn
be added to the surflace to approximately 2x10-6 to 9x10 e grama. The manner i.n
which these weights of stearic acid nay be delivered are varied as rolleua: ‘

@e) Low concentration, large aliquot. :
be) High concentration, small eliquot. ‘

With low concentrations of stearie acid, a large qumtit& of nolvont.ia ad-
ded to the surface of the sublayer. If the t.hoory of La Mer and Robhin- 13 e
be accepted, there would be more chance of retention of solvent in method (a)
than (b). Thus, various concentrations of fatty acid were used, with approximt?-

ly equal repetition of varying methods of delivery, which are described below.

4. The Molecular Weight.

The values of areas of fatty acid molecules from 16-20 carbon atoms in length
02
are approximately 22 = 23 (A)» This could lead to only one coneclusion; that the

long-a«cia of the molecules must lia perpondicular 120 the aurf‘aoo of the. wator

1

when the filu is compreaaed and that it is indeed the orose-section of this axis

that is being measured. &

The following values are takénvfrom,‘l.'.gngmir'a article,
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. -16 2

Palmitic 4cdd C H COOH 21210  (eom.)
15 31

=16 2

Stearic acid ¢ H &ooy 22x10  (em.)
17 35

=16 2

Cerotic Acid ¢ H QOOH 25x10  (pme)
25 o ¥ b

It would seem that oleic acid, with 18 carbon atome would fall into this
category also. However, Langmuir theorizes that the double bond of the aéid lies
on the surface thus occupying more area of the monolayer. This corresponds to

the values obta;ned. which are almost twice those of stearic acid.

Other Variables.

Thus, the monomolecular area is subject to the above variables and a few
mora.lfheao include the hydrogen ion concentration, which pubhes the curve to
the left, making the cross~sectional area amﬁller, according to Langmuir,

The time ailowad for evaporation of solvent, the nature of the solvent, and
the'témperature et which the run was made are other variables.

Tha limiting area is also dependent upon the method of extrapolation of the
curve, particularly in the case of benzene as spreading solvent.

Early History. . TR SRR

The adsorption of films on liquide has been investigated aince}1?6§, when

Bqnjamin_Franklin estimated the thickness of a layer of olive oil on water to

a'&
be 25 (A)o
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Irving Liengmuir in 1917, examined surface filmﬁ and came ﬁo the conclusion
that these films were monomolecular. In his paper "The Constitution and Punda=
mental Properties of Solids and Liquides II. Liquidl.?' he discussed the pro-
perties of oil films spread on ﬁater. |

Through the efforts of Irving Langmuir, A+ Marcelin, A. Pockels, Lord
Rayleigh, and others, a film balance of.the type shown in the appendix was de~
veloped, Of course, the first balances were crude, coneiuting only of a trough
and paper strips to hold the monolayer, with no instrument for measuring the
amouht of tension produced by the film. Tangmuir, however, developed f,he balance
t the stage where tension of tie filﬁ could be measured.ﬂ

‘Thus, Lengmuir had & method for measuring the area per molecule by depositing
a known volume of solution having a known' ¢oncentration of substance. to be spread,
on water, in a trough of the type shown in the diggram. The areéa may be varied
by moving the metalzbarrier; The tension may be measured by knouiné the torque
produced on the wire, and moaauring'tﬁié"foiéa in dynes, and converting to dynes

per centimeter.



Bxperimentel Progedure.

The experimental procedure which was finally \aett‘led on, was as follows:
the trough was rinsed once with distilled water, then wiped out with a clean
cloth, then rinsed again, and finally filled to the brim with water, a ﬁlight
meniscus shoﬁing. The barrier was then pushed from zero to the back of the
instruwent, thus removing surface sctive material remaining.,

The solutions which were used varied in the following manno;. The stearic -
acid was dried, for a full day, in !gggg, after recrystallization from spreading
solvent., The stearic acid was then weighed on an analytical balance, and transe
fer;ed to 100 ml; volumetric flasks. The benzene was of CeP. grade, and was
redistilled over a one~degree range. The n=hexane, however, was CePey but not
redistilled.

The method of delivery to N sublayer varied with the conoentratioﬁ. all
oonceﬁtrationafhbova 0s2 gu./100 ce, were héliverédhby é’ldmhda'hiiette. Thesae
deliveries were considered to be inaccurate due to the small-volume, and the
large error incurred by delivering it. The concentrations between 0.2 gm. /100 cec.
and 0,002 gm./loo ‘cce wore deliverod by meana of the Aminco Automatic Burette.
The instrument measures volumes quite accurately to plus or minus 0.,0002 ml.
However, this accuracy is dependent upon the observer's ability to stop the ap=-
paratus after a drop has come off' tie tip of the burette. However, with practice,
this end is accomplished wlth some dagreo of success,

Delivery of volumes with a graduated five cc., pipette are lub;ect 40 error of

plus or minus 0.2 ml.
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aAfter delivery, approximately one hour was allowed for evaporation of sol=-
vent in most cases.

The metal barrier was then pushed in abpmximately e oentimeter at a tiue,
and the film tensions recorded. ‘

.From these consideratione the ares occupied per molecule of stearic acid may
be determined by plotting film tension versus area per molecule, and extrapolaﬁion
of the curve to zero film tension gives the area Per molecule. Plots were obtained

for stearic acid similar to the one below of Langmuir's,

o0

6.8 =

Film Tension Dynesfem.)

; " ¥ !
oo ' 20.0 l‘b.o H.0

ﬂ-'lg ,'lhdcgq‘g (5)&

All variables except nature of solvent and concentration of stearie acid in

solvent were kept constant.



Bxperimental Results.

Five calibration curves were constructed approximately one month apart, and
- were fairly constant oxoept for No. 1.

A full semester was spent in getting the apparatus to operate. Various types
of cement were used to stick the platinum foil to the mica and to the trough,
DuPont cement was found to be the best.

Threads were used instead of platinum foil and it was found that the mono-
layer would leak past the threads, as the threads. were wettod by the water. 4
larger wire was inserted in the torsion part of the apparatus, but was found to
have too little sensitivity to be of valge‘in determining filu tension, and the
wire advised by the Central Soicntific cohpany was used.

The tray was coated with paraffin with run 1b, and it was decidodAthat par=
affin was being diseolved by the benzene spreading solvent and thus affecting
the area per molecule. The pareffin Was removed aéter this rﬁn and the tray was
¢oated with an Epon resin of the type, two parte Epon 1001, one part'lb;‘jvaatn.

Q
lyst, and cured at 350 F. for one hour,

With the exception of taking out the paraffin it was found after many ropairl,
that the materials offered by the Central Scientific Company should be used im-
plicitly. Many more runs were made than are obaerved in the data. Due to leakage
of the film past the barrier, their results are not inéludod. :

The table following on the ne:t Page glves the pertinent data,
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Table of BExperimental Results

1b
2b
3b
4b
5b
6b

1h
2h
3h
4h
5h
6h
7h
8h
9h

Graph No.

-

¢ Tk

Solvent

Gonece.

( gme/100 co.)

Benzene
Benzene
Benzene
~ Benzene
Benzene

Benzene |

Benzene

Hezane
Hexane
Hexane
Hexane

| * Hexane

Hexane
Hexane
Hexane
Hexane

0.01
0401
0401
0.01
0410
0.01
0.0025
040028
040028
0.0011

0.0011
040011

0.0143

0.0143
042466
0e2466

Delivery ’Timo‘ Teup. | Ares/ Film

(cce) [J(mina)] (0Ce) | Molecule| Tension**
02 (Dynes/

4_J====#======L==========£é;======g:;;====
04506 15 4 25,0 | 22:0 20,0 :
0.485 60 2540 21.0 55
04370 15 | 24,7 11,0 240
0. 468 30 25.0 3240 6.0
0,0889 60 2644 24.0 17.0
0.512 60 23,0 2640 26,0
9.01 c'v} 25,0 ——— ——
1.656 20 25.0 22,0 19.0
1.517 60 25,0 2340 18.0
4,10 [) 2543 2540 2540
4,10 90 2540 28.7 21.0
_4. 10 Uy ¥ ©ttis Al 24.8 1105
0.%26 50 24,0 17.2 1.0

" 104338 90 |' 24,0 | 24,2 2245
00190 60 |, 24.0 2663 360
0.0474 60 25.0 21.8 245

* The time of evaporation of solvent.

¥

CUIrve.

LA

Overnight run.

The lowest point of the straight portion of the Film Tension vs. Area/Molecule
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Sample Data and Calculatione

Date from Run She

" Amount deliverys 0.0474 ce. Distance of barrien 39 «0c .
Ooncentration: 0.2466 gm./100cc. Film Tensions }.5-
Width of Trough: 14.0 cm, Length Weight Moment arms 6.5 cm., -

Length Film Tension Homent Arm: 7.5 cme Molecular Weight: 285 gm./mole

: A& o8 Lngv n w2
A,14.0 om.x39.0 cm.x285‘ /mlexlO Ql/ou. » T 22,1 (4)e

042466 x 10 gm./cc. x 0.0474 e0s X B O2x10 molecules/gme=mole

2¢5 Film Tenaion is equivalent to 7+0 mg. according to calibration curve No. 54

-3 2
FoToz 740 mge x 645 cms/745 cms x 10 _gm./ge x 980 om./seo. * Q.424 dynes

. 11,.0 Cile chie




Discussions’

As may be seen from runs lh~9h, the average cross=sectional area of a stearic
- aeid molecule with hexane as solvent is 23,7 (:)? This value varies a small degree
from X-ray diffraction studies, which gives a cross-sectional area of 22.4 (:)f

It is the author's opinion that ﬁexane should be used as aolvent rather than
benzene. For instance, run lb, (wlth benzene as solvent), shows two breaks in
the curve and it is questionable whioh break should be extrapolated. Runs 2b,
3b and 4b show very lqw film tensions and do not aliow ;hch roon for extrapola-
tion. In runs 5b and 6b, the curve rises sharply immediately from zero film ten=-
sion. Run 7b is meaninglese. |

With the exception of runs 6h and 8h, the hexene runs were inVarinbiy auc-.
cessful. 6h gives a small curve for extrapolation end curve 8h gives twé possible
extrapolation pointa.

Whether benzene is irrevocably contéined in the monolayer, has not been borne
out in these experiments. However, it does seem that n~hexesne is the more desir-
able solvent. 4 12 |

If the one run with the lambda pipette and one of the three runs with the
5¢c. pipette that does not agree with thezother two are not included, the data
ghow six values between 21.8 and 2540 (:)o 4 plot of these six points indioates
a trehd toward higher cross-sectional area with larger aliquqt;.

It must be remembered, that if the thiory of La Mer and Robbins is correct,
that indeed the more solvent, the more chance for its retention in the monolayer.

Thus, the graph at the end of this paper shows the general trend of the results.

More work needs to be done to confirm bhis.
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The study of monolayers is useful in‘obtﬁining a true understanding of what
molecules really arey We know they ex;st,_but there are few opportunitios to
" see that they are acufually there, physically. |

With the advent of X=ray diffractdon, Langmuir'se wet method is uub;ect to
}too many variables to be useful in weasuring the cross-sectional area of a mo=
lecule. That a monolayer does exist, and that the concentration of fatty acid
in solvent does play a role in such a determination may be concluded from the

above.
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Conclusionss

Three ognclusions have been observed at the completion of ﬁhin study:
1.) The determination of cross-sectional area is best done without
pa;affin in the trough.
24) n=Hexane is a more desirable solvent than benzdno;
3e) The weight of fatiy acid per 100cc. solvent -should be from 10_2
to 10- grams and the automatic burette should be used to deliver

these concentrations.
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