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Abstract: The surface viscosities of a series of polydimethylsiloxanes were studied using a canal
viscometer as well as a torsional surface viscometer. The siloxane monolayers investigated had molecular
weights ranging from 520 to approximately 105,000 and included both the ethoxy and trimethyl end-
blocked polymers. The surface viscosity of even the highest molecular weight polydimethylsiloxane
monolayer was extremely low, below the limit of sensitivity of the canal viscometer, which is of the order
of 10-% surface poise. This surface viscosity is remarkably low when compared with monolayers of other
polymeric materials that have been studied at the water/air interface. Many of these polymers such as
poly-e-capramide (6-Nylon), the proteins, and synthetic polypeptides have given highly viscous, or
viscoelastic, non-Newtonian films even at film pressures of only a few dynes/cm. The low surface viscos-
ity of the siloxanes reflects the relatively low intermolecular cohesion that exists between adjacent
siloxane chains in a monolayer. This low surface viscosity may in part explain the defoaming and
antifoaming ability of the polydimethylsiloxane fluids.

INTRODUCTION

Monomolecular films of many polymeric ma-
terials, such as poly-e -capramlde (6-Nylon) and
synthetic polypeptides, adsorbed at the water/air
interface are known to have high surface vis-
cosities, even at film pressures as low as 1 or 2
dynes/cm (1-3). This is particularly true for pro-
tein monolayers, which often become plastic or
viscoelastic as the film pressure increases (4-8).
The high surface viscosity or viscoelasticity of
these films has been attributed to the strong inter-
molecular cohesive forces, such as hydrogen
bonding, that occur between adjacent molecules
in the film. The rheological properties reported
for films of a variety of synthetic polypeptides
were similar to those of the natural proteins, the
surface viscosities being high and generally non-
Newtonian as the films were compressed (9-12).
Studies have also been made of the viscoelastic
properties of other synthetic polymer monolayers
such as the various Nylons, polyvinylacetate
(PVAc); polymethylacrylate (PMA), and poly-
(methyl methacrylate) (PMMA) (13-15). The
Nylon monolayers were found to be highly viscous
or viscoelastic at close packing, indicating a high
degree of intermolecular cohesion. Motomura and
Matuura (14) reported the surface viscosities of
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the following polymers to be in the order PMMA
> PMA > PVAc, the same order as the relative
cohesive energies between monomers of the
polymers, with the PVAc perhaps being slightly
soluble.

Unlike the above polymer films, polyorgano-
siloxanes should exhibit low intermolecular co-
hesidn, and one would predict their surface
viscosities to be extremely low. Monomolecular
films of the siloxanes (or “silicones”) have been
spread at the water/air interface, and their sur-
face behavior in terms of film pressure vs the area-
per-molecule (F wvs A) and surface potential uvs
the area-per-molecule (AV us A) have been dis-
cussed (16-19), but little has been reported
regarding their rheological behavior. The vis-
cosity of siloxane monolayers is of particular
interest in view of their known proficiency as de-
foaming and antifoaming agents (18); however,
the mechanism by which the silicone monolayers
act at defoaming agents is still not known. The role
of surface viscosity in determining the ability of
many surface-active agents to stabilize foams is also
not completely understood, although with foams
stabilized by proteins the high surface viscosity
appears to be a dominant stabilizing factor (20,21).
On the other hand, many of the common de-
foaming agents such as 2-ethylhexanol or methyl-
isobutylcarbinal will have very low surface vis-
cosities. In addition to the viscosity effect, Ellison
and Zisman (22) proposed that the defoaming
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ability of the siloxanes in both aqueous and non-
aqueous systems is due to (a) the ability of silicone
monolayers to adsorb at the liquid/gas interface
and displace the previously adsorbed foam-
stabilizing materials and (b) the inability of the
silicone monolayers to increase the viscosity of
the water/air or organic liquid/air interfaces.

In this study the rheological properties of a
number of siloxane monolayers were investigated.
The surface viscosities were determined with a
canal viscometer when applicable, since the canal
technique is capable of greater sensitivity and
accuracy than those techniques based on the
torsional behavior of a ring or disk suspended in
the interface (23,24).

The canal viscometer is satisfactory at film
pressures below the characteristic “plateaus” in
the F vs A curves of siloxane monolayers. At higher
film pressures, extending into the plateau region,
the adsorbed molecules on each side of the canal
will have quite different orientations and com-
pressibilities, and it is difficult to assign an average
viscosity to the film in the canal. Another dis-
advantage of the canal technique is the difficulty
of correlating the surface viscosities with the
various inflection points of the F vs 4 curves of
the siloxanes, particularly in the plateau. For
these reasons it was decided to-use a torsional
viscometer as well as the canal viscometer, especial-
ly at the higher film pressures.

EXPERIMENTAL DETAILS
Materials

Two series of well-defined polydimethyl-
siloxanes, kindly supplied by the Dow Corning
Company, were available for this investigation,
the ethoxy end-blocked compounds with the
general formula C;Hs;O[Si(CH3):0].C:Hs -and
the trimethyl end-blocked series (CHj)Si[OSi-
(CH3):].0Si(CHy)s. Of these compounds the
ethoxy end-blocked siloxanes having n =4, 6, 8,
10, 14.5, and 67 and the trimethyl end-blocked
compounds having n = 6, 10, 15, and 43 were
studied. A phenylated siloxane from Dow Corn-
ing, DC 510, also was used in this study. Two
samples of this phenylated compound, containing
one phenyl group for every 20 methyl groups,
were investigated, a 50-centistoke fluid and a
100-centistoke fluid. Compared with many

polymers, the molecular weights of these com-
pounds are all rather low, the molecular weight
of the n = 67 ethoxy end-blocked siloxane being
only about 5000. In order to study the surface
viscosity of higher molecular weight silicones, it
was necessary to go to the less well defined, higher
bulk viscosity compounds. Dow Corning DC 210
(30,000 centistokes at 25°C) and Viscasil 100,000
(100,000 centistokes at 25°C) from the General
Electric Company were selected as the higher
molecular weight siloxanes, the average molecular
weight of Viscasil 100,000 being estimated at
about 105,000.

To remove surface-active impurities, the lower
viscosity siloxane fluids were put through adsorp-
tion columns containing activated Florisil. Those
silicones too viscous to flow readily through
adsorption columns, however, were used as
received. Spreading solutions of the siloxanes were
prepared by dissolving known amounts of each
compound in C.P. petroleum ether (b.p. 41-55°C).
The petroleum ether was also percolated through
activated Florisil. The spreading solutions were
delivered to the water surface from Misco micro-
pipets. In each case the substrate was triply
distilled water, with an all-quartz apparatus being
used for the final two distillations.

Canal Viscometer

The canal surface viscometer used in this study
was described in detail previously (25). Briefly,
it employed a narrow, deep canal as suggested by
Harkins and Nutting (23). The canal was formed
from two glass microscope slides 7.5 cm long,
0.1 cm thick, and 1.6 cm wide. The slides were
placed in a film balance trough so that the upper
edges were exactly level with the free water
surface. Only the upper edges of the slides were
coated with paraffin; those portions of the slidés
remaining in contact with water were left hydro-
philic to prevent slipping between the substrate
water and the sides of the canal. The viscometer
was constructed such that the canal width and
alignment could be carefully controlled. The
canal assembly was mounted in the middle of a
Cenco hydrophil balance. A modified Cenco
torsion head was used to measure the drop
in film pressure between the ends of the canal,
‘while a Wilhelmy-type tensiometer continuously
monitored the film pressure of the monolayer at
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one end of the canal. All film balance surfaces
that came in contact with the substrate were made
hydrophobic by coating with a thin layer of
paraffin,

The procedure used to determine surface
viscosity with the canal viscometer essentially
involved measuring the amount of film passing
through the canal in unit time with a given pres-
sure. difference between the ends of the canal. A
monolayer was initially spread outside both ends
of the canal and then compressed with the barriers
until the film on one end registered a pressure F;
and the film on the other-end a pressure F». The
pressure differential along the canal was then
AF =F,—Fs, and the average film pressure in the
canal was assumed to be (Fy+ F3)/2. During the
present investigation a pressure difference of 2
dynés/cm was routinely maintained along the
canal.

For a canal of this design Harkins and Kirkwood
(26) propsed that the rate of flow of film material
through the canal is related to the absolute
viscosity 7 of the ‘monolayer by the equation

(FI_F2)a3__.a« To
1210 pa M

n:

in which a is the width of the canal in centimeters,
@ is the area in square centimeters of film flowing
through the canal in 1 second, [ is the length of
the canal in centimeters, and o is the bulk viscosity
of the aqueous substrate. These measurements
were all carried out at 20 % 0.2°C.

Torsional Surface Viscometer

The torsional viscometer was similar to many
that have been reported in the literature (24,27,
28). It consisted of a hollow sharp-edged brass
cylinder 1.750 cm in diameter suspended from a
torsion wire 41.8 cm long and 0.010 cm in diam-
eter. The sides of the cylinder were coated with a
fluorocarbon polymer (29) to prevent erratic
wetting of the cylinder by the substrate. In prac-
tice the cylinder height was adjusted so that the
ring formed by its bottom edge just touched the
water surface. The moment of inertia of the

cylinder was 44.92 g-cm? but.could be increased to.

more than 150 g-cm? by adding circular disks of
known moment of inertia. The outer wall of the
cylinder was calibrated, in degrees, permitting

the periodic motion to be determined using a
cathetometer telescope.

The torsional viscometer was mounted in a
Langmuir-Adam-type film balance, which had a
Pyrex glass trough 12 cm wide, 74 cm long, and
0.5 cm- deep, with the rim lightly coated with
paraffin. The film balance was equipped with a
modified Cenco du Nuoy torsion head that was
sensitive to changes in film pressure of 0.05 dynes/
cm. The viscometer cylinder was approximately
6 cm from the torsion head and about 5 cm from
each side of the trough. This film balance was also
used to determine the F vs A curves of the siloxane
monolayers prior to the viscosity determinations.

Surface viscosity was determined by measuring
the logarithmic decrement of the torsional oscil-
lation of the ring at a clean water surface and
comparing it with a similar measurement for the
monolayer covered surfaces. The surface viscosity
1 was calculated using the equation (30)

A A
n=2H.I, (T - F:) @

where T is the period of oscillation (the subscript
zero refers to the clean water surface), A is the
natural logarithmic decrement of the damped
oscillations, I, is the moment of inertia of the
oscillating ring assembly, and H; is an apparatus
constant dependent upon the geometry of the
equipment. During most of the experiments I,
was 114.47 g-cm? and T was 16.8 sec. The period
of oscillation was the same for both clean and
monolayer-covered surfaces. The apparatus con-
stant Hs is given by the equation

1 1 1
H=7, (“ ‘—) 3)

where r; is the radius of the ring and r; is the
effective radius of the film trough. In the present
experiments H; is 0.0237 cm=%. To determine A,
the natural logarithm of the peak amplitudes of
the oscillations was plotted against the number of
oscillations, the slope of the line being the logarith-
mic decrement. In this study at least 10 periodic
oscillations were plotted for each A determination.
As required by theory the logarithmic decrement
was found to be independent of the amplitude of
the oscillations. All measurements with this appa-
ratus were carried out in a constant-temperature
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room at 25 & 0.5°C. The apparatus was further
enclosed in a glass and aluminum box with
exterior controls.

RESULTS

Isotherms of Film Pressure vs Area/Molecule

Isotherms of F vs A were determined on triply
distilled water for each of the siloxane monolayers
studied. The data shown in Fig. 1 are for a series
of trimethyl end-blocked polydimethylsiloxanes
but are typical of the results obtained with each
of the siloxanes. Each F vs A curve was repeated
at least three times, the variation between the
separate runs being less than 0.2 dyne/cm at any
area/molecule. These curves are also in agreement
with those previously reported in the literature
for similar siloxanes (16-19). Monolayers of the
low molecular weight siloxanes (n < 6) were not
stable with time and appeared to be either slightly
soluble or volatile. Also they did not show the
plateau in the F vs 4 curve, or the inflection points
that are characteristic of the higher molecular
weight siloxanes.

. Surface Viscosity by Canal Viscometer

Use of the canal viscometer was limited to
siloxane monolayers having an average film pres-
sure in the canal of 1 to 7 dynes/cm. Because of
instability of monolayers of the low molecular
weight siloxanes, the method was also limited to
those siloxanes where n = 8. Surface viscosities
were determined at several canal widths up to
0.190 cm as an independent check on the tech-
nique. With the narrower canals, less than about
0.092 cm, there was a significant scatter in the
results, perhaps due to frequent blocking of the
narrow canal by dust particles and other small
obstructions.

For every compound studied, at a given canal
width and film pressure, at least 3 independent
determinations of the film flow rate were made,
and every determination was the average of at
least 5 consecutive measurements. It was found
that at a given canal width the film flow rate Q
was independent of the molecular weight of the
polydimethylsiloxane (with » = 8) and indepen-
dent of film pressure, at least up to 7 dynes/cm.
The combined film flow rate data for all siloxanes
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Fig. 1 — Film pressure vs area/molecule for polydimethylsiloxanes
of the type (CH3)sSi[O Si(CHg)2)OSi(CHs)s on distilled water
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TABLE 1
Combined Canal Viscometer Data for all Polydimethylsiloxanes at all
Average Film Pressures Studied (Data Given for Five Canal Widths)

)]

() 2) Stail?:i)ard Unco(r‘t")eCted Standard (6) 7
Canal | Film Flow Deviati Surf: Deviation of | Correction | Corrected Surface
Width | Rate, Q cyiation urlace Uncorrected Factor Viscosity: (4)—(6)

of Film Viscosity :
(cm) | (cm?/sec) . Surface from Eq. (1) (surface poise)
Flow Rate | (surface poise) Vi .
. iscosity

0.092 0.0565 0.0020 0.000295 0.000015 0.000293 +0.000002
0.117 0.0946 0.0039 0.000370 0.000015 0.000373 —0.000003
0.141 0.140 0.006 0.000446 0.000019 0.000449 —0.000003
0.166 0.190 0.008 0.000526 0.000021 0.000529 —0.000003
0.190 0.248 0.011 0.000625 0.000028 0.000605 +0.000020

at all film pressures studied gave more than 100
independent determinations of @ at each canal
width. The average film flow rates and the stan-
dard deviations at each canal width are listed in
Table 1. In column 4 of Table 1 are given the
average uncorrected surface viscosities of the
siloxane monolayers as calculated from the first
term in Eq. (1), followed by their standard devia-
tions in column 5. In column 6 the correction
factors are given as calculated from the second
term of Eq. (1). It is apparent that the surface
viscosities of the polydimethylsiloxanes are de-
termined as the difference between the two
relatively large numbers. The differences between
columns 4 and 6, or the corrected surface viscosi-
ties, are seen to be extremely small, of the order
of '10-% surface poise or less. In each case the
corrected surface viscosities are less than the
standard deviations in column 5. It is apparent
then that the true surface viscosities of poly-
dimethylsiloxane monolayers will be extremely
small, probably less than 10-3 surface poise. The
surface viscosities of those slightly phenylated
siloxanes studied were not significantly different
from the polydimethylsiloxanes. Surface viscosi-
ties were not reported for the more highly phenyl-
ated siloxanes, as well-definéd samples of these
materials were not available.

Surface Viscosity by Torsional Viscometer

The torsional viscometer was used to determine
primarily whether the siloxane monolayers

developed an appreciable viscosity at high film
pressures and further whether any of the inflec-
tion points in the F vs A curve gave corresponding
changes in surface viscosity. Fewer of the siloxanes
were studied by this technique than by the canal
viscometer, the experiments being limited pri-
marily to those compounds having higher molec-
ular weights. For each compound studied a plot

_of the natural logarithm of the peak amplitude of

each oscillation vs the number of oscillations was
constructed, as shown in Fig. 2 for the 30,000-
centistoke polydimethylsiloxane. The slope of this
plot gives A, the logarithmic decrement of the
torsional oscillation. In Fig. 2 the logarithmic
decrement A varied from 0.0602 to 0.0615, with
no obvious trend being observed in going from a
clean water surface to a film pressure of 10 dynes/
cm. The difference of 0.0013 between the extreme
values of M is typical of the data for the other
siloxanes, the maximum difference being less
than 0.0020 in all cases. The insensitiveness of the
measurements can be seen in Fig. 3, where the
natural logarithmic decrement for several of the
siloxanes are plotted against the film pressure of
the monolayers. The solid lines correspond to the
value of Ay for a clean water surface, and the
points correspond to the logarithmic decrements
determined in the presence of the monolayers.
As the values of Ao are within the extremes of A
for the monolayers, it is apparent that the log-
arithmic damping 6f the oscillating cylinder on
clean water is not signiﬁéantly different from that
on a monolayer covered surface. Therefore, the
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Fig. 2 — Natural logarithm of the peak amplitudes of the torsional oscillations vs the number of
oscillations for monolayers of a polydimethylsiloxane (30,000 centistokes at 25°C). The slope
gives A, the logarithmic decrement of the torsional oscillation.

surface viscosities of polydimethylsiloxane mono-
layers are certainly below the sensitivity limit of
this torsional viscometer, even at film pressures
corresponding to the collapse pressures of the
monolayers. A difference of 0.020 in the log-
arithmic decrement corresponds to a surface
viscosity difference of 0.00065 surface poise,
which may be taken as the sensitivity limit of
this torsional viscometer. The surface viscosities
of the siloxane monolayers are certainly well below
this value.

DISCUSSION

The results of this study show that the surface
viscosities of the polydimethylsiloxanes are cer-
tainly below the limit of detectability of the
surface viscometers used and are exceptionally
low for polymers adsorbed at the water/air
interface. Based on the results of the canal
viscometer, their viscosities are probably below

10-% surface poise. Even when the monolayers.

are highly compressed and begin to show visible
evidence of film collapse, there is no measurable
surface viscosity. A surface viscosity of this
low order of magnitude seems quite remarkable

for a long-chain pelymeric material, particularly
one having a molecular weight as high as about
105,000. This must reflect the low intermolec-
ular cohesion that is present in-siloxane films,
compared with monolayers of proteins and cer-
tain linear synthetic organic polymers (14).
Therefore, it can be concluded that the ability
of siloxane polymers to act as defoaming and
antifoaming agents is undoubtedly related
to their unusually low surface viscosities and
their ability to displace the less strongly ad-
sorbed foam-stabilizing materials.

Garrett and Zisman (31) have reported another
remarkable and interesting property of the
linear polydimethylsiloxane films, namely;, their
remarkable effect on the so-called capillary waves
on water. They reported that these films can
be very effective in damping the capillary waves,
but only at certain states of compression of
the monolayer. These siloxanes gave large
“damping coefficient” peaks at areas/molecule
corresponding to (a) the initial rapid increase
in film pressure with decreasing area, (b) the
beginning of the plateau region of the F vs 4
curve, (c) the inflection point on- the plateau,
and (d) the approach to closest packing of the
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Fig. 3 — The logarithmic decrements of torsional oscillation (\)
of several polydimethylsiloxanes as a function of the film pressure
of the monolayer. The solid line corresponds to Ao, the loga-
rithmic decrement for clean water.

adsorbed molecules. Between these peaks the
monolayers had only a small effect on the ampli-
tude of the capillary waves. It is interesting that
surface viscosity shows no such correlation with
structure of the monolayer, or that such a re-
markable damping of capillary waves can occur
at all in the absence of a measurable surface
viscosity.

REFERENCES

1. Langmuir, I., and Schaefer, V. J., Chem. Rev. 24:181 (1939)

2. Fourt, L., J. Phys. Chem. 43:887 (1939)

3. Joly, M., Biochimica and Biophysics Acta 2:624 (1948)

4. Llopis, J., and Albert, A., Anales de la Real Sociedad Espanola
de Fisica y Quimica, Ser. B-Quimica 55B:109 (1959)

5. Motomura, K., J. Phys. Chem. 68:2826 (1964)

6. Biswas, B., and Haydon, D.A., Proc. Royal Soc. (London),
Ser. A 271:296,317 (1963)

7. Inokuchi, K., Bull. Chem. Soc. Japan 26:500 (1953); 27:203
(1954)

13.
14.

15.
16.

17.

18.
19.

20.

. Tschoegl, N.-W_, and Alexander, A.E., J. Colloid Sci. 15:168

(1960)

. Tkeda, S., and Isemura, T., Bull. Chem. Soc. Japan 32:659

(1959); 33:137 (1960)

. Isemura, T., Hamaguchi, K., and Ikeda, S., J. Polymer Sci.

23:651 (1957)

. Isemura, T., and Hamaguchi, K., Bull. Chem. Soc. Japan

27:125,339 (1954)

. Yamashita, T., and Isemura, T., Bull. Chem. Soc. Japan

38:420,426 (1965)

Inokuchi, K., Bull. Chem. Soc. Japan 28:453 (1955)
Motomura, K., and Matuura, R., J. Colloid Sci. 18:295
(1963)

Yamashita, T., Bull. Chem. Soc. Japan 38:426 (1965)

Fox, H. W., Taylor, P. W,, and Zisman, W. A., Ind. Engin.
Chem., 39:1401 (1947)

Fox, H. W., Solomon, E. M., and Zisman, W. A., J. Phys.
and Colloid Chem. 54:723 (1950)

Bass, R. L., Chem. Ind. (London) 912 (1959)

Noll, W., Steinbach, H., and Sucker, Chr., Berichte der
Bunsengesellschaft fiir Physikalische Chemie 67:407 (1963)
Ewers, W. E., and Sutherland, K. L., Australian J. Sci. Res.,
Ser. A. 5:697 (1952)



8 N. L. JARVIS

21. Kitchener, J. A., and Cooper, C. F., Quarterly Reviews  28. Fourt, L., and Harkins, W. D., J. Phys. Chem. 42:897 (1938)

13:71 (1959) 29. Bernett, M. K., and Zisman, W. A., J. Phys. Chem. 66:1207
22, Ellison, A. E., and Zisman, W. A,, J. Phys. Chem 60:416 (1962); “Prevention of Liquid Spreading or Creeping,”
(1956) Advances in Chemistry, No. 43, p. 332, American Chemical
23. Nutting, G. C., and Harkins, W. D., J. Am. Chem. Soc. Society, Washington, D.C. (1964)
62:3155 (1940) 30. Tschoegl, N. W., Koll.-Zeit. 181:19 (1962)
24. Boyd, G. E., and Vaslow, F., J. Colloid Sci. 13:275 (1958)  31. Garrett, W. D., and Zisman, W. A., “Damping of Capillary
25. Jarvis, N. L., J. Phys. Chem. 69:1789 (1965) Waves by Monomolecular Layers of Linear Polyorgano-
26. Harkins, W. D., and Kirkwood, J. G., J. Chem. Phys. 6:53,298 siloxanes,” presented at 150th American Chemical Society
(1938) Meeting, Colloid and Surface Chemistry Division, Atlantic

27. Myers, R. J., and Harkins, W. D., J. Chem. Phys. 5:601 (1937) City, New Jersey, Sept. 16, 1965



Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classilication of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINATIN G ACTIVITY (Corporate author) 2a. REPORT SECURITY C LASSIFICATION
Naval Research Laboratory Unclassified
Washington, D.C. 20390 2b. GROUP

3. REPORT TITLE

SURFACE VISCOSITY OF POLYDIMETHYLSILOXANE MONOLAYERS

4. DESCRIPTIVE N?TES (Type of report and inclusive dates)
An interim report on the problem.

5. AUTHOR(S) (Last name, first name, initial)

Jarvis, N. L.
6. REPORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFsS
September 23, 1966 10 31
8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S)

NRL Problem C02-10

b. PROJECT NO.

NRL Report 6430

RR 001-01-43-4751

c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned

this report)

d.

10. AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Department of the Navy (Office of Naval
Research), Washington, D.C. 20360

13. ABSTRACT

The surface viscosities of a series of polydimethylsiloxanes were studied using a
canal viscometer as well as a tarsional surface viscometer. The siloxane monolayers
investigated had molecular weights ranging from 520 to approximately 105,000 and
included both the ethoxy and trimethyl end-blocked polymers. The surface viscosity
of even the highest molecular weight polydimethylsiloxane monolayer was extremely
low, below the limit of sensitivity of the canal viscometer, which is of the order of
10-5 surface poise. This surface viscosity is remarkably low when compared with mono-
layers of other polymeric materials that have been studied at the water/air interface.
Many of these polymers such as poly-e-capramide (6-Nylon), the proteins, and syn-
thetic polypeptides have given highly viscous, or viscoelastic, non-Newtonian films
even at film pressures of only a few dynes/cm. The low surface viscosity of the siloxanes
reflects the relatively low intermolecular cohesion that exists between adjacent siloxane
chains in a monolayer. This low surface viscosity may in part explain the defoaming
and antifoaming ability of the polydimethylsiloxane fluids.

DD .02%. 1473

9 Security Classification



Security Classification

KEY WORDS

LINK A LINK B LINK C

ROLE WT ROLE wWT ROLE wT

Silicon compounds
Organic compounds
Siloxanes

Polymers
Monomolecular films
Viscosity

Surface-active substances
Surface properties
Foaming inhibitors

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION; Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters, Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4, DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered. s

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an ahsolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, 8¢, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity, This number mpst
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator

or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) *“‘Qualified requesters may obtain copies of this
report from DDC.”’

(2) ‘‘Foreign announcement and dissemination of this
report by DDC is not authorized.”’

(3) *“U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

1y
.

(4) “‘U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

”»
.

(5) *““All distribution of this report is controlled. Qual-
ified DDC users shall request through

”
.

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pajy~
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall
be attached. -

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S), (C), or (U).

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize :a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optional.

10

Security Classification




