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ABSTRACT

X-ray photoelcectron spectroscopy has been used to
investigate the surfacc composition (top 50 %) of some
fluorinated polvmers that cither have been, or could
be, used to coat the storage bulbs in hvdrogen masers.
The results indicate inadequacies of some of the
coatings, and the long term effect of exposure to
hydrogen atoms. Recentlv developed fluorinated
polymers have bheen investigated also as posgible
coating materials.

TNTRODUCTLON

With hvdrogen masers under consideration as a timing standard in the
NAVSTAR Global Positioning Svstem, this paper will report the results of
a studv of some of the fluorinated polymer surfaces thal have been used
in hydrogen maser storage bulbs. The possibility of the use of some
fluorinated polymers recently developed at the Naval Research Laboratory
(NRL,) has been considered also. The surface of the hydrogen mascer
storage bulbs may play an important role In both the short term and long
term stability of the maser. TFov ewxample, it has been reported that the
lowest surface hydrogen atom recombination coeflicicent observed (by
about two orders of magnitude) is that in which the surface has been
coated with Teflon (1): this effect could bhe somewhat larger, hut
precision of the reported results was poor. This comparison wuas made
with a wide numbher of surfacc treatments (£2), flvdrogen atom recombina-
tion would take awav hvdrogen atoms that could be Involved in the maser
action. Thus, the surface of the hvdrogen maser storage bulb could
contribute to the poorly understood temperature eflecct on lrequency
changes that have been noted with hyvdrogen masers.

Over the past several vears many new tcchniques for the investigation of
surfaces have become widely available. One of these recent methods Is
X-ray Photoelectron Spcctroscopy (XPS), and it has been used to inves-
tigate the surfaces of a large number of materials including polvmers,

A thorough review of XPS with an emphasis upon [Tuorocarbon polvmers has
been made by Clark and Feast (3), but a [ew highlights will be given
here. A Jow intensitr X-rav source (usually about 1223 or 1486 V)
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impinges upon the material of interest. Both orbital and valence elec-
trons are ejected, and the kinetic energy of these electrons is measured.
The binding energies of the various levels of an element can be deter-
mined from the following equation:

Epp = bV = Fyp = Ogp )
EBE is the binding energy of the level of interest, hu is the photon
energy, K, is the kinetic energy of the ejected electron, and ¢, is
the work %Enction of the spectrometer. XPS spectra can be observed for
all of the elements except hydrogen and helium, and each element has a
unique spectrum. The mean escape depth for X-ray induced photoelectrons
is about 20 &, but with carbonaccous material the mean escape depth may
be greater. Changes in the atomic environment can be followed by the
observation of shifts in the binding encergy. For example, the shift in
the binding energy for the C 1s line is about 7 eV between polytetra-
fluorcethylene (PTFE, compound 1) and polyethylene (3).

{CE, - CF,3_
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EXPERIMENTA],
Materials

Three different tvpes of fluorinated polymer samples have been inves-
tigated. All of the samples were put onto 2 by I cm stages. The first
sel of samples was a IEP Teflon coating of various configurations on
gold-coated Al and quartz stages, and was prepared under the direction
of Dr. R. Vesgot of the Smithsonian Astronomical Observatory (SA0), Cam-
bridge, Mass. The coatings covered either part or all of the underlying
substrate and were thought to be on the order of a few thousand A. Au
was selected as one substrate so that the 4F7 9 photoelectron line could
be used as a standard, and quartz was chosen éo simulate a substrate
used in a maser. The coatings were made from an FEP-120 dispersion, an
aqueous dispersion of FEP Teflon containing a volatile wetting agent;
FEP Teflon is a mixture of polytetrafluoroethylene (PTFE) and poly-
hexafluoropropylene (HFP), Compound TI.

-(CF2 - LF}H

LFB
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The second set of samples was from a film of FEP Teflon that came [rom
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the storage bulb of a used maser from SAO. This thick film had been
removed {rom the maser bulb by an overnight soaking with a few cc of
water., After receipl at NRI., the sample was manipulated with cleaned
tweezers and placed on fresh, clean aluminum fofl; plastic gloves were
used also in the handling of the film. When the sample was unlfolded,
two distinet regions of the film were obscrved; one region was clear and
the other, much smaller in area, had a brown color. The third set of
samples was a [luorinated diglveidyl ether, compound TTL, and the
coupling agent compound TV, a fluorinated anhyvdride, which form a very
high molecular weight cross-linked polvmer. Tluorinated amines have
been emploved as coupling agents also.
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Some of the gpecimens of this set contained aboutr 307, welght, PIFL,
Thege fluorinated polvmers have the abilitv 1o "wet' PTFH, whercas most

polymers do not have this nroperty.

EXPERIMENTAT PROCEDURLES

Spectra were obtained with a Physical Llectronlos NPS/ARS eleciron
spectrometer operating in the 1077 Pa regiou. The ¥-rav source was MgKo
radiation (1253.6 eV) at 10 KV and 30 or 40 ma and & nass enersy ol cither
100 or 25 V was used for all speclra. The arca of anslvsis is a few

mm . Flemental ratios werc deternined Trom the nedel developed by

Carter, Schweiltzer, and Carlson (4. as glven in cguation (2).
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N is the area under the curve of the photoelectron peak, ¢ is the
photoelectron cross section (5), » is the mean escape depth of the
photoelectron (4), and S is the spectrometer response, as a function of
energy (6). More detailed consideration of this model for the determina-
tion of elemental ratios in polymers will be given elsewhere (7).

RESULTS AND DISCUSSION
A, Thin FEP Film from SAO
Tn Figure 1 is shown the XPS spectrum of a thin film made from FEP-

120 dispersion on a quartz substrate. From known binding cuergies (8),
the various peaks in Figure 1 have been identified and the atomic levels

BINDING ENERGY IN {eV)

1000 800 690 490 EQO ‘ o}
Fig
‘ ¢ s
01s |
‘
i M
> ‘\ !
= | I |
2 | f |
| | N |
E i F ! D
z ] AH@ERJ\ ox Fes F2p
g [P N
M 1l k‘ \H“( G Pe by \
V“ i beoT ﬂzp b
i 1‘\ | I
( | \
\mJ\H__,H_*_m_M__W__‘JL\ ______ .
L | i ! ; e e
250 450 650 850 1050 1250

KINETIC ENERGY IN eV,

Figure 1: XPS spectrum of a quartz stage coated with FEP 120 Teflon
dispersion. Elemental peaks are identified on the figure.

indicated. The identification of the X-ray-induced F Auger peaks was
made on the basis of the observed kinetic energy. TIn addition to the
expected C and F XPS peaks, both 3i and 0 XPS lines were observed.

Thus, it appears that the coating is either in the form ¢f "islands,"” or
that portions of the coating are so thin (perhaps 10-20 A at the most)
that the underlying quartz substrate can be observed. If the peaks
ascribed to 0 and Si are not considered, the spectrum in Figure 1 is
very similar to that reported by Clark and Teast (3) for PITE.
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From a detailed analysis of the small peaks due to the Mg ng radia~

tion (9) it was concluded that the minor peak on Lhe high kiué%ic energy
side of the main Cls peak, was due, in part, to some hydrocarbon present
in the coating, possibly the residue of the wetting agent in the FEP-120

dispersion.

Table 1 gives the elemental ratics determined for the quartz sample
covered by the FEP-120 coating as determined by the use of equation 2.

Tahle 1

Llemental and Group Ratios of FEP-120 Teflon-Coated
Quartz, as Determined bv XP5

Ratio Fxperimental Theoretical
C(Ls)/F(ls) 0.47 + 0.04 0.5
C(1s) /¥ (2s) 0.46 + 0,02 0.5
Si(2s8)/0(1s) 0.6 + 0.1 0.3
CF, /810, 9.0 + 0.6
(First Tocation on sample)

CF,/810. 15 + 2

(Second locution on sample)

The observed Si/0 and C/F (C ascribed to C-F bonds) ratlos agree well
with the theoretical ratios. These results are gratiflying considering
the approximations made and some of the small signals observed. TFor the
analysis of the C/¥ ratio, the contribution bv the different C~-F bouds
in HFP to the C 1s signal has been neglected (9). The results show that
little, if any, 0 is present, except that [rom the guartz. On a com=-
pletely polymer coated gold-covered Al stage, onlv a very faint O signal
was observed. Thus, it appears that the coating or surface contamina-
tion contributes verv little O to the surface rexioon.

After these encouraging results werc obtained from the S$1/0 and C/F
ratio measurements, an attempt was made to find the amount of the
fluorocarbon coating relative to the quurtz substivale. Vor this purposc
the number of apparent CF, groups vs. the number of Si07 groups ig of
interest. The ¢/Si, F/0, C/0, and F/S1i ratios were delérmined with the
proper consideration to stoichiometry, and the resulls are given alse In
Table 1. Unfortunately, thesc ratios do not help answer the question of
whether there are blank spots in the coating or just sowe verv Lhin
sections.
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B. Thick FEP Film From SAO

In Pigure 2 (clear portion) and Figure 3 (brown portion) the XPS
spectra ol the film obtained from a used hydrogen maser are shown. The
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Figure 2: XPS spectrum of the clear portion of the FEP Teflon Ffrom
a used hydrogen maser.

spectra were from the side of the film that was believed to he exposed
to hydrogen atoms (this tentative suggestion was prompted by the shape
of the film). All of the films appeared to be continuous, since peaks
from the substrate beneath the films were not detected, and the C/F
ratio (C ascribed to C bonded to F) was close to the expected ratio
(0.5) for FEP Teflon. By the same type of analysis mentioned previously
it was concluded that the clear part of the film indicated a small
hydrocarbon contribution to the C ls signal, while on the other side of
the film there appeared to be little, if any, hydrocarbon type C pre-
sent. Oxygen was not detected on either side of the clear portion of

the film.

The spactrum in Figure 3 (brown film) has marked differences from
the spectrum of the clear portion of the film. The spectra from both
sides of the brown colored film were similar. The C signal due to non-
fluorine bonded € was about one third of that due to F bonded C, while
the O present had about one sixth the intensity of the non-fluorine
bonded C. These results definitely show that there are differences
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Figure 4: Spectrum A. XPS spectrum of compounds III and IV with

50 percent by weight powdered PITFE. Spectrum B. XPS
spectrum of compounds ITI and IV.
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result of a simple scraping of the polymer mixture used in Figure 4
(spectrum A), the XPS spectrum of the resultant film that was observed

is shown in TFigure 5. As can be seen this spectrum is vastly different
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Figure 5: XPS spectrum after scraping of the mixzture used in

spectrum A, Figure 4,
From the spectra in Figure 4. The O and the non-fluorine bonded € peaks
have been reduced quite markedlv. the ¢ (bonded to F) to I ratio is
close to that expected for PTFE. fJhese results sugegest that it is
possible to form a film similar to PTIL from mixtures of PTFE and com-
pounds ITI and TV. (Compounds similar in chemical struvcture fto I1LL and
IV probably could also be used egually as well). Thus, it appears that
PTFE films could be produced in configurations that would be difficult
to Fabricate {rom commerciallv available films or dispersions.

CONCLUSTONS

XPS can be used to examine the {luorocarbon polvmer coatings used in
hydrogen mascrg both before and alfter use In a maser. Films that appear
to be similar to PIFL can be made from powdered PTFL combined with

compounds such as TTT and TV.
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Figure 3: XPS spectrum of the brown portion of the FEP Teflon

from a used hvdrogen maser.

between the clear and the brownm portions of the Lilm. & secms rvea-
sonable to suggest that the brown portion of the film was exposed
directly to the hydrogen atom source, and that the changes extended
throughout the extent of the film. Due to the prior handling and
treatment of the film the absolute results of these analyses cannot be
given with certainty; however, the differences between the clear and
brown portions of the [ilm do appear to be real.

C. NRL Developed Fluorocarbon FPolymers

In Figure 4 (spectrum B) the ¥XPS spectrum of the cpoxy polymer
mixture derived from compounds T11 and IV is shown. Detailed considera-
tion of these spectra will be given elsewherse (7) but a few comments
will be made. The surface composition, as determined by XPS, appeared
to be close to that of the cxpected bulk compogition. The two peaks in
the C region are expected also. Spectrum A in Fipure 4 is the spectrum
of the polymerized mixture of compounds TTI and IV containing 50 percent
by weight of powdered PTFE. As can be seen, the difference betwcen the
spectra in Figure 4 is minimal. 1In a polymer system similar to that in
spectrum A of Figure 4, Hunston, Griffith, and Bowers (10) found that
the frictional behavior closely rvesembled that of pure PIFE. As a






