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Abstract. SFG has been utilized to monitor the surfacesurface, and mass spectrometry for monitoring the desorp-
species present on platinum and rhodium crystal surfacd®n of the surface species [1,2]. Unfortunately all these
during catalytic reactions at atmospheric pressures. Ethynethods require ultra-high vacuum (UHV) and the surface
lene hydrogenation to ethane, cyclohexene hydrogenatiavbserved under UHV conditions is not necessarily the same
to cyclohexane and its dehydrogenation to benzene, arab that present during a chemical reaction. Infrared-visible
carbon monoxide oxidation to carbon dioxide have beersum frequency generation (SFG), a surface-specific nonlin-
studied while also measuring the turnover rates and the g&sar optical spectroscopy [3—6] has recently been used to
phase product distribution by gas chromatography. Stronglgtudy the transition-metal surfaces over a wide range of tem-
bound spectators, weakly bound reaction intermediates, anmkratures120-250 K) and pressures (UHV to atmosphere).
pressure-dependent changes in the chemical bonding of surhese studies have bridged the gap between surface phenom-
face species have all been observed. ena monitored in UHV and relevant reaction pressures [7].

SFG spectra of polyethylene and polypropylene show Polymer surfaces have been extensively studied for many
monolayer sensitivity and reveal temperature-dependegears by using many different techniques such as IR, Raman
changes of surface structure. For polymer blends, the hypectroscopy, XPS, contact angle measurement and atomic
drophobic component segregates to the solid—air interfacéorce microscopy (AFM) [8—11]. Some of these techniques
and the hydrophilic component segregates at the solid—watezquire UHV, others are either not surface sensitive or cannot
interface. Changes in SFG spectra of polymer blends gsrovide surface information at the molecular level. SFG can
a function of bulk concentration correlate with changes ofprovide detailed information of polymer surfaces at the mo-
contact angle. SFG is an excellent probe of surface-structutecular level and can be used to study any polymer surface or
and surface-composition changes as the polymer interface iisterface that can be accessed by light.

altered. SFG, a three-wave mixing process, is generated through
the beating of input infrared«;) and visible {;s) beams
PACS: 68; 82.65.-i; 82.65.Jv to produce an output at the sum frequeneyfp= wir +

avis). The visible beam is held at a fixed frequency while
the infrared beam is tuned over the vibrational range of in-
Surface scientists have modeled heterogeneous catalytic terest. The SFG experiment probes the second-order nonlin-
actions on metal surfaces for 30 years, using a variety afar susceptibility x®) and the signal can be expressed as
techniques, which include low-energy electron diffraction! o |(x?)|?. The macroscopig® can be related to the mo-
(LEED) for surface crystallography, high-resolution electronlecular polarizability by:

energy loss spectroscopy (HREELS) and reflection adsorp-

tion infrared spectroscopy (RAIRS) for probing vibrational , P " @

modes, Auger electron spectroscopy (AES) and X-ray phoxiic = N Y (0D (- M) k- m)ejg,. )
toemission spectroscopy (XPS) for chemical analysis of the l,mn
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We are interested only in the resonantterm{ﬁﬁ, whichcan was pumped by a turbo pump and an ion pump and had a base

be expressed by: pressure of less thahx 10-*°Torr. The crystal could be
Aq heated resistively to ov&300 Kand cooled with liquid nitro-
al(;)f _ Z Apgq . (2) 9en to approximatel§15 K. The UHV system was equipped

with an electron gun for argon-ion bombardment, a retarding
field analyzer for LEED and Auger, and a mass spectrometer.
where In addition, the chamber has tv@aF, windows which were
" used to allow tunable IR and green light into the chamber and
1 dun aafm to allow sum-frequency light to go out to a photomultiplier
Aa=3.-30 30 ) tube
wq 0Q 9Q ; . . . .
The SFG experiment is performed by overlapping a visi-
andA pyq is the population difference between the ground andble and a tunable IR beam on the sample surface at incident
: . N dof ) I angles of45° and 5C°, respectively. The visible beam used
first excited states, an% and aq are the change in dipole is a small portion of thé&s32nm output from a Continuum

moment and change in polarizability with respect to positionyaG-pY61 laser (generating 20 pspulses a0 Hz). The
Hence, SFG requires modes to be both IR and Raman actiyg beam, tunable fron2500 cnt?® to 3600 cnt?, is gen-

in order to be observed, which makes SFG a surface-sensiti®@ated from a combined ORGPA (optical parametric

technique. ) generatiopioptical parametric amplification) system com-
_The orientation of the surfac€Hz group can be ob- osed ofLiNbO; crystals pumped by the fundamental output
tained by using different polarizations of infrared, visible of the YAG laser atl064 nm The SF output signal is col-
and sum-frequen%/ beams to measure different componerjited by a gated integrator and photon counting system.
of x® [12-14]. xyy, can be measured kssp(SF, visible  The surface vibrational spectra are obtained by tuning the
and IR) polarizations angl%Y with sps ForCHz symmetric IR frequency and measuring the SF signal, with polarization

stretch we can show that combination ofssp(s-polarized SF outputs-polarized vis-
@ ) ible input andp-polarized IR input) orsps The IR range
Xyyz| _ | (coS 6) 4 0.56(sir? 6 coss) (@) can be expanded down 1400 cnt?! by using BBQAgGaS
X\<(22>Y 0.44(sir? 0 coss) OPG/DFG (DFG difference frequency generation) system.

A Rame—Hart NRL Contact Angle Goniometer was em-
So the average angle between the molecular symmetry ax@oyed to measure the contact angle of liquids with known
and the surface normal,can be obtained. The orientation of surface tension (water and methylene iodide) on polymer
surfaceCH, groups can be measured in a similar fashion.  films, with the sessile drop technique [15]. XPS experiments

were performed on a Perkin—Elmer PHI 5300 XPS spectrom-

eter with a position sensitive detector and a hemispherical en-
1 Experimental ergy analyzer. The AFM used for imaging was a commercial

Park Scientific M5 instrument. All the polymer samples were
All the catalytic reaction experiments were performed inprepared by solvent casting from dilute solutions onto quartz
a UHV/batch reactor system usifg(111) orRh(111) single-  substrates. The solvents used were O-xylene for polyethy-
crystal surfaces (Fig. 1). The crystal was cut, polished, anttne and polypropylene and, N-Dimethylacetamide for the
oriented by using conventional procedures. The UHV systerpolymer blends.

1064 2 Results and discussion
Nd:YAG Laser nm Optics for SFG

radiation

2.1 Ethylene hydrogenatidt6, 17]

\ 1400-4000cni Three distinct spectroscopic features were seen oRt{hé1)

§32nm 1\ surface during ethylene hydrogenatio286 Kwith 100 Torr
\ hydrogen and35 Torr ethylene: die bonded ethylenerg-
;E/)\ bonded ethylene, and ethylidyne (Fig. 2a). When the reaction
\\ \/i: Septum for was carrie(_j out on an initially clean surface, the concen-
! : / \ Metal Sivface amping - tration of dio bonded ethylene that could be observed was
Computer _[Pgtection  SFG 1 \A "f‘f Recirculation about8% of a monolayer. However, if the platinum surface
hd Signal i\ Batf:lh / Pump was saturated with ethylidyne, very little ditbonded ethy-
\_  Reacor / lene was observed under catalytic conditions (Fig. 2b) and
I~ - the rate of hydrogenation (expressed by TOR, turn over rate),

Vs

as measured by gas chromatography, was independent of the
—— 3 surface concentration of the di-bonded ethylene species.
j This is a strong argument againstalibonded ethylene be-
1 ing an important intermediate in ethylene hydrogenation. It is
J i known from previous studies on supported catalyst surfaces
Gas Cylinders that the presence or absence of ethylidyne has no affect on
Fig. 1. The UHV/batch reactor apparatus for in situ catalysis the rate of ethylene hydrogenation [18, 19]. The concentration
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of 7-bonded ethylene was unaffected by the ethylidyne con NI AT
centration so thathe w-bonded species is likely to be a key \i
intermediate in ethylene hydrogenation !

The ethylene hydrogenation reaction was also carrie
out at higher pressure§Z3 Torr H, 38 Torr ethylene, and
295 K) and low pressuresl(75 Torr H,, 0.25 Torrethylene, He
and758 Torr Ap of hydrogen and ethylene. At high pressure,
there is little change in intensity of the peak corresponding
to 7-bonded ethylene; however, there is a drop in intensity o
other spectral features including ethylidyne. Also two ethyl
peaks were visible. The turnover rate measured for ethar
formation was 61 3 molecules per platinum site per sec-
ond. At lower pressures of hydrogen and ethylene, the sul
face had nearly a saturation coverage of ethylidyne from th
onset of reaction with only a small concentration ofodi-
bonded ethylene present. As the reaction continued, the di-
bonded ethylene peak slowly disappeared, and af26min )
the only spectroscopic feature present was from ethylidyne
The turnover rate was 1.6 molecules per platinum site pe
second (i.e. did not change with the observed decrease in ca
centration of die bonded ethylene). The-bonded ethylene
species could not be observed under these circumstances g
sumably because its concentration was too low.

We propose a model in which hydrogen dissociatively
chemisorbs on a clean or ethylidyne-covered platinum surfac
(Fig. 3). This step is followed by the physisorption of ethylene
on single atom sites to form-bonded ethylene. If ethylidyne
is present, it may move out of the way in order to accommo
date the adsorption of the-bonded ethylene. Although the athy) Sthylidyne
two species reside in different sites, this may be necessagyy 3 proposed mechanism for ethylene hydrogenatioPii 1)
because of steric hindrance. Physisorbed ethylene is then hy-
drogenated in steps through an ethyl intermediate to ethane.

All steps up to the incorporation of the second hydrogen ar@.2.1 Cylcohexene dehydrogenation in vacuum at low and
reversible. saturation coverage.The SFG spectrum at saturated cov-
erage and at low temperature ofCgHip on the Pi(111)
2.2 Cyclohexene dehydrogenation and hydrogenation on  Surface is shown in Fig. 4a. AL30K, the 2875 cnt* and
P{(111) [20, 21] 2958 cnt featu.res. ofCH, groups and Fermi resonance of
2918cnt?! [22] indicate that cyclohexene has a half-chair
The hydrogenation and dehydrogenation reactions of cyclazonformation as a free moleculer/o-cyclohexene). The
hexene orPi(111) crystal surfaces were investigated by sur-SFG spectrum changed2t7 K with two peaks at 2860 and
face vibrational spectroscopy via SFG both under vacuur@945 cnt?, which fits very well to a dis cyclohexene species
and high-pressure conditions wifl®-Torr cyclohexene and formed at this temperature, as proposed by others [23]. At
various hydrogen pressures fr@d Torrup to~ 600 Tort At 283 Kar-allyl c-CgHg species shows up on the surface [23—
high pressures the gas composition and turnover rate (TORYB]. With further heating t@83 K, the disappearance of the
were measured by gas chromatography. spectral feature is due to the complete dehydrogenation of the
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enation at high pressure
Fig. 5. Proposed reaction pathway of cyclohexene dehydrogenation in vacg I 'gn p Y

uum

surface species to benzene [23], which is invisible on metadehydrogenates to benzene through both 1,3-CHD and 1,4-
surface by the SFG technique. The SFG spectrum at low coGHD intermediates (see Fig. 6).

erage and at low temperature ®CgH10 on Pt{111) surface

shows only slightly differences. Based on the above discus-

sion, the reaction pathway in Fig. 5 can be proposed. 2.3 High-pressureCO oxidation onPt(111) [27, 28]

2.2.2 Hydrogenation and dehydrogenation reactions of cyclo2.3.1 High-pressureCO chemisorption onPt(111). High-
hexene at high pressure3.he high-pressure-reaction studies pressure chemisorption c€O on P{{111) at 295K was
were carried out typically at0 Torrpressure of cyclohexene studied by SFG surface vibrational spectroscopy (Fig. 7).
with various hydrogen pressures up@@0 Torrin the tem-  Under UHV conditions, twdCO species were present, giv-
perature range 00-560 K. The strong peak &765cnt?  ing rise to peaks a1845cnt! and 2100 cnt?, which can

of 295 K spectrum (Fig. 4b) was attributed to 1,4-CHD (cy- be attributed taCO adsorbed at bridge sites and atop sites,
clohexadiene) on the surface and the weak peaks in the spaespectively [29—32]. The peak 4845 cnt?! is weak com-
trum were from 1,3-CHD [26]. Interestingly, there was nopared to the one &100 cnT?, because of the small IR and
evidence for the presence GgH1p andc-CgHg species on  Raman cross sections and the broad peak width at room
the surface, which are the important species in chemisorbadmperature foCO at bridge sites [33]. When th€O pres-
cyclohexene dehydrogenation in vacuum. Ab8@@ K, 1,3-  sure was increased tTorr, the bridge-bonde@€O was no
CHD became stronger and dominated the spectrum. The vienger observable and the frequency of atop species shifted to
brational SFG spectrum remains unchanged in the tempera105 cn®, which is due to the enhancement of dipole coup-
ture range of 300 tal00 K and hydrogenation is the only ling between adsorbe@O molecules as the increasi@©O
detectable reaction in this temperature range. Further increaseverage increased their packing density [34], thereby weak-
in the surface temperature results in a decrease in the hgning their bonds to the metal. Further increase ofGiae
drogenation rate and an increase in the dehydrogenation rgteessure resulted in a decrease of the intensity of the@Gip
and the presence of both 1,3- and 1,4-CHD on the surfacand a new peak &045cn! together with a broad back-
The simultaneous observation of the reaction kinetic data anground became visible. The spectrum can be explained by the
the chemical nature of surface species allows us to postdiermation of an incommensurate overlayei and perhaps
late a reaction mechanism at high pressure: cyclohexene hglso some terminally bonde@O at distorted or defect sites
drogenates to cyclohexane via a 1,3-CHD intermediate, an@Pt(CO)n, N > 1).
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Fig. 7. Pressure dependence of SFG spectraCOf on Pt(111) at295K turnover rate (TOR) for each temperature is also indicated
under variousCO pressure

that were studied by using thPt(111) surface. These
2.3.2 High-pressureCO oxidation on Pt(111). The in situ  two hexagonal surfaces exhibit similar behavior in the hy-
SFG spectra during reaction with00 Torr CQ40Torr  drogenation reaction of olefins and oxidation of carbon
0,/600 Torr He(i.e. CO in excess) at various temperaturesmonoxide.
are shown in Fig. 8. Th€O oxidation reaction was also in- The SFG spectrum of ethylene &h(111) is different
vestigated with the relative partial pressures@d/O, greater  from that of P{{(111). No spectral feature was seen after the
than unity. These high-pressure studiesCéd oxidation on  cleanRh(111) surface was exposed to ethylend4® K and
P1(111) using SFG spectroscopy reveal that there are two dithree features were observed at 2892 (ethylidyne) and 2921
ferent reaction regimes: below and above ignition. Below theand 2960 cnt! above180 K. Ethylidyne is the only species
ignition temperature, ato@O dominates the spectrum. The detected by SFG during high-pressure hydrogenation. The
reaction has an apparent activation energy®kcajmol,  7-bonded species, the active species foundPi11), is
which is close to the desorption energy of atop, indicat- undetectable because the higher nonresonant background of
ing that desorption of ato@O is the rate-limiting step. The Rh(111) covers up the weak signal.
reaction rate is inversely proportional to the a@p concen- Figure 9 shows the SFG spectra @O on Rh(111) at
tration, suggesting that at@pO plays the role of an inhibitor different pressures. The spectra are different as compared to
in the reaction. Above the ignition temperature, a@Pbe- CO on P{(111) (Fig. 7):1870 cmt* for CO bound to mul-
comes hardly detectable and the activation energy reducestiple coordinated site an@080cnt? for atop CO. With
14 kcaymol, which is the reaction energy barrier of the ox- the increase ofCO pressure, the intensity of the multiple-
idation reaction ofCO andO on Pt(111). In both cases, the bondedCO increases slightly and the atdpO intensity,
active CO species in the reaction are identified as those adsn the other hand, decreases. DecompositionCef on
sorbed at non-registry sites or carbonyl cluster-like speciegleanRh(111) occurs abové50 K because the SFG spectral
The reaction rate appears to increase linearly with the surfagetensity of CO decreases above this temperature. How-

concentration of such species. ever, CO behaves much differently on BRh(111) surface
with defects, which were introduced by Argon-ion bom-
2.4 Ethylene andCO chemistry onRh(111) bardment. The defects on the Rhodium surface are much

more active to break th€ = O bond so that the spec-
It would be interesting to compare the chemisorption andral features of CO disappeared at temperatures higher
catalytic chemistry oveRh(111) for the same molecules than600 K.
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Fig. 10. SFG spectra of low density (a), and ultrahigh molecular weight (b),
and commercial low density (c), polyethylenes, with ssp (for SF output,
visible input, and IR input) polarization combinations

2.5 Studies of surface structures and compositions of

polyethylene and polypropylef&s, 36] because of chain folding. In the case of low-density polyethy-

lene (LDPE), the trans-like peaks at 2851 &2@P6 cntt

2.5.1 PolyethyleneThe IR and Raman spectra of the threeindicate that mostly trans conformers exist at the polymer
types of polyethylene, a low-density polyethylene (LDPE),surface. The random packing of the polymer chains and the
an ultra-high-molecular-weight PE (UHMWPE) and a com-disorder of the polymer surface are evidenced by the larger
mercial low-density PE (CLDPE), are identical and consisbandwidths of the peaks in the SFG spectrum. The polariza-
tent with the published results for polyethylene [37, 38]. Buttion measurements show an average orientatioB5ffor
their SFG spectra are markedly different, indicating that theyhe CH, groups. The SFG spectrum of CLDPE (Fig. 10c) is
have very different surface structures (Fig. 10). For LDPEvery different from those for LDPE and UHMWPE. The most
(Fig. 10a), the band a851cnt! correlates well with the striking feature is the disappearance of tbe, stretching
CH, symmetric stretch and the band 2826 cnt! can be peaks due to polyethylene, and the appearance of two new
assigned to th&€H, asymmetric stretch [37, 38]. However, bands at 2822 ar2B80 cn'. These two peaks are character-
for UHMWPE (Fig. 10b), the symmetric and antisymmet- istic for the methoxy groupdCHs), according to the surface
ric CH, stretching peaks shift to higher frequencies, whichvibrational study by Miragliotta et al. [41] and other vibra-
indicates that there are more gauche conformers in the polyional studies of this chromophore [42]. These indicate that
mer surface [39, 40]. The crystalline phase of polyethylene ithis commercial polymer surface is dominated by methoxy-
composed of thin lamellae, abol® nmthick, extending up contained species rather than polyethylene. It is known that
to 1~ 10 mm The most striking feature of these lamellae isstabilizers are commonly added to the industrial polyolefin
that while the molecular chains may be as longasID mm  products and these additives often contain methoxy moiety.
the direction of the chain axis is across the thickness of th&he amount of additives is so small that they cannot be de-
platelet. This means that the chain must fold repetitively at théected by IR and Raman spectroscopies, but they prefer to be
crystal surface, a phenomenon called chain folding. The foldsegregate to the surface, due to their low surface energy [43],
ing surface must then contain a high density of gauche coras evidenced by their dominant vibrational features in the
formers, as required by the folding geometry. So we propossurface-specific SFG spectrum.
that the UHMWPE surface comprises mainly orderly packed
gauche conformers, corresponding to the folding surface &.5.2 PolypropyleneThe IR and Raman spectra of the three
the lamella. The42> average orientation of the methylene types of polypropylene, an isotactic polypropylene (IPP),
group arises from spreading of t#1, groups at the surface an atactic polypropylene (APP) and an industrial isotactic



polypropylene (CIPP) sample, are very similar. Their SFC
spectra are quite different, showing that they have differen
surfaces. As with the industrial polyethylene sample, the in
dustrial isotactic polypropylene surface is also covered b
additives. The SFG spectra of APP suggest that at the AP
surface, the hydrocarbon backbone tends to lie parallel to tr
surface with the methyl groups projecting out, which agree:
well with the theoretical simulation of the APP surface [44].
The surface methyl groups of APP tend to point toward the
interface in order to lower the interfacial energy while the sur-
face polymer backbones lie flat to optimize their interactior
with the underlying chains. Unlike APP, the methyl groups of
IPP are restrained to the same side of the polymer chain.
has been well documented [45] that for IPP, in order to reduc
steric interactionCH3 side groups are arranged in a staggere(
fashion, thus generating a Belix with a (TG)3 conforma-
tion. Our measurements of orientation ©@H; (~ 55° from
the surface normal) andH; (~ 58°) are consistent with this
IPP surface structure.

2.5.3 Temperature dependence of the polypropylene surfa
structure. SFG was also used to probe the glass transitiol
of the polypropylene surface by taking spectra as a functio
of temperature, while cooling down the polymer in vacuum
pressures ofl0~° Torr. The glass transition temperature of
the bulk polymer occurs between 0 ar®0°C [46]. Fig-

ure 11a shows the SFG spectra obtained on atactic polyprop
lene (APP) above and below the glass transition. An increas
in the ratio of the symmetric stretch of tléH, group to that

of the CHs group in both APP and isotactic polypropylene
(IPP) is observed as it is cooled through the glass transitior
The square root of this ratio is plotted in Fig. 11b at differ-
ent temperatures for both IPP and APP. The increase in tt

(a)

SF Signal (arb. units)

(b)

555

T T T T
Symmetric stretch

201 of CH,

below T,
1.51

1.0

05- above T,

oab"o

0.04

gty

’ Synllmetr{c stretch |
of CH,4

R
o\
/O
¢ |
0
\

%

T T T T T
2800 250

T T T T T
2900 2950 3000

Frequency (cm™)

IPP

T T
-60 -40

T T

T
-20 0 20

Temperature ( °C )

ratio of these two peaks is indicative of a reorientation of therig. 11. aSFG spectra of atactic polypropylene above and below the glass
CH, and CHs groups at the surface, as the polymer underiransition temperatureTg). As can be seen there is an increase in the ratio
goes the glass transition. The glass transition occurs only iff the symmetric stretch of théH; group relative to that of th€Hz group

: : low the glass transition The square root of the ratio of these two peaks
the amorphous_ phase, €. t.h.e CrySta"me p.art ofthe polymer %82846 cnr! and 2880 cn! plotted as a function of temperature for both
unaffected dunn_g_the transition [45]. APP '5_am0rphou_s (Pefisotactic (IPP) and atactic (APP) polypropylene. The increase in the ratio
centage crystallinityx 5%) [47] whereas IPP is only partially through the glass transition is larger for APP than for IPP
amorphous (percentage crystallinity60%) [47]. Hence the
changes occurring during the transition are expected to be

more pronounced in APP than in IPP, and this is what we seéhe polymers are shown in Fig. 12. The surface tensions of
BSP, BS, BF and PHE are 26, 22, 16 &%dyne'cm, respec-

tively. The BSP, BS and BF work as surface-active polymers
to protect the polymer blend surfaces in BEPIE, BYPHE

and BFPHE. We find that the surface of the blend is sensi-
Polymer blends are used widely as a means of tailoring theve to: (a) the bulk concentrations, (b) the surface energy of
bulk and the surface properties of polymeric materials fothe surface-active polymer in the blend, and (c) the chemical
various industrial and biomedical applications [50, 51]. Theenvironment.

surface properties of three polymer blends were studied by

using a combination of surface-sensitive techniques: sunf.6.1 Effect of bulk concentrationsthe SFG results show
frequency generation (SFG), contact angle goniometry, X-rathat in air the polymer blend surface of BGHE is to-
photoemission spectroscopy (XPS) and atomic force mitally covered by BSP when its bulk concentration is only
croscopy (AFM). The three polymer blends studied are3.5wt. %, while for BSPHE and BFFPHE, even lower bulk
Biospan-SPPhenoxy base polymer (BEPHE), Biospan-$  concentrations ofl.7 wt. % BS andl wt. % BF completely
Phenoxy base polymer (BBHE) and Biospan-APhenoxy cover these two blend surfaces. The blend surfaces are cov-
base polymer (BAPHE). Biospan-S and Biospan-F are ered by Phenoxy when the bulk concentrations of BSP, BS
polyurethanes capped with poly(dimethylsiloxane) (PDMS)and BF are lower than 0.25, 0.17 afd625wt %, re-

and fluorocarbons{(—CF,—),—) as end groups. Biospan- spectively. In the intermediate bulk concentrations of BF
SP has a similar structure to that of BS, but wa®®6 poly  (0.0625 tol wt. %), BS (0.17 tol.7 wt. %) and BSP (0.25
tetramethylene oxide (PTMO) in polyurethane replaced byo 3.5wt. %), the surface compositions of these three poly-
poly ethylene oxide (PEO). The molecular structures of almer blends change in a step-wise manner (SFG spectra of

2.6 Polymer blendp8, 49]



556

1.7% there appears to be a phase separation of BS and PHE

SMEHCN@ @—NHC—O*CHZCHZCHZCHZO)—CHZCHZCHZCHZOIT into individual domains at the surface.

ﬁﬁ,ﬁ@m@_m@ _ 2.6.2 Effect of the surface energy of the surface active agent.
‘@CHZ@LM@ The comparison of BS®PHE, B§YPHE and BFPHE poly-
mer blend surfaces shows that the lower the surface energy
of the surface active polymer is (surface tension:<BBS <
BSP), the easier it is for it to cover the polymer blend surface

—[—N—CHzCHzN Cw@—c @N C—i3—sME (the minimum bulk concentration to cover the whole blend
surface: BH1 wt. %) < BS (1.7 wt. %) < BSP 3.5 wt. %)).

CHjy H; H;
SN - —0-s— 0% Ofctt PDMS Biospan—s$ 2.6.3 Effect of chemical environment§he polymer blend
e Ok O _ surfaces can reconstruct after contacting with water, and dif-
—O—CH,CH,—CR T f Prospan ferent blend surfaces behave in different ways. SFG results
30% PTMO in the backbone of Biospan— replaced by PEO:  Biospan—SP show that the surface BSP layer in BSHE blend with

3.5wt. % BSP bulk concentration will reorient after contact
with water, which is similar to the change of the pure BS
H3 olymer surface after transferring from air to water: the hy-
@@CH&H%W@ @ e gro);/)hobic silicon tail migrates intc?the bulk as the hydrophili)i:
. i i polyurethane backbone covers the surface [52]/FBfE
2‘8'(1BZS'F“,")°§,‘;“',§‘L§,§'§X";“{§§.g’)f Biospan-S (BS), Biospan-F (BF), Biospan blend with1 wt. % BF bulk concentration on contact with wa-
ter causes PHE to replace BF, which dominates the surface
in air. But BF can completely cover the surface of/BHE
BS/PHE are shown in Fig. 13 as examples). The contadblend with 5wt. % BF bulk concentration both in air and
angle measurement and the XPS show compatible resulgater.
to SFG. From AFM measurements, we find that below
0.17 wt % of BS in PHE, the surface morphology of the poly-
mer blend is very similar to that of pure PHE; while above3 Conclusions
1.7 wt. %, it resembles that of pure BS. Betwe@d 7% and
SFG bridges the gap between UHV and the high-pressure-
reaction surface studies, and provides information on the
structure of polymer surfaces in different chemical environ-
i : . ments at the molecular level. SFG studies of ethylene hydro-
CH, Symmetric = CH(S) ?ymmetrlc genation show that-bonded species oRt(111) are the key
intermediates. A model was proposed and can explain all the
experimental resultsr/o and dio bonded cyclohexene and
c-CgHg species are the reaction intermediates for cyclohex-
ene dehydrogenating to benzene in vacuum onRii&11)
surface. At high pressures, cyclohexene hydrogenates to cy-
Biospan-S clohexane via a 1,3-CHD intermediates, and dehydrogenates
In blend to benzene through both 1,4-CHD and 1,3-CHD intermedi-
ates. The vibrational spectrum GO on P{111) was moni-
tored over 13 orders of magnitude@®O pressure by SFG and
shows that differen€O surface species exist at low and high
pressures. High-pressure studie<Cad oxidation onPt(111)
using SFG reveal that there are two different reaction regions:
below and above ignition. Differei@O surface species were
detected in the two regimes. On tR#(111) surface, differ-
ent surface chemistries were observed as compairefilidl )
during ethylene hydrogenation a@e adsorption.

The different SFG spectra of three different polyethylenes
show their differences in their surface structure and compo-
sition: LDPE has more tranSH, on the surface, while the
surface of UHMWPE has more gauche foldings and the ad-
ditives aggregate on the CLDPE surface. From temperature-
dependent measurements on the polypropylene surface we
observe molecular orientational changes taking place on the

olymer surface during the glass transition, and SFG is a vi-
2700 2750 2800 2850 2900 2050 3000 3050 3100 gblg tool for studying sguch cghanges. SFG studies of polymer
Frequency (cm™) blend surfaces correlate with AFM, XPS and contact angle

Fig. 13. SFG spectra of pure PHE, pure BS and/BSE blends as a func- Measurements very well. More hydrophobic surface-active
tion of BS bulk concentration iwt. % polymers will cover the polymer blends surfaces in air even

SF Signal (a.u.)

O,




when their bulk concentrations are very low. The polymer
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blend surface composition can change when in contact with

water.
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