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UV ENHANCEMENT OF SURFACE CATALYTIC POLYMERIZATION OF ETHYLENE

FARUL VORA PUROHIT, MORDECHAT ROTHSCHILD, AND DAMIEL J. EZHRLICH

Lincoln Laboratory, Massachusetts Institute aof Technology,
244 ¥iood Street, Lexingron, MA 02173

ABSTRACT

The polymerization of ethylene on surfaces ﬂequEW:ially
ed with TLCL4 and trimethylaluminum was studied by Fourier
infrared spectroscopy. The polymer Film was observed
s5itw a5 a function of time and under the influence of Z34-nm
radiacion. The rate of polymerization and the sartu=zatlion
ickness of the polvethylene are strongly dependent on the
ger of dosing and the partial pressures of the reactancs that
he catalyst. UV enhancement of polymerizagion was
trated to occur through two separate photochemical
gas-phase photolysis of the reactants and sclid-phase
transformation of a nencatalyrcioc thin film.
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INTACDUCTION
The UV photodepeosition of a thin £ilm of a catalyst is
mong the more complex photoprocesses from 2 molegularc and
tructural seandpoint. Ia earlisr studies [1,2] it was shown
sar the 257-nm photolysis of a gasecus mixture of TiCly and
imethylaluminum (TMA) can form an organometallic thin film
hich, upcn subsequent exposure ta ethylene (CaHy) vapor induces
catalytic polymerizaticn at room temperaturce, This thin £ilm
was shown to behave similarly to a Ziegler-Matta catalyst {[3-6].
In this paper, we describe an investigation of the
mechanisms whereby UV irzadiation enhances the catalytic
agtivity of a film fozmed by dosing surfaces wizh TiCl; and TMA.
The study was performed fa sity with Tourler transform Infrared
{(TTIA} spectroscapy with and withour UV stimulation,. FTIE
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spectroscapy, 4if used in conjunctilan with an
caflpczad element [IRE} can be a pogwezful sus-

srhnigque which allows for the investigation of wvery thin
an che IRE. It is demanszrcated that gas=-phase photolysis of
TiCly and T™MA, as wel! as solid-staze photochemiscry contrclibute

to the formation of a catalyst £ilm, which can induge
palymerizarion of ethylene.

EXPERIMENTAL
The sxperimental setup conslists of a wacuum-tight stainless

sceel cell placed in an ETIR spectrometer, and connected Lo a
gas handling and a pumping system., Pumping is performed with a

ML Adi. 50c. Gymip. Proc, Yol 129, © 1949 Malsrialy Ressarch Sockiy




meéchacicsl pump to @ base pressure -10 mTorr. The IRE and a UV- %
grade Sused silice [lat serve as two oppesing sides of the cell.
UV radiation at 254 nm from a low-pressure mercury lamp is

&

IOMm

Introduced to the cell thruugh the fused silica windaow.

The experimental procedure consists of seguenzial dosing of iiE
the IRE with TiClgs and rhm, and then exposing it 1o CpHy. Each
dosing stage is followed by pumping. The UV lamp ‘= turned on
and ¢II at se.ected times during the experiment. Any .
polymerization on the surface of the IRE is monitcred in situ
throuzh the abscorption spectrum of the growing thirn film. A
typical example ©of the polymer spectrum and its temporal
evolution I1s shown in Fig. 1. The sharr double pezk at 2851 and
29192 cn-! represents the C-E symmetric end antisvmmetric
stretching fregquencies of polyethylene, respectivelv (7], and is
the sicnature of z polymer film growing on the suriace of the

i

IRE. The procedure of seguential dosing of reactants to form
the catalyst is in contrast with the co-dosing in the eariier
work 1,2!. It enables the isolation of the effects of several

cher;cal and photochemical processes which would ctherwise take
place simultaneously.

RESULTS

The thin film formed on the IRE by the sequential dosin
described above, has catalytic properties even in the absence of
UV irradiation. Its catalytic activity, as determined by
polyme: growth, strongly depends on experimental conditions. In
particular, the order of dosing plays a dramatic rcle on the
formation of the catalyst. If the first dosant is TMA, no
subsecuent polymerization is seen without UV, even at the
highest dosing pressures used in our studies (Fig. 2). When the
first dosant is TiCl4, however, a catalyst is incdeed formed on
the surface, as evidenced by polymer growth when the IRE is
expcsed to C2Hg vapor. The initial rate of polymerization and
the saturation thickness of the polymeric thin f;;r are complex
functions of dosing pressures and pressure ratios, as shown in
Fig. 2. In general , the higher the dosing pressures the more
pronounced the polymerizing effects of the metalcrganic thin
£ilm.

UV irradiation at 254 nm can enhance polymer formation, I
it is applied at the appropriate stage in the seguence dose-
pump-dose-pump-polymerize. Figure 3 shows two such instances.
In the first case, TiCly at a pressure of 2 Torr is added to the
cell followed by TMA at 9 Torr. UV is turned on cduring TMA
dosing, and ir ar independent experiment during Till; dosing.
The presence of UV during TMAR dosing has no effec:t, whereas the
rate cf polymerizazion of ethylene is considerably enhanced when
the UV is on during TiCl; dosing (Fig. 3, curves (&), and (b)).
In the second case, the role of the UV is studiec¢ when dosing
with TME oczcurs pefore the dosing with TiCly. .s mentionec
above, nc polvmerization without UV takes place ir this case.
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Fig: 1 Representative IR absorption spectra in the 2700- to

2851 and 2519 em~l indicate
I8E surface. The growth of
the increasing amplitcude of
measurements, an absorbance

thickness of 0.45 pm.

3020-om™! range taken at 10-

min inte-vals., The double pesaxs at
the presence of polyethylene on the
the polymes £ilm is manifssted b
these peaxs. From independentc
value pof 2.0 correlates with a Iilm
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2 The growth of polyethylene as a fungtlion of time
us different experimental conditions withoutr the pre
Uv. Curves (al-(c} represent the growth when TiCly was

first dosant.
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The UV is rturned on during the presence e
chamber, that is after the formation of i ilm. As gaseous
ethylene does not abzorb at 254 am, any the
polyme-izarion must accur due to photochemistry o< the film. As
seen in curve (o} of Fig. 3, polymerizatiocn dees occur after the
¥ is turned on: this indicates UV enhanced surface effects.
Further sxperiments wherse the UV i3 cuzned on during THMA and
TiCly dosing shows similar effects as observed earlier, 1.2,
there iz no enhancement if the UV was turned on during TMA
desing but there is significant enhancement if the UV is turned
on during TiCly dosing.

DISCUSSICH

The experimental observaclons presented abave are
interpreted within accepted models of Zimgler-Hatta t
ca*alyscs and the photochemical properties of the precursors

icly and TMA. Specifically, UV enhancement of polymerization
can occour via bwo separate channels: gas-phase photolysis of
TiCly (absorption cross sectign ~5%10"12 em? at 254 om), and
plid state photochemistry of a tcitanium chleramezhyl thin £ilm,
ecause the affects studied herze are parctly hecercgeneous
gactians, informatisn on the chemical nature of any adsorbates
iz alsa of importcance. Thereiore we observed the speccrum of
the adsorbed species following TiCly deosing, but before sxposure

.
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to TMA. The characteristic Ti-01 strecch Zreguency of gasecus !
TiCly; around 500 em” is reduced by ~20 zm*! in the adsorbate. '

erprat this :esul:
pessibly as a ¢
5

minants such a

arive af partial dechlarination
emical reactions with surface

Titly fadsls a=2:;3 . (1}

The addition of gaseous TMA =0 this adscrrhace procably yieles a
i ophn

fitanium compound of the Igrm shown below.

Ala (CRy g L) + TiCly r=Eed  w 12)
The compeund indizzted In Iz, (2] masz oasn ghown =2 De a
catalyst by Gray et al. 18] and thus solyme-izazizn takes place
as shown in Fig. 2, curves f(a)j-{e). Toa anhancement of catalysc
formation by UV iz-adiation during TiCl, dosipg (Sompare Fig: 3.
curves (a) and {3)), is interpreced as a resul:t of photolytic
dechlorinacion of gasecus TiCly, and the farmation of additional

p a

TiCls and TiCly on the sucface., The absence of any noticeable
UV ephancement duzing TMA dosing is similarly understood as tha
result of ﬁeg-hq ible photochemical decomposicion af TMA vapors
(g < 5x10721 em?) .

when dosing with THA coCurs fi:E:, THA is
mechyl cadicals and an unsaturat
the surface [10,Lll]:
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Fig. 3 The effects of UV on polymer growth. Curves (a) and
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Alz(CHalg (g) + (surfacs] — Al ICH3) - (ads) {3}
Upen exposure of this adsockbate ko TiCly, a suriace Ti compound

¥ be formed, in which she =i has fully saturated Donds, and
which therefore dees not have catalytic properties as evidenced
by =he absence of polymer “armation in Fig. 2 curve (d):

TLiClg tg) + AL(CH3): (ads) — TACL {CHY) 4x (4]

With x = 1-3. In the prasescs of UV that has been curped on
after the formation of this non=catalyst, a selid-phase
photochemical reacrtion appasently takes place, which results in
the formation of a cataliytically active, coordinatively
unsaturated Ti compound, asd UV enhanced surface polymerizarion
Laxes place (Fig. 3, curve (2]},

SUMMARY

Polymerizartrion of ethviene dus to catalytic acrcion of a
thin film formed by sequen=:ial dosing of TiCly and THMA was
i

obsersved with and witheut UV radiation. Catalyeic azotivity was
shown to depend strongly on the order gof dosing and gas
pressures. UV znhancement of the rate of pelymerizaticn was
feen to oceur through gas chaza decomposition af TiCly and oy
surface photochemistzy af s Jon=-catalytie £ilm. However, UV

i Seaus Or adserbed TMA alone had no effect ugaon

a
2 Sudsequent actiwvisy of the film,
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