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The transition state fof-hydride elimination in alkyl groups on the Pt(111) surface has been probed by
studying the effects of fluorine substitution on the barriergtoydride eIimination,AE/*;H. Four different
fluoroalkyl groups have been formed on the Pt(111) surface by dissociative adsorption of four fluoroalkyl
iodides: RCHCH,—1 (R = Ck;, CRCH,, and CRCFR,) and (CR),CHCH,—I. In the absence of preadsorbed
hydrogen, fluoroalkyl groups on the Pt(111) surface dehydrogenatgs-tigdride elimination to form
unsaturated fluorocarbons and deposit hydrogen atoms onto the surface. Those hydrogen atoms then hydrogenate
the remaining fluoroalkyl groups to produce fluoroalkanes that desorb rapidly from the surface. The kinetics
of hydrogenation and fluoroalkane desorption are rate limited bySthgdride elimination step and thus

serve as measures of the kineticspefiydride elimination. The field effects of the fluorinated substituents
increase the barriers fBhydride elimination with a reaction constant@f= 19+ 2 kJ/mol. The interpretation

of this effect is that the3-carbon atom in the transition state is cationic, fRCH]*, with respect to the
reactant. The field effect of the fluorinated substituent energetically destabilizes the electron défaaemnn

atom in the transition state. This is consistent with observations made on the Cu(111) surface; however, the
substituent effect is significantly smaller on the Pt(111) surface. On the Pt(111) surface, the transition state
for s-hydride elimination is less polarized with respect to the initial state alkyl group than on the Cu(111)
surface.

1. Introduction surface reactions has been reviewed elsewlefde first of
such studies focused gfthydride elimination in substituted

The-hydride elimination reaction is an important elementary ethoxy groups on Cu(117)in that study, fluorine substituent

reaction step in the surface chemistry and organometallic Y ) .
chemistry ofpalkyl and alkoxy groups. 1¥hese spegcies can be ef_fegts were usied_to perturb the activation barrieyé-hydride
formed on many metal surfaces by the dissociative adsorptione“T'nat'on’AEﬂH' in adsorbed ethoxy groups {RCH,0—Cu,

of alcohols or alkyl iodides, and under reaction conditions, R = CHa, CFH, CRH, and CF). Fluorination of the methyl
B-hydride elimination is the most favored dehydrogenation 9roup In ethox%/ groups on Cu(111) systematically increased
pathway!—® As an example, during temperature programmed the value ofAEg, from 121+ 4 kJ/mol in ethoxy to 176: 6
reaction studies, ethoxy groups, €tH,O—, on Ag and Cu kJ/mol in trifluoroethoxy. The conclusion drawn from that study
surfaces decompose by cleavage ¢8-€H bond to produce  was that the formation of the transition state for fhydride

acetaldehyde which desorbs rapidly into the gas ph&thyl elimination in ethoxy groups involves charge separation that
groups, CHCH,—, on Cu(110) decompose Vig-hydride leaves thep-carbon atom in the transition state cationic,
elimination at 225 K to produce ethylene, which desorbs [RC™H]* with respect to the initial state. Fluorination of the
rapidly2 B-Hydride elimination in CHCH,— and CQCD,— methyl group energetically destabilizes the cationic transition
groups leads to the formation of GHCH, and CD=CD,, state with respect to the initial state, thus raising the barrier to

respectively . These products desorb with kinetics that reveal ag-hydride elimination. A similar investigation studied the
deuterium isotope effect indicating that the evolution of ethylene transition state fop-hydride elimination in alkyl groups on Cu-
into the gas phase is rate-limited Pyhydride eliminatior?.  (111)11 In that investigation, theAE}, for trifluoropropyl
p-Hydride elimination is also a common elementary reaction groups, CECH,CH,—, was found to be higher than that for
step of adsorbed alkyl and alkoxy groups in heterogeneouspropw groups, CHCH,CH,—. Both of these studies on the Cu-
catalytic reactions; therefore, understanding the nature of the(lll) surface indicate that the transition state fenydride
transition state t@-hydride elimination can provide insightinto o jimination is cationic, [RE-H]*, with respect to the initial
the function of catalytic surfaces in a number of important giate and occurs late in the reaction coordinate. Density

catalytic processes. . functional theory (DFT) calculations of the overall reaction
Over the past 15 years, the nature of the transition states forg g gies for the conversion of ethoxy groups to acetaldehydes,
ﬁ-hydrlde ellm!nanon and other su(r)face reactions hgve' been AEgy, and of the energies and structures of the transition states
|nvest|g_ated using substituent effett3” The genera! gppllcatlon for -hydride elimination in ethoxy groups on Cu(111) support
of fluorine substituent effects to probe the transition states for the suggestion that the transition state occurs late in the reaction
* Corresponding author. Tel.:(412) 268-3848. E-mail: gellman@cmu.edu. Coorql.natel'ms Thus, Ol.Jr unqerSta.ndmg of the nature_ of the
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Although -hydride elimination has been observed in alkyl 2. Experimental Section
groijps on P(111)!those studies have not reported values of All the experiments were performed in an ultrahigh vacuum
AEg, and none have attempted to probe the nature of the champer evacuated with a cryopump to a base pressurexof 2
transition state. As on Cu surfaces, alkyl groups are generated o-10 Torr. This chamber is equipped with a quadrupole mass
on P(111) by the adsorption of alkyl iodides and subsequent spectrometer used for temperature programmed desorption
dissociation of G-I bonds. The kinetics of alkyl iodide and alkyl (TPD) and temperature programmed reaction Spectroscopy
group decomposition on Pt(111) are, however, much more (TPRS). This chamber is also equipped with ar Asn gun
complicated than those on Cu(111). On Pt(111), ethyl iodide for cleaning the surface and several leak valves for the
decomposition generates ethyl groups that reagf-bydride introduction of gases and hydrocarbon vapors into the chamber.
elimination to produce adsorbed ethyléfié® It has been  Low-energy electron diffraction optics were used to judge the
proposed that the rate constant forbond breaking to form order of the surface. In addition, X-ray photoelectron spectros-
ethyl groups on Pt(111) is lower than the rate constant for copy (XPS) was used to monitor the cleanliness of the surface
B-hydride elimination of those ethyl groups to form ethylene. and to measure the initial coverage of iodides.
During heating, some ethylene desorbs at 170 K immediately The Pt(111) sample was purchased from Monocrystals Co.
after C-1 bond cleavage; however, rather than desorbing, most and was mounted by spot-welding between two Ta wires on a
of the ethylene remains on the surface to form ethylidyne at manipulator, which allows translation in thgy, andz directions
higher temperatures. Thus, the low-temperature ethylene thermagnd rotation about theaxis by 360. The Pt(111) sample could
desorption peak is rate limited by-@ bond cleavage and cannot ~ be cooled to temperatures below 90 K and resistively heated to
be used to measursE?,. At high ethyl iodide coverages on ~ temperatures higher than 1200 K. The temperature was measured

Pt(111), an additional high-temperature ethylene desorption peakPy & chromet-alumel thermocouple spot-welded to the Pt(111)
is observed at-300 K due to the high-temperature formation SaMple. The surface was first cleaned by cycles ofsfuttering

; PR ; ; followed by annealing to 1000 K. Surface cleanliness was
of ethylene bys-hydride elimination. This desorption temper- . . 8
ature is, however, close to the peak desorption temperaturedetermmed using XPS..Between TPD. exper;ments, the surface
observed for adsorbed ethylene desorbing from Pt(111). Thus was cleaned by annealing at 1000 K inc210°" Torr of O to

. - ’éjesorb iodine and remove any residual carbon.
the appearance of ethylene in the gas phase may be rate limite The temperature programmed reaction spectra were obtained
by ethylene desorption rather th@rhydride elimination and P prog P

T ¥ . . using a Dycor M200M quadrupole mass spectrometer. Fluoro-
its kinetics cannot be used to meastrEy,,. During heating, 5y T'jodides were adsorbed by exposure of their vapor to the

propyl iodide decomposition on Pi(111) yields propylene py111) surface at 95 K. The exposures were recorded in units
desorption in two temperature regimes: one from 130 to 170 ¢ Langmuirs (1 L= 10~ Torr s) measured using the ion gauge
K and the other from 250 to 270 K As in the case of the  yithout correction for ion gauge sensitivity. During TPRS
ethyl groups, the lower temperature peak may be rate-limited measurements, the Pt(111) surface was heated at a rate of 2
by C—I bond breaking while the higher temperature peak is K/s while the mass spectrometer was used to monitor signals
close to that of the desorption of molecularly adsorbed propy- at up to fivenvq ratios simultaneously.
lene. Thus, the adsorption and decomposition of alkyl groups  The fluoroalkyl iodide exposures were controlled to give
on the Pt(111) surface does not provide insight into the kinetics coverages that correspond+®0% of the saturation coverage
of B-hydride elimination. of iodine on the Pt(111) surface. Saturation of iodine on the
Although the decomposition of alkyl groups on the Pt(111) Pt(111) surface was achieved by repeated cycles of exposing
surface cannot be used to probe the nature of the transition statéhe Pt(111) surfaceot2 L or less of ethyl iodide at 95 K and
for B-hydride elimination on the Pt(111) surface, the decom- then heating to 700 K. The exposures of hydrogen used in this
position kinetics ofluoroalkyl groups can. This is made possible Work were 1, 3, and 10 L, which yielded hydrogen coverages
by the fact that fluorination of the alkyl groups increa@H of 40%, 75%, and 100% of thg sgturaﬂon hydrogen coverage.
to the point that the rate constant fe+ydride elimination is The alkyl and fluoroalkyl iodides were purchased from

lower than that of fluoroalkyl group hydrogenation. As a result, fSynQuest Labtck)]ratc_)riesé), Ifnc. TheyTVﬁere p_Lt”iﬁ??hby cycles Cg
the hydrogen atoms generated Byhydride elimination can reeze-pump=thawing betore use. The purity ot the gases an

- vapors introduced into the vacuum chamber was checked using
hydrogenate the remaining fluoroalkyl groups to produce

fluoroalkanes that desorb rapidly from the Pt(111) surface. Thus, the mass spectrometer.
fluoroalkane desorption can be used to probe the kinetics of 3 ragyits
B-hydride elimination.

In this work, the transition state fg#-hydride elimination 3.1. Formation of Alkyl and Fluoroalkyl Groups on Pt-

. . X 4 (111). Thermal decomposition of alkyl iodides adsorbed on
]fl)n Pt(l”ill) was |rTveRsct:|gatﬁd_berEegsurlgg gﬁﬁH fo(; fcc:)u_r single-crystal surfaces is a well-established method for produc-
uoroalkyl groups. HCH— ( B Fs, CRCHp, an E ing alkyl moieties on metal surfaces. In many studies, it has
CF) and (CE).CHCH,—. Correlation of the values oAEg, been shown that low-temperature adsorption of alkyl iodides
with the field substituent constants;, of the fluoroalkyl groups followed by heating results in the dissociation of Chondsé17
yields a linear free energy relationship that indicates that the This c—1 bond dissociation occurs below 200 K and leaves
transition state fof-hydride elimination is cationic with respect  gtgple alkyl groups on the surface. During heating, these alkyl
to the initial state, [RC"H]*. This is similar to the transition  groups can hydrogenate to form alkangydride eliminate
states proposed fg-hydride elimination in adsorbed alkyl  to form alkenes, react by-6C coupling to form longer alkanes,
groups and alkoxides on Cu(111). The substituent effect is, or undergo complete decomposition by hydrogenolysis. As in
however, significantly smaller on the Pt(111) surface than on the case of alkyl iodides, the-G bonds in fluoroalkyl iodides
the Cu(111) surface indicating that on the Pt(111) surface the have been shown to break at temperatures below 200 K to
transition state is less polarized with respect to the initial state produce adsorbed fluoroalkyl groups on Ag(111) and on Pd-
of the alkyl groups than on the Cu(111) surface. (111) surface$?20 Our work has made use of this methodology
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. ) at 95 K. The heating rate is 2 K/s. Signals were monitored/gt= 2,
Figure 1. | 3d XPS of the Pt(111) surface fo_IIowmg exposure to 2L 27, and 29. Trifluoropropane produced by self-hydrogenation of
of CRCH,CH,l at 95 K. Spectra were obtained after annealing the 44sorhed trifluoropropyl groups desorbs in a peak at 283 K.
sample to the temperatures indicated on the right. The;} Bohding
energies are 620.8 eV for iodine in the adsorbegCECH.l and 619.8
eV for iodine atoms on the Pt(111) surface. trifluoropropane, CECH,CHz) and 29 (GHs™ from trifluoro-

propane, CECH,CHs;). From these spectra, it is clear that

to deposit various coverages of fluoroalkyl groups on the Pt- trifluoropropane is produced and desorbs at 283 K. The source
(111) surface. of hydrogen for this self-hydrogenation must be the decomposi-

In this study, the €1 bonds in fluoroalkyl iodides have been tion of trifluoropropyl groups bys-hydride elimination. The
observed to break at temperatures below 200 K on Pt(111). Thehydrogen deposited on the surface reacts with the remaining
kinetics of C-I bond cleavage in 3,3,3-trifluoropropyl iodide, trifluoropropyl groups to produce trifluoropropane which then
CRCH,CHqal, on Pt(111) have been examined by obtaining the desorbs rapidly. Figure 2 also shows hydrogen desorption
| 3ds/2 XP spectra shown in Figure 1. At 95 K, trifluoropropyl  occurring with a peak centered at about 308 K. This peak arises
iodide is adsorbed molecularly on Pt(111) with the IGond from the recombination of hydrogen atoms released by the
intact and the | 3¢, peak has a binding energy of 620.8 eV. decomposition of trifluoropropyl groups at lower temperatures.
The | 3d2 binding energy remains constant following annealing Also note that, fom/q = 27, there is a small peak at180 K,
to temperatures up to 160 K. After the surface has been annealedvhich may arise from trifluoropropylene produced by a low-
at 200 K, however, the | 3g binding energy shifts by-1.1 temperature3-hydride elimination mechanism that might co-
eV to 619.7 eV. The shift to lower binding energy is indicative incide with the C-1 bond cleavage process. This peak is much
of the dissociation of the €l bond and the formation of an |  smaller than the peak at 283 K. The F 1s XP spectra of
atom on the Pt(111) surface and, as a consequence, the formatiotrifluoropropyl iodide on Pt(111) obtained after heating to
of an adsorbed trifluoropropyl group, @EH,CH,—. The | 3d2 increasing temperatures show that the fluorine coverage does
peak area remains constant until the annealing temperaturenot change significantly below 200 K, indicating that the amount
reaches 800 K. It has been reported that the diffusion of iodine of trifluoropropylene desorbing at low temperatures comes from
into the Pt(111) crystal bulk takes place~a800 K* and that less than 2% of the adsorbed trifluoropropyl groups. The kinetics
iodine desorbs from Pt(111) at825 K16 In conclusion, of trifluoropropane desorption have been used to measure the
fluoroalkyl iodides undergo €I cleavage on the Pt(111) surface AE;H in trifluoropropyl! groups on Pt(111).
at temperatures below 200 K leaving fluoroalkyl groups and |  To demonstrate that the kinetics of trifluoropropyl hydrogena-
atoms on the surface. The | atoms are stable on Pt(111) totion to trifluoropropane are rate limited by thg-hydride
temperatures as high as 800 K. elimination step rather than the hydrogenation step, hydrogena-

3.2.-Hydride Elimination in Fluoroalkyl Groups on Pt- tion of the trifluoropropyl groups in the presence of preadsorbed
(111). While there have been many studies of the surface hydrogen was studied on the Pt(111) surface. Figure 3 shows
chemistry of alkyl iodides on the Pt(111) surface, there have the TPR spectra obtained by exposure of the Pt(111) surface at
been comparatively few studies fifioroalkyl iodides on the 95 Kto 0, 1, 3, and 10 L of K followed by 2 L of
Pt(111) surface. Figure 2 shows the TPR spectra obtainedtrifluoropropyl iodide and subsequent heating at 2 K/s. Note
following exposure 62 L of trifluoropropyl iodide to the Pt- that the preadsorbed hydrogen does not significantly affect the
(111) surface at 95 K. This exposure leads to a coverage of coverage of trifluoropropyl iodide on Pt(111). The Is3dKPS
trifluoropropyl iodide that is roughly 30% of the saturation peak intensity varied by less than 10% as the preexposure of
coverage of iodine that can be adsorbed on Pt(111) by repeatechydrogen was increased from 0 to 10 L. The TPR spectra in
adsorption and decomposition of ethyl iodide. Heating the Figure 3 show that the hydrogenation temperature shifts from
adsorbed trifluoropropyl! iodide leads to—C bond breaking 283 K down to 258 K as the preexposure tpikRcreases from
without molecular desorption. The desorption traces shown in 0 to 10 L. This shift in the peak hydrogenation temperature
Figure 2 are those fom/q = 2 (Hp), 27 (GHs™ with indicates that the rate-limiting step for hydrogenation switches
contributions from both trifluoropropylene, @EH=CH,, and from p-hydride elimination in the absence of preadsorbed
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exposures to B The surface was first exposed te Ht 120 K and
then b 2 L of CRCH,CHl at 95 K. The heating rate was 2 K/s, while — tag| £ 1: Fluoroalkyl lodides Studied on Pt(111)
monitoring the desorption of trifluoropropane by monitoring the signal - g pstituents on theB-Carbon, Substituent Field Constants
atm/q = 29. (0¢),2* the Temperature of the Maximum S-Hydride
Elimination Rate (Tnmax), and the Barrier to f-Hydride

hydrogen to hydrogenation in the presence of preadsorbedElimination(AEEH)

hydrogen. The most important point is that self-hydrogenation

on the clean Pt(111) surface is rate limited by the supply of _ field AE},
hydrogen atoms created vig-hydride elimination in the molecule substituent constant ¥or  Tmax (kJ/mol)
adsorbed trifluoropropy! groups. Similar results were observed CFCH;CH,CH,I H, CFCH; 0,0.23 0.23 263 69
in a study of propyl groups on Pt(111)n the presence of = CRCHCHyl H, Cks 0,0.44 0.44 283 74

CRCRCHCH:l H,CRCF, 0,051 0.51 283 74

coadsorbed hydrogen, the hydrogenation steps are typically (CR):CH-CHyl  CFs CF, . 044,044 088 310 81
2 - 2! 3y . , Ul .

faster tharf-hydride elimination; in the absence of coadsorbed
hydrogen atoms, the rate-limiting step for olefin and alkyl
hydrogenation ig-hydride elimination. As a consequence, the
self-hydrogenation kinetics of the fluoroalkyl groups can be used
to measure the kinetics gkhydride elimination.

The chemistry of three other fluoroalkyl groups @CH-
CH,CH,—, CRCH,CH,CH,—, and (Ck),CHCH,—) on the Pt-
(111) surface is similar to that of GEH,CH,—. Fluoroalkanes
desorb from the surface following adsorption of the fluoroalkyl
iodide on the clean Pt(111) surface. The TPR spectra of all four
fluoroalkyl groups on the clean Pt(111) surface without preex-
posure to H are presented in Figure 4. The desorption spectra
shown in Figure 4 are those of the fluoroalkanes generated by
hydrogenation of the corresponding fluoroalkyl groups. The peak
self-hydrogenation temperatures for 4H,CH,CH,—, CFs-
CF2CH2CH2—, CF\gCHzCHz—, and (CE)2CHCH2— are Tp =
263, 283, 283, and 310 K, respectively, and are shown in Table
1. In all four cases, the kinetics of hydrogenation by preadsorbed

hydrogen are faster than the self-hydrogenation kinetics observe elf-hydrogenation qf the four fluoroalkyl groups regultg n
.~ Tluoroalkane desorption at temperatures above 200 K indicates
on the clean Pt(111) surface. Because the self-hydrogenation

reaction on the clean Pt(111) surface is rate-limited by the supply??i;?fﬁiﬁizgcg O;;Tf(_ehﬂLé?gozlll::ggnp;g?hueitillgrfhgeggf Egﬁse
of hydrogen released kfithydride elimination in the fluoroalkyl Thus, the peak fﬁjoroalk)::\ne g(]Jlesor tion temperatures obiervéd
group, the results shown in Figure 4 indicate that as the extent ’ P P P

of alkyl group fluorination increases, the barrierfehydride gg{i'&%tgu%rga;tﬁlvgﬁggrggcr’rsig'rznf;nh Fgr(i%jtlzalfri?n:t?ogifd to
elimination increases. Y '

It is important to demonstrate that the appearance of the Ejw, in the four fluoroalkyl groups.
fluoroalkanes in the gas phase is rate limited Aydride
elimination and not by the kinetics of fluoroalkane desorption.
Not all the fluoroalkanes produced are commercially available, 4.1 Analysis of thef-Hydride Elimination Kinetics on Pt-
and so, it is not possible to measure the molecular desorption(111). The TPR spectra of fluoroalkyl groups on the Pt(111)
kinetics of all four fluoroalkanes experimentally. Instead, we surface have been obtained in order to estimate the kinetic

have measured the kinetics of butane,3CH,CH,CHs, de-
sorption from the clean Pt(111) surface. The peak desorption
temperature at submonolayer coverages is 175 K, well below
the fluoroalkane desorption temperatures observed during self-
hydrogenation of the fluoroalkyl groups. The reactions studied
in this work produce fluoroalkanes, and fluorination tends to
reduce the desorption energy of most hydrocarbons. Fluorination
of alkyl ethers decreases their desorption energies on the Cu-
(111), Al(110), and Pt(111) surfac&s?3 It is reasonable to
assume that fluorination of the alkanes will also result in lower
desorption energies and lower desorption temperatures. Our TPD
measurements of butane on Pt(111) showed that desorption of
submonolayer coverages of butane occurs at approximately 175
K. On the basis of the discussion above, it is reasonable to expect
that CF_:,CH2CH20H3, CECBCH2CH3, CBCH2CH3, and (CE)z-
CHCH; would desorb at even lower temperatures. The fact that

4. Discussion
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parameters forp-hydride elimination. These TPR spectra LFER for B-hydride elimination in
measure the kinetics gFhydride elimination indirectly through fluoroalkyl groups on Pt(111)
self-hydrogenation kinetics. The self-hydrogenation mechanism

is assumed to occur via the elementary steps shown below. Here, 85 -

R—CH,CH,—I is chosen to represent alkyl iodides with different
substituents, R.

R—=CH,CH; = a0y~ RCH,CH, 0y + oy ke 80 -
R—CH,CH, (a0)~ R—CH=CH, o+ Heagy ks
R—CH,CH, () Hagy ™ RTCH,CH; (o) Ky 75 4

R_CH2CH3’(ad)_> R_CH2CH3'(g) kdes

AE*B_H (kJ/mole)

The first step, G| bond cleavage in the adsorbed iodide, occurs
at lower temperatures<00 K) than the other reaction steps.
The second step j8-hydride elimination to produce hydrogen
atoms and an olefin, RCH=CH,, adsorbed on the surface.
The olefin can desorb from the surface (not shown) or react
further to form an alkylidyne (not shown). The third step is the
hydrogenation of the remaining alkyl groups by hydrogen atoms
released by thg-hydride elimination step. The final step is the Zo,

rb_lp'd deso_rptlon of the alkal_’le with a rate constiant As . _Figure 5. Linear free energy relationship for the barriergtbydride
discussed in the Results section, the overall self-hydrogenatlone”minaﬂon’AE:cH, of fluoroalkyl groups on Pt(111). The reaction
of the alkyl group is rate limited by thg-hydride elimination constant isor = 19 + 2 kJ/mol.

of the alkyl groupksn < kn < kges As a consequence, alkane

desorption kinetics can be used as an indirect measure of theenergy relationship (LFERYshown in Figure 5 has been used

704

65

T T T T T T T T 1
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kinetics of 5-hydride elimination. to correlate the values oAEﬁH with the field substituent
The details of the analysis of the TPR spectra to estimate theconstants to obtain the reaction constagt= 19 & 2 kJ/mol.
kinetics of3-hydride elimination are described in Appendix A. The nature of the transition state f@rhydride elimination
The relationship between the peak temperatlgeand activa- in alkyl groups on Pt(111) can be inferred from the reaction
tion barrier for the -hydride eIimination,AE/ﬁH, can be constantpr, obtained from the slope of the LFER in Figure 5.
expressed as The sign of the reaction constant f8thydride elimination in

alkyl groups on the Pt(111) surface is positive, suggesting that

the transition state is cationic with respect to the initial state,
(1) [RC*+H]*, as is believed to be the case on the Cu(111)
surface!! The field effect of the fluorinated substituent energeti-
cally destabilizes the electron deficightarbon atom. A similar
transition state was described by molecular orbital calculations
of B-hydride elimination in alkyl groups on Al surfaces. Those

AEfu v p(—AE;H
RT? F RT,

Here,f is the heating rate andis the pre-exponential factor
for 5-hydride elimination. The pre-exponent has been estimated

B el 1t ! A
atv 1|01 s t- It 'S; w(:po:’;]ant :)O |c:0|tnt Olljt;hgt '?hth's_ Sijdy calculations predicted a four-center transition state with a
we are less interested in the absolute valuaBf,, than in its cationic f-carbon aton?®

change as a result of fluorine substitution. Thus, because errors ;i< important to note that the substituent effect measurements
in v enter systematically into the cailculation@E/*,H, they still on the Pt(111) surface suggest that distinct differences exist
allow analysis of the trends iAEy, through a linear free  petween the charge distributions on the transition states for
energy relationship with the field substituent constaogs,of B-hydride elimination of alkyl groups on the Cu(111) and the
the fluoroalkyl groups. _ S Pt(111) surfaces. To put the value@f= 19 + 2 kJ/mol into

4.2. Transition State for f-Hydride Elimination of Alkyl perspective, it can be compared to the value of the reaction
Groups on Pt(111).The primary goal of this work has beento  constant for3-hydride elimination in alkyl and alkoxy groups
probe the characteristics of the transition state fdrydride on the Cu(111) surface!! For the 8-hydride elimination of
elimination of alkyl groups on Pt(111) by measuring,, in alkoxides to aldehydes and ketones on Cu(111), it was found
several fluorinated alkyl groups. Figure 4 demonstrates quite that pr = 150 kJ/mol. The transition state fg8-hydride
clearly thatg-hydride elimination occurs at different tempera- elimination has also been probed using propyl and trifluoro-
tures for alkyl groups with different substituents; thus, the nature propyl groups adsorbed on Cu(121)n that reaction, fluorina-
of the substituent does influence the value ME},. The tion increased the barrier f-hydride elimination byAAES,,
effects of fluorine substitution on the values AEEH can be = 35 kJ/mol corresponding to a reaction constanppf= 80
quantified through correlations with the substituents’ field kJ/mol which is also significantly higher than the value observed
constantsgr. The field substituent constants have been deter- on the Pt(111) surface. The change in charge density on the
mined empirically through studies of the substituent effects on g-carbon atom during3-hydride elimination appears to be
a number of reactions and are tabulated in the physical organicgreater on the Cu(111) surface than on the Pt(111) surface,
chemistry literaturé#25> The increase iror with increasing leading to a higher reaction constant.
fluorination on going from CECH,CH,CH,— to (CFKg)»- The origin of difference in the nature of the transition state
CHCH,— destabilizes the transition state with respect to the for 8-hydride elimination on the Pt(111) and Cu(111) surfaces
initial state alkyl group, thus increasierEﬁH. The linear free is interesting. For methoxy decomposition fahydride elimi-
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nation, it has been shown that the transition state occurs laterThe rate constants for hydrogenatidq, and for desorption,
on the Cu(111) surface than on the Pt(111) surface consistentkqes are both greater than the rate constant fenydride
with the fact that the reaction is exothermic on Pt(111) but elimination. The rate of alkane desorption is given by
endothermic on Cu(11%:22The same is probably true for the
transition states fop-hydride elimination_of alkyl groups on I des= KgePrcHzchs
Pt (111) and Cu(111). One way of looking at this is that the
differences in Fhe charge distributiqns between the.i.nitial state ¢ steady state, the coverage of adsorbed alkanes is given by
and the transition state are sensitive to the position of the
transition state along the reaction coordinate fohydride S
ehmmauqn. If the transition state on Cu(;ll) can be described —q - 0= K Orcrocnidn — KiePrchochs
as occurring later in the reaction coordinate than on Pt(111),
then one would expect the transition state to be more cationic o
with respect to the reactant on Cu(111) than on Pt(111). A SO the rate of alkane desorption is given by
thorough analysis of this problem would require a study of the
electronic structures of the transition states on the two surfaces. Mdes= KnOrcracHn

Finally, it is worthwhile discussing the reaction that we
believe has been studied in this work. In this paper, we proposeAt steady state, the coverage of adsorbed hydrogen is given by
that adsorbed fluoroalkyl iodides on Pt(111) decompose to
fluoroalkyl groups and iodine at temperatures below 200 K and do,
that the fluoroalkyl groups decompose fynydride elimination - 0= kﬂHeRCHZCHZ_ KuOrcrocnfu
to produce adsorbed olefins and hydrogen. Thikydride
elimination step is the rate-limiting step for self-hydrogenation
of the fluoroalkyl groups. Therefore, self-hydrogenation can be
used to probe the kinetics gthydride elimination. It is neces-
sary to point out that different reaction mechanisms have been Mdes= kﬂH6R0H20H2
suggested in studies of ethyl and propyl group decomposition
on Pt(111)-15 The authors of those studies suggest that self- Thus, the rate of alkane desorption is simply described as a
hydrogenation is rate limited by the insertion of the hydrogen first-order process in the concentration of adsorbed alkyl groups
into ethylene or propylene (as opposed to ethyl or propyl). If and the analysis of the desorption kinetics is identical to the
this is also the case for the fluoroalkyl groups, then what we Redhead analysis used for a first-order desorption process. The
have studied is the microscopic revers@dfydride elimination, ~ relationship between the peak desorption temperature and the
insertion of a hydrogen atom into an olefin. The transition state barrier tog-hydride elimination is simply given by the Redhead
for this reverse of3-hydride elimination can be described as equation,
having a carbon atom that is electron deficient with respect to

and so the expression for the desorption rate becomes

the olefin. Unfortunately, by using only TRPS and monitoring AE* —AE}

. . AH V¥ AH
the reaction products only, we cannot be absolutely certain what — = B ex AT
reactions occur on the surface. At this point, we believe that RT, p

the observed reaction is rate limited Byhydride elimination.
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