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An atom superposition and electron delocalization molecular orbital (ASED-MO) study has been 
made of CO adsorption on a 40-atom cluster model of the (111) surface and a 36.atom cluster model 
of the (100) surface of the Pt,Ti alloy. Parallel binding to high-coordinate sites associated with Ti 
and low CO bond scission barriers are predicted for both surfaces. The preference for parallel 
adsorption is a consequence of the nature of the CO P-to-surface donation interactions. On Ti sites 
the r orbitals donate to the nearly empty Ti 3d band and the antibonding counterpart orbitals are 
empty. Thus the w donation makes substantial contributions to the adsorption bond order that are 
in addition to the contributions from 50 donation and metal backbonding to the r* orbitals. Alto- 
gether these bonding interactions favor the lying down orientation. On Pt sites, on the other hand, 
the ?r donation antibonding counterpart orbitals are occupied so that the net interaction with Pt is a 
closed-shell repulsion. CO bonds upright in order to minimize the r interaction and, concomitantly, 
the closed-shell repulsion, while maintaining 5u donation and P* backbonding stabilizations. Com- 
parisons are made with the results for a 40-atom cluster model of the unalloyed Pt(lll) surface. It is 
shown that the extended Hiickel parameterization is inappropriate for studying CO adsorption to Pt 
with the ASED-MO theory because it incorrectly favors adsorption bonding through the oxygen 
end. 

1. INTRODUCTION 

The high heat of formation of the Pt3Ti 
alloy (I) has been attributed to the strong 
interaction between the d orbitals of both 
metals (2). Understanding of this interme- 
tallic bond has been the focus of a number 
of investigations in the recent past (3-6). 
These studies have examined modifications 
of the electronic and the chemisorptive 
properties of this alloy compared with the 
pure metals. Such modifications, often 
called “ligand effects,” are considered to 
be the cause of the change in the catalytic 
activity of Pt,Ti compared with the activity 
of the pure Pt metal. 

1 On leave from KM College, Delhi University, 
Delhi 110007, India. 

The Pt,Ti bulk structure is the fee CujAu- 
type structure as shown by X-ray diffrac- 
tion analysis (4). Superlattice LEED pat- 
terns observed by Bardi and Ross (5) 
showed that the (111) and the (100) surfaces 
of Pt,Ti are the simple terminations of the 
bulk structures in planes normal to the [ 1111 
and [IOO] directions, respectively. The 
{ 111) planes are all equivalent, consisting of 
alternating atomic rows of (50% Pt + 50% 
Ti) and 100% Pt as shown in Fig. 1. For the 
(100) planes, however, there are two possi- 
ble inequivalent regular terminations when 
the crystal is cut normal to the [loo] direc- 
tion. These planes alternatively have (50% 
Pt + 50% Ti) and 100% Pt compositions 
(see Fig. 2). Bardi and Ross (5) have estab- 
lished that the clean annealed surface has 
the (50% Pt + 50% Ti) composition and not 
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FIG. 1. PtjOTi10 cluster model for the (111) surface of 
the PtlTi alloy. The bulk lattice parameter of 3.906 A 
was used in all the calculations. 

the 100% Pt composition. Using dynamical 
LEED intensity analysis, they later deter- 
mined that the (100) surface plane has a re- 
laxed structure with the surface Pt atom 
plane lying -0.5 A above the surface Ti 
atom plane (7). Relaxation of the (111) sur- 
face has not yet been examined to our 
knowledge. 

Bardi et al. (4) have studied the chemi- 
sorption of CO and H2 on a polycrystalline 
PtsTi alloy. They concluded from thermal 
desorption measurements that CO adsorbs 
with reduced binding energy to the alloy 
compared to pure platinum, and attributed 
this difference to the “ligand effect.” 

In this paper we have examined CO ad- 
sorption and dissociation on the (111) and 
the (100) surfaces of the alloy by using clus- 
ter models. We use the atom superposition 
and electron delocalization molecular or- 
bital (ASED-MO) technique, the usefulness 
of which has been demonstrated in our pre- 
vious CO adsorption studies on Pt (8) and 
Pd (8b) (111) and (100) surfaces, on potas- 
sium-promoted Pt( 111) (9), and on Cr( 110) 
surfaces (IO), and the reader is referred to 
those works for further discussion of the 
ASED-MO theory. In those studies experi- 
mental valence state ionization potentials 

for oxygen 2s and 2p orbitals and for carbon 
2p orbitals were used as the basis for para- 
meterizing the theory. For the carbon 2s 
valence state ionization potential 20.0 eV 
was used in place of the experimental value 
of 16.59 eV. The value of 20.0 eV (11) is a 
small deviation from the extended Htickel 
value of 21.4 eV (22) and was used because 
it produced a better electronic structure for 
ethylene, as may be seen by comparing 
Refs. (II, 22), and because of the historical 
importance of extended Htickel theory in 
its applications to hydrocarbon molecules. 
For almost all other atoms in ASED-MO 
studies, experimental valence state ioniza- 
tion potentials have been the basis for para- 
meterization. It will be seen in this paper 
that for carbon the experimental 2s valence 
state ionization potential, 16.59 eV, is pref- 
erable over 20.0 eV and over the extended 
Hiickel value, 21.4 eV. This is because 
bonding of CO to Pt through the oxygen 
end is slightly favored when 20.0 eV is 
used, a result of the 5a orbital having an 
excessive oxygen 2p composition, as 
shown in Table 1. When the experimental 
value is used, binding through carbon is 
clearly and correctly favored. Other ad- 
sorption properties are not significantly af- 
fected by the change from 20.0 to 16.59 eV, 
though the gas phase CO bond energy cal- 
culation, shown in Table 1, is slightly im- 
proved. The parameters used in the present 
study are given in Table 2. Platinum, car- 

FIG. 2. Pt2,Ti9 cluster model for the (100) surface of 
the alloy. The top layer has 50% Pt + 50% Ti, and the 
bottom layer has 100% Pt composition. 
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TABLE I 

Calculated Gas Phase CO Properties Based on Parameters in Table 2 but with Valence Atomic Orbital 
Ionization Potentials 1.5 eV Greater than Shown 

Property C 2s, IP = 20 eV 

Bond length (A) 1.11 
Force constant (mdyn/A) 19.77 
Dissociation D, (eV) energy, 9.54 

C 2s, IP = 16.59 eV Expt 

I.11 1.128 
19.78 18.99 
10.96 11.36 

Orbital Charge on Charge on 

C 0 -E C 0 -E 
(eV) (eV) 

5u I .03 0.97 12.52 1.28 0.72 12.32 - 
7r 0.66 1.34 IS.15 0.66 1.34 15.19 - 
4a 1.06 0.94 17.83 0.87 1.13 16.35 - 
3u 0.63 1.37 32.29 0.51 1.48 31.27 - 

Note. Experimental values are taken from K. P. Huber and G. Gerzberg, “Molecular Spectra and Molecular 
Structure. IV. Constants of Diatomic Molecules,” Van Nostrand, New York, 1979. -E are calculated molecular 
orbital energies. IP, ionization potential. 

bon, and oxygen parameters are the same 
ones used in past studies of CO binding to 
Pt(ll1) surfaces (Refs. (8, 9)): valence state 
ionization potentials for carbon and oxygen 
are decreased 1.5 eV and those for platinum 
are increased by 1.5 eV to approximate 
self-consistency. The new adjusted carbon 
2s valence state ionization potential is given 
in parentheses. Titanium parameters are 
the metallic ones. 

The clusters used for modeling the single 

crystal ahoy surfaces are assigned low spin. 
We use a bulk lattice parameter of 3.906 A 
but the surface atoms are relaxed in 0.05-A 
steps from their bulk positions, in a direc- 
tion perpendicular to the surface plane, for 
the minimum energy. The CO bond jength 
is optimized to the nearest 0.01 A, the 
heights of CO above the surface and its lat- 
eral displacements are optimized to the 
nearest 0.05 A, and the tilt of CO from the 
horizontal is optimized to the nearest 1 deg. 

TABLE 2 

Atomic Parameters Used in the Calculations: Principal Quantum Number (n), Ionization Potentials (IP) in 
eV, Slater Orbital Exponents (.$), and Respective Coefficients (C) for Double-6 d Functions’ 

Atom S P d 

n IP 5 n IP 5 n IP 41 c, 52 c* 

Pt 6 10.50 2.550 6 6.46 2.250 5 11.10 6.013 0.6562 2.396 0.5711 
Ti 4 6.82 1.500 4 4.85 1.200 3 8.00 4.55 0.4206 1.400 0.7839 
C 2 18.50 (15.09) 1.658 2 9.76 1.618 
0 2 26.98 2.146 2 12.12 2.127 

0 Atomic parameters for Pt, C, and 0 are the same as used earlier in our previous CO adsorption studies on 
Pt(ll1) (8, 9). The ionization potentials for Ti are taken from W. Lotz, J. Opt. Sot. Amer. 60,206 (1970), and the 
Slater exponents are taken from J. W. Richardson, W. C. Nieuwpoort, R. R. Powell, and W. F. Edgell, J. Chem. 
Phys. 36, 1057 (1%2). The 4s and 4p exponents are determined as in our past studies of first row transition metals 
and the 4p ionization potential is determined from the lowest 4s + 4p excitation energy. 
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TABLE 3 

Binding Site and Orientation, Binding Energy (BE), Bond Length (Rd, Heights (h) of C and 0 above the 
Platinum Surface Plane, and Tilt Relative to the Surface Plane for CO Adsorbed on the Relaxed PtXOTi,, 

Cluster Model of the (Ill) Surface” 

Binding site Orientation BE (eV) 
0 

Rco (A) hc (.% ho (A) Tilt (deg) 

l-fold Pt Perpendicular through C 1.54 (1.61) 1.16 (1.16) 2.00 (2.00) 3.16 (3.16) - 
Perpendicular through 0 1.52 (1.30) 1.16 (1.15) 2.91 (2.95) 1.75 (1.80) - 

l-fold Ti Perpendicular through C 2.77 (2.41) 1.15 (1.15) 1.35” (1.35) 2.50 (2.50) - 
Perpendicular through 0 2.93 (2.46) 1.14 (1.14) 2.24 (2.29) 1.10’ (1.15) - 

3-foldd Perpendicular through C 1.66 (1.73) 1.21 (1.22) 1.50 (1.50) 2.71 (2.72) - 
Perpendicular through 0 Unstable 

Ti Lying down’ (C-end 2.87 (2.61) 1.18 (1.18) 1.25 (1.25) 1.11 (1.15) 1 (5) 
toward the 3-fold 
hollow) 

Lyding downf (C-end 2.67 (2.26) 1.16 (1.16) 1.60 (1.55) 1.11 (1.06) 25 (25) 
toward the l-fold Pt) 

Bridging Parallel 0.89 (0.72) 1.18 (1.17) 1.95 (1.95) 1.95 (1.95) 0 (0) 
Pt atoms 

n Numbers in parentheses are the results obtained by using the experimental IP for C 2s. 
b The TiC distance is 1.90 A. 
c The TiO distance is 1.65 A. 
d This is the site between three Pt atoms having a Ti atom underneath in the second layer. The 3-fold site with a 

hole in the second layer is found to be less stable by 0.34 eV. 
c See Fig. 3. 
‘See Fig. 3. 

2. RESULTS AND DISCUSSION 

2.1. CO Adsorption on the (111) Surface 

We have used a two-layer-thick 40-atom 
cluster consisting of 30 Pt and 10 Ti atoms 
as shown in Fig. 1, for modeling the (111) 
surface of the PtjTi alloy. The top layer has 
16 Pt and 7 Ti atoms, and the bottom layer 
has 14 Pt and 3 Ti atoms. On relaxing only 
Ti atoms in the top layer, it is found that 
they move down 0.55 A from their bulk po- 
sitions. The binding site and the binding ori- 
entation of a single CO molecule are then 
studied on this relaxed surface. The calcu- 
lated results are given in Table 3, and those 
obtained using the experimental carbon 2s 
valence state ionization potential are in pa- 
rentheses. It is evident from the calculated 
binding energies that the binding of CO to 
the Ti sites is favored over its binding to the 
Pt sites. On the Ti sites, the binding ener- 
gies for end-on orientation through either C 
or 0 and side-on orientation are very close. 

However, with the new carbon parameters 
the side-on orientation is most stable. That 
there is an oxygen-metal component to the 
chemisorption bond is indicated by the 0 1s 
binding energies that are observed when 
CO adsorbs on the Pt3Ti( 111) surface (13). 
CO also adsorbs side-on on Cr( 110) accord- 
ing to electron energy loss vibrational anal- 
ysis (14a) and electron stimulated ion de- 
sorption studies (14b), as well as an 
ASED-MO analysis (IO). 

In the most stable side-on orientation the 
0 end of CO lies about 0.2 A from the l-fold 
Ti site and the C end orients toward the 
neighboring 3-fold hollow site. The CO axis 
is tilted 7 (5’) deg relative to the surface 
plane (see Fig. 3). It is generally accepted 
that CO binds standing up through carbon 
on the l-fold site of the Pt( 111) surface. We 
have verified this by using a P& cluster 
model (28 unpaired electrons) of the sur- 
face, as may be seen in Table 4. We find 
that the structure is nearly the same as on 
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Top View 

Sii View 

FIG. 3. The lying-down orientations of CO on the Ti 
site of the 40-atom alloy cluster model of Fig. 1. 

the l-fold Pt site of the alloy, but the CO 
adsorption energy on the alloy Pt sites is 
less than that on the unalloyed Pt surface. 
On the Pt3,-,Ti10 cluster, the binding energy 
of CO in the perpendicular orientation on 
the 3-fold site having a Ti atom underneath 
in the second layer is calculated to be 0.12 
(0.12) eV greater than the same orientation 
on the l-fold site. But it is still 0.13 (0.20) 
eV less stable than the l-fold site of the 
Pt& 111) cluster. This decrease in the bind- 
ing energy of CO on the surface Pt atoms of 
the alloy compared to pure Pt, as well as 
the change in the site preference from the l- 
fold atop to the high-coordinate site, is due 
to the ligand effects in the alloy. It may, 
however, be noted that the reduction in CO 
binding energy on the alloy surface would 

occur only if the Ti sites are blocked. In 
fact, this was observed experimentally: ini- 
tially adsorbed CO leads to the blocking of 
the Ti sites by oxygen ions formed from its 
dissociation and the carbon appears to go 
into the bulk (13). Subsequently, CO will 
adsorb only on the Pt sites with a presum- 
ably weakened adsorption energy. 

The energy level correlation diagram for 
CO adsorbed on the Ti atom in the lying- 
down orientation with the carbon end to- 
ward the 3-fold hollow surface site is shown 
in Fig. 4. It may be seen that CO binds to 
the surface by means of 5cr and 7~ donation 
bonds to the filled Pt + Ti band region. The 
antibonding counterparts are high lying and 
empty, so the donation results in a small 
positive charge of 0.17 on CO. Overall, 
there are three donation bonds to the sur- 
face and two back-donation bonds from the 
metal to the m* orbitals of CO. These or- 
bital stabilizations are all stronger than they 
are for the upright orientation where the or- 
bital overlaps with the surface orbitals are 
reduced because only the carbon atom is 
involved. CO binds parallel to the Cr(l10) 
surface according to experimental analysis 
(14) and the reason is the same as above, as 
we have recently shown (10). When more d 
electrons are present in the transition 
metal, the situation may change. Platinum 
has a nearly filled d band and since the anti- 
bonding counterpart orbitals to the r dona- 

TABLE 4 

Binding Site and Orientation, Binding Energy (BE), Bond Length (Rco), and Heights (h) of C and 0 above 
the Relaxed Surface Plane for CO Adsorbed on the P&, Cluster of (111) Surface” 

Binding site Orientation BE (eV) Rco (A) hc (A) ho @P) 

l-fold 

2-fold 

3-fold 

Perpendicular through C 
Perpendicular through 0 
Perpendicular through C 
Perpendicular through 0 
Perpendicular through C 
Perpendicular through 0 

1.79(1.93) 1.16(1.16) 2.05 (2.05) 3.21 (3.21) 
1.83 (1.64) 1.16 (1.15) 2.95 (2.95) 1.80 (1.80) 
1.65 (1.77) 1.18 (1.18) 1.65 (1.65) 2.83 (2.83) 
0.89 (0.65) 1.16 (1.16) 2.61 (2.61) 1.45 (1.45) 
1.66 (1.79) 1.19 (1.19) 1.55 '(1.55) 2.74 (2.74) 
0.50 (0.24) 1.16 (1.16) 2.51 (2.51) 1.35 (1.35) 

R Numbers in parentheses are the results obtained by using the experimental IP for C 2s. The relaxation 
consists of a 0.05-A decrease in separation between the two Pt planes. 
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FIG. 4. Energy level correlation diagram for CO ad- 
sorbed in the lying-down orientation on the Ti site of 
the F&,TirO cluster model of the (111) surface. The C- 
end orients toward the 3-fold hollow surface site. The 
correlation lines are drawn for orbitals having 0.04 or 
more electrons on CO. 

tion orbitals are doubly occupied, the re- 
sulting closed-shell repulsion causes CO to 
stand upright with the resulting bonding to 
the surface consisting in a strong 5u dona- 
tion and weak back-donations to the n* or- 
bitals with a resulting small positive net 
charge on CO (8). In this case, cathodic 
shifting of the d band causes CO to move 
from the l-fold site to 2- and 3-fold sites 
where the back-donation to the 7~* orbitals 
is enhanced and substantial charge is trans- 
ferred to CO (9). 

It is easily understood why parallel bind- 
ing of CO over two Pt atoms on the (111) 
surface of the alloy is very weak. In this 
case, as shown in Fig. 5, the antibonding 
counterparts to the donation bonds lie in 
the filled platinum band region and the re- 
sulting closed-shell repulsion causes CO to 
stand upright. 

The tilted side-on bonding configuration 
with the carbon end toward the 3-fold hol- 
low site may be considered as a precursor 
state for the dissociation of CO on this sur- 
face. When stretched by 0.55 (0.60) A on 
this site, it reaches its transition state with 

, 

-8 

FIG. 5. Same as in Fig. 4 for CO in the side-on 
orientation bridging two Pt atoms on the (111) surface 
of the alloy. 

an activation barrier of 0.74 (1.26) eV, 
showing strong activation consistent with 
the experimental observation of dissocia- 
tion at near-ambient temperature (13). Fig- 
ure 6 shows the orbital stabilizations for CO 
in its transition state. As the CO bond is 
stretched, the r* orbitals shift down, thus 
increasing the interaction with the filled Pt 

1 

J 
FIG. 6. Same as in Fig. 4 for CO in the transition 

state on the (111) surface of the alloy. The second 
column shows the energy levels of CO having the tran- 
sition state structure but without the cluster. 
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lel 

FIG. 7. Some of the adsorption sites studied on the 
cluster model of Fig. 2. The cross symbol (x) repre- 
sents perpendicular orientation on this site. 

+ Ti d bands. This gives rise to increased 
charge transfer to the 7~* orbitals. 

2.2. CO Adsorption on the (100) Surface 

We model the (100) surface of the PtjTi 
alloy by employing a 36-atom cluster (Fig. 
2). The top layer contains 9 Ti and 9 Pt 
atoms and represents the (50% Pt + 50% 
Ti) truncation as discussed in the Introduc- 
tion. The bottom layer has 18 Pt atoms and 
models the 100% Pt truncation. On relaxing 
the top layer atoms, it is found that the Ti 
atoms move down by 0.65 A and the Pt 
atoms move up by 0.05 A from their bulk 
positions. The calculated relative displace- 
ment of the Pt and the Ti atoms on the sur- 
face plane (0.7 A) is quite close to the value 

of -0.5 A estimated by Ross and co-work- 
ers using dynamical LEED intensity analy- 
sis (7). The adsorption of CO is then stud- 
ied on this relaxed surface. Figure 7 shows 
some of the binding sites and the binding 
orientations studied on the 36-atom cluster 
model. The calculated results are presented 
in Table 5. The binding of CO on the Ti site 
in the side-on configuration is distinctly fa- 
vored over the other sites and orientations. 
In this orientation the oxygen end of the CO 
molecule lies 0.29 (0.27) A from the top of 
the Ti atom and the carbon end lies 0.45 
(0.47) A toward the Ti site from the center 
of the neighboring 4-fold hollow site. The 
next site in terms of the decreasing binding 
energy is the I-fold hollow site on which the 
carbon and the oxygen ends of CO point 
toward the surface Pt atoms. The CO or- 
bital stabilizations on the most stable lying- 
down configuration are similar to those 
shown in Fig. 4 for the (111) surface. 

We have also calculated the CO bond 
scission barrier for CO adsorbed on the 
most stable site on the (100) surface. When 
the CO bond is stretched by 0.55 (0.60) A 
from its equilibrium value it reaches its 
transition state with a barrier of 0.91 (1.30) 

TABLE 5 

Binding Site and Orientation, Binding Energy (BE), Bond Length (&c), Heights (h) of C and 0 above the 
Platinum Surface Plane for CO Adsorbed on the Relaxed Pt2,TiY Cluster Model of the (100) Surface” 

Binding site Orientation BE (eV) 

l-fold Pt 

l-fold Ti 

4-fold 

Ti 
4-fold 

Perpendicular through C 
Perpendicular through 0 
Perpendicular through C 
Perpendicular through 0 
Perpendicular through C 
Perpendicular through 0 
Paralleld 
Parallels 

2.72 (2.77) 
2.57 (2.35) 
2.96 (2.60) 
3.05 (2.60) 
2.99 (2.78) 
1.52 (1.14) 
3.93 (3.53) 
3.71 (3.38) 

D 
ho (A) hc (A) 

1.17 (1.17) 2.00 (2.00) 
1.16 (1.16) 2.91 (2.91) 
1.15 (1.15) 1.20b (1.20) 
1.14 (1.15) 2.09 (2.10) 
1.21 (1.21) 1.05 (1.05) 
1.15 (1.15) 2.05 (2.05) 
1.21 (1.21) 0.90 (0.90) 
1.16 (1.16) 1.50 (1.45) 

ho (A) 

3.17 (3.17) 
1.75 (1.75) 
2.35 (2.35) 
0.95c (0.95) 
2.26 (2.26) 
0.90 (0.90) 
0.90 (0.90) 
1.50 (1.45) 

(1 Numbers in parentheses are the results obtained by using the experimental IP for C 2s. 
b The TIC distance is 1.90 A. 
c The TiO distance is 1.65 A. 
d In this orientation the C end lies 0.47 A toward the Ti atom from the 4-fold site. 
e See Fig. 7. 
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FIG. 8. Qualitative correlation diagram for CO in the 
lying-down orientation on the Ti and the Pt sites, on 
the (111) surface. 

eV which is similar to that calculated for 
the (111) surface. 

3. SUMMARY 

We have made a theoretical study of CO 
adsorption on the (111) and (100) surfaces 
of the Pt,Ti alloy. On the clean surfaces, 
binding of CO on the Ti sites is favored 
compared to the binding on the Pt sites. On 
the (111) surface side-on bonded CO with 
the carbon end oriented toward the 3-fold 
hollow surface site is most stable. In the 
lying-down orientation, bonding to the sur- 
face is a result of the 5a and rr donation 
interactions; the antibonding counterparts 
of both are high-lying and empty. The anti- 
bonding counterparts of the 7~ donation or- 
bitals are occupied when CO lies down on 
the Pt sites and this causes a closed-shell 
repulsion which is reduced only when CO 
bonds upright by the familiar 5o and 7~* in- 
teractions. A qualitative understanding of 
this difference in stability for CO binding on 
the Ti and the Pt sites in the lying-down 
configuration is given in Fig. 8. When CO 
bonds on the Ti sites, the 7~ orbitals mix 
with empty Ti d band orbitals. The anti- 
bonding counterpart orbitals are therefore 
also empty so that the rr donation contrib- 
utes substantially to the chemisorption 
bond order. This is shown on the left side of 
Fig. 8. When CO bonds parallel on the Pt 
sites, the CO 7r orbitals interact with the 

lower-lying filled Pt d band region and 
therefore their antibonding counterparts lie 
within the filled Pt + Ti d band. The net 7~ 
interaction with the surface becomes a 
closed-shell repulsion. This is shown on the 
right side of Fig. 8. The same explanation 
holds true for the favored lying-down con- 
figuration of CO on the (100) surface of the 
alloy. 

We calculate small CO bond scission bar- 
riers on the (111) and the (100) alloy sur- 
faces, which shows considerable bond acti- 
vation of the lying-down CO molecules. 
Finally, we have shown that the use of the 
experimental carbon 2s valence ionization 
potential instead of the traditional extended 
Htickel value is necessary for the predic- 
tion that CO binds to platinum through the 
carbon end instead of through the oxygen 
end. The orientation preference depends on 
the polarization of the 5~ orbital. The 
proper carbon 2s ionization potential has 
this orbital polarized toward carbon so that 
CO forms a stronger 5’~ donation to plati- 
num through the carbon end. Other results 
are not qualitatively altered by using the 
new carbon 2s value. 
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