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One kind of catalytic active center on solid surface is Lewis 

acid-base site or acceptor-donor site,1 When a donor or ac

ceptor atom in a molecule interacts with the acid or base site 

respectively, the molecule takes a rearrangement of electron 

density and the rearrangement induces a variation of in
teratomic distances in the molecule.2 Thus the strength of 

the interaction may be related to the degree of catalytic ac

tivation of the adsorbate.3 A quantitative approach on the 

strength of the Lewis acid-base bond is Drago-Wayland 

relation4 and an application of the relation to surface sites 

may present a systematic understanding of the acid-base 

catalysis. A study is undertaken to measure Drago-Wayland 

E-C parameters of acid-base sites from TPD profile since it 

can be easily obtained with a conventional catalyst testing 

system and the most experimental results on the strength of 

acid or base sites have been described with TPD profiles of 

adsorbed bases or acids. We propose a suitable base set to 

measure the E-Cparameters of acid sites with TPD.

Aluminas5 were used as the media to elucidate the base 

set. We started the parameter measuring process with six 

bases, pyridine (C5H5N, N-donor, cyclic), triethylamine 

(N,N-diethylethanamine: (C2H5)3N( N-donor, non-cyclic), 

1,4-dioxane (C4H8O2f O-donor, cyclic), 2-propanone (CH? 

COCH3, O-donor, noncyclic), tetrahydrothiophene (C4H8St 

S-donor, cyclic), and thiobismethane ((CHJ2S, S-donort 

noncyclic). TPD spectra were obtained with a gas chromato

graphic detector after adsorption of 5 x 10* mole bases on 

0.5 g sample pretreated at 823 K for 1 hr.6 The temperature 

programming rate was 4-8 K/min and the samples were 

heated up to 823 K under He flow, 30 m//min. Thermodyna

mically, the heat of desorption, AHd, corresponding to the 

dissociation enthalphy of Drago-Wayland relation, - AH, can 

be expressed as AHd = Ed - Ea + RT where Ed or Ea is ac

tivation energy of desorption of adsorption, respectively. 

Since Ed is available from TPD profiles, E-C parameters of 

acid site s, (CA)S and (EA)S can be estimated with the model 

equation

(Ed)必=(&), x (EJ $+ (CB)(x (G) ,+ 5

where (Ed)ijs or e* is C parameter of the base, the ac

tivation energy of desorption or a pooled error in the;-th ex

periment with base i adsorbed on acid site s, respectively. 

The activation energy of desorption Ed was calculated from 
the equation of the first order desorption process7 vith fre

quency factor of 1013/sec (kT/h at 480 K). It was assumed 

that the readsorption and the diffusion of the bases were not 

important during the desorption.

Figure 1-a shows TPD spectra of bases on the alumina. 

The number of distinct peaks with the activation energy of 

desorption of 20-50 kcal / mole is different depending on the 

bases8 and it may support that the strength of acid sites can 

be represented with a dual or multi-scale parameter rather

Figure 1. TPD profiles of the bases on 7-alumina(a) and 7-alumina 
modified with 5 wt% Cl(b). Temperature programming rate was 8 
K/min and adsorbed amount of the bases were about 5 x 10-6 mole/ 
0.5 g sample.

Table 1. The variation of E-C Parameters Based on TPD and the 
Coefficient of Determination for Typical Acid Sites on 7-alumina 
Depending on Sets of Adsorbing Bases

Site All Cyclic Noncyclic N-donor O-donor S-donor

£ 18.03 18.97 13.83 27.17 100.62 330.53
111112 C 2.07 2.53 2.11 -0.06 -32.21 -10.40

R2 0.90 0.97 0.86 1.00 1.00 1.00
E 18.25 11.19 24.19 27.17 -21.19 -447.42

111222 C 2.56 4.57 1.34 -0.06 23.58 25.06
R2 0.85 0.94 0.84 1.00 1.00 1.00
E 28.75 31.57 18.03 51.14 238.25 -193.76

212111 C 1.18 2.13 1.34 -2.20 -90.68 12.16
R2 0.92 0.99 0.93 1.00 1.00 1.00
E 25.34 23.79 20.68 51.14 116.44 -8.91

212223 C 2.48 4.18 1.98 -2.20 -34.90 6.19
砂 0.86 0.97 0.78 1.00 1.00 1.00
E 33.64 23.79 41.64 51.14 -39.25 -970.94

212321 C 1.30 4.18 -0.41 -2.20 36.41 47.59
R2 0.88 0.97 0.90 1.00 1.00 1.00

than a monoscale one. To resolve the acid sites, it is 

necessary to correlate the TPD peaks of bases. The number 

of possible acid sites of the alumina is the product of the 

numbers of peaks in the TPD spectra, i.e., 72. It is well 

understood that a modification of surface with ions or ad

ditives results in a deactivation or a change of chemical 

characteristics of active site(s). Figure 1-b. shows TPD spec

tra of the bases on the alumina modified with 5 wt % chlo

rine. Tracing the TPD peaks during the modification, one 

can resolve 18 site^, 111112, 111122, 111212, 111222, 

111312, 111322, 212111, 212113, 212121, 212123, 212211,
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Figure 2. TPD profiles of the bases on 7-alumina(a) and "alumina 
modified with 5 wt% F(b). Temperature programming rate w죠s 8 
K/min and adsorbed amount of the bases were about 5 x 10~6 mole/ 
0.5 g sample.

212213, 212221, 212223, 212311, 212313, 212321, and 

212323, where site 111112 represents the site corresponding 

to peak 1 of pyridine, peak, 1 of triethylamine, peak 1 of 

1,4-dioxane, peak 1 of 2-propanone, peak 1 of tetrahydro

thiophene, and peak 2 of thiobismethane. The values of the 

parameters, and the coefficient of determination R2 (R2 = 

SSR/ SST) with respect to the groups of bases for typical 

sites are listed in Table 1.

In some cases, the estimated parameters are negative or 

2?2，s are much less than 1. The results can be explained as the 

peaks ar은 mismatched or the encounting bases are not suit

able for the model equation. We found that the set of cyclic 

bases showed reasonable values for the parameters and a 

good statistical reliability. It is also expected that the cyclic 

bases show an excellent measuring power for the parameters 

since they have the similar structure, different donor atoms 

and a wide range of the values of the parameters, i.e., 

pyridine (C/E = 6.40/1.17), 1,4-dioxane (C/E = 2.38/1.09) 

and tetrahydrothiophene (C/E = 7.90/0.341). Comparing 

TPD peaks of the bases adsorbed on the alumina and alu

mina modified with ammonium fluoride (Figure 2), it can be 

concluded that the alumina has two acid sites corresponding 

to the E-C parameters, 19.0, 2.5 (Site 1 x 1 x 1 x); 23.8, 4.2 

(Site 2x2x2x) with standard errors, 3.5, 0.6; 4.5, 0.7, res

pectively.
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The activation of C-H bond1 and C-C bond2 by transition 

metal complexes has been one of the recent interests in orga

nometallic chemistry. The C-H bond of aromatic aldehyde 

can be activated by transition metals to give cyclometallated 
complexes without producing any decarbonylated product3. 

This C-H bond activation was applied to the synthesis of 

P,7-unsaturated ketones through the 기'- or r?3-allylrhodium 

(III) complexes4. Recently we have studied the metal-hy- 

dride mediated C-C bond cleavage of the medium-strained 

ring compound having cyclobutyl group5. Although it is


