
LETTERS TO THE EDITORS 335 

On the CH Stretching Bands of Surface Alcoholates 

Formed on Metal Oxides-A Reply to Morrow, 
Thomson and Wetmore 

In their letter, Morrow, Thomson and 
Wetmore (1) discussed the assignments of 
the CH stretching bands of surface al- 
coholates. They stated that since the de- 
generacy of an asymmetric vCH mode is re- 
moved in the methyl group attached to 
oxygen, a single asymmetric vcII mode of 
the methyl group is no longer preserved in 
surface methoxide. This was experimen- 
tally illustrated by the spectrum of surface 
methoxide formed on silica. From the spec- 
tra of methoxy CH,O- and didcuterated 
mcthoxy CHD,O- groups, they concluded 
that while the band due to a symmetric ~~~~~ 
mode could be assigned, those due to asym- 
metric vCH mode was somewhat more com- 
plicated. The spectrum of methoxy group 
CH,,O- obscrvctl by Morrow, Thomson and 
\Vetmore (1) was practically the same as 
those observed by other workers (2, 3). 
However, in the experiments performed by 
Morrow, Thomson and Wetmore excess 
methanol was evacuated at room tempera- 
ture so that physically adsorb4 mctlianol 
may be present’ togct,hcr with methoxidc. 
This may complicate the spectra. Actually, 
Borello, Zecchina and Norterra (21 re- 
ported that methanol strongly and phys- 
ically adsorbed on silica could bc removed 
by evacuation at temperatures over 200°C. 

In spite of these complexities of the spec- 
tra, however, it is reasonable to conclude 
that a single asymmetric ~~~~~ mode dacs not 
always exist in surface mcthoxide as Mor- 
row, Thomson and Wetmore (1 I noted. 

In the spectra of bulk methoxides, gen- 
crally three strong bands are seen which are 
rcfcrred to as 11~~. v,, and 1~~ bands, rcspcr- 
tively, in the decreasing o:(lcr of wave num- 
ber. The exceptions arc’ aluminum and gcr- 
mnnium methoxides iu 12 diffcrcnt blilk 
mcthoxldes. The I’,~ bantl was pcnernll:\ 
assigned to the orcrtonc of the CH bending 
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mode whereas ~1, and vc bands were asym- 
metric and symmetric modes, respectively,. 
As Morrow, Thomson and Wetmore sug- 
gested, a more detailed investigation should 
be carried out for the assignments of the 
bands. 

The surface mcthoxides so far obtained 
on silica (2, 3) and germania (4) exhibited 
three strong bands in the v~:~ region and 
the ~b band was found to be most. intense. 
When methanol was brought in contact 
with magnesia or calcium oxide at room 
temperature, methoxide was formed.‘? The 
features of the spectra were similar to 
those observed on silica and germania (7’). 
With reference to the work by Morrow, 
Thomson and Wetmore (1 j, Borello, Zec- 
china and Morterra (2) and Low and 
Harano (3), the Ye band can be assigned 
to a symmetric vCH mode although I’(~ and 
IJb bands can not be assigned in a strict 
sense. For surface boron (S), zinc (5) ant1 
aluminum methoxides (6)) two strong 
bands were observed. The bands locatctl 
at a higher wave number were st’ronger in 
the former two methoxidcs hcncc they 
could be assigned to the IQ band anti !o 

the vc band, respectively. As for the latt(xl 
methoxide, we could not estimatcl the ill- 
tensities of the two bands from the iprc- 
trum in the literature (6) but from tl?e 
correlation we previously reported (8) tllty 
could also be assigned to ~1, and vc band-. 
Figure 1 shows the positions of strong I’,.-~ 
bands of surface methoxides obscrvetl by 
several authors. The most intense band is 
marked with a thick line. Similar plots :I I: 

* Teach, Giles and Kibblewhitc I?‘lnus. Fn I:- 
tkzl/ Sot. 67, 854 (1971)l recently rcportctl tll.lt 
the PC,I bands of methoxidc on mngncsin werr DIP 
scrwd at 2920, 2860 and 2807 WY in rswllrnt 
nrmrd with our rc~sulls. 
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Fig. 1. The CH stretching bands of surface alcoholates formed on metal oxides. The band with highest 
intensity represents with a thick line. Some results are from the literalure: methoxides on SiO? and B in 
SiO, (3); methoxide on GeO? (4); methoxide on Zni) (6); methoxide on A&OX (6); methoxides on MgO and 
CaO, and ethoxides on SiOi and CaO (8); ethoxide on Al,Or (9) and ethoxidc on MgO (10). Ethoxide was 
formed on magnesium oxide at room temperAt.ure. The feature of the spect.rum wzs similar to that observed 
by Kagel and Greenler [J. Chem. Phys. 49, 163s (196S)j a1t.hongq-h the !>ositions of ihe bnnds in-rcn’-region 
were not given by these authors. 

also shown for surface ethoxides. As shown Catal. Hokkaido Univ., 25th Anniversary 

in Fig. 1, it is apparent that all strong bands Issue, 271 (1968). 

in the yOH region shift in the same direction 4. MCMANUS, J. C., MATSUSHITA, K., AND Low, 

when metal oxide differs. In this respect, M. J. D., Can. J. Chem. 47, 1077 (1969). 

even though no single asymmetric vCH mode 6. UENO, A., ONISHI, T., AND TAMARU, K., Trans. 

is preserved, the positions of the bands in 
Faraday Sot. 67, 3585 (1971). 

the vCH region can be well correlated with 
6’. GREENLER, R. G., J. Chem. Phvs. 37, 2094 

the electronegativity of metal in metal 
(1962). 

7. TAKEZAWA, N., unpublished data. 
oxides. As was discussed in the previous 8. TAXEZAWA, N., AND KOBAYASHI, H., J. Gu?al. 
work (8), it is suggested that on a less 25, 179 (1972). 
electronegative oxide surface alkoxy-group 9. ARAI, H., SAITO, Y., AND YONEDA, Y., Buii. 

is anionic whereas covalently bound alk- Chem. Sot. Jap. 40, 731 (1967). 

oxides are formed on a more electronega- 10. TAKEZAWA, N., AND Low, M. J. D., unpublished 

tive oxide. data. 
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