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Temperature Effect on 1H Chemical Shift of Hydroxyl Groups in Zeolites
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The influence of temperature on 1H chemical shift due to hydroxyl groups in H+-exc
hanged any kinds of zeolites (ZSM-5 type zeolites including silicalite, mordenite and Y zeolites) was exam
ined by variable temperatures 1H magic-angle spinning nuclear magnetic resonance élH MAS NMR% spectroscopy

measured from 298 to 673 K. The temperature dependence of the 1H chemical shift due to the bridging hydro
xyl groups was more pronounced than that due to the terminal silanol groups and also the nest silanol gro
ups. The relationship between the 1H chemical shift and the acid strength of the hydroxyl groups in zeolit
es was discussed on the basis of the variable temperature 1H MAS NMR measurements of zeolites, previously

reported thermal analysis data, such as the heat of NH3 adsorption measured by NH3 temperature-programmed

desorption, and also the catalytic activity for the conversion of ethanol and 1-hexene.
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Fig. 1 IH chemical shift due to acidic protons
as a function of temperature. O: [Al]-ZSM-5
(Si/Al =19.5), [O0: [Al]-ZSM-5 (Si/Al = 67), @:
mordenite (Si/Al =5.1), @:H(8%)-Y
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Table 1 Conversion of ethanol and 1-hexene at
B-OH-Si 673K
Zeolite Silicalite [B]-ZSM-5
(Si-OH) Amount of nest silanol 17 x
- -Si : -1
1.9 ppm 2.1 ppm gioups or B-OH-Si / mmol 104 15 x 10
Conversion of C;HsOH 100 100
| %
Distribution of products
| %
C2Hs-O-CoHs 0 0
C2oHa 97.9 97.3
CaHs (butenes) 14 0.1
2.8 oo Con\?et:]s?:; of 1-hexene - =
| i /% 87.9 87.0
g_ 26 | Distribution of products
o - 1%
- - - CzHs 0.1 0.1
< CsHe 0.3 0.5
% 24 CaHs (butenes) 0.5 0.2
o B b CsHao (pentenes) 0.6 0.2
g 2ol i n-hexenes except 53.9 55.6
6 ’ 1-hexene
I - }/D—D_D_ g monomethylpentenes 421 415
= 20k ju i dimethylbutenes 2.4 1.8
’ others 0.1 0.1
i T Pressure of C:HsOH: 33.3 kPa, W/F = 6.0 g h mol!
1.8 1 Pressure of 1-hexene: 3.3 kPa, W/F = 2.9 x 102 g h
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Fig. 2 1H chemical shift due to silanol as a
function of temperature. O: [B]-ZSM-5 (Si/B =
110), O0: [Al]-ZSM-5 (Si/Al = 67), A:silicalite
(Si/Al = 3600).
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