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Cement is an inorganic hydraulic binder widely used in civil engineering, etc. By the reaction 
of cement with water Calcium-Silicate-Hydrate (C-S-H) gel is the principal hydration product 
(TAYLOR, 1964). For example, building materials based on Portland cement could contain 
up to 70 wt% C-S-H gel. Therefore, the structure of the C-S-H gel is responsible for the 
mechanical properties of the hardened cement paste. 
The composition of the C-S-H gels within the Ca0-Si02-H20 system varies over a !arge 
molar Ca01Si02 (CIS) range: from about 0.5 in older and partly carbonated hardened cement 
pastes up to 2.2 in fresh ones. Even lower CIS are probable due to weathering of hardened 
cement pastes and deteriorative reactions like alkali-silica-reaction (ASR). The latter leads to 
the formation of highly polymerized, alkali bearing C-S-H gels. The forrnation processes and 
the structure of these gels are widely unknown. 
The existing models for the structure of C-S-H gel, mainly based on the structures of the 
crystalline C-S-H phases toberrnorite and jennite, are suitable only for C-S-H gels with CIS 
ratios between 213 and 3/2. Despite the widespread occurrence of highly polymerized C-S-H 
gels there is still no proposal for a structural model for C-S-H gels with a CIS ratio < 213. 
Due to the Jack of long range order, spectroscopic methods such as FT-IR, XAFS and NMR 
are of great relevancy for structural investigations of the C-S-H gels. First results from these 
spectroscopic methods will be discussed and gain an insight in the structure and formation 
processes of alkali bearing highly polymerized C-S-H gels. 
IR spectra of several C-S-H gels with CIS ratios varying between 0.2- 1 .5 and different alkali 
concentrations have been recorded at the IR-Beamline at ANKA (Angströmquelle Karlsruhe). 
The IR spectra of our samples clearly demonstrate systematical high frequency shifts of the 
Si-0-Si stretching vibrations with decreasing CIS ratio, thus indicating an increasing of the 
polymerization of the silicate structure (YU et al., 1999). In the OH stretching region a 
systematical shift of the broad absorption band provides useful information about changes of 
the H20 environment upon varying CIS ratios. Additionally to the IR data, XAFS 
measurements at the Ca absorption edge provide detailed inforrnations about the local 
environment around the Ca atom. 29Si NMR data provide informations about the degree of 
polymerization of the Si04-tetrahedra in the gel structure. 
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